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ROil 
LINEAR Integrated Circuits 

This DATABOOK contains complete data on .linear 
integrated. circuits and DMOS (discrete MOS field
effect) devices presently available from RCA Solid 
State Division as standard products. Application 
notes on both linear IC's and DMOS devices are 
contained in a separate DATABOOK, SSD-202C. 

For ease of type selection, product matrix charts 
are given on pages 10-18. Data sheets for linear IC's 
and DMOS devices are then included as nearly as 
possible in alphanumerical sequence of type 
numbers. Because some data sheets include more 
than one type number, however, some types may 
be out of sequence. If you don't find the type 
you're looking for where you expect it to be, 
please consult the Index to Devices on.pages 6-7. 
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RCA Solid State 
Total Data Service System 

The RCA Solid State DATABOOKS are supplemented throughout 
the year by a comprehensive data service system that keeps you 
aware of all new device announcements and lets you obtain as much 
or as little product information as you need - when you need it. 

New solid-state devices and related publications announced during 
the year are described in a newsletter entitled "What's New in Solid 
State". If you obtained your DATABOOK(s) directly from RCA, 
your name is already on the mailing list for this newsletter. If you 
obtained your book(s) from a source other than RCA and wish to 
receive the newsletter, please fill out the form on page 4; detach it, 
and mail it to RCA. 

Each newsletter issue contains a "bingo"-type fast-response form for 
your use in requesting information on new devices of interest to you. 
If you wish to receive all new product information published 
throughout the year, without having to use the newsletter response 
form, you may subscribe to a mailing service which will bring you all 
new data sheets and application notes in a package every other 
month. You can also obtain a binder for easy filing of all your 
supplementary material. Provisions for obtaining information on the 
update mailing service and the binder are included in the order form 
on page 4. 

Because we are interested in your reaction to this approach to data 
service, we invite you to add your comments to the form when you 
return it, or to send your remarks to one of the addresses listed at 
the top of the form. We solicit your constructive criticism to help us 
improve our service to you. 
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4 

Name 

Order Form for "What's New in Solid State" 
and for further information on Update Mailings and Binders 

Please fill out just one copy of this form, and mail it to: 

lal from U.S.A. and Canada: 

RCA Solid State Division 
Box 3200 
Somerville, N. J., U.S.A. 08876 

Ibl from Latin America and Far East: 

RCA Solid State 
I nternational Sales 
Somerville, N. J., U.S.A. 08876 

Icl from United Kingdom, Europe, Middle East, and Africa: 

RCA Limited RCA s.a. 
Sunbury-on-Thames or 4400 Herstal 
Middlesex TW16 7HW, England Liege, Belgium 

o Please add my name to the mailing list for "What's New in Solid State" 

o Please send me details on obtaining update mailings for my DATABOOKS 
and a binder for filing of supplementary material. 

I I I I I I I I I I I I I I I I I I I 
(Last) (Initials) 

Company I I I I I I I I I I I I I I I I I I I I I I I I 
Address 

. Home 
Business 

I I I I I I I I I I I I I I I I I I I I I II I 
(Number) (Street. RFD. P.O. Box) 

g I I I I I I I I I I I I II '--1 r-I r-I r-I 1"--1"--1"'-'--'1 I 
(City) (State or Prov.) 

I I I I I I I I I I I I I I I I I I I I I I I I 

Function: (Chock Onel 

A 0 Executive/Administration 
B 0 Purchasing/Procurement 
C 0 Research/Development 
00 Design Engineer . 
E 0 Application/Components 

Engineer 
F 0 Production/Manufacturing 
G 0 DocumentationlLibrary 
H 0 Reliability/OA 
I 0 Education/Trairiing 
J 0 Program/Project Management 
I( 0 Marketing 

(Country) 

Activity: (Chock Onel 

A 0 Broadcast 
8 0 Communication 
C 0 Instrumentation/Control 
o 0 Computer/Data Processing 
E 0 Computer. Peripheral 
F 0 Automotive 
G 0 Industrial 
H 0 Medical 
I 0 Research 
J 0 Transportation 
K 0 Consumer. Electronic 
L 0 Consumer. Appl iance 
M 0 Space 
No Ordnance 
00 Avionics 
P 0 Electronic Warfare 

(Zip or Pstl. Zone) 

Product Interest: 
(Indicate order of interest if 
mora than one is marked) 

AD Linear IC's 

eDoigitaIIC·s. COS/MOS 

CDOigitallC's. Bipolar 

oDThyristorsiRectifiers 

ED Liquid Crystals 

FDsemiconductor Diodes 

GO RF Power Semiconductors 

HDMOSFETS 

I o Power Transistors 

J 0 Power Hybrid Circuits 
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Index to Linear Integrated Circuits 

(Circuits marked with an asterisk are also available in chip form. A data 
sheet on Linear IC chips, File No. 516, is available on request.) 

File Type No. Page Description File Type No. Page Description 
No. No. 

CA10l 26 operational amplifier 786 'CA3026 196 dual differential amplifier 388 
CA101A 26 operational amplifier 786 'CA3028A 204 differential/cascade amplifier 382 
CA107 35 operational amplifier 785 CA3028B 204 differential/cascade amplifier 382 
CA108 41 precision operational amplifier 621 CA3029 147 operational amplifier 316 
CA108A 41 precision operational amplifier 621 CA3029A 154 operational amplifier 310 

CAlll 48 voltage comparator 797 CA3030 147 operational amplifier 316 
CA201 26 operational amplifier 786 CA3030A 154 operational amplifer 310 
CA201A 26 operational amplifier 786 'CA3033 214 operational amplifier 360 
CA207 35 operational amplifier 785 CA3033A 214 operational amplifier 360 
CA208 41 precision operational amplifier 621 'CA3035 222 wide-band amplifier array 274 

CA208A 41 precision operational amplifier 621 CA3036 225 dual Darlington array 275 
CA211 48 voltage comparator 797 CA3037 147 operational amplifier 316 

'CA301A 26 operational amplifier 786 CA3037A 154 operational amplifier 310 
'CA307 35 operational amplifier 785 CA3038 147 operational amplifier 316 
'CA308 41 precision operational amplifier 621 CA3038A 154 operational amplifier 310 

CA308A 41 precision operational amplifier 621 'CA3039 227 diode array 343 
'CA311 48 voltage comparator 797 CA3040 230 wide-band amplifier 363 
'CA339 59 quad voltage comparator 795 CA3041 236 TV if sound subsystem 318 
CA339A 59 quad voltage comparator 795 CA3042 243 TV if sound subsystem 319 
CA555 63 timer 834 'CA3043 250 FM if subsystem 331 

CA555C 63 timer 834 CA3044 255 TV automatic-fine-tuning subsystem 340 
'CA723 67 voltage regulator 788 *CA3045 260 transistor array 341 
CA723C 67 voltage regulator 788 CA3046 260 transistor array 341 
CA741 77 operational amplifier 531 CA3047 214 operational amplifier 360 

'CA741C 77 operational amplifier 531 CA3047A 214 operational amplifier 360 

CA747 77 operational amplifier 531 'CA3048 266 amplifier array 377 
'CA747C 77 operational amplifier 531 'CA3049 273 dual differential amplifier 611 
CA748 77 operational amplifier 531 CA3050 282 dual differential amplifier 361 

'CA748C 77 operational amplifier 531 CA3051 282 dual differential amplifier 361 
CA758 84 RC phase-lock-loop stereo decoder 760 CA3052 289 stereo preamplifier 387 

CA810 89 7-W audio power amplifier prel CA3053 204 differential/cascode amplifier 382 
CA1310 93 RC phase-lock-loop stereo decoder 761 'CA3054 196 dual differential amplifier 388 
CA1352 98 TV video amplifier prel CA3058 297 zero-voltage switch 490 
CA1398 99 TV chroma processor 686 'CA3059 297 zero-voltage switch 490 

'CA1458 77 operational amplifier 531 'CA3060 305 OTA array 537 

*CA1541 102 memory sense amplifier 536 CA3060A 305 OTA array 537 
CA1558 77 operational amplifier 531 CA3060B 305 OTA array 537 
CA2111A 109 FM if subsystem 612 CA3062 317 photo detector and power amplifier 421 

'CA3000 114 dc amplifier 121 CA3064 324 TV automatic-fine-tuning subsystem 396 
*CA3001 119 video amplifier 122 CA3065 331 TV if sound system 412 

'CA3002 125 if amplifier 123 
CA3066 337 TV chroma signal processor 466 

CA3004 130 rf amplifier 124 CA3067 337 TV chroma demodulator 466 
'CA3005 136 rf amplifier 125 

CA3068 352 TV video if system 467 
CA3006 136 rf amplifier 125 CA3070 359 TV chroma signal processor 468 
CA3007 142 af ampiifier 126 

CA3071 359 TV chroma amplifier 468 

CA3008 147 operational amplifier 316 
CA3072 359 TV chroma demodulator 468 

CA3008A 154 operational amplifier 310 'CA3075 375 FM if subsystem 429 
CA3010 147 operational amplifier 316 *CA3076 379 FM if gain block 430 
CA3010A 154 operational amplifier 310 'CA3078 383 micropower operational amplifier 535 
CA3011 161 wide-band amplifier 128 CA3078A 383 micropower operational amplifier 535 

'CA3012 161 wide-band amplifier 128 CA3079 297 zero-voltage switch 490 
CA3013 166 wide-band amplifier-discriminator 129 'CA3080 392 operational transconductance amplifier 475 
CA3014 166 wide-band amplifier-discriminator 129 CA3080A 392 operational transconductance amplifier 475 

'CA3015 147 operational amplifier 316 'CA3081 399 transistor array (n-p-n) 480 
CA3015A 154 opera~ional amplifier 310 'CA3082 399 transistor array (n--p-n) 480 

CA3016 147 operational amplifier 316 *CA3083 402 transistor array (n-p-n) 481 
CA3016A 154 operational amplifier 310 

'CA3084 405 transistor array (p-n-p) 482 
'CA3018 173 transistor array 338 

'CA3085 411 positive voltage regulator 491 
CA3018A 173 transistor array 338 

CA3085A 411 positive voltage regulator 491 
'CA3019 179 diode array 236 CA3085B 411 positive voltage regulator 491 

'CA3020 182 wide-band power amplifier 339 
CA3086 418 transistor array (n-p-n) 483 

CA3020A 182 wide-band power amplifier 339 CA3088 423 AM receiver subsystem 560 

CA3021 190 low-power video amplifier 243 CA3089 427 FM if system 561 

'CA3022 190 low-power video amplifier 243 CA3090A 433 stereo multiplex decoder 684 
534 *CA3023 190 low-power video amplifier 243 'CA3091 439 four-quadrant multiplier 
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Index to Linear Integrated Circuits (cont'd) 
Type No. Page Description Fila Type No. Paga Description File 

No. No. 

'CA3093 451 transistor-diode array 533 'CA3130 563 COS/MOS operational amplifier 817 
'CA3094 457 programmable power-switch/amplifier 598 CA3131 578 S-W audio amplifier prel 
CA3094A 457 programmable power-switch/ampl ifier 598 CA3132 578 5-W audio amplifier prel 
CA3094B 457 programmable power-switch/ampl ifier 598 CA3134 581 TV sound if and audio output subsystem prel 

'CA3095 470 super-beta transistor array 591 'CA3146 517 high-voltage transistor array (n-p-n) 532 

'CA3096 480 n-p-n/p-n-p transistor array 595 CA3146A 517 high-voltage transistor array (n-p-n) 532 
CA3096A 480 n-p-n/p-n-p transistor array 595 'CA3183 517 high-voltage transistor array (n-p-n) 532 

'CA3097 490 thyristor/transistor array 633 CA3183A 517 high-voltage transistor array (n-p-n) 532 
'CA3099 503 programmable comparator 620 'CA3401 584 quad operational amplifier 630 
'CA3100 511 wide-band operational amplifier 625 CA3600 588 COS/MaS transistor array 619 

'CA3102 273 dual differential amplifier 611 CA3724G 601 high-current transistor array (n-p-n) prel 
'CA3118 517 high-voltage transistor array In-p-n) 532 CA3725G 601 high-current transistor array In-p-n) prel 
CA3118A 517 high-voltage transistor array (n-p-n) 532 CA6078A 604 low-noise operational amplifier 592 
CA3120 527 TV signal processor 691 CA6741 604 low-noise operational amplifier 592 
CA3121 535 TV chroma amplifier/demodulator 688 CD2500 608 BCD-to-7-segment decoder/driver 392 

CA3123 541 AM radio receiver subsystem 631 CD2501 608 BCD-to-7-segment decoder/driver 392 
CA3125 545 TV chroma demodulator. 685 CD2502 608 BCD-to-7-segment decoder/driver 392 
CA3126 548 TV chroma processor 860 CD2503 608 BCD-to-7-segment decoder/driver 392 

'CA3127 555 high-frequency n-p-n transistor array 662 
CA~128 561 TV chroma processor for PAL systems prel 

Notes: For types available in beam-lead versions (File No.5151, refer to page 613. 
For RCA linear IC packages, lead forms, and identifying suffix letters for package types, refer to page 19. 

Index to DMOS Devices 
Type No. Page Description File Type No. Page Description File 

No. No. 
3N128 642 single-gate amplifier 309 40559A 702 single-gate mixer 323 
3N138 647 single-gate chopper and multiplexer 283 40600 706 dual-gate rf amplifier 333 
3NI39 650 single-gate af and rf amplifier 284 40601 706 dual-gate if amplifier 333 
3N140 655 dual-gate rf amplifier 285 40602 706 dual-gate mixer 333 
3N141 655 dual-gate mixer 285 40603 714 dual-gate rf amplifier 334 

3N142 662 single-gate rf amplifier 286 40604 714 dual-gate mixer 334 
3N143 642 single-gate vhf mixer/oscillator 309 40673 718 dual-gate rf amplifier 381 
3N152 687 single-gate vhf amplifier 314 40819 725 dual-gate rf amplifier 463 
3N153 672 single-gate chopper/multiplexer 320 40820 732 dual-gate rf amplifier 464 
3N154 674 single-gate vhf amplifier 335 40821 732 dual-gate mixer 464 

3N159 678 dual-gate rf amplifier 326 40822 739 dual-gate rf amplifier 465 
3N187 684 dual-gate rf amplifier 436 40823 739 dual-gate mixer 465 
3N200 691 dual-gate rf amplifier 437 40841 745 dual-gate general-purpose type 489 
40467A 698 single-gate vhf amplifier 324 
4046sA 702 single-gate rf amplifier 323 

Linear Ie New Products Program 
The linear integrated circuits listed below are some of the devices scheduled for introduction during 1975. For further 
information concerning announcement schedules and availability, contact your RCA representative or supplier or watch for 
announcement in the RCA Solid State Announcement Newsletter, ''What's New In Solid State", referred to on the inside 
front cover of this DATABOOK. 

Consumer Types 

Description 

CD-4 Quadraphonic Demodulator and Noise-5uppression Circuit 
TV Horizontal Processor, Positive Sync 
TV Horizontal Processor, Negative Sync 
FM Detector and Limiter With Voltage Regulator 
High-Gain Dual-Gate MOS/FET for TV Mixer Applications 
Two-Terminal Temperature Sensor 
7-Watt Audio Amplifier with Load Dump Protection 
(Positive Voltage Transients) 

Indnstrial Types 

Type No. 

CA7800 
CAI488 
CAI489,89A 
CA75361A 
CA521 

Description 

Voltage Regulator Series 
Quad Line Driver 
Quad Line Receivers 
Memory Driver 
Memory Sense Amplifier 

Similar 
Industry Type 

"A7800 
MC1488 
MC1489A 
SN75361A 
NE521 

Similar 
Industry Type 

MC1391 
MC1394 
ULN2136 
3N211 

Availability 

10'75 
20'75 
20"75 
20·75 
20'75 
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Linear IC New Products Program (cont'd) 

Consumer Types and Industrial Types Custom Programs 
RCA has considerable experience in the design and production of custom circuits for high-volume equipment in the 
applications listed below_ Our engineering staff is available for the design of circuits through either specialized chip designs or 
the remetallization of one of our existing standard circuits. 

Applications: 
• Automotive • Computer Interface 
• Home Entertainment • Telecommunications 
• Appliances • Controls 

Linear IC's Direct-Replacement Guide 
Analog RCA Fairchild RCA Motorola RCA 
Devices Direct Semiconductor Direct Semiconductor Direct 
Type No. Replacement Type No. Replacement Type No. Replacement 

ADlO1AH CA101AT 74BHC CA748CT MC145BG CA145BT 
AD201H CA201T 748HM CA748T MC145BCPl CA145BE 
AD301AH CA301 AT 748TC CA748CE MCl541L CA1541D 
AD741 CA741T ~A75B CA75BE MC155BG CA155BT 
AD741C CA741CT FP03724P CA3724G MCl723CG CA723CT 

FP03725P CA3725G MCl723CH CA723CH 
Advanced RCA U5B7748312 CA748T MCl723G CA723T 
Micro Devices Direct U5B774B393 CA748CT MC1741G CA74lT 
TvpeNo. Replacement U5R7723312 CA723T MC1741CG CA741CT 

AM10lT CA10lT U5R7723393 CA723CT MC1741CPl CA741CE 

AM101AT CA101AT U6A7723393 CA723CE MC1741P2' CA741E 

AM201T CA20lT 
MC1741CP2' CA741CE 

AM301AT CA301AT Intersil RCA Direct MC174BG CA748T 

AM307T CA307T 
Type No, Replacement f,nC174BCG CA74BCT 

AM741T CA74lT ICL-l0l-TY CA101T MC3302P CA339AE 

AM741CT CA741CT ICL-l01A-TY CA101AT MC3401P CA3401E 

AM747T CA747T ICL-l0B-TY CA10BT MP03724P CA3724G 

AM747CT CA747CT ICL-l0BA-TY CA10BAT MP03725P CA3725G 

AM748T CA74BT ICL-201-TY CA20lT National RCA 
AM74BCT CA748CT ICL-20l A-TY CA201AT Semiconductor Direct 

ICL-20B-TY CA20BT Type No. Replacement 

Fairchild RCA ICL-20BA'TY CA20BAT LM101AH CA101AT 
Semiconductor Direct ICL-301A-PA CA301AE LM101H CA10lT 
Type No. Replacement ICL-301 A·TY CA301 AT LM107H CA107T 
LM101AH CA101AT rCL·30B-TY CA30BT LM10BAH CA10BAT 
LM101H CA101T ICL-30BA-TY CA30BAT LM10BH CAlOOT 

LM107H CA107T ICL-723-TZ CA723T LM111H CAlllT 

LM10BAH CA10BAT ICL-723C·TZ CA723CT LM201AH CA201AT 
LM10BH CA10BT ICL-741-TY CA74lT LM201H CA20lT 

LMlllH CAlllT ICL-741C-TY CA741CT LM207H CA207T 

LM201AH CA201AT ICL·741-LNC CA741CE LM200AH CA200AT 

LM201H CA20lT ICL-748-TY CA748T LM200H CA20BT 

LM207H CA207T ICL-74BC-TY CA748CT LM211H CA21lT 

LM20BAH CA20BAT ICL-8741-PA CA741E LM301AH CA301AT 

LM20BH CA208T ICL-8741C-PA CA741CE LM301AN CA301AE 

LM301AH CA301 AT ICL-8748-PA CA748E LM307H CA307T 

LM301 AN CA301AE rCL-8748C·PA CA748CE LM307N CA307E 

LM307H CA307T 
Motorola RCA 

LM308AH CA30BAT 

LM307N CA307E LM308H CA30BT 

LM30BAH CA308AT Semiconductor Direct LM311H CA3l1T 

LM30BH CA308T Type No. Replacement LM324N CA324E 

LM3l1H CA31lT MLM101AG CA101AT LM339AN CA339AE 

~A723HC CA723CT MLM107G CA107T LM339D CA339E 

~A723HM CA723T MLM111G CAlllT LM723CH CA723CT 

741 DC CA741CE MLM201AG CA201AT LM723H CA723T 

741DM CA741E MLM207G CA207T LM741H CA741T 

741HM CA741T MLM211G CA2llT LM741CH CA741CT 

741HC CA141CT MC1310P CA1310E LM741CN CA141CE 

741TC CA741E MC1311P CA758E LM747H CA747T 

747DC CA747CE MC1352P CA1352E LM747CH CA747CT 

747DM CA147E MC1357P CA2111AE LM747CN CA747CE 

747HC CA147CT MC1398P CAl398E LM748H CA748T 

741HM CA747T MCl441L CAl541D LM748CH CA748CT 
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Linear IC's Direct-Replacement Guide (cont'd) 
National RCA 
Semiconductor Direct 
Type No. Replacement 

LM748CN CA748CE 
LM1310N CA1310E 
LM145BH CA145BT 
LM145BN CA145BE 
LM155BH CA155BT 
LMIBOON CA75BE 
LM2111 CA2111AE 
DH3724CN CA3724G 
DH3725CN CA3725G 

Precision RCA 
Monolithic Direct 
Type No. Replacement 

5SS10BJ CA10BT 
5SS10BAJ CA10BAT 
SSS20BJ CA20BT 
SSS20BAJ CA208AT 
SSS308J CA308T 
SSS308AJ CA308AT 

Raytheon RCA Direct 
Type No. Replacement 

LM101AH CA101AT 
LM101H CAIOIT 
LM107H CA107T 
LM108AH CA108AT 
LM108H CA018T 
LMlllH CAlllT 
LM201AH CA201AT 
LM201H CA20IT 
LM207H CA207T 
LM211H CA21 IT 
LM301AH CA301AT 
LM301AN CA301AE 
LM307H CA307T 
LM307N CA307E 
LM308AH CA308AT 
LM308H CA308T 
LM311H CA311T 
RC723T CA723CT 
RM723T CA723T 
RC741DN CA741CE 
RC74ITE CA741CT 
RM74ITE CA741T 
RC748DN CA748CE 
RC74BTE CA748CT 
RM748TE CA748T 
~C1458DN CA1458E 

CI45BT CA145BT 
SP37240D CA3724G 
SP37250D CA3725G 
RM455BTE CA1558T 

Signetics RCA Direct 
Type No. Replacement 

LM101AH CA101AT 
LM101H CA101T 
LM107H CA107T 
LM201AH CA201AT 
LM201H CA20IT 
LM301AH CA301AT 
LM301AN CA301AE 
LM307H CA307T 
LM307N CA307E 
"A723CL CA723CT 
"A723L CA723T 
N555BT CA1458T 
N555BV CA1458E 
N574IT CA741CT 
N5741 V CA741CE 
N5747A CA747CE 

Signetics 
Type No. 

N574BT 
N574BV 
S555BT 
S5741T 
S574BT 

Silicon 
General 
Type No. 

SG101AT 
SG101M 
SG10IT 
SG107T 
SG10BAT 
SG10BT 
SGlllT 
SG201AT 
SG20IT 
SG207T 
SG208AT 
SG208T 
SG21 IT 
SG301AM 
SG301AT 
SG307M 
SG307T 
SG308AT 
SG30BT 
SG31 IT 
SG339N 
SG339AN 
SG723CT 
SG723T 
SG741M 
SG74IT 
SG741CM 
SG741CT 
SG747T 
SG747CT 
SG748M 
SG748T 
SG748CM 
SG748CT 
SG1458M 

Solitro" 
Type No. 

UC4741 
UC7471C 

Sprague 
Type No. 

ULN2111A 
ULN2125A 
ULN2269A 
ULN2741D 
ULN2747A 
ULS2741D 
ULX2210 
ULX2244 

RCA Direct 
Replacement 

CA748CT 
CA748CE 
CA155BT 
CA74IT 
CA748T 

RCA 
Direct 
Replacement 

CA101 AT 
CA101S 
CA101T 
CA107T 
CA108AT 
CA108T 
CAlI IT 
CA201AT 
CA20IT • 
CA207T 
CA20BAT 
CA208T 
CA21 IT 
CA301AE 
CA301AT 
CA307E 
CA307T 
CA308AT 
CA308T 
CA311T 
CA339E 
CA339AE 
CA723CT 
CA723T 
CA741E 
CA74IT 
CA741CE 
CA741CT 
CA747T 
CA747CT 
CA748E 
CA748T 
CA748CE 
CA748CT 
CA1458E 

RCA Direct 
Replacement 

CA74IT 
CA741CT 

RCA Direct 
Replacement 

CA2111AE 
CA3120E 
CA3121E 
CA74IT 
CA747CE 
CA741CT 
CA1310E 
CA75BE 

Texas 
Instruments 
Type No. 
SN52101AL 
SN52101L 
SN52107L 
SN5210BL 
SN52108AL 
SN52558L 
SN52558P 
SN52741 L 
SN52741P 
SN52747L 
SN52748L 
SN52748P 
SN72301AL 
SN72301AN 
SN72307L 
SN72307P 
SN72308L 
SN72308AL 
SN72558L 
SN72558P 
SN72741 L 
SN72741P 
SN72747 
SN72748L 
SN72748P 
SN72301AL 
SN72301AP 
SN72307P 
SN72558P 
SN76115N 
SN76116N 
SN76650N 

RCA 
Direct 
Replacement 
CA101AT 
CA10IT 
CA107T 
CA108T 
CA108AT 
CA1558T 
CA155BS 
CA74IT 
CA741S 
CA747T 
CA748T 
CA748S 
CA301AT 
CA301AE 
CA307T 
CA307E 
CA308T 
CA308AT 
CA1458T 
CA1458E 
CA741CT 
CA741CE 
CA747CT 
CA748CT 
CA748CE 
CA301AT 
CA301AE 
CA307E 
CA145BE 
CA1310E 
CA75BE 
CA1352E 

• Can be substituted for the corresponding 
14·'ead dual-in-line type by inserting device 
into 14-pin socket such that terminal No.1 
of the CA 741 coincides with socket terminal 
No.3 of the type to be replaced. 

1 OPEN OPEN 14 

2 OPEN OPEN 13 

12 

" 
10 

7~NL~~ ________ ~ • OPEN 8 

SOCKET FOR 14-LEAD 
TYPE 741'$ 

Note: RCA types in TO-5 packages are also supplied with dual
in-line formed leads ("DI L-CAN" package) and are designated 
with suffix letter (S). These types are both pin and electrical 
direct replacements for the corresponding B-Iead "Mini-Dip" 
dual-in-line types. 

For prices and availability of RCA Linear Integrated Circuits, 
contact your RCA Distributor or your local RCA Sales Office. 

9 



Operational Amplifiers 

Micropower High·Current General Purpose 

Single Unit 

Low 
Noise 

Single Triple Singl 
OTA OTA- OP-

• AMP · 
~I 

o~ ~~ 

i~ ~~ ~~ 
« « ~ !~ ~oo « u 

~~ ~~ ~~ ~~ 
~ ... ~ Ci ~ Ci ... ... ... ~~ 

:il ... 0 <:> re 0 <:> re o~~ '" '" "'''' ...... < B N '" < ", ... ... ...... 
55 55 5 55 55 55 « 5 « « «« ««« 

u u u u u UU uuu 

I File "' .... "' 0 ., N '" "' ~ .... M M '" ill Ol l!! l!! No. .. "' "' M !" 
Sample and Hold 
Switching • • • • • • • • 
Schmitt Tngger • • • • • • • • • • • • 

CI) Multivibrator • Z • • • • • • • • • • • • • • • • • • • • • • • • • • • 
0 Modulator • • • • • • • • • • • i= 'Mixer • • • • • • • • • • • « 
u Detector • • • • • ::; • • • • • • 
Q. Comparator • • • • • • • • • • • • • • • • • • • • • • • • • Q. 

« DC Amplifier • • • • • • • • • • • • • • • • • • • • 
Timer • • • • • • • • • • • 
Wideband Large Signal 

Multiple Unit • • • 
AGe Capability • • • • • • • • 
Balan~d Input • • • • • • • • • • • • • • • • • • • • • • • • • • • • CI) 
Short-Circuit Protection w • • • • • • • • • • • • • • • • • • • • • 0: 

:::l Intemal Frequency Compensation • • • • • • ... Offset Adjustment · • • • • • • -. • • • • • • « 
w Negative V~R near V· • • • • • • • • • • • IL 

Low Power Supply Current 1< 1 rnA) • • • • • • • • • • • 
Ultra-low liB • • • • • • • • • • • 
Very Low VIC & '10 

TYPE DESIGNATION SUFFIX LETTER (See Note 11 -
Flat Pack Ceramic 

Dual In-Une Ceramic (OIC) 0 0 0 • • w 
E" E • • E" E" CI Dual In-Line Plastic (DIP) « 

TO·S Style Straight Lead • • T T T T T '" U TO-S Style Dual-in-Line lOlL-CAN) S S S S S S S « 
Q. 

Frit Seal Oualln-Une Ceramic F F F F 

Beam Lead 

Chin. fi 

Not. 1; The indicated suffix leuer Identifies the package type for the device type number 
having a suffix·letter; a black squere is shown for a type number with no suffix le11er. 

T T T T T 

S S S S S 

• Operational Transconductance Amplifier ... Micropower Tvpe ·Available in a-lead DIP IMINI-DIP) 

10 

E" E" E E" 

T T T T T T T T T 

S S S S S S S S S 

L 

fi fi 

COS/MOS 
Output. 
MOS/FET 
Input 

« III 
:il :il :il 
M M M 
5 « 5 u 

.... 
Ciii 

• • • 
• • • 
• • • 

• • • 
• • • 
• • • 

• • • 
• • • 
• • • 
• • • 

• • • 

T T T 
s 5 5 



Switching 

Schmitt Trigger 

~ Multivibrator 

r File 
No. 

Operational Amplifiers 

General 
Purposo 

Multiple Unit 

Wideband 

• • • • • • • • • • • • • • • • • • • • • 

Precision 

• • • • • • 
o ~M~o~d~u~lo~lo~r ________________ ~+-+-+-+-t-+-+-+-+-+-+-+-+-~~-+~-+-+-+-+~-+-+-+-+-+~ 5 ~M~i~ •• ~r __________________ -1~.-+-+-+-+-+-+-+-+-+-+~~~~~+-+-+-+-+-+-+-+-+-+-4-4--I 
~ ~D~.~te=c=to~r ________________ ~_+-+-+-+-+-+-+-+-+-+~~~~~~+-+-+-+-+-+-+-+-+-+-4-~-I 
~ Comparator • • • • • • • • • • • 
~ ~D~C~A~m~PI;if~i.-r--------------~.~~.~.4=.+-t-.+-.+-.+-.+-.+-.+-.+-.+-.~.~.-+.~.-+.-+.-+-.4=~.~.~.~.~.~.~ 

Timer _ ••••• 

Wideband Large Signal • 
Multiple Unit • •••• 
AGe Capability 

Balanced Input • ••• • • • • • • • • • • • • • • • • • • • • • • m Short-Circuit Protection • • • • • • • • • • 
§ Inl.rnol FreQu.ncv Compensalion • ••• • • • • • • 
~ Offset Adjustment · . . . . . . . . . . . . . . . . . 
:f Neaative VI~D near V· • 

Low Power Supply Current « 1 mAl • •••• D. 

Ultra-Low 118 • • • • • • 
Very Low V 0 & 110 • • • 

TYPE DESIGNATiON SUFFIX LETTER ISee Nol. 1) 

Flat Pack Ceramic • • • • ... Dual In-Line Ceramic (OIC) 
c:o Dual In-Line Plastic (DIP) E' 

'" Fr T ..: TO-S Style Straight Lead T T 
U 

TO·S Style Dual In·Line 101 L·CAN I ~ S S 

Frit Seal Dual In·Line Ceramic 

• • • • 
• • • • 

Beam Lead 

Chin H H 

Note 1: The indicated suffilt letter Identities the package type for the deVice type number 
having a suffix 18ner; a black squ-.,e IS shown fa, a type number with no suffix 1811er . 

• Available in a·lead DIP IMINI-DIPI 

• • • • 
TTTTTTT 

S S S S S S S 

H 

11 
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Arrays 

Diode Arrays Transistor Arrays 

J File 
No. 

Individ
ual ~::dl-_G=.::n:::a:.:r'::.I.:..pu::rrP:::""=-""'p."'n"".p..l !s~;:.

Two n-p-" p.n-p & 2 Zener 
"-p-" Diodes, 

1 Diode 

N .., 
'" 

Comparator • • • • 

Dual 
Darling· 
'on 
Con
nected 

Darlington 
Connected 
Pair 
Plus Two 
Individual 

Detector _ • • • • • • • ••••• 

Differential Amplifier _ •• •.••• • • • • • • • 

Limiter • • • •• • •••• 

Mixer • • • •• • •••• 

.. Modulator _.. •• • ~ • • • 
6 ~M~U~It~iv~;b~r.~t-or--------f-=.-+-~.~~~.~~.~.4-~.~~-+---~~~+-~.~.~.~.=I 

:i Oscillator - • • •• • • • • • 8: Schmitt Trigger - • • 
c( Sense Amplifier _ • • • • 

Switching _ •••••• • 
Thyristor & seA ContrOl • • • • • • • • • • • • 
Timer 

VHF 
Regulator • 
High Input Resistance 

Balanced Input • • • • •• ... ~ ... 
! Balanced Output • •• • • • • • • • • 

:J Low Noise _ • • l ~A~G::'C~ca~~::'b-;I-;t-v-------f---4-~~~~+-+-~-~~~---~~~+-+-.~.~.-+-1. 
Multiple Unit ••••••• 
Wide Band • • • • 

TYPE DESIGNATION SUFFIX LETTER ISEE NOTE 1 I 
Flat Pack Ceramic 

Oual In-Line Ceramic • 
Dual In·Line Plastic ••• EE -EE • t TO·S Style Straight Lead • • • • T T 

1~TO~.5~S~tv~l~e~F~0~'m~e~d~L~e~.d::'-~ ____ ~ ____ +-__ ~~~-+-4~~~~~+-------~~-+~~r_r_+-i 
Frit Seal Dual·ln-Line Ceramic F F F 

Chip H H H H H H H H H 

Beam·Lead L L 

NOTE 1: The indicated suffix letter identifies the package type for the device type number 
having a suffix letter; a black square is shown for 8 type number with no suffix letter. 

H H 

L 



Arrays 

Transistor Arrays Amplifier Arrays 

1 "-p-nS 
Super ~ 
Oitt. 

1 pon-p/n-p·" 
transistors, COSIMOS 

Array 
High- Dual 

Differentially Amp. 
Connected Pair Plus 
Plus Three 3 n-p-" 

1 zener diode. 
1 PUT· 
ISCRA 
(Thyristor) 

3 "-channel 
& 3p..:hannel 
transistors 

Freq. Independent Three 
n-p-n IDifferentiaU Amp'. 

Indiv.idual Trans. 

Comparator 

I Fil. 
No. 

Detector _ •••• 

Differential Amplifier • • • 

Limiter -

iii 
'" 

• 
• 

• • 
• 

• • • 
~~ . . • 
-~- . . 5: Multivibrator •• •• 

:~ Oscillator •••• • 

• • • • 
• • • 

• • 
• • 
• • 
• • 

Four 
f'mpl. 

.... .... 
M 

• 
• 

it ~S~C~h~m~it~t~T~';~gg~e.C' ______________ ~~-+=·1-1-~ ____ ~ __________ ~ ________ 1-~.~~-+~~~~ ____ +-__ ~ 
c( Sense Amplifier. • • • 

Switching - •••• • 

Thyristor & seA Control • •• 

Timer • • 

VHF • 
Regulator • 

High Input Aesistance 

Balanced Input 

Balanced Output 

Wide Band 

• • • • • 
• • • • • 

• • • • • 
• • • • • 

• 
• 
• 
• 
• 
• 

• 

• 
• 

TYPE DESIGNATION SUFFIX LETTER 

Flat Pack Ceramic 

Dual In-Line Ceramic • • • 
Dual In-Line Plastic E E E 

f TO-S Style Straight Lead 

i TO-S Style Formed Lead 

Frit Seal Dual-In-Line Ceramic 

Chip 

Beam-Lead 

* Programmable Unijunction Transistor 

F 

H 

L 

H H 

.Silicon Controlled Rectifier 

H 

• 

• 
• 
• 
• • 

E 

• • 
• • 
• • 
• • • 
• • 

(SEE NOTE 11 

E • 

• • 

H H H H 
L L 

• • 
.. • .. 

• 
• 
VI 

H H 
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Broadband (Video) and Differential Amplifiers, and 
AM/FM Communications Circuits 

Voltage Regulator 

Comparator 

I File 
No. 

Comparator High Current Output 

Control - Relays, Heaters, LED's 

Lamps. etc. 

Detector 

Differential Amplifier 

Limiter 

Broadband (Video) 

Amplifiers 

~~ 
+-

NN _N 

ii gill ~2 Iillil "'-~~ :5(s ~~ ~~ 

.. 
ii l~ 
~~ ~~ 

a £ ~ ~ ~~ ~~ 

Differential Amplifien 

Ii !EI~ Iillil 
"'", 
i~ ~~ 

~~ ~~ ~~ ~~ 

~ 
.... 

~ iii ~!l! .. 
· . . . . · . . . 

· • • · · • · · 

AM/FM Communications Circuits 

w e( 

::l~ 
N_ l:! '" ii s .... i::~ 0- ij i~ Iil!i! :;;Iil 0 --'" '" N'" 

~~ ~~ e( ~ ~tS e( e(e( tStStS ., ., .,., 
u~ ~ ~ ~ l'; ~ 

0 

:& N ia .. ill ;;; 

• 

• • • • • • · .. · · · · · · · • · • · . • • • • • • • • • • • 
• · · · • 2 Mixer • 

I~MO~d~u~r.~to~' ______________ ~~~~-+-+-+-+~~~~~+-~~~~~~~~~~~~r-~t-+-+-+-~4--I • · • • · • · • • • 
• • 

- Multivibrator 
1~~~c~illa~t~o,~~~----------~~+-+-+-+-+-t-~~~-4-4-4=+-+-+~~+-+=+-+-+-4-4--+-+-+-+-4~~~.-I 

Schmitt Trigger 

Sense Amplifier 

Switching 

Thyristor & SeA Control 

Freq. Doubler, Mult., Divide. 
Sq. Root, Squarer 

Display Decoder-Driver 

Timer 

Balanced I "put 

Balanced Output 

Low Noise 11!fl 

• • • • 
• • • · · • 

• · • • · • · • • • • · 

• • · • · · · · • · • · • 

• 
• · • • • • • · 

· • • • • • · • • • • • 
• • • • • 

• • • • • • . Regulated Power SupplV · • • • . • • • • • • • • • • • • • 
§ .. ~c~r='S~S~B~O=ut~.~ut~ __________ ~~~~=+-+-+-+-+-+~+-+-~+-+-t-~~~-+-+-i~~r-~~+-+-+-+-4--+-I 
li AGC Capability 

Micropower 

Decimal Pt. Output 

Ripple Blanking 

Flat Pack fFPI 

Dual·in-Line Ceramic (DIC) 

DUiII·ln·Line Plastic (DIP) 

... 1 TO·S 
• Chip 

Beam Lead 

Frit Seal 

T0-5 Style Dual-In-Line 101 L-CANI 

• 

• 
H 

. • · • • • · • • · • · • • • • • • • 
• 

Type Oesi nation Suffix Letter • - No Suffix Letter 

• • • • • • • • • • • • • • • T 
H H H H H H H 

l 

F F 
s s 

H 

• • e 
• 

H H 

• • • • • • • • • 

E E * E 
• • • •• • 

H H H H 

NOTE 1: The indicated suffix letter identifies the package type for the device type number having a suffix letter; a black square is shown for 8 type 
number With no suffix latter. 

14 

• CA3001 is also useful as a Broadband (Video) Amplifier. 
CA3040 is also usafulas a Differential Amplifier. 

* In quad-in-line package (QUIP) 



Power-Control and Voltage-Regulator Circuits, 
Analog Multiplier, and Computer-Interface Circuits 

Power Control I ~~~~;:.' Int ...... 

Power 

I ~:~;,: ! 
~:~~~~ 

Control I~:;~~ Sen .. Decoder 
Thvristor Switchl tors Ampl. Drivers 
Control I Ampl. 1",0, Ipll., 

~II I~I§ I! II~ '" j~ ~II~ :;; :; 

IIII II i en 
0 :i! '" '" :;: c( c( 
<J U <J 

I File 
No. ~ I~ ill ~ alij ~ ~ ~ ~ 

Volt,ge A',ul"o, I· 

Com .. " ... I· I· I· · Com .. ".o, . HI,h CUII.n. Ou.pu. I· I" · Control - Relays, Heaters, I· 1"1· ·1· · LED·s. L,mps. E •• ~ 

0",,,0' I. · D,,,.,.n",1 Amphll" I. I· " 
Um"" 
MI'" I· · Modul,lOI I· ·1· · • · Mult",b".o, I· I" • 

1< 0,,;00"0' I. I· I· • • 
S.hmltt T,''''' I· I· · Son .. A_mpllfl.,. !E I Switching I. I· • is. 
Thy,;slOl & SCA Conlloi I· I· I· • . E 

I F"~ Doubl", Mul., D"'d •. · c( 

= 'Sq. Aoo., 5ou",,, 
.% ,O"pl,y I· 

llal,n .. d fnpu. I· · B,"nood Ou.pu. 

Low No". 1"" L~ • •• j A.gul, .. d Powo' Supply I. • 
ClmB Output 

. AGCC, .. blllty I· 
Multople Un,. 

Wid. Band 
MIClopowe, I· · I DeCImal Pt. Output 

. R,ppl. Bf,nk,ng I· 
I 'ulllx Let .. , ,III Lett .. 

I FI" Pack IFPI 
, Dual·fn·L,ne C",m" IDIC ~ 

i j ! ~f.tL'ne P""" fDfPI 
IE IE E E IE .,. 
IH H H H 

I Beam Lead 

1£1" Sea' 
ITO.5 Styl. Dual·ln·L,ne ID'L·CANI S sis 

NOTE 1: The indicated suffix latter identifies the package type for the device type number having a suffix letter; 
a black square is shown for a type !lumber with no suffix letter. 

CA555, CA555C, CA30B5, CA30BSA available in B-Iaad DIP (MINI-DIP) package. 
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Consumer Circuits 

Audio Multiplex ~M FM Receiver 
Circuits Decoders Rcvr Circuits 

Ckts. FM IF 
Power FMIF Gain 

Pro·Amp. Drivers Amplifion Subsystems Blocks 

N 
:! PI ... 

PI 0 

III ct PI 
ct U U ct « ~. 

CO N ~ M 

I~ 
PI 

~.~ 
0 0 CD !:l~ 1ft N CO PI I!l IS> IS> 0 CD M ~ 

CD S ~ C; ... 
~ 0 ~ !iii ... 1ft 0 M~ 

0 0 PI PI PI ... :( PI PI PI PI PI « « « « ct ct « « « 5« «« «« u u u u u u u u u u uu uu 

J File No. 
r- oo 

~ ;E 0 CD .. 0 

13 
N 

~ 
.. M ~ '" <D 18 l8 CD N an r- r- .. M 

Audio Dnver • • 
Audio Preamplifier • • • • • • • • 
ACC 

AFC/AFT • 
AFPC ~ 

CD 
AGC • • 'C • • 
Chroma Amplifier B 

~ CD 

.S! Chroma Demodulator 0 
t; Chroma Signal X 
C .!! 
:> Processor CL ... .;: 
~ Converter 

~ • • ·S 
l:! Detector ::E • • • • • 
U Video Amplifier 0 

CD 
Sync Processor ~ 

CD .. 
I F Amplifier -en • • • • • • 
Limiter • • • .. 
Oscillator • 

Audio Power Amplifier • • 
Tint Control 

(TYPE DESIGNATION SUFFIX LETTER (See Noll 1) 
8. Dual·ln·Line Plastic • EM E E E E E E • 'li Quad-In-Line Plastic P,QM • a a • 
A. T0-5 Standard Lead • T T • 

T0-5 Formed Lead 

Note 1: Whore a code lenar is shown (E, EM, a, T, V1), add the codalener as a suffix to the type 
number to identify the Package (and leed configuration) option. A black square indicates 
no suffix code is added.to the t.ype number for that package option. 

'" 00 0 
~ ~ M .. 
• 

• 
• • • 

• • • • 
• • • • 

• • • • 



Consumer Circuits 

TV Receiver Circuits 

Automatic IF Systems Chroma Systems 
Remote Fine· 
Control Tun;ngiAFTI Sound Pix 2 Package 

It) .. .. .. ~N <t 
It) CD "'~ IX N'" ..... 0 ~ ..... "''''' '" .. 8 '" gg "'~ I!l:g "' ..... N'" Nen NN 

0 0 Pi o~ ~ 00 ~O ~ '" ~ ~ '" '" '" "'''' "'N ~'" "'''' "'''' '" :i "'''' <t <t <t <t <t<t <t<t ;3 ;3;3 <t<t <t<t <t <t<t u u u u uu uu uu uu u u uu 

'1- File No. ~ 0 III ~ '" '" N N 

~ '" '" '" ",0 '" "' i " ;:; ;:; ;; ;; 0; '" '" ex> u: ex> ex> 

'" M M 
D- o: " " '" '" <D .t 

Audio Driver .. .. .. 
Audio Preamplifier II .. • .. II 

ACC. .. II II II • D 

AFCIAFT II a 
AFPC " " • 
AGC .. .. 

M Chroma Amplifier .. • II .. .. 
" • • .g Chroma Demodulator .. .. 
u Chroma Proc_ .. nr· • . - • • " => "PAL Systems • ... 
.~ 

Convener 

Detector .. • .. • • • • • • 
U Video Amplifier • " 

Sync Processor 

IF Amplifier • • • .. • • • • • 
Limiter • II • • • .. 
Oscillator • • .. • • D 

Audio Power Amplifier • 
Tmt Conlrol • • • 

ITYPE DESIGNATION SUFFIX LETTER ISee Note II 
8. Dual·ln- Line Plasllc E E E E • E .. 
~ Quad· In· line Plasuc • .. • 0 • • • • .. 
"- TO·5 Standard Lead • • 

TO· 5 F armed Lead VI VI • 
No.e 1 Where a code letter is shown (E, EM, a, T. Vl I, add the code letter as a suffix to the type 

number to identify the package (and lead configuration) option. A black square indicates 
no suffik code is added to ~he type number for that package option. 

E E 

a a 

~ -
~ii 
=> ~ 

3 Package 
.., .-
,U 

o~ N 0 ...... ... N 
00 0 M "'''' '" <t<t <t <t uu u u 

ex> 0; <D 

" '" 

.. .. 
• 

II .. .. .. • 

• .. II .. 

• 
.. 

• • • E 
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DMOS (Discrete MOS Field-Effect) Devices 

Industrial Types Consumer Types 

Dual-

Single-Gate Dual- Gate Single- Dual-Gate 

Gate Pro- Gate Dual-Gate Protected 

tacted 

IX) ~ 0> ""M ""M :i:i I~ m 
.... 0 0> ~~ <t .... M 'ot 'otlll ~ coo O>O~ .... M 'otM o~ .... M :;;: 

ii ~ ~ ~~ ii 
~ .... .. 11100 0 0 0 .... NN N N 

iEiiEi I~ I~ ~ zz 0 !! !!l88 '" '" "'''' coco ~ ~ CO 
MM ... 0 0 :i:i 00 0 

'ot'ot 'ot'ot'ot ... ... 'ot'ot ... ... 'ot 

I File No. '" '"' .. CD 2l .. 0 "' "' "' CD ~ ... '"' .. '"' '"' '"' '"' M 

~ ~ - ;b ;b ~ ~ '" 0 <Xl <Xl <Xl M N '"' <Xl <Xl Pl M CD N N N M '"' M !ll .. .. <Xl 
M N N N M M '"' N N .. ... ... '"' M '"' M '"' M .. .. .. 

RF Amplifier, Mixer • • • • • • • • • • • • • • • • • • • • • • • • • 
~~ Chopper • • • 
DoC 

General-Purpose Amplifier • DoO • • • <;: 
Oscillator • • • • • • • • • • • • • • • • • • • • • • • • • • 
Low-Noise • • • • .. Low-Leakage • • • • • • • • • • ~ 

i High-Gain • • • • • 
"- Gain-Controlled • • • • • • • • • • • • • • • • • 

Pre mium-Performance • • • • 
All MOS/FET devices are supplied in the JEDEC TO·72 package 
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RCA LINEAR IC PACKAGES AND LEAD FORMS 
D-Suffix: Dual-In-Un. Welded-Seal Ceramic Package (DIC) F-Suffix: Dual-In-Line Frit-Seal Ceramic Package 

a-Lead MINI-DIP 

l4-Lead QUIP 

'~~<' 
," . ..,. ,'/ ", 

":"-:" Hl644 
~/"",~",-.. , .. <"":,, 

l6-Lead DIC a-Lead Frit Seal l4-Lead Frit Seal l6-Lead Frit Seal 

E-Suffix: Dual-In-Line Plastic Package (DIP) 

l4-Lead DIP l6-Lead DIP with "Power Stud" 

Q-Suffix: Quad-In-Line Plastic Package (QUIP) 

l6-Lead QUIP 20- Lead QU I P 

EM-Suffix: Modified Dual-In-Line 
Plastic Package with Heat Sink 

H1827 

I ntegral Bent-Down 
Wing-Tab Heat Sink 

l6-Lead Modified QUIP 

OM-Suffix: Modified Quad-In-Line 
Plastic Package (QUIP) with Integral Flat 

and Pierced Wing-Tab Heat Sink 

T-Suffix: TO-S Style Package with Straight Leads S-Suffix: TO-S Style 
Package with 

Dual-In-Line Formed 
Leads (01 L-CAN) 

Vl-Suffix: T0-5 Style 
Package with 

Radial Formed Leads 

H1561 

10-Formed-Lead TO-S 

K-Suffix: Ceramic 
Flat Package (FP) 

Hl384 H1463 

10-Lead TO-S l2-Lead TO-S a-Lead TO-S 01 L-CAN 

JEDEC T()'72: L-Suffix: Ie Beam Lead H-Suffix: IC Chip 
MOS/FET Devices 

H1299 
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-----------------_____ -'-_______ 1CE-402 

OO(]3LJ[J 
Solid State 
Division 

Solid State Devices 

Operating Considerations 
1CE-402 

Operating Considerations for 
RCA Solid State Devices 

Solid state devices are being designed into an increasing 
variety of electronic equipment because of their high 
standards of reliability and performance. However, it is 
essential that equipment designers be mindful of good 
engineering practices in the use of these devices to achieve 
the desired performance. 

This Note summarizes important operating recommen
dations and precautions which should be followed in the 
interest of maintaining the high standards of performance of 
solid state devices. 

The ratings included in RCA Solid State Devices data 
bulletins are based on the Absolute Maximum Rating 
System, which is defined by the following Industry Standard 
(JEDEC) statement: 

Absolute-Maximum Ratings are limiting values of opera
ting and environmental conditions applicable to any electron 
device of a specified type as defined by its published data, 
and should not be exceeded under the worst probable 
conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no responsi
bility for equipment variations, environmental variations, and 
the effects of changes in operating conditions due to 
variations in device characteristics .. 

The equipment manufacturer should design so that 
initially and throughout life no absolute-maximum value for 
the intended service is exceeded with any device under the 
worst probable operating conditions with respect to supply
voltage variation, equipment component variation, equip
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in device charac
teristics. 

It is recommended that equipment manufacturers consult 
RCA whenever device applications involve unusual electrical, 
mechanical or environmental operating conditions. 

GENERAL CONSIDERATIONS 
The design flexibility prOvided by these devices makes 

possible their use in a broad range of applications and under 
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many different operating conditions. When incorporating 
these devices in equipment, therefore, designers should 
anticipate the rare possibility of device failure and make 
certain that no safety hazard would result from such an 
occurrence. 

The small size of most solid state products provides 
obvious advantages to the designers of electronic equipment. 
However, it should be recognized that these compact devices 
usually provide only relatively small insulation area between 
adjacent leads and the metal envelope. When these devices 
are used in moist or contaminated atmospheres, therefore, 
supplemental protection must be provided to prevent the 
development of electrical conductive paths across the 
relatively small insulating surfaces. For specific information 
on voltage creepage, the user should consult references such 
as the JEDEC Standard No. 7 "Suggested Standard on 
Thyristors," and JEDEC Standard RS282 "Standards for 
Silicon Rectifier Diodes and Stacks". 

The metal shells of some solid state devices operate at the 
collector voltage and for some rectifiers and thyristors at the 
anode voltage. Therefore, consideration should be given to 
the possibility of shock hazard if the shells are to operate at 
voltages appreciably above or below ground potential. In 
general, in any application in which devices are operated at 
voltages which may be dangerous to personnel, suitable 
precautionary measures should be taken to prevent direct 
contact with these devices. 

Devices should not be connected into or disconnected 
from circuits with the power on because high transient 
voltages may cause permanent damage to the devices. 

TESTING PRECAUTIONS 

In common with many electronic components, solid-state 
devices should be operated and tested in circuits which have 
reasonable values of current limiting resistance, or other 
forms of effective current overload protection. Failure to 
observe these precautions can cause excessive internal heating 
of the device resulting in destruction and/or possible 
shattering of the enclosure. 

9·74 
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TRANSISTORS AND THYRISTORS 
WITH FLEXIBLE LEADS 

Flexible leads are usually soldered to the circuit elements. 
It is desirable in all soldering ope ratings to provide some 
sIack or an expansion elbow in each lead to prevent 
excessive tension on the leads. It is important during the 
soldering operation to avoid excessive heat in order to 
prevent possible damage to the devices. Some of the heat can 
be absorbed if the flexible lead of the device is grasped 
between the case and the soldering point with a pair of pliers. 

TRANSISTORS AND THYRISTORS 
WITH MOUNTING FLANGES 

The mounting flanges of lEDEC·type packages such as 
the TO·3 or TO-66 often serve as the collector or anode 
terminal. In such cases. it is essential that the mounting 
flange be securely fastened to the heat sink, which may be 
the equipment chassis. Under no circumstances, however. 
should the mounting flange of a transistor be soldered 
directly to the heat sink or chassis because the heat of the 
soldering operation could permanently damage the device. 
Soldering is the preferred method for mounting thyristors; 
see "Rectifiers and Thyristors," below. Devices which cannot 
be soldered can be installed in commercially available 
sockets. Electrical connections may also be made by 
soldering directly to the terminal pins. Such connections may 
be soldered to the pins close to the pin seals provided care is 
taken to conduct excessive heat away from the seals; 
otherwise the heat of the soldering operation could crack the 
pin seals and damage the device. 

During operation, the mounting·flange temperature is 
higher than the ambient temperature by an amount which 
depends on the heat sink used. The heat sink must have 
sufficient thermal capacity to assure that the heat diSSipated 
in the heat sink itself does not raise the device mounting
flange temperature above the rated value. The heat sink or 
chassis may be connected to either the positive or negative 
supply. 

In many applications the chassis is connected to the 
voltage-supply terminal. If the recommended mounting 
hardware shown in the data bulletin for the specific 
solid-state device is not available, it is necessary to use either 
an anodized aluminum insulator having high thermal can· 
ductivity or a mica insulator between the mounting-flange 
and the chassis. If an insulating aluminum washer is required, 
it should be drilled or punched to provide the two mounting 
holes for the terminal pins. The burrs should then be 
removed from the washer and the washer anodized. To insure 
that the anodized insulating layer is not destroyed during 
mounting, it is necessary to remove the burrs from the hole. 
in the chassi •. 

lt is also important that an insulating bushing, such as 
glass-filled nylon, be used between each mounting bolt and 
the chassis to prevent a short circuit. However, the insulating 
bushing should not exhibit shrinkage or softening under the 
operating temperatures encountered. Otherwise the thermal 
resistance at the interface between device and heat sink 
may increase as a result of decreasing pressure. 

PLASTIC POWER TRANSISTORS AND THYRISTORS 
RCA power transistors and thyristors (SCR's and triacs) 

in molded-silicone·plastic packages are available in a wide 
range of power-dissipation ratings and a v.ariety of package 
configurations. The follOWing paragraphs provide guidelines 
for handling and mounting of these plastic-pa~kage devices, 
recommend forming of leads to meet specific m~unting 
requirements, and describe various mounting arrangements, 
thermal considerations, and cleaning methods. This informa
tion is intended to augment the data on electrical character· 
istics, safe operating area, and performance capabilities in the 
technical bulletin for each type of plastic-package transistor 
or thyristor. 

Lead·Forming Techniques 
The leads of the RCA VERSA WATT in-line plastiC 

packages can be formed to a custom shape, prOVided they are 
not indiscriminately twisted or bent. Although these leads 
can be formed, they are not flexible in the general sense, nor 
are they sufficiently rigid for unrestrained wire wrapping 

Before an attempt is made to form the leads of an in-line 
package to meet the requirements of a specific application, 
the desired lead configuration should be determined, and a 
lead-bending fixture should be designed and constructed. The 
use of a properly designed fixture for this operation 
eliminates the need for repeated lead bending. When the use 
of a special bending fixture is not practical, a pair of 
long-nosed pliers may be used. The pliers should hold the 
lead firmly between the bending point and the case, but 
should not touch the case. 

When the leads of an in-line plastiC package are to be 
formed, whethe. by use of long-nosed pliers or a special 
bending fixture, the following precautions must be observed 
to avoid internal damage to the device: 

I. Restrain the lead between the bending point and the 
plastic case to prevent relative movement between the 
lead and the case. 

2. When the bend is made in the plane of the lead 
(spreading), bend only the narrow part of the lead. 

3. When the bend is made in the plane perpendicular to that 
of the leads, make the bend at least 1/8 inch from the 
plastic case. 

4. Do not use a lead-bend radius of less than 1/16 inch. 
5. Avoid repeated bending ofleads. 

The leads of the TO-220AB VERSAWATI in-line 
package are not designed to withstand excessive axial pull. 
Force in this direction greater than 4 pounds may result in 
permanent damage to the device. If the mounting arrange
ment tends to impose axial stress on the leads, some method 
of .train relief should be devised. 

Wire wrapping of the leads is permiSsible, provided that 
the lead is restrained between the plastic case and the point 
of the wrapping. Soldering to the leads is also allowed. The 
maximum soldering temperature, however, must not exceed 
2750 C and must be applied for not more than 5 seconds at a 
distance not less than 1/8 inch from the plastic case. When 

21 



1CE402 __________________ ~------------------------------------------

wires ar~ used for connections, care should be exercised to 
assure that movement of the wire does not cause movement 
of the lead at the lead-to-plastic junctions. 

The leads of RCA molded-plastic high-power packages 
are not designed to be reshaped. However, simple bending of 
the leads is permitted to change them" from a standard 
vertical to a standard horizontal configuration, or conversely. 
Bending of the leads in this manner is restricted to three 
90-degree bends; repeated bendings should be avoided. 

Mounting 
Recommended mounting arrangements and suggested 

hardward for the VERSAWATT package are given in the data 
bulletins for specific devices and in RCA Application Note 
AN4142. When the package is fastened to a heat sink, a 
rectangular washer (RCA Part No. NR231 A) is recommended 
to minimize distortion of the mounting flange. Excessive 
distortion of the flange could cause damage to the package. 
The washer is particularly important when the size of the 
mounting hole exceeds 0.140 inch (6-32 clearance). Larger 
holes are needed to accommodate insulating bushings; 
however, the holes should not be larger than necessary to 
provide hardware clearance and, in any case, should not 
exceed a diameter of 0.250 inch. 

Flange distortion is also possible if excessive torque is 
used during mounting. A maximum torque of 8 inch-pounds 
is specified. Care should be exercised to assure that "the tool 
used to drive the mounting screw never comes in contact 
with the plastic body during the driving operation. Such 
contact can result in damage to the plastic body and internal 
device connections. An excellent method of avoiding this 
problem is to use a spacer or combination spacer-isolating 
bushing which raises the screw head or nut above the top 
surface of the plastic body. The material used for such a 
spacer or spacer-isolating bushing should, of course, be 
carefully selected to avoid "cold flow" and consequent 
reduction in mounting force. Suggested materials for these 
bushings are diallphtalate, fiberglass-filled nylon, or 
fiberglass-filled polycarbonate. Unfilled nylon should be 
avoided. 

Modification of the flange can also result" in flange 
distortion and should not be attempted. The package should 
not be soldered to the heat sink by use of lead-tin solder 
because the heat required with this type of solder will cause 
the junction temperature of the device to become excessively 
high. 

The TO-220AA plastic package can be mounted in 
commercially available TO-66 sockets, such as UID 
Electronics Corp. Socket No. PTS4 or equivalent. For 
testing purposes, the TO-220AB in-line package can be 
mounted in a Jetron Socket No. OC74-104 or equivalent. 
Regardless of the mounting method, the following 
precautions should be taken: 

I. Use appropriate hardware. 
2. Always fasten the package to the heat sink before the 

leads are soldered to fixed terminals. 
3. Never allow the mounting tool to come in contact with 

the plastic case. 
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4. Never exceed a torque of 8 inch-pounds. 
S. Avoid oversize mounting holes. 
6. Provide strain relief if there is any probability that axial 

stress will be applied to the leads. 
7. Use insulating bushings to prevent hot-creep problems. 

Such bushings should be made of diallphthalate, fiber
glass-filled nylon, or fiberglass-filled polycarbonate. 

The maximum allowable power dissipation in a solid 
state device is limited by the junction temperature. An 
important factor in assuring that the junction temperature 
remains below the specified maximum value is the ability of 
the associated thermal circuit to conduct heat away from the 
device. 

When a solid state device is operated in free air; without a 
heat sink, the steady-state thermal circuit is defmed by the 
junction-to-free-air thermal resistance given in the published 
data for the device. Thermal considerations require that a 
free flow of air around the device is always present and that 
the power dissipation be maintained below the level whicli. 
would cause the junction temperature to rise above the 
maximum rating. However, when the device is mounted on a 
heat sink, care must be taken to assure that all portions of 
the thermal circuit are considered. 

To assure efficient heat transfer from case to heat sink" 
when mounting RCA molded-plastic solid state power 
devices, the following special precautions should be 
observed: 

I. Mounting torque" should be between 4 and 8 inch
pounds. 

2. The mounting holes should be kept as small as possible. 
3. Holes should be drilled or punched clean with no burrs or 

ridges, and chamfered to a maximum radiUS of 0.010 
inch. 

4. The mounting surface should be flat within 0.002 
inch/inch. 

5. Thermal grease (DoW Corning 340 or equivalent) should 
always be used on both sides of the insulating washer if 
one is employed. 

6. Thin insulating washers should be used. (Thickness of 
factory-1lupplied mica washers range from 2 to 4 mils). 

7. A lock washer or torque washer, made of material having 
sufficient creep strength, should be used to prevent 
degradation of heat sink efficiency during life. 

A wide variety of solvents is available for degreasing and 
flux removal. The usual practice is to submerge components 
in a solvent bath for a specified time. However, from a 
reliability stand point it is extremely important that the 
solvent, together with other chemicals in the solder-cleaning 
system (such as flux and solder covers), do not adversely 
affect the life of the component. This consideration applies 
to all non-hermetic and mOlded-plastiC components. 

It is, of course, impractical to evaluate the effect on 
long-term device life of all cleaning solvents, which are 
marketed with numerous additives under a variety of brand 
names. These solvents can, however, be classified with 
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respect to their component parts as either acceptable or 
unacceptable. Chlorinated solvents tend to dissolve the outer 
package and, therefore, make operation in a humid atmos
phere unreliable. Gasoline and other hydrocarbons cause the 
inner encapsulant to swell and damage the transistor. Alcohol 
is an acceptable solvent. Examples 'of specific, acceptable_. 
alchols are isopropanol, methanol, and special denatured 
alcohols, such as SDAI, SDA30, SDA34, and SDA44. 

Care must also be used in the selection of fluxes for lead 
soldering. Rosin or activated rosin fluxes are recommended, 
while organic or acid fluxes are not. Examples of acceptable 
fluxes are: 
I. Alpha Reliaros No. 320-33 
2. Alpha Reliaros No. 346 
3. Alpha Reliaros No. 711 
4. Alpha Reliafoam No. 807 
5. Alpha Reliafoam No. 809 
6. Alpha Reliafoam No. 811-13 
7. Alpha Reliafoam No. 815-35 
8. Kester No. 44 

If the completed assembly is to be encapsulated, the 
effect on the molded-plastic transistor must be studied from 
both a chemical and a physical standpoint. 

RECTIFIERS AND THYRISTORS 
A surge-limiting impedance should always be used in 

series with silicon rectifiers and thyristors. The impedance 
value must be sufficient to limit the surge current to the 
value specified under the maximum ratings. This impedance 
may be provided by the power transformer winding, or by an 
external resistor or choke. 

A very efficient method for mounting thyristors utilizing 
the "modified TO-5" package is to provide intimate contact 
between the heat sink and at least one half of the base of the 
device opposite the leads. This package can be mounted to 
the heat sink mechanically with glue or an expoxy adhesive, 
or by soldering, the most efficient method. 

The use of a "self-jigging" arrangement and a solder 
preform is recommended. If each unit is soldered individ
ually, the heat source should be held on the heat sink and the 
solder on the unit. Heat should be applied only long enough 
to permit solder to flow freely. For more detailed thyristor 
mounting considerations, refer to Application Note AN3822, 
"Thermal Considerations in Mounting of RCA Thyristors". 

MOS FIELD-EFFECT TRANSISTORS 
Insulated-Gate Metal Oxide-Semiconductor Field-Effect 

Transistors (MOS FETs), like . bipolar high-frequency 
transistors, are susceptible to gate insulation damage by the 
electrostatic discharge of energy through the devices. 
Electrostatic discharges can occur in an MOS FET if a type 
with an unprotected gate is picked up and the static charge, 
built in the handler's body capacitance, is discharged through 
the device. With proper handling and applications 
procedures, however, MOS transistors are currently being 
extensively used in production by numerous equipment 
manufacturers in military, industrial, and consumer applica-

*Trade Mark: Emerson and Cumming, Inc. 

tions, with virtually no problems of damage due to 
electrostatic discharge. 

In some MOS FETs, diodes are electrically connected 
between each insulated gate and the transistor's source. 
These diodes offer protection against static discharge and 
in-circuit transients without the need for external shorting 
mechanisms. MOS FETs which do not include gate
protection diodes can be handled safely if the following basic 
precautions are taken: 

I. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs attached to the device by the vendor, or by the 
insettion into conductive material such as "ECCOSORB* 
LD 26" or equivalen t. 
(NOTE: Polystyrene insulating "SNOW" is not suffi
ciently conductive and should not be used.) 

2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means, for example, with a metallic wristband. 

3. Tips of soldering irons should be grounded. 
4. Devices should never be inserted into or removed from 

circuits with power on. 

RF POWER TRANSISTORS 
Mounting and Handling 

Stripline rf devices should be mounted so that the leads 
are not bent or pulled away from the stud (heat sink) side of 
the device. When leads are formed, they should be supported 
to avoid transmitting the bending or cutting stress to the 
ceramic portion of the device. Excessive stresses may destroy 
the hermeticity of the package without displaying visible 
damage. 

Deviees employing silver leads are susceptible to 
tarnishing; these parts should not be removed from the 
original tarnish-preventive containers and wrappings until 
ready for use. Lead solderability is retarded by the presence 
of silver tarnish; the tarnish can be removed with a silver 
cleaning solution, such as thiourea. 

The ceramic bodies of many rf devices contain beryllium 
oxide as a major ingredient. These portions of the transistors 
should not be crushed, ground, or abraded in any way 
because the dust created could be hazardous if inhaled. 

Operating 
Forward-Biased Operation. For Class A or AB operation, 

the allowable quiescent bias point is determined by reference 
to the infrared safe-area curve in the appropriate data 
bulletin. This curve depicts the safe current/voltage combina· 
tions for extended continuous operation. 

Load VSWR. Excessive collector load or tuning mismatch 
can cause device destruction by over-dissipation or secondary 
breakdown. Mismatch capability is generally included on the 
data bulletins for the more recent rf transistors. 

See RCA RF Power Transitor Manual, Technical Series 
RMF430, pp 39-41, for additional information concerning 
the handling and mounting of rf power transistors. 
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INTEGRATED CIRCUITS 
Handing 

All COS/MaS gate inputs have a resistor/diode gate 
protection network. All transmission gate input. and all 
outputs have diode protection provided by inherent p·n 
junction diode •. These diode network. at input and output 
interface. protect COS/MaS device. from gate-oxide failure 
in handling environment. where .tatic di.charge i. not 
excessive. In low.temperature. low-humidity environment •• 
improper handling may result in device damage. See 
ICAN-6000. "Handling and Operating Con.ideration. for 
MOS Integrated Circuit .... for proper handling procedures. 

Mounting 
Integrated circuits are normally supplied with lead-tin 

plated leads to facilitate soldering into circuit boards. In 
those relatively few applications requiring welding of the 
device leads. rather than soldering. the devices may be 
obtained with gold or nickel plated Kovar leads. * It should be 
recognized that this type of plating will not provide complete 
protection against lead corrosion in the presence of high 
humidity and mechanical stress. The aluminum-foil-lined 
cardboard "sandwich pack" employed for static protection 
of the flat-pack also provides some additional protection 
against lead corrosion. and it is recommended that the 
devices be stored in this package until used. 

When integrated circuits are welded onto printed circuit 
boards or equipment. the presence of moisture between the 
closely spaced terminals can result in conductive paths that 
may impair device performance in high-impedance appli
cations. It is therefore recommended that conformal coatings 
or potting be provided as an added measure of protection 
against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device. leads. it is 
extremely important that the lead be supported and clamped 
between the bend and the package seal. and that bending be 
dime with care to avoid damage to lead plating. In no case 

. sho~lld the radius of the bend be less than the diameter of the 
lead. or in the case of rectangular leads. such as those used in 
RCA 14-lead and 16-1ead flat-packages. less than the lead 
thickness. It is also extremely important that the ends of the 
bent leads be straight to assure proper insertion through the 
holes in the printed-circuit board. 

Operating 

Unused Inputs 
All unused input leads must be connected to either VSS 

or VDD. whichever is appropriate for the logic circuit 
involved. A floating input on a high-current type. such as the 
CD4049 or CD40S0. not only can result in faulty logic 
operation. but can cause the maximum power dissipation of 
200 milliwatts to be exceeded and may result in damage to 
the device. Inputs to these types. which are mounted on 
printed-circuit boards that may temporarily become 
unterminated. should have a pull-up resistor to VSS or VDD. 
A useful range of values for such resistors is from 10 kilohms 
to I megohm. 
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I nput Signal. 
Signals shall not be applied to the inputs while the device 

power supply is off unless the input current is limited to a 
steady state value of less than 10 milliamperes. Input 
currents of less than 10 milliampe.'es prevent device damage; 
however. proper operation may be impaired as a result of 
current flow through structural diode junctions. 

Output Short Circuits 
Shorting of outputs to VSS or VDD can damage many of 

the higher-output-current COS/MaS types. such as the 
CD4007. CD4041. CD4049. and CD40S0. In general. these 
types can all be safely shorted for supplies up to S volts. but 
will be damaged (depending on type) at higher power-supply 
voltages. For cases in which a short-circuit load. such as the 
base of a p-n-p or an n-p-n bipolar transistor. is directly 
driven. the device output characteristic. given in the 
published data should be consulted to determine the 
requirements for a safe operation below 200 milliwatts. 

For detailed COS/MaS IC operating ~nd handling 
considerations. rerer to Application Note ICAN-6000 
"Handling and Operating Considerations for MaS Integrated 
Circuits". 

SOLID STATE CHIPS 

Solid state chips. unlike packaged devices. are non
hermetic devices. normally fragile and small in phYSical size. 
and therefore. require special handling considerations as 
follows: 

1. Chips must be stored under proper conditions to insure 
that they are not subjected to a moist and/or contam
inated atmosphere that could alter their electrical. 
physical. or mechanical characteristics. After the shipping 
container is opened. the chip must be stored under the 
follOWing conditions: 

A. Storage temperature. 4QOC max. 
B. Relative humidity. SO% max. 
C. Clean. dust-free environment . 

2. The user must exercise proper care when handling chips 
to prevent even the slightest physical damage to the chip. 

3. During mounting and lead bonding of chips the user must 
use proper assembly techniques to obtain proper elec
trical. thermal. and mechanical performance. 

4. After the chip has been mounted and bonded. any 
necessary procedure must be followed by the user to 
insure that these non-hermetic chips are not subjected to 
moist or contaminated atmosphere which might cause 
the development of electrical conductive paths across the 
relatively small insulating surfaces. In addition. proper 
consideration must be given to the protection of these 
devices from other harmful environments which could 
conceivably adversely affect their proper performance. 

'MiI-M-38510A, paragraph 3.5.6.1 lal,lead matorial. 
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ffil(]5LJD Linear Integrated Circuits 

Solid State 
Division 

Monolithic Silicon 

CA101, CA101A, CA201, 
CA201A, CA301A Types 

Operational Amplifiers 
For Military, Industrial, and Commercial Applications 

Features: 
• Short-circuit protection and latch-free operation S-Suffix Types 

a·LEAD TO,!; 
with Dual-I n-Line 
Formed Leads 
(DiL-CANI 

• Unity·gain phase compensation with a single 30·pF capacitor 

H-17B7 
T-Suffix Types 

a·LEAD TO-5 

H-152B 

., CA301AE 

, I a·LEAD DUAL· 
I I 1 IN·LINE PLASTIC 

I l PACKAGE 
, (MINI·DIP) H-1B17 

Max. VJO 1 
Max. 110 

TA = 

25°C 
Min. AOL 

TA Range 
(Operating) 

Slew Rate 
(Summing amp!.) 

RCA·CA10l, CA101A, CA201, CA201A, and CA301A are 
general-purpose, high-gain operational amplifiers for use in 
military, industrial, and commercial applications. 

These types, which are externally phase compensated. permit 
a choice of operation for optimum high-frequency performance 
at a selected gain; unity-gain compensation can be obtained 
with a single 30·pF capacitor. 

Types CAIOlA and CA201A have all the desirable features 
and characteristics of the CAl 01 and CA201, respectively, 
plus superior input-offset characteristics, and improved noise 
performance. 

All types are available in S·lead TO-5 style packages with 
standard leads (T suffix) and with dual·in·line formed leads 
"DIL·CAN" (S suffix). Type CA301A is also available in 
an S·lead dual·in-line plastic package "MINI·DIP" (E suffix), 
and in chip form (H suffix). 

Types CAl on, S; CA101AT, S; CA20n, S; CA201AT, S; 
and CA301AT, S, E are direct replacements for industry 
types 101, lOlA, 201, 201A, 301A in packages with similar 
terminal arrangements. 

PHASE 
COMPENSATION 

a 
OFFSET NULL 

INV. 
INPUT 

TOP VIEW 

5 OFFSET 
NULL 

92CS- 21999 

b - Plastic package for CA301A 

CA10l CA201 CAIOlA CA201A 

5 7.5 2 2 

200 500 10 10 

50 20 50 50 

-55 to 010 -55 to -25 to 

+125 +70 +125 +85 

- - 10 10 

Applications: 
• Long-interval integrator 

• Timers 
• Sample and hold circuits 
• Summing amplifiers 
• Multivibrators 
• Comparators 

• Instrumentation 
• AC/DC converters 
• Inverting amplifiers 
• Sine- & square-wave generators 
• Capacitance multipliers & 

simulated inductors 

V-

CA301A 

7.5 

50 

25 

o to 

+70 

10 

NOTE, PIN 4 IS CONNECTEO TO CASE 

TOP VIEW 
92CS-23998 

a - TO-5 style package for all types 

Fig. 1 - Functional diagrams. 
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Maximum Ratings, Absolute·Maximum Values at T A = 2f1JC 

pc SUPPLY VOLTAGE (between V+ and V- terminals): 

CA10l. CAIOlA, CA201, CA201A. 

CA301A 

DC INPUT VOLTAGE. . • • • • 

(For supplV voltage less than ± 15 V, the 
Input Voltage rating is equal to the DC Supply Voltage) 

DIFFERENTIAL INPUT VOLTAGE 

OUTPUT SHORT·CIRCUIT DURATION 

DEVICE DISSIPATION: 

Up to TA = 75°C ••.••. 

Above T A = 75°C. • . • . • 

AMBIENT TEMPERATURE RANGE: 

Operating -
CA10l, CAIOlA 

CA201A ••• 

CA201, CA301A 

Storage (All types) 

LEAD TEMPERATURE (During Solderingl: 

Ata distance 1116" ± 1132" (1.59 ± 0.79 mml 
from case for 10 seconds max. . . . . 

* AtTA" 700 CandTC ';;;12S0C(CA101l; 
TA';;; 75°C and TC';;; 125°C (CA101A,CA201AI; 
TA ';;;SSoC a'nd TC';;; 70°C (CA201. CA301AI. 

CAlC'. CAIOlA 
CA20l, CA20lA 
CA30lA 

PHASE 
COMPENSATION I 

8 OFFSET NULL 

R' 
JOlin 

Fig.2 - Schematic diagram. 
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36 

±IS 

±30 
Indefinite* 

v 
V 

V 

V 

500 mW 

derate linearly at 6.67 mW/DC 

R8 
650n 

-55 to +125 °c 

-25 to +85 DC 

Oto+70 DC 

-65 to +150 DC 

+26S oC 

v-

~ZCM-24000 
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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONsA' LIMITS 

Supply Voltage (V±) 
, CAIOlA 

CHARACTERISTICS CAl0l CA201 CA301 A UNITI 
=5to15V CA201A 

Min. lTyP. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

I nput Offset Voltage VIO T A=250C I R~1 Okll - 1 5 - - - - 2 7.5 - - -
IR~50kll - - - - 0.7 2 - - - - 2 7.5 

mV 
R~10kll - - 6 - - - - - 10 - - -
RSE;;50kll - - - - - 3 - - - - - 10 

Average Temperature RSE;;lOkll - 6 - - - - - 10 - - - -
Coefficient of Input aVIC RSE;;50ll - "3 - - - - - 6 - - - - jJ.V/oC 
Offset Voltage - - - - 3 15 - - - - 6 30 

Average Temperature -550C to +250C - - - - 0.0 0.2 - - - - - -
Coefficient of Input roIO OoC to +250C - - - - - - - - - - 0.02 0.6 nA/oC Offset Current +250C to + 700C - - - - - - - - - - 0.01 0.3 

+250C to +1250C - - - - 0.Q1 0.1 - - - - - -
I nput Offset Current 110 TA-OoC - - - - - - - 150 750 - - -

TA-250C - 40 200 - 1.5 10 - 100 500 - 3 50 

TA-700C - - - - - - - 50 400 - - -
nA 

TA=125OC - 10 200 - - - - - - - - -
- - - - - 20 - - - - - 70 

TA=-550C - 100 500 - - - - - - - - -
Input Bias Current lIB TA=-550C - 0.28 1.5 - - - - - - - - -

TA-OoC - - - - - - - 0.32 2 - - -
jJ.A 

TA=250C - 0.12 0.5 - 0.03 p.075 - 0.25 1.5 - 0.07 0.25 

- - - - - 0.1 - - - - - 0.3 

Supply Current I± TA=250C I V±=15V - - - - - - - - - - 1.8 3 

J V±=20V - 1.8 3 - 1.8 3 - I.B 3 - - - mA 

TA=1250C V±=20V - 1.2 2.5 - 1.2 2.5 - - - - - -
Open-Loop Differen· AOL TA=250C V±=15V 

160 50 160 20 150 25 160 tial Voltage Gain VO=±IOV 
50 - - - -

RL;;'2kll 

V±=15V 
V/mV 

25 - - 25 - - 15 - - 15 - -
VO=±lOV RL;;'2kll 

I nput Resistance RI TA=250C 0.3 0.8 - 1.5 4 - 0.1 0.4 - 0.5 2 - Mll 

Output Voltage V±=15V RL=10kll ±12 ±14 - ±12 ±14 - ±12 ±14 - ±12 ±14 -
Swing VOPP V 

~±=15V RL=2kll ±10 ±13 - ±10 ±13 - ±10 ±13 - ±10 ±13 -
Common·Mode V±=15V ±12 - - - - - 12 - - ±12 - -

V Input-Voltage VICR ~±=20V - - - ±15 - - - - - - - -
Range 

Common-Mode RSE;;10kll 70 90 - - - - 65 90 - - - -
CMRR dB 

Rejection Ratio RSE;;50kll - - - BO 96 - - - - 70 90 -

Supply· Voltage RSE;;10kll 70 90 - - - - 70 90 - - - -
PSRR dB 

Rejection Ratio RSE;;50kll - - - BO 96 - - - - 70 90 -
... Characteristics applicable over operating temperature range (TA) as shown below, unless otherwise specified: 

CA10l,C101A: -55to+1250C CA201A: -25to+B50 C CA201,CA301A: Ot070oC 
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:l 
I 

TYPICAL STATIC CHARACTERISTICS 

Type CA101 

SUPPLY VOLTAGE IV:!:) V J -It 
300 

-7' -'0 -2' o 2' 50 75 100 125 

AMBIENT TEMPERATURE IT A )- ·C 
92C5-24001 

Fig.3 -Inputcu"ent fI,O, 'IB} vs. temperature. 

I
i 
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7.5 10 12.5 15 17.5 20 

o 

SUPPLY VOLTAGE (Y±l-V 
nCS-24002 

Fig.4 -Input bias current vs. supply voltage. 

Types CA101A and CA201A 
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Fig. 5 -Input current (1,0. ,'S) vs. temperature. 
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Types CA101. CA101A. and CA201A 
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Fig.6 - Va/mge gain vs. supply volrage. 
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Fig.7 - Supply characteristics. 
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Fig.8 - Output characteristics. 
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TYPICAL STATIC CHARACTERISTICS (Cont'd) 

Type CA201 

1'0 VOLTAGE SUPPLY tv )-1' v 

:I 
"'1 

.00 
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~ 1200 
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- z· 
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AMBIENT TEMPERATURE (T A )- ·C 
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Fig.9 -Input current (J,G ',B) vs. temperature. 

AMBIENT TEMPERATURE (TA)- 25-C 
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SUPPLY VOLTAGE IY±J-V 
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Fig. to -Input bias current (l,S) vs. supply voltage. 
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Fig. 1 1 - Voltage gain VB. supply voltage. 
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Fig. 12 - Supply characteristics. 
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Fig. 13 :.... 'Input current (t 10, 'IB) VI. temperature. 
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E 

TYPICAL STATIC CHARACTERISTICS (Cont'dl 
Type CA301A 

.,0 

~ :t10 
~ 

'0 

.. 
E 

I .-
!:! ... 

i 1.0 

~ 
0.0 

" AMBIENT TEMPERATURE 
ITA)-70-C 

:!:5 :1:10 tl5 120 :1:25 ±30 ±35 :1:40 :1:45 

OUTPUT CURRENT (Io)-rnA 
92CS-23992 

Fig. 15 - Output characteristics. 

AMBIENT TEMPERATURE (TAI"'2S"C 

5 10 15 
SUPPLY VOLTAGE (V:!:I-V 

92CS-23989 

Fig. 16 - Supply characteristics. 

VPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

ncs- 24010 

Fig.tS - Voltage follower (V,. Vo) pulse response. 

'a 100 Ik 10k '00' 
FREQuENCY It) - Hz 

92CS-2401t 

Fig. 19 - Closed-loop output impedance vs. frequency. 

FOR TYPES CA101A AND CA201A .--,i020",--r--rV-0-LT-A-:G-=-'-S-U-PP-L-Y"-'V"""-"-""-0-V---r--..., 

Single-Pole Compensation r:~st::::~~:'."~N~BG~' ~;'.~~~ p~Tg~~c;:~~~~~~~~u'~~',!SA~'~~~0~'~~2_0'_C~ 
~~~ = 
.~ BO ~ t'1~~>4-+--+ [--+----jIBO ~?o 

RI Cs 
CI ~iii"+'R2 

Cs "30 pF 

> ...... ,..... ....... JVO 

Fig. 17 - Test circuit employing single.pole compen$lltion. 
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Fig.20 - Voltage gain and phase lag vs. frequency. 
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FOR TYPES CA101A AND CA201A 

Single-Pole Compensation (Cont'd) 

.. 
I I 1111 I III 

> VOLTAGE SUPPLY (yt)·'5Y 

I AMBIENT TEMPERATURE (TAF25 

1:1:12 SINGLE-POLE COMPENSATION 
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FREQUENCY (t)- Hz 
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Fig.21 - Output voltage swing vs. frequency. 
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Fig.22 - Supply voltage rejection ratio vs. frequency. 

FOR TYPES CA101A AND CA201A 

Two-Pole Compensation 
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Fig.23 - Test circuit employing two-pole compensation. 
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Fig.24 - Voltage fol/ower pulse response. 
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Fig.25 - Voltage gain and phase lag VI. frequency. 
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Fig.26 - Output voltage swing rs. frequency. 
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TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 
(Cont'dl FOR TYPES CA101A AND CA201A 

Feed-Forward 'Compensation 

CZ 

92CS-Z4019 

Fig.27 - Test t;ircuit employing feedforward compensation. 
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Fig.28 - Inverter pulse response. 
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Fig.29 - Voltage gain and phase lag vs. frequency. 
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Fig.30 - OutPUt voltage swing vs. frequency. 

TYPICAL DYNAMIC CHARACTERISTICS 
FOR TYPES CA101A AND CA201A 
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Fig.3t -Ilf noise voltage vs. frequency. 
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Fig.32 -/If noise current vs. frequency. 
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34 

TYPICAL DYNAMIC CHARACTERISTICS (Cant'd) 

FOR TYPES CA101A AND CA201A 
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Fig.33 - Common-mode rejection ratio VS'. frequency. 
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Fig.34 - Voltage pin VB, frequency. 
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Fig.35 - Output voltage swing VB. frequency. 
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Fig.36 - Voltage follower pulse response. 
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OOCC3LJD Linear Integrated Circuits 
Monolithic Silicon Solid State 

Division 
CA107, CA207, CA307 Types 

Operational Amplifiers 
~ H-1787 For Military, Industrial, and Commercial Applications 

CA107S 
CA207S 
CA307S CA107T 

B-LEAD TO-S CA2D7T 
with Dual-in-Line CA307T 
Formed Leads 8-LEAD TO-S .. ~~ "'~ 

CA307E \' H-1817 

B-LEAD DUAL-IN-LiNE 
PLASTIC (MINI-DIPI 

~ Type 

CAl 07 

CA207 

CA307 

RCA-CA107, CA207, CA307 are general-purpose operational 
amplifiers intended for use in military, industrial, and commer
cial applications. A 30·pF on-chip capacitor provides internal 
frequency compensation. Low input current over temperature 
range (100 nA max.1 for the CA107 and CA207 make these' 
types especially well suited for applications such as long in· 
terval timers and sample-and·hold circuits. 

Max,VIO Max_IIO 
(mVI (nAI 

3 20 

3 20 

10 70 

Applications: 

• Long-interval integrators 

-Timers 

- Sample-and·hold circuits 

• Summing amplifiers 

- Multivibrators 

Max. liB 
(nAI 

100 

100 

300 

Temp. 
Range (TAl 

°c 
-55 to +125 

-25 to +85 

Oto +70 

The CAl 07, CA207, and CA307 are 'supplied in the standard 
S·lead TO·5 style package ("T" suffixl, the S-Iead TO-5 style 
with dual·in·line formed leads ("S" suffixl, and in chip form 
("H" suffixl. The CA307 is also available in the S-Iead dual-in 
phistic "MINI·DIP" package ("E" suffix). 

The CA 107T,S, CA207T,S, and CA307T,S,E are direct reo 
placements for industry types 107, 207, and 307 in packages 
with similar terminal arrangements. 

TOP VIEW 
92C$-25981 

FUNCTIONAL DIAGRAM FOR PLASTIC PACKAGE. 

5-74 

INV. 
INPUT 

V-
NOTE: PIN 4 IS CONNECTED TO CASE 

TOP VIEW 

92eS-23H2 

FUNCTIONAL DIAGRAM FOR TO-5 STYLE PACKAGES. 
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Maximum Ratings, Absolute-Maximum Values at TA S 25'C: 

DC SUPPLY VOLTAGE IBetween V+ and V- Terminal,): 
CA107. CA207. • . . . . • . . • • . . • . • . • • • • • • • • . • . . • . • • . . . • . • • • • • • • • • • • • • • . • . • . • . . • • • • . . . . • • • • • . 44 V 
CA307 ............................................................................... 36 V 

DC INPUT VOLTAGE :..................................................................... ±15 V 
(For supply voltages less than ±l5 V. the absolute maximum input voltage is equal to the supply voltage) 

DIFFERENTIALINPUTVOLTAGE ............................................................. . :1:30 V 
OUTPUT SHORT-CIRCUIT DURATION· •.••.•• : .•..•...•......••••••••••••.•••••••••••.••..••••••......•. Indefinite 

500 mW 
6.67mW'oC 

DEVICE DISSIPATION UP TO TA = 70°C ................................................................. . 
Above T A = 700 e Derate linearly at ............................................ ' ........................ . 

AMBIENT TEMPERATURE RANGE: 
Operating - CAl 07 ............................................................................ . 

CA207 ............................................................................ . 
CA307 ............................................................................ . 

Storage _ All Typos ........................................................................... . 
LEAD TEMPERATURE (During Soldering): . 

-6S0C to +12SoC 

_250 C to *850 C 
OoC to +70oC 

_65°C to +l50oC 

At distance 1I16±1/32 inch 11.59 ±O.79 mm) from case for 10soconds max ........................................ . 

• For CA307 continuous short circuit is allowed for Case Temperature to +70oC and ambient temperature to +55°C. 

steM-lUIS 

FIg. I - Schematic dillgnm of CAI07. CA207.and CA307. 
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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONs" LIMITS 

CHARACTERISTIC SYMBOL 
Supply Voltage (V±I = CAl 07 
5Vto15V CA2D7 

Min. Typ. Max. 

Input Offset Voltage VIO 
TA = 25°C. RS";; 50 kn - 0.7 2 

RS";;50 kn - - 3 

Average Temperature 
Coefficient of Input aVIO - 3 15 
Offset Voltage 

Input Offset Current 110 - - 20 

TA = 25°C - 1.5 10 

Average Temperature 
See Note 1 - 0.01 0.1 

Coefficient of Input aiiO 
Offset Current See Note 2 - 0.02 0.2 

Input Bias Current liB - - 100 

TA = 25°C - 30 75 

Supply Current I± 
TA=+125°C. v±= 20V - 1.2 2.5 

TA=25°C.V±=20V. - I.B 3 
(CA307V±=15VI 

v±= 15V. 
25 - -

Open·Loop Differential AOL 
Vo =±10V, RL;;> 2 kn 

Voltage Gain V±=15V,VO=±10V 

RL;;> 2 kn. TA= 25°C 
50 160 -

I nput Resistance RI TA = 25°C 1.5 4 -

V±=15V.RL=10kn ±12 ±14 -
Output Voltage Swing VOpp 

V±=15V, RL=2kn ±10 ±13 -

Input Voltage Range VICR 
V±=20V, 

±15 - -(CA307 v± = 15 VI 

Common-Mode 
CMRR RS";;50kn 80 96 

Rejection Ratio -
Supply-Voltage 

PSRR RS";;50 kn BO 96 -Rejection Ratio 

Note 1: For CA107, +25 to +125°C; For CA207, +25 to +B5°C: For CA307. +25 to 70°C. 

Note 2: For CAl 07, -55 to +25°C; For CA207, -25 to +25°C: For CA307. 0 to +25°C . 

Min. 

-
-

-

-
-
-
-

-
-
-

-

15 

25 

0.5 

±12 

±10 

±12 

70 

70 

CA307 

Typ. 

2 

-

6 

-
3 

0.01 

0.02 

-
70 

-

I.B 

-

160 

2 

±14 

±13 

-

90 

96 ' 

... Characteristics applicable over operating temperature range as shown below unless otherwise specified. 
CA107-TA=-55to+125°C ' 

CA207 - T A = -25 to +B5°C 

CA307 - TA = Oto 70°C 

UNITS 

Max. 

7.5 
mV 

10 

30 /Jvtc 

70 nA 
50 

0.3 nAtc 
0.6 

300 nA 
250 

-
rnA 

3 

-
V/mV 

-

- Mn 

-
V 

-
- V 

- dB 

- dB 
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TYPICAL CHARACTERISTICS FOR CA107. CA207 

""SIEKT 'EMl'E~ 
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SUPPLY VOLTAGE CV:t:}-V 
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FIg. 2 - SUpply current If$. supply voltage. 
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TYPICAL CHARACTERISTICS FOR ALL TYPES 
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ffil(]5LJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA108T 
CA208T 
CA308T 

CA10SS 
CA208S 
CA30SS 

CA108AT 
CA208AT 
CA308AT 

CA108AS 
CA208AS 
CA308AS 

CAIOSS. AS 
CA20BS. AS 
CA30BS. AS 

8·LEAD TO·S CAIOST. AT 
with Dual-In-Line CA208T. AT 
Formed leads CA308T. AT 

8·LEAD TO·S 

H·1787 H·1528 

Precision Operational Amplifiers 
For Military, Industrial, and Commercial Applications 

Features: 

• Maximum input bias current - 2 nA for CA10S & CA20S series 
7 nA for CA308 series 

• Maximum input offset current - 0.2 nA for CA 108 & CA208 series 
1 nA for CA30S series 

• Supply current of only 300 p.A, even in saturation 

• Maximum input offset voltage of 0.5 mV for "A" suffix types 

Applications: 

• Instrumentation • Multivibrators 

RCA-CA10ST. CA108AT. CA10SS. CAIOBAS. CA20BT. 
CA208AT, CA20SS, CA20BAS, CA30BT, CA308AT, CA30BS, 
and CA308AS are uncompensated precision operational ampli
fiers using super-beta transistors and feature very low offset 
parameters, high input impedance, and defined drift rates with 
temperature change. 

• Summing amplifier • Band·pass filters 

In addition to low drift, these super-beta op-amps have 
input currents sU,fficiently low to insure low drift, even when 
using high source resistances, e.g., 10 megohms. 

These devices have sufficient supply rejection to operate from 
unregulated power supplies within a range of ±2 V to ±20 V, 
and the input bias current is specifically controlled for use in 
sample-and-hold applications. 

The "Au versions have all the desirable features and charac
teristics of their prototypes plus exceptionally low input 

offset voltage characteristics. The CAIOB, CAI08A, CA20S, 
CA20SA, CA30B, and CA30BA are direct replacements for 
industry types 108, I OBA,20B,20BA,30B,308A, and they are 
supplied in either standard B-Iead TO-5 packages or in S·lead 
TO-5 packages with dual-in-line formed leads ("01 L-CAN"). 

ELECTRICAL CHARACTERISTICS, CA10ST CA10SAT 
MAXIMUM VALUES AT TA = 250 C CA10SS CA10SAS 

Input Offset Voltage (V 10) 2mV 0.5mV 

• Comparator • Sample and hold 

v-
NOTE: PIN 4 IS CONNECTED TO CASE 

'JZCS~ 22020 

FUNCTIONAL DIAGRAM 

CA208T CA208AT CA308T CA308AT 
CA20SS CA208AS CA308S CA308AS 

2mV 0.5mV 7.5mV 0.5 mV 

Input Offset Current (110) O.2nA 1 nA 

Input Bias Current (lIB) 2nA 7nA 

Average Temperature Coefficient 
15 p.VfOC 5 p.VfOC 15pVfOC 5p.VfOC 3Op.V/oC 5 p.VfOC 

of Input Offset Voltage (LWIO/6T) 

Ambient Operating-
-55 to +l25oC -25 to+S50 C Oto+700C Temperature Range 

5-73 
41 
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Maximum Ratings, Absolute-Maximum Values at TA = 2fjOC: 

DC Supply Voltage (Between V+ and V- Terminals): 
CA108,CA108A,CA208,CA208A. 
CA308,CA308A .......... . 

DC Input Voltage . . . . . . . . . . . 
(For supply voltages less than:!. 15 V, the absolute 
maximum input voltage is equal to the supply voltage) 

Differential Input Current. . . 
Output Short·Circuit Duration. 
Device Dissipation . . . . . 
Ambient Temperature Range: 

Operating - CA108, CA108A . 
CA208,CA208A. 
CA308 , CA308A . 

Storage - All Types . . . . 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case 
for 10 seconds max. . . . . . . . . . . . . . 

RI 2. 

RI2 
820n 

40 
36 

±15 

±10 

v 
V 
V 

rnA 
Indefinite 

500 mW 

-55°C to +1250C 
-25°C to +B50C 

OOC to +700 C 
-650C to +1500C 

+300 0C 

I DESiGNATES 

I~NOT~""1 02. 

I SUiER BETA L--'\i."'.I\,.K,..--..... --'\M;--..... ---<~'VI •. /I • .,.K-.... - .... --..... ----+. v
L __ ...I 

12eal- 21129 
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ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS SYMBOL FIG. 
No. 

Input Offset Voltage VIO 6,7 

Average Temperature "VIO 
Coefficient 01 Input 
Ollsot Volt.g. "T 

Input Offset Current 110 S,9 

Average"remperature 
~ Coefficient of Input 

Offset Current "T 

Input Bias Current liB 10, 
11 

12, Supply Current IQ 
13 

Large·Signal Voltage AV 2,14 
Gain IS 

Input Resistance RI 

Output Voltage Vo 16, 
17 

Input Voltage Range VI 

Common-Mode Re· CMRR jeetian Ratio 

Supply·Voltag. R .. 
jection Ratio VRR 

Note 1: Ambient Temperature (TA~ over 
applicable operating temperature range as 
shown below unless otherwise sPllcified. 

CAl OS CA2D8 CAlD8 

TEST CONOITI ONS 

Supply Volt.g. (VI? f5 V 
to ±t5 V 

TA - 25°C 

Note 1 

Note 1 

Note 1 

TA = 25°C 

Note 1 

Note 1 

TA = 25°C 

T = +1250C 

TA = 25°C 

V = ±15 V, TA = 250C 
Vo = ±IO V, RL >10 kH 

V=±15V.VO=±IOV 

RL~IOkH,Not.1 

TA = 25°C 

V-±15V,RL=IOkH, 
Not. I 

V=±15V,Notel 

Note 1 

Note 1 

CAID8A CA2D8A CA3D8A 
-55 to + 125°C -25 to +S50C D to +700 e 

RI R2 
-VI 

R. v. 

+vI 

CF 9,ZCS-ii!1I30RI 

Fig. 2-Standard frequency-compenlation. 

CAIOS 
CA20S 

Min. Typ. Max. Min. 

- 0.7 2 -
- - 3 -

- 3 15 -

- - 0.4 -

- 0.05 0.2 -

- 0.5 2.5 -

- - 3 -
- O.S 2 -
- 0.15- 0.4 -
- 0.3 0.6 -

50 300 - SO 

25 - - 40 

30 70 - 30 

±l3 ±14 - ±13 

±13.5 - - ±13.5 

S5 100 - 96 

SO 96 - 96 

TEST CIRCUITS 

-v I 

+VI 

LIMITS 

CAIOSA 
CA20SA 

CAJOS 

Typ. Max. Min. Typ. 

O.l 0.5 - 2 

- I - -

I 5 - 6 

- 0.4 - -
0.05 0.2 - 0.2 

0.5 2.5 - 2 

- 3 - -
O.S 2 - 1.5 

0.15 0.4 - -
0.3 0.6 - 0.3 

300 - 25 300 

- - IS -
70 - 10 40 

±14 - ±l3 ±14 

- - ±14 -
liD - SO 100 

110 - SO 96 

RI R2 

R' 

CAJOSA UNITS 

Max. Min. Typ. Max. 

7.5 - O.l 0.5 

10 0.73 
mV - -

30 - I 5 p.V/oC 

1.5 - - 1.5 

I - 0.2 I 
nA 

10 - 2 10 pA/oC 

10 - - 10 

7 - 1.5 7 
nA 

- - - -
O.S 0.3 O.S mA -

- SO 300 -
V/mV 

-

-
-

-

-

-

60 - -

10 40 -
±13 ±14 -

±14 - -

96 110 -

96 110 -

>--{9--Qv. 

THIS CIRCUIT IMPROVES 
POWER· SUPPLY NOISE 
REJECTION BY A FACTOR 
OF TEN OYER STANDARD 
CIRCUIT. 

9ZCS-21131RI 

MH 

V 

dB 

Fig. 3-AltemattJ lrequency-compensation_ 
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INPUT0---=-, TYPICAL APPLICATIONS CS-

"s 
SAMPLE INPUT 

C2 
300 pF 

92CS-Z1l32 

Fig. 4 - Sampie-antJ..hold circuit. 

"F 

C4 

* POWER BANDWIDTH·2~OKHz 
SMAlL- SIGNAL BANDWIDTH-3.5 MHz 

SLEW RATE-IDYl,.., 

tCs.6Xlo-a 
"F 92tS-l1l3l 

Fig. 5 - Fast * summing amplifier circuit. 

CHARACTERISTIC CURVES 

,,~ AMBIENT TEMPERATURE (TA)·2S·C 
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TVJCAL 
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I 
0 · 4 

• 
II!' .. • • 4 • 0 . 4 • 0 7 /0 4 

INPUT RESISTANCE (RI)- n 
92CS-21134 

Fig. 6-lnputoffseterrorforCAtOB, CAt08A, CA208, 
andCA208A. 

SUPPLY VOLTAGE (V+}.15Y 

O. 25 50 75 100 125 
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.... AMBIENT TEMPERATURE (TA)-25·C 
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"0 
E 
t;i 

/0' 
~ 0--

g .-
~f--

~ 
41--- I-----f- ._-- -----1- --

'j---- --- - / 
0 

i 10 
...... 'yUy I- l..,; , 

!z • 
~I-

l/ 
~ 
!I 
§ 

10' 4 .. .,. 8 101 4 • 
INPUT RESISTANCE (RII-A 

92CS-21135 

Fig. 7 - Input offset error for CA308 and CA308A. 

!z 
~O.25 

~O.20 

;0.15 

!i.OoIO 

SUPPLY VOLTAGE IV·)-I! V 

Old' 

AMSI£NT TEMPERATUREITA1--C 

1020304050607'080 

AMBIENT TEMPERATURE (TA)--C 
92C5-21137 

44 

92CS-21136 

Fig. 8 - Input offset current VI. temperatul'Il for CA 108, 
CA tOBA. CA2OB, and CA208A. 

FIg. 9 - Input othet current VI'. tempet'Bture for CA308 
andCA308A. 
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CHARACTERISTIC CURVES (Cont'd) 

a .. .. 
iii 

SUPPLY VOLTAGE CY+ I- 15 V 

I.' 

... 0.5 
~ 
! 

o 
·75 -!to -25 25 50 75 100 125 

AMBIENT TEMPERATURE ITAI-·C 

Fig. to - Input bin current V6. temperature for CA 108, 
CA JDBA, CA208, and CA208A. 

600 

.. 
j500 

-D 
AMBIENT TEMPERATURE IT A)· -55·C 

~400 
>-
~ 

o 
o '5 10 15 20 

SUPPLY VOLTAGE Iy+,y-l-V 
92CS-21140 

Fig. 12 - Supply current vs. supply IIO/tags (or CArOB, 
CA JDBA, CA208, and CA208A. 

CF-a 
FREQUENCY eF) -100 Hz 
FOR TEST CIRCUIT, SEE FIG. 2 

120 .. 
I 
> 
~ 110 

! .. .. .. 
~ g 100 

90 
o 5 10 15 

SUPPLY VOLTAGE (Y+,Y-)--V 
20 

UCS-21142 

Fig. J4 - Voltage gein lIS. wpply voltage for CA J08, CA JOBA, 
CA208, and CA208A. 

a .. .. 
iii 

~ z 

SUPPLY VOLTAGE' v+ '.15 V 

10 20 30 40 50 60 70 BO 

AMBIENT TEMPERATURE IT AI-·C 
92CS-Z1l39 

Fig. 11 - Input biD current VI. temperature for CA308 snd 
CA308A. 

400 

.. 
i 
"> 

AYBtENT TEMPERATURE (TA' _O·c 

100 
o 5 10 15 

SUPPLY VOLTAGE (v",y-l-V 

25'~ j:: 

10"C 

20 

Fig. J3 - Supply current lIS. supply voltaf18 for CA308 
CA308A. 

c,·o 
FREQUENCY (f)-100Hz 

120 FOR TEST CIRCUIT SEE FIG· 2 

; 110 .. 
AMBIENT TEMPERATUR 

(TA)-QI'C 

25·C 

~ 
~ 100 

90 
o 5 10 15 20 

SUPPLY VOLTAGE (Y+.V'"'1-V 

9ZCS-21143 

Fig. J5 - VoItaf18 gain lIS. wpply voltage for CA308 and 
CA308A. 

45 



CA108, CA208, CA308 Series _____________________ File No. 621 

CHARACTERISTIC CURVES (Cont'dl 

SUPPLY VOLTAGE:Y+=+'5V,y-a-15Y 

15 

> 
I 

~ 
.. 10 

~ 

~ 
~ 

? 
lit 
~ 

~ 
i!: 
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o 2 • 6 
OUTPUT CURRENT (10' -mA 

Fig. 16 - OutpUt voItsge VI. outpUt current for CA108. 
CA 108A, CA208. and CA208A 

AMBIENT TEMPERATURE ITA)- 25·C 
SUPPLY VOLTAGE: v+ -+15 v, Y-a_I' V 
C,.30 pF 
FOR'TEST CIRCUIT. SEE FIG2 

INPUT OUTPUT 

-25 o 25 50 75 100 125 ISO 175 200 
TIME etl-,... 

12CS-21146 

Fig. 18 - Voltage-follower pulse response ~for all types. 

10. AMBIENT TEMPERATURE (TA)a2S·C 

FOR TEST CIRCUIT SEE FIG.' . 
4 1 1-

J.1 , 

10' I I . , ft.-IOOKA 

4 R~.oA 
I I , 
I I 10 

10 
, 4 •• , 4 •• 10' 10 

, , 4 6 8 4 , 4 68 5 10 10 

FREQUENCY If)-Hz 
92CS-21148 

Fig. 20 - Input noise voltage for all types. 

SUPPLY YOLTAGE:yt.+lflV,Y·.-15V 

> 
I 
g 
~ 10 

~ 
> .. 
" .. 
5 5 

AMBIENT TEMPERATURE 

(TAh +70·C o 

o 
o 4 6 

OUTPUT CURRENT 1101-mA 
92CS- Zll45 

Fig. '7 - Output voltage VB. output current for CA308 
andCA308A. 

10 

c:: I021:-_-+I-_+-:I--f---b~-+--f---l 

I 
~ 
~ 10 

~ 
5 
§ 

Icrll-_-+~'--+----1 

.,' 10 

FREQUENCY (f I-Hz 
92C5-21147 

Fig. 19 - Closed-lOOp output impedance for all types. 

SUPPLY VOLTAGE: V+·+15V, Y-·-15V 

~~41=~ ~~~:~:~~~rE (TA)·25-C 
FOR TEST CIRCUITS, SEE FIGS 2 8 :3 

L--""'-d--~ ___ ---~ ---,---I .---
r--- POSITIVE SUPPLY 

.. 
1 
'" ~ 
\I 
Ii 
'" ~ 

! 40 

l!l 
!!l 20 
g 
~ 

~ 
-20 

10' 103 104 105 10· 

FREQUENCY en -Hz 

92CS-21149 

Fig. 21 - Power-supply rejection for; all types. 
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CHARACTERISTIC CURVES (Cont'd) 

AMBIENT TEMPERATURE ITA )-25-C I 
18O 

lOOi""':: """'""- It' e .. ~,.+er·'" 'rill ..... 

'" " ! I I ., 
80 135 ~ ..... Cs.IOO pF " I J' ~ 
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so 

" //"/' 1 
90 :!" 

" ~ ...... c' 40 
GAIN-- " PHASE--- C,-30pF- :l 
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w 

.0 
., 

45 ~ 
FOR TEST CIRCUITS .. 
SEE FIGS 2 AND 3 ~ \. 

° c.-loa pF 
1 I A '-.: 

.,1 
C,a30pF ° -'0 

10 • • . 10 10 10 10 . 
FREQUENCY (F)-Hz 

Fig. 22 - Open-loop frequency response for all types. 

lO's AMBIENT TEMPERATURE 

• ITA)- O· TO 70·C 
4 

V · 
r:i' 

V 
• ""~,,~ , 

~ 
4 

;' 

• 1~~C~ '" 1O • , 
4 

• 
I 

• 4 , . • 4 , . 
10' Z 4 , . 

INPUT RESISTANCE (Rr)- n 
92CS-ZJl53 

Fig. 24 - Drift error w. input resistance for CA 108; CA 'OSA; 
CA208. and CA208A. 

IS 
AMBIENT TEMPERATURE ~ TA \. 'rel II I 
\ \ SUPPLY VOLTAGE:Y+·+15V,Y-a-15V 

> IZ 

\ \ 1 
0 :: 
w 

\Ie •. ,I •• 
B-I\el"'o" " • ~ 

g FOR TEST CIRCUIT 

\ SEE FIG.2 .. \ ~ 
~ 

4 

'\ ..... 

...... 1--- 1'-_ 
° 4 6 8 10"" 4 6 8 105 

FREQUENCY (F)- Hz 
92CS-2115r 

Fig. 23 - Large-signal frequency response for all types. 
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92CS-21152 

Fig. 25 - Drift B"or VB. input l'fI&iltancB for CA308 and 
CA308A. 
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OOcn5LJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA111, CA211, CA311 Types 

Voltage Comparators 
For Commercial and Industrial Applications 

Features 

• Single- or dual-supply operation 

• Power consumption -135 mWat ±15 V 

I"T" SUFFIXI • Strobe capability I"S" SUFFIXI 

a·LEAO TO·5 
with Dual·ln-Line 
Formed L .. ds 
"OIL-CAN" 

• Low input-offset current: 

a·LEAOTO-5 

CA111,CA211-4nA(typ.) 
CA311 - 6 nA (typ.) 

• Differential input-voltage range - ±30 V 
H-1787 H-1S28 • Directly interchangeable with National 

Semiconductor types LM111H, LM211H, and LM311 

The RCA·CAlll, CA211, and CA311 are monolithic voltage 
comparators that operate from dual supplies up to ±15 V, or 
from single supplies down to 5 V. This single·supply capability 
makes the outputs of these devices compatible with RTL, DTL, 
TTL, and MOS circuits. In addition, they can drive lamps or 
relays, and switch voltages up to 50 V (CA311, 40 V) at currents 
as high as 50 mAo 

The inputs and the outputs of the cA Ill, CA211, and CA311 
can be isolated from system ground, allowing the output to 
drive loads referred to ground, V+, or V-. 

The CAllI, CA211, and CA311 are supplied in the a·lead 
TO·S style package ("T" suffix), and the "01 L·CAN", an 
a·lead TO·5 style package withdual·in·line formed leads 
("5" suffix). The CA311 is also supplied in chip form ("H" 
suffix). These types are direct replacements for industry types 
111,211, and 311 in similar packages. 

48 

v· 

v-

• INPUT OFFSET I 
STROBE 

NOTE: PIN 4 IS CONNECTED TO CASE 

92CS-24379 

FUNCTIONAL DIAGRAM 

Applications 

• Multivibrators 
• Positive and negative peak detectors 

• Crystal oscillators 
• Zero-crossing detectors 
• Solenoid, relay, and lamp drivers 

MAXIMUM RATINGS, Absolute Maximum Values at TA = 25°C 

OC SUPPLY VOLTAGE lbetweenV+andV-terminalsl .••••• 36 V 
DC INPUT VOLTAGE" ;.............................. ±15 V 
DIFFERENTIALINPUT VOLTAGE ........•••••••••.. :130 V 
OUTPUT TO NEGATIVE SUPPLY VOLTAGE IV741: 

CAlll,CA211 ••• •••. ....................... .... 50V 
CA311 ......................................... 40V 

GROUNDTONEGATIVESUPPLYVOLTAGEIVI41 .•.... 30V 
OUTPUT SHORT·CIRCUIT DURATION...... . . . . . . . • • • • 10 s 
DEVICE DISSIPATION: 

Up to T A = 2SooC .........•..••••....•.••••••.. 500 mW 
Above T A'" 25 C ..••....•...•• derate linearly at 6.67 mW/oC 

AMBIENT TEMPERATURE RANGE: 
Operating: 

CAllI 
CA211 
CA311 

Storage, all types .•.•.••..•...•.•.•.•..•.• 
LEAD TEMPERATURE lOURING SOLDERINGI: 

At distance 1/IS± 1/32 in. 11.59 ±0.79 mml 

-55 to +1250 C 
-25 to +85:C 

Oto+70 C 
-65 to +150oC 

from case for 10 seconds max. . .......•..••.•••.•. 

·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. 
The negative input-voltage limit is equal to the negative supply voltage 
or 30 V below the positive supply. whichever is less. 
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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARACTERISTICS SYMBOL FIG. SUPPLY VOLTAGE (V±) = 15 V CAlll CA311 
NO. CA2ll 

UNLESS OTHERWISE SPECIFIED TYP. MAX. TYP. MAX. 

TA=25°C 0.7 3 2 7.5 
Input Offset Voltag. Via 16,24 Rs <;; 5 kn, Not. 2 

Not. 1 - 4 - 10 

VI=-5mV,lo=50mA 
TA=25°C 0.75 1.5 - -

Saturation Voltage 13,22. 
(For CA311, VI <;;-10mV) 

. V+ ;;'4.5 V, V-=O, VI <;;-6mV, 
Not. 1 0.23 0.4 - -

ISINK <;;BmA 
(For CA311. VI<;; -10 mY) 

Input Voltage Range VIPP Not. 1 ±14 - ±14 -

TA=25°C 4 10 6 50 
Input Offset Current 110 9,lB Not. 2 

Not. 1 - 20 - 70 

Input Bias Current liB B,17 Not. 2 
TA=25°C 60 100 100 250 

Not. 1 - 150 - 300 

Positive Supply Current 1+ TA=25°C 5.1 6 5.1 7.5 

Negative Supply Current 1- TA=25°C 4.1 5 4.1 5 

VI;;' 5 mV, Vo =35V TA=25°C 0.2 10 - -
Output Leakage Current 15,24 (For CA311, VI;;' -10 mY) 

Not. 1 0.1 0.5 - -
Strobe On Current TA=25°C 3 - 3 -

Voltage Gain A TA=25°C 200 - 200 -

Response Time 
2,3, 100 mV Input St.p with 

TA=25°C 200 - 200 -4,5 5 mV cverdrive voltage 

Note 1: Ambient temperature (T A) over applicable operating temperature range as shown below. 

CAllI CA211 CA311 
-55 to +125°C -25 to +B5°C 0 to +70°C 

Note 2: The input offset characteristics given are the values required to drive the output to within 1 V of either supply with a 
1-mA load. These characteristics define an error band which takes into account the worst-case effects of voltage gain 
and input impedance. The input offset voltage, input offset current, and input bias curre.lt specifications apply for 
any supply voltage from a 5 V single supply up to a ±15 V dual supply. 

UNITS 

mV 

V 

V 

nA 

nA 

rnA 

rnA 

nA 

I'A 

rnA 

V/mV 

ns 

r----r.~ErITTEI~RAmmEl1W~~T~YPICALCHARACTERIST[IC~SC-~AiLiLiTiyiPiEiSiiiiiiiiiiil~~~'---l 
> > 
) I 

~ E .. 
~ 
0 
> 
I-

" .. 
I-

" 0 

TIME (1)-1'1 
92CS-24381 

Fig. I-Response time for various input overdrive 
vo/rages-positive input. 

.. .. .. 
!:; 
0 
> 

~ 
~ 
0 

92CS-24382 

Fig. 2-Response time for various input overdrive 
voltages-negative input. 
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> 
I 
~ .. 
~ ... 
g .. 
~ .. 
=> 
0 

50 

NOTE: ALL RESISTANCES ARE IN OHMS 

RIO ,k 

v+ 

• 

Fig. 3-&:hem.tic diagram for CA I 11, CA21 1, and CA31 I. 92CM-24380 

TYPICAL CHARACTERISTICS - ALL TYPES (CONT'OJ 

TIME It)-pl 
92CS-24383i 

Fig. 4-RsJpOn$6 time for various input overdrive 
voltages-positive input. 

> 
I 

~ .. 
~ 
g .. 
~ .. 
=> 
0 

TIMe (t)-~. 
92CS-24384 

Fig. 5-Response time for various input oV8rdrive 
voltages-n8!J8tive input. 
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TYPICAL CHARACTERISTICS - ALL TYPES (CONT'OI 

AMBIENT TEMPERATURE (TAl- 25·C 0.7 AMBIENT TEMPERATURE (TA)- 25·C 

1 100 0.6 
I '" .. u I e .. I POSITIVE SUPPLY-!:! 125 0.5"0 5 .- OUTPUT LOW 
l- e: 
ffi POWER DISSIPATION (Pol z !:! 
~ 100 0.40 I- 4 

il ~ i I- 75 0.3= " u 
u 0 

~ POSITIVE AND NEGATIVE SUPPLY-II: 
II: U OUTPUT HIGH 

I 00 0.2; ~ I-
~ II: .. 

0 SHORT-CIRCUIT CURRENT lIse) 
ill 25 0.1 

o 
o 10 15 o 10 15 20 25 30 

OUTPUT VOLTAGE eVOJ-V SUPPLY VOLTAGE tv+)-V 
92CS-2438S 92CS-24386 

Fig. 6-0uprut limiting characteristics. Fig. 7-Supp/y current 1'$. supply voltage. 

TYPICAL CHARACTERISTICS - CA111, CA211 

1 
I .. 
H 
!:! 
I-

is 400 
II: 

~ 
.. 300 
:$ .. 
I- 200 

~ 
100 

o 

SUPPLY VOLTAGE tV:!:) -15 V 
TERMINALS 5, 6, AND 8 SHORTED 

NORMAL 

_ _ _ 0 ~ 00 n ~ ~ 

1 
I 
1: 
!:! 
!z .. 
II: 

!! 
u 

:l 
iii 
I-

~ 

AMBIENT TEMPERATURE (TA) _·C 
92CS-24381 

Fig. 8-lnput bias current w. ambient temperature. 

175 :~~~~Tv~~::OE:tJ~r.~5(~AI.25.C 
150 

100 

50 

-~ ~ 0 5 ~ 15 
DIFFERENTIAL INPUT VOLTAGE (VIOJ-V 

92CS-24389 

Fig. 10-lnput characteristics. 

SUPPLY VOLTAGE (V~) -15 V 
TERMINALS 5. 6. AND 8 SHORTED 

.. 30 

i a 
!:! 

~ 20 
II: 

10 

o 
_ ~ ~ 0 ~ 00 n ~ ~ 

AMBIENT TEMPERATURE (TA)--C 
92CS-24388 

Fig. 9-lnput offset current vs. ambient temperature. 

> 
I REFERRED TO SUPPLY VOLTAGES 

; v· .. 
~ 

-15 -50 -25 0 25 50 '" 100 125 
AMBIENT TEMPERATURE (TA)--C 

92cS-24590 

Fig. "-Common·mode voltage range limits vs. ambient temperature. 
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> 

TYPICAL CHARACTERISTICS - CA111. CA211 (CONTDI 

AMBtENT TEMPERATURE (TAI-eOc 
SUPPLY VOLTAGE IY+)-30V 

I 50 

E NORMAL OUTPUT 

... 40 

~ 
LOAD RESISTANCE CRL)-' kG 
V7_4-50 V 

o 
> 
!; .. 
~ 

.. • I .-
!:! 
I-z ... 
0: 
0: 
:> 
u 

~ .. 
i: 

EMITTER -FOLLOWER 
OUTPUT 

30 RL"OOO II 

20 

10 

o 
-I -0.5 0 0.5 

15 

DIFFERENTIAL INPUT VOLTAGE (Vrol-mY 
92CS-24391 

Fig. '2-Transfer function. 

SUPPLY VOLTAGE (V ) -15 V 

OUTPUT CURRENT 1YO)-mA 
92CS-2:4392 

Fig. 13-Dutput satuI1Irion voltage VI. output current. 

10-8 
SUPPLY VOLTAGE (yt.)oI5V • 

4 

I I .,0" 2 
.... 

'110-28 
\ .... o'·~ 

~ .. ~ I • 'iJ\.' 
I- 4 

10 
Z ~U' ..... .. 

2 OU' 0: 

o 

POSITIVE SUPPLY
OUTPUT tlGH 

POSITIVE AND NEGATIVE SUPPLY
OUTPUT LOW 

_ _ ~ 0 e ~ ~ ~ ~ 

AMBIENT TEMPERATURE (TAJ-oC 
92CS-Z4393 

0: 
8 10-38 ... • .. 

4,...... .. 
" .. 2 
~ 

10-4 8 

• 
4 

2 
10-5 ......... 

25 

./' ,,/" 

,.\1{) .... 

~ .. ~, .. '\. ........ 
..~ 

,¥>.'l\l1. 

..., I 
I 

45 65 85 105 125 
AMBIENT TEMPERATURE (TAJ-oC 

9ZCS-Z4394 

Fig. 14-5upply currtlnt VB. ambient temperature. Fig. 15-lnpur and output 'etlkllgfl CUrrtltlt VI. ambient tfImpSnItu,. •• 
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INPUT RESISTANCE (RX)- 0 

Fig. 16-0"_t error. 
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~ .. 
!i 
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TYPICAL CHARACTERISTICS - CA311 

.00 

400 

300 

200 

100 

SUPPLY VOLTAGE tv. ) -15 V 
TERMINALS !5,6, AND 8 SHORTED 

RAISED 

NORMAL 

o 10 20 30 40 50 60 70 80 
AMBIENT TEMPERATURE (TA)-·C 

92CS-24396 

Fig. 17-lnput bias current vs. ambient temperature. 

.0 

40 

I 
DIFFERENTIAL INPUT VOLTAGE (VIO)-V 

92CS-24398 

Fig. 19-1nput characteristics. 

AMBIENT TEMPERATURE (TA)-25 D C 
SUPPLY VOLTAGE (V+)-30V 

EMITTER -FOLLOWER 
OUTPUT 

NORMAL OUTPUT 
LOAD RESISTANCE CRt)-' tlJl 
V7_4- 40V 

30 Rt-SOOA 

20 

10 

o 
-I -0.5 0 0.5 

DIFFERENTIAL INPUT VOLTAGE CVxo)-mV 
92C5-24400 

Fig. 21-Transfer fun~tion. 

.. 
I 
"0 
;; .. 
~ 

~ 
" 
~ 
::: 
0 

~ z 

> 
I 

:!! 
'" J 

~ .. .. ... 
~ 
~ 
g 
5 
~ 
8 
'" Z 
0 

'" '" 0 

" 

20 

10 

SUPPLY VOLTAGE tv )015 v 
TERMINALS 5,6, AND B SHORTED 

RAISEo 

NORMAL 

10 20 30 40 50 60 70 80 
AMBIENT TEMPERATURE (TA)-·C 

92CS-24397 

Fig. 18-lnput offset current VS'. ambient temperature. 

REFERRED TO SUPPLY VOLTAGES 

v+ 

(Y+)-O.~ 

(Y+)-I 

(Y+)-1.5 

(V-)+0.4 

(V-)+D.2 

v-
0 10 20 30 40 00 60 70 eo 

AMBIENT TEMPERATURE (TA) _·C 
92CS-24399 

Fig. 20-Common-mode voltage range limits VS'. ambient temperature. 

> 
0.7 AMBIENT TEMPERATURE 

I (TA)·2~·C 

0.6 

i 
!i 0.' 
... 
'" S 0.4 
g 
z 
0 0.3 
~ .. 
" ~ 0.2 .. 
" 0.1 .. .. 
" 0 

0 10 20 30 40 .0 
OUTPUT CURRENT (IOJ "':"'mA 

92CS-24401 

Fig. 22-0utput saturation voltage vs. output current. 
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TYPICAL CHARACTERISTICS - CA311 (CONT'D) 

.. 
E 

J-
!:! 

10 ... 
~ 
~ 

~ 
iil 

SUPPLY VOLTAGE (V~I·15V 

POSITIVE SUPPLY -OUTPUT lOW 

POSITIVE AND NEGATIVE SUPPLY 
OUTPUT HIGH 

10 20 30 40 50 60 70 80 
AMBIENT TEMPERATURE (TA)-OC 

92CS-24402 

File No. 797 

TYPICAL APPLICATIONS 

v· 

92CS-24405 

Fig. 23-Supply current vs. ambient temperature. Fig. 26-Comparatorand solenoid driver. 

10- 8 
6 

SUPPLY VOLTAGE (V+)&15 V 

4 

~ .. -~ 
, 

I \~ V I 
... 10-3 -.JO\..1ft.GE. \.\10 z • 
::! 6 r-------o\l'~ a 4 ---w , 
~ --; 10-48 

$\~" 6 "O\..1t>.G€.~~ 4 

~ , 
10- 5 --25 45 55 65 75 

AMBIENT TEMPERATURE {TA)-OC 
92CS-24403 

Fig. 24-lnpuf and output leakage current II's. ambient temperature. 

10°8 AMBIENT TEMPERATURE (TA)·2SoC 

· V'XO·VIO+RSIIO 1/ 
> I I E I I 4 

I \l+// /V " E , 
w p V '" .. + .. / !:i 
0 10 
> • 
~ · ~ .. ~\C';)" 
0 4 

... ,/ ii! 
!! , 

I 

10, 
, 4 .. , 4 6 • lOOk 1M 

, 4 .. 
10M 

INPUT RESISTANCE (Rr)-fi 
92CS-24404 

Fig. 25-0ffser error. 
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92CS-24406 

Fig. 27-Digital transmission isolator. 

v· 

v-

*INPUT POLARITY IS REVERSED WHEN 
USING PIN I AS OUTPUT 

92CS-24407 

Fig. 28-Driving a ground-referred load. 
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TYPICAL APPLICATIONS (CONT'O) 

92CS-24408 

Fig. 29-Zero-crossing detector driving MOS logic. 

* SOLID TANTALUM 
92CS-24410 

Fig. 31-Low-voltage adjustable-reference supply. 

FROM D/A NETWORK 

ANALOG'" 
INPUT r\.._..rn~ ...... ....J' 

* TYPICAL INPUT CURRENT 
IS 50 pA WITH INPUTS 
STROBED OFF 

92C5-24412 

Fig. 33-Strobing off both input and output stages. 

FROM 
LADDERO-..... --..... ---C 

NETWORK 
TTL 
OUTPUT 

92C5-24409 

Fig. 30-Using clamp diodes to improve response. 

-ABSORBS INDUCTIVE KICKBACK OF RELAY 
AND PROTECTS Ie FROM SEVERE VOLTAGE 
TRANSIENTS ON DC SUPPLY LINE 

92C5-24411 

Fig. 32-Relay drillsr with strobe. 

*R2 SETS THE COMPARISON. AT COMPARISON THE 
PHOTODIODE HAS LESS THAN 5 mV ACROSS IT, 
DECREASING LEAKAGES BY AN ORDER Of 
MAGNITUDE. 

92C5-24413 

Fig. 34-Prscision photo diode comparator. 
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TYPICAL APPLICATIONS ICONT'DI 

y-

t2CS-144'4 

Fig. 35-Zero-crouing detector driving an MOS switch. 

R' 
a2Ul 

. R. 

INPUT-
248 itA 

H2 
e.' 41 

.4 

·VALUES SHOWN ARE FOR A 0 TO :soy LOGIC SWING AND 
A IS V THRESHOLD. 

f MAY BE ADDED TO CONTROL SPEED AND REDUCE NOISE 
SPIKES. 

R' 
"4 

TO 
TTL 
lOGIC 

92CS-Z4416 

Fig. 37-TTL interface with hi;'-I."'" logic. 

H. 
3.91lA 

*SOLID TANTALUM 

.. ' 
28k4 

t AD",UST TO SET CLAMP LEVEL 

Y+·5Y 

H4 
"4 

Fig. 39-PtecI,;on squBffI'. 

R2 
20.4 

R. 
20 kA 

R' 10.4 

R. 
"4 

*TTL OR OTL FANOUT OF TWO 

SQUARE 

~~~UT* 

92CS-2441~ 

Fig. 36- ,(J()..kHz free-running multiwbraror. 

H. 
IOOk4 

H4 
2.11 

92GS-i44'7 

Fig. 3B-:-Ct'ylfB/oscillator. 

H' 
"4 

.... ----+-oOUTPUT 

12W-24418 

Yo 
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TYPICAL APPLICATIONS (CONT'D) 

01 
10 lin 

C2 R7 
l50pF 10 MQ 

CI' 
1000 pF 

02 
>{6) ..... _+-______ O~~AENGULAR 

INPUT 2211;1). 
o-~~~~~~~--~ 

:5 mV TO 5V 

03 
330 kn 

OUTPUT 

~ __ -4 __________ ~-~------~-O~~~OE 

• ADJUST FOR SYMMETRICAL SQUARE WAVE 
"TIME WHEN VI -5mV 

t MINIMUM CAPACITANCE 20 pF 
MAXIMUM FREQUENCY 50 kHz 

Fig. 40-ItJ..Hz to 1{)-kHz lID/rage controlled oscillator. 

v-
92C$-24420 

Fig. 41-Swirr:hingpower amplifier. 

OUTPUT 

92'''-244L9 
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TYPICAL APPLICATIONS (CONT'O) 

R. R. RS RO RI3 RI. 
510.n 

300kQ 
39Ul 39kQ 

300kQ sion 

CI 
O.22,..r 

R7 RB 
ISkil 15kSl 

REFERENCE VI 
Fig. 42-Switching power amplifier. 92CS-24421 
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OO(]3LJO Linear Integrated Circuits 
Selld State 
Division 

Monolithic Silicon 

CA339E 
CA339AE 

Quad Voltage Comparators 
For I ndustrial and Commercial Applications 

Features: 
• Operation from single or dual supplies 
• Common·mode input·voltage range to ground 
• Output voltage compatible with TTL. DTL. 

14-Lead Dual-in-Line 
Plastic Package 

ECl, MOS, and CMOS 
• Differential input·voltage range equal to the 

. supply voltage 
• Maximum input offset voltage: 

H·1517 
CA339A .- 2 mV 
CA339 .. 5mV 

The RCA·CA339E and CA339AE types consist of four in· 
dependent single· or dual·supply voltage comparators on a 
single monolithic substrate. The common·mode input·voltage 
range includes ground even when operated from a single supply, 
and the low power·supply current drain makes these com· 
parators suitable for battery operation. These types are de· 
signed to interface directly with TTL and CMOS. 

The CA339AE has all the features and characteristics of 
the CA339E plus an even lower input·offset·voltage charac· 
teristic. They are supplied in the 14·lead dual·in·line plastic 
package ("E" suffix I and are direct replacements for industry 
types 339 and 339A in similar packages. The CA339 is also 
available in chip form (CA339H). 

MAXIMUM RATJNGS. Absolute-Maximum Values at T A ~ 2/PC: 

DCSUPPLYVOLTAGE . •.• • • 36Vo,±IBV 
DC DIFFERENTIAL INPUT VOLTAGE. ±:l6 V 
INPUT VOLTAGE .•.•••• 
INPUT CURRENT IVI <-{).3 V)" • • 
OUTPUT SHORT CIRCUIT TO GROUNoA 

(Single SupplV) 
DEVICE DISSIPATION: 

-{).3 V to + 36 V 
SOmA 

Continuous 

UptoTA=250C. • 570mW 

Applications: 
• Square-wave generators 
• Time·delay generators 
• Pulse generators 
• Multivibrators 
• High·voltage digital logic gates 
• AID converters 
• MOS clock timers 

OUTPUT 2 (Ii}-+---. 

v' 
NEG. INPUT I 4 

POS. INPUT I ".>r-....-......,"--' 
NEG.. INPUT 2 6 

pos. INPUT 2 1 

II pos. INPUT 4 

9 pos. INPUT 3 

L-=-I-{iBi) NEG. INPUT 3 

Above T A = 2SoC. . derate linearly at 6.67 mWflC 
TOP VIEW 

AMBIENT TEMPERATURE RANGE: 
Operating . . . . . . . . 
Storage. . . . . . . . . 

LEAD TEMPERATURE (DURING SOLOERING): 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 
from case for 10 seconds max. . . . . . . 

• Inputs must not go more negative than -0.3 V . 

-5S0C to +12SoC 

-65 to +1 SO °c 

+265 0 C 

.. Short circuits from the output to V+ can cause excessive heating and 
eventual destruction. The maximum output current independent of 
v+ is approximately 20 rnA. 

6-74 

92CS-24149 

Fig. 1 - Functional diagnm. 
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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
CA339 

UNITS V+=5V CA339A 

Unless atherwise indicated MIN. TYP. MAX. 

Input Offset Valtage: At Output Switch 25ae - 2 5 

CA339 Paint V ~ 1.4 V, a to. 70 °e - - 9 
VIO VREF = 1.4 V 25ae 1 2 

mV 

eA339A 
-

RS = a Ota 70 ae - - 4 

Differential Input Valtage VID 
Keep all inputs> a v far V-

36 V 
(If Used), TA = a to. 70aC, NOTE 1 

- -

Saturatian Voltage 
VI- = 1 V,VI+= a V, 250 C - 250 500 

VSAT ISINK ';;4 rnA Ot0700C 
mV - - 700 

Common·Mode Input 250 C 0 - (V+) -1.5 
Voltage Range VICR NOTE 2 

(V+) -2 
V o to 70 °e 0 -

Input Offset Current 11+-11-
25°C - 5 50 

110 nA 
o to 70 °C - - 150 

11+ or II with Out· 25°C - 25 250 
Input Bia~ Current liB put in Linear Range o to 70 °c 

nA 
- - 400 

Supply Current 1+ 
RL = 00 on all comparators, 

0.8 2 rnA T A =25°C -

VI+>IV.VI-~O, 25aC - 0.1 - nA 

Output Leakage Current 
VO=5V 

VI+>IV,VI-=O 

VO=30V O.to 70°C - - 1 /1A 

Output Sink Current 
VI- > 1 V, VI+ = 0, 

6 16 - rnA 
VO';;+ 1.5 V, TA=25°C 

CA339E RL>15kf!, TA=25°C - 200 - V/mV 
Voltage Gain A 

CA339AE RL> 15 kf!, TA= 25°C 50 200 - V/mV 

VI = TTL Logic Swing 
Large Signal 

VREF = +1.4 V, VRL = 50 V, - 300 - ns 
Response Time 

RL=5.1 kf!, TA=25°C 

Response Time VRL = 5 V, RL = 5.1 kf!, 
T A = 250 C, See Figs. 5 & 6 

- 1.3 - IlS 

NOTE 1: The comparatar will provide a praper output state even if the positive swing of the inputs exceeds the power. 
supply voltage level, if the other input remains within the common·mode voltage range. The law input vo.lt· 
age state must not be less than -0.3 V (or 0.3 V below the magnitude of the negative power supply, if used). 

NOTE 2: The upper end of the common·mode voltage range is (V+) -1.5 V, but either or both inputs can go to +30 V 
with aut damage. 
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-INPUT 
4 

t----._--~r---._----.TO 2,3,4 

!IOOII-A 

t--..... ----..... - .... ----4~_4~-_TO 2,3,4 

~+ 2 I 

6 -

~'+ • /3 

10 -

~+ ~ 14 

8 -

\~------------------.I------------~I 
COMPARATOR NO. I 

92CM-241i50 

Fig.2 - Schematic diagram. 

TYPICAL CHARACTERISTICS 

60 .. 
i 50 
H 
t! ... 40 AMBIENT TEMPERATURE (TA)-O·C 
z .. 
~ 30 " u 
... 
" 20 .. 
:; 

10 

0 /0 20 
SUPPLY VOLTAGE (V+}-V 

92CS-241i51 

Fig.3 - Supply cu"ent v.s. IUpply volrage. Fig.4 -lnpUfcurrent VI. supply.vo/rage. 

40 

92CS-241!12 
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62 

TIME ct)- liS 

Fig.5 - Rf1${Jonse time for various input 
overdrilllll - negative transition. 

10 • 
> • 
I 4 

= • t; 
!!: 100s 
~ 6 

4 

~ 
!:; • 
g IO-~ 
z • 
~ 4 

92CS-24Hi3 

~\J~i:, 
!!5 • ",~ .. 
~ ",' 1==1== ~",~. • I- • I--I-,,~ 
~ 4 ~~~ II 
5 10-: Vr I " 

.,." ,.'l' 

" 

TIME CtJ-,dl 

Fig.6 - Response time for variou, input 
overdrives - positive transition. 

~ OUT OF { 
SATURATION 

I--

/' 

4 •• • 4 •• . 4 •• 10-2 2 4 6 8'0-1 2 100 10' 102 

OUTPUT SINK CURRENT (Io)-mA 

Fig.7 - Output IBwration voltage vs. 
output sink cu"ent. 

92CS-2415!5 

92CS-241!54 
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OOOBLJD Linear Integrated Circuits 
Monolithic Silicon Solid State 

Division 
CA555,CA555C 

i -
~ '-1787 

CA555s 
CA555Cs 

8-LEAOTO-5 
with Dual-in-Line 

CA555T 
CA555CT 

Formed Leads 8-LEAO TO-5 
(DIL-CANI~ H-1528 

.:'i·' 
CA555E \ , . H-1817 
CA555CE 

8-LEAD DUAL-IN-LINE 
PLASTIC (II'!INI-DIPI 

Timers 
For Timing Delays & 
Oscillator Application 

Features: 

• Accurate timing from microseconds through hours 
• Astable and monostable operation 
• Adjustable duty cycle 
• Output capable of sourcing or sinking up to 200·mA 
• Output capable of driving TTL devices 
• Normally ON and OFF outputs 
• High-temperature stability -- O.05%/oC 
• Directly interchangeable with SE555, N E555, MC1555, 

and MC1455 

The RCA-CA555 and CA555C are highly stable timers for use 
in precision timing and oscillator applications_ As timers, these 
monolithic integrated circuits are capable of producing 
accurate time delays for periods ranging from microseconds 
through hours. These devices are also useful for astable oscil
lator operation and can maintain an accurately controlled free
running frequency and duty cycle with only two external 
resistors and one capacitor. 

Applications: 

• Precision timing 
•. Sequential timing 

• Time-delay generation 
• Pulse generation 
• Pulse-width and -position modulation 

• Pulse detector 

The circuits of the CA555 and CA555C may be triggered by 
the falling edge ofthe waveform signal, and the output ofthese 
circuits can source or sink up to a 200-milliampere current or 
drive TTL circuits. 

dual-in-line plastic packages ("MINI-DIP", E suffix), and in 
chip form (H suffix). These types are direct replacements for 
industry types in packages with similar terminal arrangements 
(e.g. SE555 and NE!:55, MC1555 and MC1455, respectively). 

The CA555 and CA555C are supplied in standard 8~ead TO-5 
style packages (T suffix), S-Iead TO-5 style packages with 
dual-in-line formed leads ("DIL-CAN", S suffix), 8-lead 

I GROUND (SUBSTRATE) 

Fig. , - Functional dialJl'llm of the CA555 $8r;5. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE _ ..... ___ ._ .......... lB V 

DEVICE DISSIPATION: 
UptoTA = 55°C ....................... 600 
Above T A '" 55°C .••••• •• Derate linearly 5 

AMBIENT TEMPERATURE RANGE: 
Operating ................ '<I •••••• • -55 to +125 
Storage ........................... -65 to +150 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16" ± 1/32" (1.59 ±O.791 

from case for 10 seconds max. +265 

mW 
mWi"C 

°c 
°c 

°c 
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CA555, CA555C File No. 834 

ELECTRICAL CHARACTERISTICS At TA = 2!f'C, v+ = 5 to 15 V unless otherwise specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS CA555 CA555C 
Min. Typ. Max Min. Typ. Max 

DC Supply Voltage V 4.5 - 18 4.5 - 16 

DC Supply Current 
1+ V+=5V, RL =oc - 3 5 - 3 6 

(Low State)· V+-15V,RL=oc - 10 12 - 10 15 

Threshold Voltage VTH - (2/3)V+ - - (2/3)V+ -
Trigger Voltage V+=5V 1.45 1.67 1.9 - 1.67 -

V+ = 15 V 4.8 5 5.2 - 5 -

Trigger Current - 0.5 - - 0.5 -
Threshold Current"" ITH - 0.1 0.25 - 0.1 0.25 

Reset Voltage 0.4 0.7 1.0 0.4 0.7 1.0 

Reset Current - 0.1 - - 0.1 -
Control Voltage Level v+= 5V 2.9 3.33 3.8 2.6 3.33 4 

V+= 15V 9.6 10 10.4 9 10 11 

Output Voltage Drop: V+= 5V ISINK =5 mA - - - - 0.25 0.35 
Low State 

ISINK -8mA - 0.1 0.25 - - -

VOL 
V -15V ISINK-l0mA - 0.1 0.15 - 0.1 0.25 

ISINK '50 mA 1 0.4 0.5 - 0.4 0.75 

ISINK=100mA - 2.0 2.2 - 2.0 2.5 

ISINK-200mA - 2.5 - - 2.5 -
High State V+- 5 V ISOURCE= 100niA 3.0 3.3 - 2.75 ~.3 -

VOH V+= 15 V ISOURCE=100mA 13.0 13.3 - 12.75 13.3 -
ISOU RCE - 200 mA - 12.5 - - 12.5 -

Timing Error (Monostable): 
Initial Accuracy RA, RB = 1 to 100 kU - 0.5 2 - 1 -
Frequency 
Drift with Temperature C= 0.1 /IF - 30 100 - 50 -

Drift with Supply Tested at V+ = 5 V and 
Voltage V+= 15V - 0.05 0.2 - 0.1 -

Output Rise Time tr - 100 - - 100 -
Output Fall Time tf - 100 - - 100 -
• When the output is in a high state, the dc supply current is typically 1 mA less than the low·state value. 

"" The threshold current will determine the sum of the values of RA and RB to be used in Fig. 6 (astable operation); 
the maximum total RA + RB = 20 MU. 
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MINIMUM TRIGGER lPULSE) VOLTAGE (xV+j 92C5-24960 

*WHERE I{ IS THE DECIMAL MULTIPLIER OF THE SUPPLY VOLTAGE 

Fig. 2 - Minimum pulse width vs. minimum trigger voltage. 
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Fig. 3 - Supply current vs. supply voltage. 

UNITS 

V 

mA 

V 

V 

~A 

/lA 
V 

mA 

V 

V 

V 

V 

% 

p/mtC 

%!V 

ns 

ns 

92C5-24961 



File No. 834 ________________________ CA555. CA555C 

y+ 

THRESHOLD 
6 

CONTROl. 
\IOLTAGE 

5 

DISCHARGE 

(D--.-, 
y-

RA 

R. 

100 
RESISTANCE VALUES ARE IN OHMS 

92CL.-Z4958 

Fig. 4 - St:h"""'tic diagram of the CA555 and CA555C. 

.. MINI.DIP ..... Ic ......... 
92C5-24957 

V .... 'YlO '!lV 

~RL 
-( 

I . 
... • .lNT TE .. JER'~RJ 'Ti 1.-55'~ i--~ f I .• 

~ ~25'C f.-r-
~ iI' 

I 
I 
I. 
I 

~ I.' 
I~ ~ ... 

" .. ... 
" CA," SERIES 
0 0.8 

~ 
" ~ 0.' 

~ srppr rOlTAGE 11vt1.5Yj Y+S
1

15V
1 

.. .. 
" 0 .. 

2 • • • I 2 • • • 
10 100 

~CS-24959 SOURCE CURRENT IISOURCE)- rnA 92C5-24"2 

FIg. 6 - _. _;n.tDrcln:u/~ Fig. 7 - OUtput vol,.". drop (hl[lh ""te/ os. __ current. 
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10. SUPPLY VOLTAGE (Y+l·5V 

> , J5'C'-, A~BIENT TEMPERATURE (TA'·--:. 2 0 
~ ~ .. I 

~ • 
,<J 

• t1!<J , ~ " 
~ V ~ 

2 .. ~i-' ~-O.I 
o • 
> • I-

'I-"'" " .. 
I-

" 2 0 

0.01 
2 , • • 2 , • • 10 100 

SINK CURRENT (tSINK l-mA 
92C5-24963 

Fi~ 8 - Output voItags-/ow ,rate vs. $ink current st v+ = 5 V. 

10. SUPPLY VOLTAGE (yt)·'5V • 
> · , 
-:. 2 0 

-5'S·C J I ~ .. I 

e • 
6 

-' • 4 

~'? g + 125·C +25-C 
.:. 2 

\ \L ~ r .. 
~ 0.1 

o • 
, .... t3t}.c. . 

> 6 ~.,.'t\)~'£.\"{p. I- 4 
~ ~ '~""I I- ~",'6\E.~1 
" 2 0 

0·01 
2 • • • 2 4 • • 10 100 

SINK CURRENT (ZSINK )-mA 
92C5-24965 

Fig. 10- Output voIrage-!ow$tate w. sink currentst v+ = '5 V. 

0.985 
~ _ _ 0 ~ ~ ~ ~ ~ 

AMBIENT TEMPERATURE (T.1-';C 

FIg. 12 - Delay time tis. temperature. 
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10. SUPPLY VOLTAGE (vtl-IO V • > , 4 
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92CS-24964 

Fig. 9 - Output voltage-low state w.. current at v+ - to v. 

SUPPLY VOLTAGE (Vi)-y 

92.CS-24966 

Fig. , 1 - Delay time vs. supply "oIrage. 
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OO(]5LJ[] Linear Integrated Circuits 
Monolithic Silicon 

Solid State 
Division CA723T,CA723CT 

CA723E,CA723CE 

Voltage Regulators 

For Regulated Output Voltages Adjustablefrorn 2 V to 37 V 
at Currents up to 150 rnA Without External Pass Transistors 

10-Lead To-5 Features: 
H·1384 

• up to 150 mA output current 

"" "E" Suffix 

• Positive and negative voltage regulation 
• Regulation in excess of lOA with suitable pass transistors 
• Input and output short-circuit protection 
• Load and line regulation: 0.03% 

14-Lead Dual-In-Una 
Plastic Package 

• Direct replacement for 723 and 723C industry types 
H-1517 • Adjustable output voltage: 2 to 37 V 

RCA-CA723 and CA723C are silicon monolithic integrated 
circuits designed for service as voltage regulators at output 
voltages ranging from 2 to 37 volts at currents up to 
150 milliamperes. 

Each type includes a temperature·compensated reference amp· 
lifier, an error amplifier, a power series pass transistor, and a 
current·limiting circuit. They also provide independently 
accessible inputs for adjustable current limiting and remote 
shutdown and, in addition, feature low standby current drain, 
low temperature drift. and high ripple rejection. 
The CA723 and CA723C may be used with positive and nega· 
tive pOwer supplies in a wide variety of series, shunt, switching, 
and floating regulator applications. They can provide regu· 
lation at load currents greater than 150 milliamperes and in 
excess of 10 amperes with the use of suitable n·pon or p·n·p 
external pass transistors. 

The CA 723 and CA 723C are supplied in the 100Iead TO·5·style 
ceramic package IT suffix), and the 14-leap dual·in·line plastic 
package IE suffix), and are direct replacements for industry 
types 723, 723C, jJA723, and jJA723C in packages with 
similar terminal arrangements. Thay are also available in chip 
form I"H" suffix). 

Applications 

• Series and shunt voltage regulator 
• Floating regulator 
• Switching voltage regulator 
• High-current voltage regulator 
• Temperature controller 

9ZCS-Z415& 
All CA723-series circuits can be operated over the full 
military-temperature range of -550 C to +1250 C. Refer to the 
chart of Electrical Characteristics for characteristics limits 

over several temperature ranges. Fig. 1 - Funcriolllll diogrMn of the CA723 MId CA723C. 

6-74 
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CA723T, CA723CT 
CA723E,CA723CE ----------------------- File No. 788 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 
(BetweenV. and V- Terrnin.lsL • • • • ·40 V 

PULSE VOLTAGE FOR 5O-ms PULSE WIDTH 
(Between ·V+ and V- Terminals). • • • • 60 V 

DIFFERENTIAL INPUT-OUTPUTVOLTAGE. 40 V 
DIFFERENTIAL INPUT VOLTAGE: 

Between Inverting and Non-Inverting Inputs is V 
Between Non-Inverting Input and V- . 8 V 

CURRENT FROM ZENER DIODE 
TERMINAL (VZ). • • • • • • 25 mA 

CURRENT FROM VOLTAGE REFERENCE 
TERMINAL (VREF). • • • • • • 15 mA 

CURRENT 
LIMIT TAB 

92CS-24IS1 

Fig.2 - Termina/arrongoment of tho CA723T and CA723CT 
in the TO-6 style psclcB!JfI. 

v+ 

DEVICE DISSIPATION: 
UptoTA=25oC

CA723T. CA723CT. 
CA723E. CA723CE. 

Above T A = 25°C -
CA723T. CA 723CT • 
CA723E. CA723CE. 

AMBIENT TEMPERATURE RANGE: 
Operating 

BOO mW 
1000 mW 

Derate linearly 6.3 mWfDC 
Derate linearly B.3 mWfDC 

-:-55 to +125 °c 

Storage. . . . . . . . . . . . -66 to +150 DC 

LEAD TEMPERATURE (During Soldering): 
At a distance ;/16" ± 1/32" CI.59±0.79mm) 

from case for 10 seconds max. +265 DC 

r--+-.... +---lH!i2)v+~~~. 

YREF (i6!)-t-,...C 

92CS-24158 

Fig.3 - Terminalarrongoment ofth. CA723E and CA723CE 
in tho dull/';n-li .. plastic p!lC/cage. 

Yc 

Yz 

+------oC(FR~E~~~"rlON 

NON-INVERTING Y- INVERTING 
INPUT INPUT 

9ZCM-241!i9 

Fig.4 - Equillllient ""'"""'tic dillgram of the CA723 and CA723C. 
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ELECTRICAL CHARACTERISTICS: 

TEST CONDITIONS (See Note) CA723 CA723C 
TA-250 C. VI=V+-Vc=12V. V =0, 

CHARACTERISTIC SYMBOL VO=5V,IL =1mA, CI=100 pF, 
ZDIVIDER"; 10 kn (into error 

Min. Typ. Max. Min. 

amplifier as shown in Fig.23) un· 
less otherwise indicated 

Quiescent Regulator 
IQ IL =0, VI=30 V - 2.3 3.5 -Current 

Input Voltage Range VI 9.5 - 40 9.5 
.output Voltage Range Vo 2.0 - 37 2.0 

Differential Input· 
VI-VO 3.0 - 38 3.0 

Output Voltage 

Reference Voltage VREF 6.95 7.15 7.35 6.80 

VI-12 to 40 V - 0.02 0.2 -
VI-12to15V - 0.01 0.1 -

Line Regulation 
VI-12 to 15 V, TA--55 to +1250 C 0.3 - - -
VI=12 to 15 V, TA=O to 700 C - - - -
IL=l to 50 rnA - 0.03 0.15 -

Load Regulation IL -1 to 50 rnA, TA--55 to+125uC 0.6 

IL -1 to 50 rnA, TA-O to 700C - - - -
Output·Voltage Tern· TA=-55 to +1250 C - 0.002 0.015 -

perature Coefficient t.VO 
TA-O to 700 C - - - -
f-50 Hz to 10kHz - 74 - -

Ripple Rejection 
f-50 Hz to 10 kHz, CREF-5IlF - 86 - -

Short·Circuit Limiting 
ILiM RSCp=10 n. VO=O - 65 - -Current 

Equivalent Noise BW-l00 to 10 kHz, CREF-O 20 
VNOISE Output Voltage BW=l00 to 10 kHz, CREP5 IlF - 2.5 - -

Note: Line and load regulation specifications are given for condition of a constant chip temperature; 
for high dissipation conditions, temperature drifts must be separately taken into account. 

Typ. 

2.3 

-
-

-

7.15 

0.1 

0.01 

-
-

0.03 

-
-
-

0.003 

74 

86 

65 

20 

2.5 

Max. UNIT 

4.0 mA 

40 V 

37 V 

38 V 

7.50 V 

0.5 

0.1 
%VO -

0.3 

0.2 

%VO 
0.6 

-
0.015 %/oC 

-
dB -

- mA 

IlVRMS -

69 



CA723T. CA723CT CA723E. CA723CE ________________________ File No. 788 

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723 

o 
o 

MAX. JUNCTION TEMP. CTJ I-ISO·C 
THERMAL RESISTANCE .IM)-CIW 
QUIESCENT DISSIPATION 'Pa).60mW 

(NO HEAT SINK) 

.0 20 40 

DIFFERENTIAL INPUT-OUTPUT VOLTAGE (VrVo I-V 

92CS-24160 

Fig.5 - MIIX. load current v.r different;.' input-ourput voltage. 

OUTPUT CURRENT (lo'-mA 92CS-24162 

Fig.7 - Load regulation with current limiting. 

OUTPUT CURRENT t.ID l-mA 92CS-24164 

Fig.9 - Cumlnt limitfngchol7lCter_ 

70 

OUTPUT CURRENT II.ol-mA 92CS-24161 

Fig.6 - Load regulation without current limiting. 

OUTPUT CURRENT (10 )-mA 
92C5-24163 

Fig.8 - Load regulation with current limiting. 

OUTPUT VOLTAGE C Vo ,- REFERENCE 
VOLTAGE IVREF) 

LOAD CURRENT {ILI-O 

.... 8\[ .. ,. TEMPERATURE (TAle -55-C 

2S·C 

125-C 

o 10 20 30 40 
INPUT VOLTAGE (VI I-V 

92CS-24165 

Fig. 10 - Qui"""",r curnmr ... input IfOlt6gtI. 



File No. 788 CA723T. CA723CT 
---------------------- CA723E. CA723CE 

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723C 

MAX. JUNCTION TEMP. ITJ )-150·C 
THERMAL RESISTANCE ·150·C/W 

i! '5Of:a:ffiRt1 :~~SS~~~~ ~~~~::~I~~T:~~mw 
1 HEAT SINK 
... 

M 

... 
;'i 100 

~ 
~ 

o 10 20 40 

DIFFERENTIAL INPUT-OUTPUT VOLTAGE IVrVo )-;2~S-241&6 

Fig. 11 - MM. load cu"ent w differentill' input.a(JutpUr voltll!Jfl 
'or CA723CT. 

OUTPUT CURRENT (Xol-rnA 
92CS-24168 

Fig. 13 - Load regulation without CUltent limiting. 

OUTPUT CURRENT tXal-mA 
92CS-24170 

FIg. 16 - CUrrent limiting clw_lcs. 

.. 
e 
! ... 
!:! ... z .. 
'" '" 1l 
a ... 
1l 
" = " 

I!SO 

100 

.0 

MAX. JUNCTION TEMP. ITJ 1-125-C 
THERMAL RESISTANCE -125-C/W 
QUIESCENT DISSIPATION 'PQ):60mW 
DUAL-IN-L1NE PLASTIC PACKAGE 

WITH NO HEAT SINK 

o 10 20 30 40 

DIFFERENTIAL INPUT-OUTPUT VOLTAGE 1YrVo I-V !t2CS-24117 

Fig. 12 - Mllx. /OM/ current VI diHllf'tlllt;B' input-output lIO/tJIgtI 
for CA723CE. 

o 

OUTPUT CURRENT Clol-rnA 
92CS-2411' 

Fig. 14 - LOIJd "'flIl1.ti"n with current limiting. 

OUTPUT VOLTAGE I Vol-REFERENCE 
VOLTAGE CVREF) 

LOAD CURRENT C I.L) -0 

AMBIENT TEMPERATURE eTA l-Z5-C 

10 20 :so 
INPUT VOLTAGE IV I I-V 

Q'C 

'0 
92CS-24171 

FIII.16 - QU/ncent cummt ... input ""~. 
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72 

TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C 

, .. 
DIFFERENTIAL INPUT-OUTPUT VOLTAGE (VrVo I-v 

92CS-24 172 

Fig. 11 - LOlId regulBtion vs. differen~/al input-output voltllf/fl. 

TIME Ifl-},$ 
'2CS-!4174 

Fig. 19 - Line transient relf)onse. 

Fig.21 - Load transient I'ftpOnlfl •. 

OUTPUT VOLTAGE (Yo )·SV 
LOAD CURRENT (:ILI-lmA 
AMBIENT TEMPERAT.URE ITA)-25-C 

:::=-~~:~~T 1=:~E~~~=:~~:r~E 
CRSCp"O 

DIFFERENTIAL INPUT-OUTPUT VOLTAGE (VrVo )-V~ 

92'C5-24173 

Fig. 18 - Line regulation VI. differential inpur-outPut voltage. 

JUNCTION TEMPERATURE ITJ l--C 
92C5-24175 

Fig.20 - Cummt limiting chlll1lCterlstics VB. junction tfN1Jperaruf8. 

100 
6 INPUT VOLTAGE (Vr) -12V 
.. OUTPUT VOLTAGE IYol-5V 

LOAD CURRENT (ILl-SOmA I 
2' AMBIENT TEMPERATURE (TA)·25-C f--4--I-+4-...J2[0 0 

d SHORT-CIRCUIT PROTECTION \.~" 
I I RESISTANCE 1Rscp)-O +~~...,I""";;i:i 
~ : ~,'\";;tIA:- 'I'F 

~ ~ 

I :~1-_+~++-4~1-+4+_~v~~~~~~~_+--~~ 
'" V 
~ O"~a~ft~~EfEEE~ == . 1: 4 

2r-r-~++-+-4~H-4-~+++-+-~~ 
n.n, 

2 
'00 

4 6810011 2 

FREQUENCy,U-Hz 

4 • 0 
1M 

92C5-241'" 

Fig.22 - Output impedallCB ... frequtlncy. 



CA723T. CA723C:r 
File No. 788------------------------CA723E.CA723CE 

TYPICAL APPLICATION CIRCUITS 
Voltaga.aesistance Chan and Equations for the following Circuits are shown on pages 9 and 10. 

y' yc 

CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE •• 5 V 
LINE REGULATION (6V .. * 3 VI •••• 0.5 mV 
LOAD REGULATION (6IL· 50 mAl. • • 1.5 mV 

Note: R3 - :~+:~ for minimum tempenltUnt drift 

92CS'24178 

RSCp 

R3 "C'"U;;;RR"E'"NTT-oJVV'v~R58¥~3tED 
CA72! LIM. 
CA723C 

RI 

NON 
INY· 

INPUT 

y-

CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ••• 15 V 
LINE REGULATION (.:1VI- 3V) •••• 1.5 mV 
LOAD REGULATION (.:1IL - 60 mAl •. 4.5 mV 

Nota: R3 - :~+:~ 101' minimum tamper.ture drift 

R3 may be eliminated for minimum component count. 

92C$-24179 

Fig.23 - Low-voltage regulator circuit (Va = 2 to 1 vo/ttJ. Fig.24 - High-lIOltage regulator circuit (Va'" 7 to 37 volts). 

y' yc 

CA 723 CURRENT 
CA723C LIM. 

R3 
3kQ; HI 

REGULATED 
OUTPUT 

~~--~~~--~~~-

CIRCUIT PERFORMANCE DATA: 
REGULATEDQUTPUTVOLTAGE ••• -16 V 
LINE REGULATION C4V.- 3 VI • • •• , mY 
LOAD REGULATION (AIL -'00 mAl. • . 2 mV 

Note: For lPPIicItionI employing the TO-6 style ~ 
.... where Vz is required,1II extemIIl6.2-vo1t 
__ dtodo should be connected in __ with 

YO (TMmirlllI81. 

92CS-24180 

Fig.25 - NegatltfOoVOIYge-regul.ror circulL 

y.(>----{}-----------, 

NON 
INY

INPUT y-
COMP 

C. 
,000' 

CIRCUIT PERFORMANCE DATA: 
REGULATED OUTPUT VOLTAGE 
LINE REGULATION I.6.VI- 3 VI • 
LOAD REGULATION I.6.IL· 1 AI. 

16 - V 
1.6 mV 
16 mV 

92CS-24181 

Fig.26 - PrnititfOoVOltoge-regul.tor circuit 
(with external n-~n ".,. trllnsistor). 
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CA723T, CA723CT File No. 788 
CA723E,CA723CE---------------------------------------------

TYPICAL APPLICATION CIRCUITS (Cont'd) 

Vr 

v· 
o' IOn 

CA723 CURRENT 
CA723C L'M. 

Vo 

1--0----. 

rNOV~ L~_~---l II:~UT 
R2 INPUT 

CIRCUIT PERFORMANCE DATA: 
REGULATED OUTPUT VOLTAGE • •• & V 
LINE REGULATI~N (/I,V,- 3 VI •••• 0.& mY 
LOAD REGULATION C6IL.' A). • •• 6 mY 

92CS-Z4182 

FIg.27 - Ptnitillfl vo/~/IIIXJ' circuit 
(with exlBrMi p-n-p ___ "",I. 

VOEF,..l.--..J., ~ 
~......(")--I 

Noll: FDf appIkdons .......".... till To.& stYli 
............... vz ...... iNd. ... • ...... 1.2 ... _ ............. ... 
nIClId In -* with Vo CT ...... ,. 

CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ••• 6D V 
LINE REGULATION Cl~VI-20V) ••• 11 mY 
LOAD REGULATION (4IL - &0 mAl ••• 20 mV 
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UCS-MII" 

0" 

Vc 
YREF Vo 'If.WFMEO 

OSC • 
• on 

CA723 ' CURRENT 
CA723C LIM. 

~~~~NT 

NON INY. 
tNY· INPUT 

INPUT 

CIRCUIT PERFORMANCE DATA: 
REGULATED OUTPUT VOLTAGE • •• & V 
LINE REGULATION Ct\V,-3V) •••• 0.& mY 
LOAD REGULATION (6IL • to mAl. •• , mV 
SHORT-CIRCUIT CURRENT. • • • • • 20 rnA 

92CS-24183 

Fig.28 - Fold_ current-limiting circuit. 

NON i~ __ ~~~J-~~l tNY· . 
INPUT 

f:n 

CIRCUIT PERFORMANCE DATA: 

REGULATED 
OUTPUT 

REGULATED OUTPUT VOLTAGE -tOO V 
LINE REGULATION (6YI-20VI . 3D mY 
LOAD REGULATION CAlL - tao mAl •• 2D mY 

_, ........................... roa ..... 
.............. YZ ................. • 
...... .2-voIt ... dladlthould lie .... 
......... __ whhYo(T ....... ). 

'2CS-24'15 



CA723T, CA723CT 
File No. 788 ----------------------- CA723E, CA723CE 

TYPICAL APPLICATION CIRCUITS (Cont'd) 

., 

NON 

R2 I~~~T'-r--r' 

CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE 5 V 
LINE REGULATION (l!.V.- 3 VI •• • 0.5 mV 
LOAD REGULATION (AIL" 50 rnA), . 1.5 mV 

Nota 1: A current limiting transistor may be used for 
shutdown if current limiting is not required. 

Note 2: Add. diode if Vo > 10 V. 

Fig.31 - Remote shutdown regulator circuit with current limiting. 

92CS-24196 

., 

NON 
INV· 

INPUT 

R2 

CA723 
CA723C 

Vc 

CURRENT SENSE 

CIRCUIT PERFORMANCE DATA: 

REGULATEDOUTPUTVOLTAGE • •• 5 v 
LINE REGULATION 16V.-l0V) ••• 0.5 mV 
LOAD REGULATION (l!.IL· 100 mAl • • 1.5 mV 

Nota: For applications employing the T0-6 style package 
and wta.e Vz is required, an externaI6.2·volt 
zener diode should be connected in series with 
Vo (Terminal 61. 

92CS-24187 

Fig.32 - Shunt regulator circuit. 

Fig.33 - Resistance network for 

adjustable output voltage. 

EQUATIONS FOR DERIVING INTERMEDIATE OUTPUT VOLTAGES AND CURRENT LIMITING 

1. Output Voltages from 2 to 7 Volts 
Use circuits with Fig. Nos. 21, 25, 26, 30, 

R2 
Vo = VREF x R1+R2 

2. Output Voltages from 7 to 37 Volts 
Use circuits with Fig. Nos. 22, 24, 

(24 - See Note 1) 

(25, 26. 30 - See Note 1) 

R1+R2 
VO=VREFxfi2 

3. Output Voltages from 4 to 250 Volts 
Use circuit with Fig. No. 27 

VREF R2-R1 
VO=-2-x-R-1-; R3=R4 

4. Output Voltages from -6 to -250 Volts 
Use circuits with Fig. Nos. 23 and 28 

VREF R1+R2 
VO=-2-xAl ; R3=R4 

5. Current Limiting 

VSENSE 
ILIMIT = RSCp 

6. Foldback Current Limiting 
VOR3 VSENSE (Ra+R4) 

IKNEE =--- +~:.;...::.:...--
RSCp R4 RSCp R4 

VSENSE R3+R4 
ISHORT CKT = RSCp x ~ 

75 



CA723T. CA723CT 
CA723E. CA723CE------------------------ File No. 788 

RESISTANCE VALUES (Resistors R1. R2. and Potentiometer P1) FOR STANDARD OUTPUT VOLTAGES 

Positive 
Applicable 

Fixed Output 
Adjustable 

Negative 
Applicable 

Fixed Output 
5% Adjustable 

Circuit Output Circuit Output 
Output 

Fig~ No. Resistance Resistance Output Fig. No. Resistance Resistance 
Voltage (Note 1) ±5% ±10% (Note 2) Voltage (Note 1) ±5% ±10% 

R1 R2 R1 R2 P1 R1 R2 R1 R2 P1 
+V kn kn kn kn kn -V kn kn kn kn kn 
3.0 23,27,28 4.12 3.01 1.8 1.2 0.5 

32. (26) 

3.6 23,27,28 3.57 3.65 1.5 1.5 0.5 
32, (26) 

5.0 23,27,28. 2.15 4.99 0.75 2.2 0.5 
32, (26) 

6.0 23,27,28, 1.15 6.04 0.5 2.7 0.5 -6.0 25 3.57 2.43 1.2 0.75 0.5 
32, (26) (Note 3) 

9;0 24,26 1.87 7.15 0.75 2.7 1.0 -9.0 25 .3.48 5.36 1.2 2.0 0.5 
(27,28, 
32) 

12 24,26, 4.87 7.15 2.0 3.0 1.0 -12 25 3.57 8.45 1.2 3.3 0.5 
(27,28, 
32) 

15 24,26, 7.87 7.15 3.3 3.0 1.0 -15 25 3.65 11.5 1.2 4.3 0.5 
(27,28, 
32) 

28 24.26, 21.0 7.15 5.6 2.0 1.0 -28 25 3.57 24.3 1.2 10 0.5 
(27,28, 
32) 

45 29 3.57 48.7 2.2 39 10 --45 30 3.57 41.2 2.2 33 10 

75 29 3.57 78.7 2.2 68 10 

100 29 3.57 102 2.2 91 10 -100 30 3.57 97.6 2.2 91 10 

250 29 3.57 255 2.2 240 10 -250 30 3.57 249 2.2 240 10 

Note 1 - Circuits whose Fig. Nos. are shown in parentheses may be used if divider network R 1 - R2 is placed on opposite side 
of Error Amplifier. 

Note 2 - Use the divider network shown in Fig. 31 in place of the R 1 - R2 network. 

Note 3 - A supply voltage of 3 V or greater must be applied to V+. 
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m I I 
fir 

B-LEAD 
T0-5 

oornLJD 
Solid State 
Division 

~ 
B-LEAD 
TOoS 
(DIL·CANI 

:1 
H)·LEAD 
TOoS 

H-1528 H-1787 H-I384 

", ., \1 ' 
B-LEAD DIP 

14-LEAD (MINI-DIPI 
DIP 

H-1517 H·1S17 

Linear Integrated Circuits 
Monolithic Silicon 

CA741, CA741C, CA747, CA747C, 
CA748,CA748C,CA1458,CA1558 

Types 

Operational Amplifiers 
High-Gain Single and Dual Operational Amplifiers 
For Military, Industrial and Commercial Applications 

Applications: 
• Comparator 0 

• DC amplifier 
• Integrator or differentiator 
• Multivibrator 
• Narrow-band or band-pass filter 
• Summing amplifier 
Features: 
• Input bias current (all types): 500 nA max_ 
• Input offset current (all types): 200 nA max. 

RCA-CAI458, CA1558 (dual types); CA741C.CA741 (single
types); CA747C, CA747 (dual types); and CA748C, CA748 
(single types) are general-purpose. high-gain operational ampli
fiers for use in military. industrial, and commercial applications. 

This operational amplifier line also offers the circuit designer 
the option of operation with internal or external phase com
pensation. Types CA7A8C and CA748, which are externally 
phase compensated (terminals , and 8) permit a choice of 
operation for improved b~ndwidth and slew-rate capabilities. 
Unity gain with externa. phase compensation can be obtained 
with a single 30-pF capacitor. All the other types are 
internally phase-compensated. 

These monolithic silicon integrated-circuit devices provide 
output short-circuit protection and latch-free operation. These 
types also feature wide common-mode and differential-mode 
signal ranges and have low-offset voltage nulling capability 
when used with an appropriately valued potentiometer. A 
5-megohm potentiometer is used for offset nulling types. 
CA748C. CA748 (See Fig. 9); a 10-kilohm potentiometer is 
used for offset nulling types CA741C, CA741, CA747CE, 
CA747E (See Fig_ 8); and types CA1458, CA1558, 
CA747CT, CA747T have no specific terminals for offset 
nulling. Each type consists of a differential-input amplifier 
that effectively drives a gain and level-shifting stage having a 
complementary emitter-follower output. 

RCA's manufacturing process makes it possible to produce IC 
operational amplifiers with low-burst ("popcorn") noise charac
teristics. Type CA6741, a low-noise version of the CA741, 
gives limit specifications for burst noise in the data bulletin, 
File No. 530. Contact your RCA Sales Representative for 
information pertinent to other operational amplifier types 
that meet low-burst noise specifications. 

ORDERING INFORMATION 
When ordering any of these types, it is important that the 
appropriate suffix letter for the package required be affixed 

to the type number. For example: If a CA1458 in a TO-5 
package is desired, order CA1458T. 

RCA No. Offset Max. Operating- Package Type and Suffix letter 
Type of Phase Voltage Min. VIO Temperature TO-5 Plastic Chip Beam-
No. Ampl. Comp. Null AOl (mV) Range (DC) Bl 10l Dil-CAN BL 14L Lead 

CA1458 dual into no 2Dk 6 o to +70 T S E H 
CA1558 dual into no 50k 5 -55 to +125 T S 
CA741C single into yes 20k 6 o to +70 T S E H 
CA741 single into yes 50k 5 -55 to +125 T S l 
CA747C dual into yes· 20k 6 ·0 o to +70 T E H 
CA747 dual into yes' 50k 5 55to+125 T E 
CA748C single ext. yes 2Dk. 6 o to +70 T S E H 
CA748 single ext. yes 50k 5 55 to +125 T S 

-In the 14-lead dual-i.,..Une plastic package onlv. 
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CA741. CA747. CA748. CA1458. CA 1558 
_________________ File No. 531 

ELECTRICAL CHARACTERISTICS 
For Equlpmont Design 

LIMITS 

Test Conditions CA741C CA741 
Supply Vol .. : V· - IS, V-=-15 CA747C· CA747· 

Choncteristics .Symbol. CA748C· CA748· Unit. 
CAt458 CA1&&8 

Ambient 
Tempera",re (TAl Min. Typ. Max. Min. Typ. Max. 

2S'C - 2 6 - 1 5 
Input Offset Voltage VIO RS:>' 10 kG o to 70°C - - 7.5 - - - mV 

-55 to +12SoC - - - - 1 6 

2S'C 20 200 20 200 

Input Offset Current lIO 
SS'C 85 500 nA 

+12SoC - - - 7 200 
o to 70°C - - 300 - - -
2S'C - 80 500 80 500 

Input Bias Current lIB 
-SS'C 300 1500 
+12SoC nA - - - - 30 500 
o to 70°C - - 800 - - -

Input Resistance RI 0.3 2 - 0.3 2 - Ml'l 

Open-Loop 2S'C 20,000 200,000 - 50,000 200.000 -
Differential AOL 

RL2:2kll 
010 70'C 15.000 - - - - -

Voltage Gain 
Vo = tl0 V 

-55 to +12SOC - - - 25.000 -
Common-Mode Input 2S'C ±12 ±13 - - - - V 

Voltage Range 
VICR -55 to +12SoC - - - ±12 ±13 -

Common-Mode 
RS s: 10 k!l 

2S'C 70 90 - - - -
d8 

Rejection Ratio CMRR 
-55 to +12SoC 90 .- - - 70 -

Supply Voltage 2S'C - 30 150 - - - pV/v 
Rejection Ratio 

VRR RS:>' 10 kll 
-55 10 +12S'C - - - - 30 150 

2S'C ±12 +14 -RL ?: 10 kll 
-55 10 +12S'C - - - tl2 ±14 -

Output Voltage VO(P,PI 
2S'C V 

Swing ±10 ±13 - - - -
RL 2: 2 kll o to 70°C +10 t13 - -

-55 to +12SOC - - - tl0 ±13 

2S'C 1.1 2.8 1.7 2.8 
Supply Current -SS'C - - - - 2 3.3 mA 

+ 12SoC - - - - 1.5 2.5 

2S'C - 50 85 50 85 

OlVi~ Dissipation Po -SS'C - - - - 60 100 mW 
+12SOC - - - - 45 75 

*Values apply for each section of the dual amplifiers. 
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File No. 531 _______________ --'-- CA741 , CA747, CA748, CA1458, CA1558 

ELECTRICAL CHARACTERISTICS 
Typical Values Intended Only for Design Guidance 

Test Conditions 

Supply Volts: V+ '" 15, V-::::;-'lS 

Characteristics Symbols 

Input Capacitance Cr 

Offset Voltage Adjust-

ment Range 

Output Resistance Ao 

Output Short·Circuit 

Current 

Transient Response 
Unity Gain 

Risetime " VI = 20 mV 

Overshoot AL = 2 kU 

CL < 100 pF 

SIW,o'Rate: SA 
Closed Loop AL;:: 2 kU 

Open Loop· 

.OJM"-IOOp slew rete applies onlv for types CA748C and CA748. 

*Values apply for each section of the dual amplifiers. 

MAXIMUM RATINGS. Absolute-Maximum Values at T A = 250 C 

DC Supply Voltage (between V+ and V- terminals): 
CA741C, CA747C·, CA748C. CA145S· . 
CA741 , CA747·, CA74S, CA155S· 

Differential Input Voltage .. 
DC Input Voltage" ..... . 
Output Short-Ci~cuit DUfation 
Device Dissipation: 

Up to 70°C (CA741C. CA748C) 
Up to 75°C (CA741, CA748). 
Up to JOoC (CA747) . 
Up to 25°C (CA 747C) 
Up to JOoC (CAI55S) 
Up to 250 C (CA 1458) 

For Temperatures Indicated Above. 
Voltage between Offset Null and V- (CA741C, CA741, CA747CE) 
Ambient Temperature Range: 

Operating - CA 741, CA 747E. CA 743, CA 155S 
CA741C,CA747C,CA74SC,CAI458 

Storage ...................... . 
Lead Temperature (During Soldering): 

CA741C 
CA747C" 
CA748C" 
CA1458 

1.4 

±15 

75 

25 

0.3 

5.0 

0.5 

40 

At distance 1/16±I/J2 inch (1.59±o.79 mm) from case for 10 seconds max. 

• Voltage values apply for each of the dual operational amplifiers. 

LIMITS 

CA741 
CA747" 
CA748" 
CA1558 

1.4 

±15 

75 

25 

0.3 

5.0 

0.5 

40 

Units 

pF 

mV 

Sl 

mA 

"' 
% 

V/lls 

. 36 V 

. 44 V 
±30 V 
±15 V 

Indefinite 

500 mW 
500 mW 
SOO mW 
SOO mW 
6S0 mW 
680 mW 

Derate linearly 6.67 mW/oC 
. .......... ±0.5 V 

-55 to +125 oC 
o to +70 0C 

-65 to +150 oC 
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CA741 , CA747, CA748, CA1458, CA1558 _________________ - FileNo. 531 

TOP VIEW 

,-
NOTE: PIN 4 IS CONNECTED TO CASE 

92CS-t9426 

10. - CA74ICS,CA74ICT, CA741S, & 
CA14 1 T with interfllli phase 
compensation. 

TOP VIEW 

INV. 
INPUTIA) 

TOP VIEW 

,TAB 

92CS- 19421RI 

lb. - CA747CT and CA747T with 
internBJ phase compensation. 

2 

OFFSET NULL 8" NC 

I~:~'T - 7 v+ 

NON -I NY. 3 + 6 OUTPUT 
INPUT 

y- 4 5 0,f~~ET 

INY, 
INPUT (8) 

92CS-19430 

Id. - CAI468S, CAI458T, CAI568S, 
and CA 1658T with intemal 
phase compensation. 

TOP VIEW 

Ie. - CA741 CE with into",.1 phase 
compensation. 

OFFSET 
NULLIB) 

NON-INY. 
INPUT (8) 

,-
NOTE: PIN 4 IS CONNECTED TO CASE 

92(.5-19428 

Ie. - CA748CS, CA748Cr; CA748S, 
and CA748T with external 
phase compenllltion. 

TOP VIEW 

I~~~T(B) 7)---I--=L __ 

If. - CA747CE and CA747E with 
internal phM8 compenlBtion. 

92CS-19429 

PHASE COM. 8" PHASE 

OUTPUT (A) I 

80 

:~~SET COMPo 

I~=~'T - v· 

NON -INIl 3 + 6 OUTPUT 
INPUT 

Y- 4 O:SCET 

TOP VIEW 

1(1. - CA748CE with e"tornal ph ... 
comptHlllltion. 

Fig. 1 - Functional diagrams. 

Y- ('4i)-+---' 

TOP VIEW 

7 OUTPUT IB) 

INY. 
6 INPUT (8) 

NON-tHY. 
!5 INPUT (8) 

9ZCS-25015 

Ih. - CA 1458E with Internal phase 
compenrstion. 



FileNo. 531 -------------__ CA741. CA747. CA748. CA1458. CA1558 

INVERTING 
INPUT 

• 

NON-INVERTING 
'NPUT 

", ,. 

~~--------~~--~~--------------_.--~~--------_1----~~7 y+ 

". ,. 

"5 
39. 

",. 
00' 

"II 80 

"9 
'0 

"'0 
50 

OUTPUT 

L-____ ~~-+------4_--~~--~----~----4_------------~~ __ ~4~Y-
ALL RESISTANCE VALUES ARE IN OHMS 

92CM-19452 

Fig.2-Schematic diagram of operational amplifier with external ph8S8 compensation for CA74SC and CA748. 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

r-~--------~~---1----------------_'--------------_1----~'~Y+ 

". ,. 

". 3 •• 

.,. 
50. "II 80 

"9 
'5 

·'0 
00 

OUTPUT 

~~~~~~~~~~~~~--~----~--__ 4-____________ ~ ____ ~. y-
ALL RESISTANCE VALUES ARE IN OHMS * SEE FUNCTIONAL DIAGRAM FOR TER_AL 

NUMBERS OF RESPEcnVE TYPE NUMBERS 92CM-1943S 

Fig.3-Schematic diagram of operational amplifiers with internal phase compensation for CA741C and CA741 and for each 
amplifier of the CA747C, CA747, CA 1458, and CA 1558. 
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> 

85 

0 10 '5 20 
DC SUPPLY VOLTS (Y+.Y-) 

92CS-I!!i744RI 

Fig. 4 - (JpsrHoop volta,. gain VI. rupply voltage for all types 
""topt CA748.nd CA748C. 

~ 15 
~ 

I 
0: ., a 10 

AMBIENT TEMPERATURE (TAI-ZSac 

10 15 20 

DC SUPPLY VOLTS tv .... V-I 
'ZCS-17e2IRI 

Fig. 6 - Common-mode input volta,. rtln,. VI. wpply volta,. 
fDl' all types. 

, . DC SUPPLY VOlTS tV·-'5. V---IS) 

,.;. AMBIENT TEMPERATURE CTA)-2S·C 

! IOj 
3 
W 101 

~ ! 
0 
> , • 
§ I 

;!, , 
... . t'; 

'I 
KT 

10 IO' 0< 
FREQUENCY (f}---Hz 

92C5-17620 

Fig. 5 - Optm-/oop volta,. ,.in ... f_y fo,1II1 tv". 
."topt CA748and CA748C. 

40 

!;2O 
~ 
o 

~ 15 

~ 10 
~ 
II! 5 

o 

AMBIENT TEMPERATURE tTAI-25·C 
LOAD RESISTANCE tRLI it 2 kG 

5 to 15 
DC SUPPLY VOLTS tv·,v, 

20 

9ZCS-17822R1 

Fig. 7 - IWk-to-pRk output ""Ital/ll II>. wpply voltage for 1111 
tv". ."topt CA748 and CA748C. 

TIME-,... 
t2CS-15747RI 

Fig. 8 - OUtput volta,. ... ""Mlent _ .. tim. 
for CA741C.nd CA741. 
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INVERTING 
INPUT 

NON-INVERTING 
INPUT 

OUTPUT 

92CS-19424RI 

Fig. 9 - Voltage-of{sst null circuit for 
CA741C, CA741, CA747CE 
andCA747E. 

INVERTING 
INPUT 

92CS-19425RI 

Fig. 10 - Voltage-offset null circuit 
for CA748C and CA748. 

>-<E>---r_,,:VOUT 

V
,N .l 

92C5-1574& 

Fig. 11 - Transient response test 
circuit for al/ types. 
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oornLJD 
Solid State 
Division 

16-L_d Du.I-in-Lina 
Plastic Pockage 

H-1622 

Linear Integrated Circuits 

RC Phase-Lock~Loop 
Stereo Decoder 
For FM Multiplex Systems 

Features: 
• Low distortion (THO!: 0.4% (typ.! 

• Excellent SCA rejection: 70 dB typo 

• RC oscillator 
• Hi~ ... udio-channel separation: 45 dB 
• Power supply range: 10 to 16 V dc 

• Requires only one adjustment for complate aliwoment 

• Low-impedance outputs 

• Stereo indicator lamp drive: 150 mA typo 

Monolithic Silicon 

CA758E 

RCA·CA758E is a monolithic silicon integrated circuit RC 
phase·lock loop stereo decoder intended for FM solid·state 
stereo multiplex systems. 

The CA758E is pin compatible and electrically equivalent to 
industry types IIA758, MC1311P, LM1800, and ULX2244. 

The decoder uses a minimum of external components, and 
requires one adjustment (oscillator frequency! for complate 
alignment. In addition, the CA758E provides automatic mono
stereo mode switching and energizes a stereo indicator 'amp. 

The CA758E decodes the multiplexed stereo input signal intp 
left and right channel audio output signals. The decoder also 
suppresses SCA (storecast! transmissions when present in the 
composite stereo signal. 

The CA758E is supplied in a 16-lead dual-in~ine plastic 
package and operates over an ambient temperature range of 
-40 to +850 C. 

84 

DETECTOR 
INPUT 

v· SWITCH 
FILTER 

• 
LOOP STEREO osc· 

FILTER LANP RC NETWORK 

19-11:", 
L-______________ ~----------~----------------------~----~~I nurr~G~ 

8 
GROUND 

• 
LEFT RIGHT 

CHANNEL 
DE -EIIPHASIS 

Fig. I - Funcrional block diagram of me CA768E. 

'ZCM·ZJSOt 
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File No. 760 ___________________________ CA758E 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 2!PC 

DC Supply Voltage. • • • • • • • • . • • • • 

DC Supply Voltage (for <a 15·second period). . . • . • 

DC Voltage at Term. 7 (Lamp Driver Circuit with Lamp "OFF") . 

Device Dissipation: 

Up to TA = 70°C 

Above T A = 70De derate linearly 

Ambient Temperature Range: 

+18V 

+22V 

+22 V 

730mW 

9.1 mW/oC 

Operating. . . . . . . . 

Storage . . . . . . . . 

-40 to +850C 

-65 to +150oC 

Lead Temperature (During soldering): 

At a distance not less than 1/32" (a.79 mm) 

from case for lOs max. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
(Referenced to Fig. 3 unless otherwise spacified) 

V -12V, TA ~25OC 
CHARACTERISTIC Multiplex Input Signal IL"'R. pilot "OFF") 

= 300 mV RMS 
19-kHz Pilot Laval'" 30 mV RMS 
f (modulation) = 400 Hz or 1 kHz Min. 

Static Characteristics 

Total Current Lamp "OFF" -
Maximum Available Lamp Current 75 

DC Voltage,st Term. 7 (Lamp Driver) I (Lamp) = 50 mA -
DC Voltage Shift at either Term. 4 

or5 (Output) Stereo-to-Mono Operation -
OVnamic Charactwistics 

Power Supply Ripple Rejection For a 200-Hz. 200-mV RMS Signal 35 

Input Resistance 20 

Output Resistance 0.9 

Channel Separation (Stereo) Atf=100Hz -
f=400Hz 30 

f= 10kHz -
Channel Balance (Monaural) -
Voltage Gain Atf= 1 kHz 0.5 

Pilot Input Lavel: 

19-kHz Input Lamp "ON" -
19-kHz Input Lamp "OFF" 2.0 

Hysteresis Lamp "OFF" 3.0 

Capture Range (Deviation from 
76-kHz Center Frequency) ±2.0 

Total Harmonic Distortion 
Multiplex Input Signal Ell 600 mV RMS -Pilot "OFF" 

19-kHz Rejection 25 

38-kHz Rejection 25 

SCA ISto ... 8st) Rejection 
Measured Composite Signal: 80% Stereo, -

10%Pilot,1O%SCA 

Voltage-Controlled Oscillator (VCO) Total Resistance (Term. 15 to 8) 
Tuning Resistance required to set 21.0 

fREF = 19 kHz ± 10 Hz (Term. 11) 

Vo'tage-Controlled Oscillator 00<O;TA <0; 25°C -
Frequency Drift 25° <O;T A <O;700 C -

LIMITS UNITS 

I Typ. I Max. 

26 35 mA 

150 - mA 

1.3 1.8 V 

30 150 mV 

45 - d8 

35 - kG 

1.3 2.0 kG 

40 - dB 

45 - d8 

45 - dB 

0.3 1.5 dB 

0.9 1.4 V/V 

15 20 mVRMS 

7.0 - mVRMS 

7.0 - d8 

±4.0 ±6.0 % 

0.4 1.0 % 

35 dB 

45 - dB 

70 - dB 

23.3 25.5 kG 

+0.1 ±2 % 

-0.4 ±2 % 
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4.S. 

~ I ''':5 ::~ =.~I ~ I 'I Q76 

~ I Ir I 
-_._------ I 58·TO It-IIH, DIVIDER I 38-TO 19-IIHI DIVIDER I 

FOR PLOT TONE DRIVE FOR PHASE-LOCKED LOOP --.J 
f-----------

@) STEItEO SWITCH CONTROL LINE 

SWITCH F1LTEIt 

FIg.2 - Soh_'ic di.".". of the CA758E (Cont'dl. 
V+.12V 

o.08:5,..F o.81,,..F 
~M---II------!---' 

~~Jl~~--t-~r_----~ 
INPUT 

LED 
STEREO 

INDICATOR 
LAMP 

R3 
21011 

R4 

NOTES: 

Tolerance on resistors is ± 5% 
and tolerance on capacitors is 
± 2Q%, unless otherwise specified. 

g:gLLATOR C1 c +100%. -20% 
Jf~~.4--t--------~~~ 
OU~~~~-t----~~---(! 

30011 

ADJ. 

tzCM-U509 

Fig. 3 - Ten Circuit for tnINIlursment of dyflllmJc chlll'llCttITistics. 

Cs • ±,,, in tast circuit and 

± 5% in typical application. 
R3 = ± 1% 

R4 -±10!Jt, 

R, and R2 • ±,% in tast cir~ 

cuit and ± 5% in typical 
application. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Referenced to Fig. 3) 
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10 

4 6 • 
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I.---
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4 6. 
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AUDIO FREQUENCY-Hz 

" 6 8~ 

92CS-23510 

Fig. 4 - Channel separation vs. audio frequency. 

PILOT LEVEL-mV RMS 
92CS-23512 

Fig. 6 - Capture range vs. pilot level. 

AMSIENT TEMPERATURE (TA)--C 

Fig. 8 - Lamp tum"'On and turn"'Off sensitivity vs. ambient temperature. 
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Fig. 5 - Channel separation vs. oscillator free running frequency error. 
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Fig. 7 - Total harmonic distortion vs. input level. 
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Fig. 9 - Oscillator free running frequency error V$. ambient temperature. 



Preliminary __________________________________ _ 

rnlCIBLJD Linear Integrated Circuits 

Solid State 
Division 

Monolithic Silicon 

CA810Q 
Preliminary Data CA810QM 

~. C~A810Q 

~'~~ 

7-Watt Audio Power Amplifier 
With Thermal Shut-Down 

\.; / 
H-1825 

Features 

~,~-
• Power output - 7 W with 411 load 

• Supply voltage range - 4 to 20 V 

. i f H-1826 

• Peak output current - 2_5 A (max_) 

• Very low harmonic and cross-over distortion 

Modified 16-lead quacf.in-line plastic 
packages with wing tabs 

The RCA-CAB100 and CAB100M are monolithic audio 
amplifiers intended for class B operation_ They are specifically 
designed for mobile equipment operating from l2-V battery 
supplies_ Theyoperate over a wide range of supply voltages 
(4 to 20 V) with very low harmonic and crossover distortion_ 
The maximum repetitive peak output current is 2.5 A, and an 
integral thermal limiting circuit shuts the device down in 
case of output overload or excessive package temperature_ 

The CAB100 and CAB100M are supplied in modified l6-lead 
quad-in-line plastic packages ("a" suffix) with integral wing
tab heat sinks_ The tabs on the CABl 00 are bent down for p_c_ 
board insertion, and on the CAB100M they are flat and pierced 
for easy attachment to an external heat sink_ 

The CAB100 and CAB100M are electrically and mechanically 
equivalent to types TBAB10S and TBAB10AS, respectively_ It 
should be noted that pin-numbering conventions for these 
devices may differ from manufacturer to manufacturer, 
however the devices are pin compatible and intercha~geability 
is not affected. 

9-74 

MAXIMUM RATINGS, Absolute Maximum Values 
at TA =25"C 

SUPPLY VOLTAGE ..........•...•..............•...• 20V 

PEAK OUTPUT CURRENT 
(non-repetitivel ................................... 3.5 A 

PEAK OUTPUT CURRENT (,epetitive) .........•.•••••••• 2.5 A 
DEVICE DISSIPATION: 

~:~~~~~~o~·:::::::::::::::::::: :::::: :::::::: ~: 
AMBIENT TEMPERATURE RANGE: 

Operating . ..................... -40oC to (Refer to Fig. 7 for 
typical high-temperature limid 

Storage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -40 to +150oC 
THERMAL RESISTANCE: CA810Q CA810QM 

Junction to tab 12 10 
Junction to ambient 70· 80 

·Value obtained with tabs soldered to printed-circuit board 

92CS-i4.). 

Fig. 1 - Terminal diagram of CAS10Q and CAS10QM. The wi", tabs on 
the CAS/OO ani bent down, and on tho CAS/OQM they are flat 
and pierced. 
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ELECTRICAL CHARACTERISTICS, at TA = 25"C 

CHARACTERISTIC SYMBOL 

Supply Voltage V+ 

Input Voltage VI 

Input Sensitivity el 

Quiescent Output Voltage Vo 

Quiescent Current Drain 10 

Input Noise Voltage eN 

Bias Current liB 

Output Power Po 

Input Resistance RI 

Total Harmonic Distortion THO 

Open·Loop Voltage Gain AoL 
Closed·Loop Voltage Gain A 

Efficiency 11 

NOTE: 
Pin numbering conventions 
for these devices may differ 
from manufacturer to manu
facturer. however the devices 
are pin compatible and inter· 
changeability is not affected. 

TEST CONDITIONS 

Supply Voltage (v+1 = 14A V 
Unless Otherwise Specified 

PO=6 W, RL=4 0, R1 = 56 0, f = 1 kHz 

Rg=O. BW (-3 dB) -20 to 20.000 Hz 

f=1 kHz, RL =40, THO = 10% I V+= 14.4 V 
I V+=6V 

PO=50 mW to 3W, RL 4 0, f = 1 kHz 

RL - 4 0, f = 1 kHz 

RL -40,f= 1 kHz. R1 =560 

Po = 5 W, RL = 4 O. f = 1 kHz 

R4 

LIMITS 

CA8100 
CA8100M 

MIN. TYP. 

4 -
- -
- 80 

6.4 7.2 

- 12 

- 2 

- 0.4 

- 6 

- 1 

- 5 

- 0.3 

- 80 

34 37 

- 70 

BOOTSTRAP 

R6 
Fu~0a~--------~--+_--~--~~--~------+_~--_+4---------~ 

RIPPLE 
REJEc:r1ON 

COMPENSATION 7}---t-..... 

4.1\ 

R2 R9 

MAX. 

20 

220 

-
8 

20 

-
-
-
-
-
-
-
40 

-

12CM·!41!21t1 

FIg. 2 - SciHlmlltic diegram of CA810a. CA8100M. 
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Preliminary ________________________ CA8100, CA8100M 

v' 

"' 56<1 "' In 

_ 92CS-25041 

Fig. 3 - Test and circuit application for the CA8100 and CA810QM. 

Circuit heat is dissipated by a combination of free air 
and printed-circuit board foil. 

Fig. 5 - Component view of printed-circuit board for CA8100. 

92CS-25042 

Fig. 4 - Bottom view of printed-circuit boards 
shown in Figs. 5 and 6. 

Circuit arrangement for use with chassis having a thermal 
resistance of :s;;; SOC/W. Vertical bracket should make 
good thermal contact to chassis. 

Fig. 6 - Component view of pr;nted-circuit board for CA810QM. 
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Thethermal-limiting network incorporated in the CAS10 Series 
circuits provides protection against damege due to excessive 
semiconductor temperatures that may result from high ambient 

temperatures andlor excessive dissipation, e.g., as encountered 
in sustained overloads. As indicated in Fig. 7, the thermal
limiting feature automatically reduces the supply current (and 
output power) at the higher temperatures . 

.. 
I .. ~ 

I SUPPLY VOLTAGE (V+)-14.4V ~ g LOAD RESISTANCE (RL)· 4 D ... 
4 DISTORTION-IO%. a: 

a: 0.8 § ... u 

~ :r+ Z 
0.6 = 

~ 9 

~ 0.4 ~ 
0 

~ 

0 50 100 150 200 
CASE TEMPERATURE (TC)-OC 

92CS-~043 

Fig. 7 - Typical output power find drain current n. can rempel'llture. 
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OOCrBLJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA1310E 

14-Lead Dual-in-Line 
Plastic Package 

RC Phase-Lock-Loop 
Stereo Decoder 
For FM Multiplex Systems 

Features: 
• Low distortion (THO): 0.3% typo 

• Excellent SCA (storecast) rejection: 75 dB typo 

• RC oscillator 
• High audio channel separation: 40 dB 

• Operates from a wide range of power supplies: 8 to 14 V de 

• Requires only one adjustment for complete alignment 

• Drives a stereo indicator lamp up to 75 rnA -

surge current limiting 

MAXIMUM RATINGS, AbSIJ/ute-Maximum Values 
RCA-CA1310E is a monolithic silicon integrated circuit RC 
phase-lock-loop stereo decoder intended for FM solid-state 
stereo mUltiplex systems. 

atTA =2SOC 
DC Supply Voltage .........•........... 
Current (Lamp) at Term. 6 .............. . 

The CA1310E is a direct replacement for industry types 
MC1310P, LM1310, and SN76115N. 

Device Dissipation: 
Up to TA= 250 C ................... . 

Above T A = 25°C derate linearly ....... . 

Ambient Temperature Range: 

14V 
75mA 

625mW 

5mW/oC This decoder uses a minimum of externaJ components. In 
addition the stereo decoder requires only one adjustment 
(oscillator frequency) for complete alignment. Operating .......................... -40 to +B50C 

The CA1310E is supplied in a 14-lead dual-in-line plastic 
package and operates over an ambient temperature range of 
-40 to +850 C. 

38 kHz 

Storage ............................ -65 to +1500C 
Lead Temperature (During soldering): 

At distance not less than 1/32" (0.79 mm) 
from case for lOs max. . ............. . 

3a-kHz 
STEREO 
SWITCH 
(PILOT 

TONE DETJ 

Fig. 1 - Functional block diagram system using the CA 1310E. 92CS-Z3S00 
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FIg. 2 - Schematic d/sgrBm of the CA 7310E. 
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:=-76~ ~Lru;R -- -- --,-- --;;:-;:0 3s=kHzo;;QER-- -- -- --, 

c 

D7 l(~Q-3-3+-_I)Q34 
R32 f::t-, 
BOO R33 

~O~ 03l't-}-+--~--4-"~~ 
~VQ32 

,-l-t;0.9 to. 
.-+-~----~~~~ 

030 
4"" 

R70 
3.8k 

R3I 
4.3. 

R7. ... 

R37 
2.14k 

R4. 
943 

Fig. 2 - Schematic diagram of the CA1310E (Cont"dl. 
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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS (Referenced to Fig. 3) 

v+= 12V TA =25OC 

CHARACTERISTIC Composite Multiplex Input Signal = 
560 mV RMS (2.8 V pop) 

LIMITS UNITS 

Only L or R Channel modulated; and 
with 1OQ.mV RMS (10%) Pilot Level Min. Typ. Max. 

Static Characteristics 

DC Supply Voltage For 8-V operation, reduce load to 2.7 kn 8 - 114 V 

Total Current Lamp "OFF" - 13 - 1 mA 

Dynamic Characteristics 

Input Impedance 20 50 - kn 

Olannel Separation (Stereo) 50 Hz -15 kHz 30 40 - dB 

Audio Output Voltage (For any - 485 - mVRMS one channell 

Olannel Balance 
Pilot Tone "OFF" 1.5 dB (Monaurall - -

Capture Range (Permissible tuning - ±a.5 - % error of internal oscillator) 

Total Harmonic Distortion - 0.3 - % 

Ultrasonic Frequency Rejection: 
19kHz - 34.4 - dB 
38kHz - 45 - dB 

SCA (Storecast) Rejection f = 67 kHz, 90kHz beat note measured - 75 ~ dB 
with l·kHz modulation "OFF" 

Stereo Switch Level: 
190kHz Input Level (For lamp on) - - 20 mVRMS 
19·kHz Input Level (For lamp off) 5 mVRMS 

Maximum Composite (Stereo) Input 0.5%THD 2.8 - - Vp·p 

Maximum Monaural Input I%THD 2.8 - - Vp·p 
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NOTES 

v+ 

C8 
0.25 

RESISTANCE VALUES ARE IN OHMS. 
CAPACITANCE VALUES ARE IN MICROFARADS. 

92CS-23501 

A buffered 3-volt positive-going square wave is available at Term. 10. 
The al ignment of the free-running oscillator frequency may be checked 
at this point with a frequency counter. 

Cl: A lower value input coupling capacitor may be used in place of 
the 2-/lF value if reduced separation at low frequencies is acceptable. 

C4: The time constant for the stereo switch level detector circuit is 
calculated by C4 x 53.000 ohms ±30% with a maximum dc 
voltage drop· across C4 of 0.25 volt (Term. B positive) and a 
pilot level voltage of 100 mV RMS. Signal voltage across C4 
is negligible. 

C5: The recommended 0.05-/lF capacitor provides a 1.750 phase 
lead at 19 kHz. 

Rl, R2: Load resistance values are related to supply voltage as follows: 
Minimum Supply Voltage B 10 12 V 

Maximum Load Resistance 2.7 4.3 6.2 kQ 

R3, C6, CB: CB may be omitted, R3 = 100 ohms and C6 = 0.25 /IF, 
if relaxed circuit performance is acceptable. 

R4, R5, C7: If a capture range greater than ±3% typo is required, 
reduce value of C7 and increase values of R4, R5 pro
portionally. However. beat·note distortion is increased 
at high signal levels because of oscillator-phase jitter. 
R4, C7 = ±1% in test circuit and ±5% in typical application. 

Fig. 3 - Test circuit for measurement of dynamic characteristics. 
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OOcn3LJI] 
Solid State 
Division 

Linear Integrated Circuits 
Monolithic Silicon 

Preliminary Data CA1352E 

TV Video Amplifier 
With AGC and Keyer Circuit 

Features 

• High 45-MHz gain'- 53 dB (typ.) 

14-Laad Dual·ln·Line 
Plastic Packa. 

• High-gain gated AGe system - with either positive· or 
negative-going sync. 

• Adjustable rf AGe delay to tuner 

• AGe gain reduction - 68 dB (typ.) 

The RCA·CA1352E is a monolithic integrated circuit designed for 
use as an if amplifier in monochrome or color TV receivers. It 
features a high-gain gated AGC system with a 58·dB range 
(typ.). A delayed forward AGC output is adjustable by means 
of a potentiometer. Either positive· or negative-going sync may 
be used for this system. 

MAXIMUM RATINGS, Ablolute-Maximum Valun 
AtTA -25 

SUPPLY VOLTAGE: 

Between terminals 4 and 11 ••••••••••••••••••••••••• 18 V 

Between terminals 7 or 8 and 4 ••.••••••.•.•.•••...•. 18 V 
INPUT VOLTAGE (terminal 1 or 21 ................... 10 V Pi> 

AGC INPUT VOLTAGE (terminal 6 or 101 ••........••.. 6 V 

OEVICE DISSIPA,;fION: 

UP toTA- S5
0C .•.•• : ..•••••••••••.•.•. ~ ••.... 750'"r,W 

Abova T A = 55 C derate hnaarly at ................ 7.9 mWI C 
AMBIENT TEMPERATURE RANGE: 

~:~;n~ . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : _::;:~:~:~ 
LEAD TEMPERATURE (During Solderingl: 

At distance 1/16 ± 1/32 in. (1.59 ±0.79 mml 
from case for 10 seconds max. ..•.••••.•••••.••.•• +2650 C 

* 
SYNC VOLTAGE AT 

POLARITY TERMINAL 6 

... V 

NEGATIVE 

* 
VOLTAGE AT 
TERMINAL 10 

I TO 4 V 
NOM-2 V 

• 
YAWE OF 

RI-A 

0 

KEYER 
INPUT 

The CA1352E is supplied in the 14·lead dual·in·line plastic 
package, and is directly interchangeable with the industry type 
1352 in similar packages. 

TYPICAL STATIC CHARACTERISTICS 

atTA - 25°C. v+ = 12 V 

Total Current 117 + 18 + 1'111 ........ " ................ 27 mA 

Output Sta. Current 117 + 181 ........................ 5.7 mA 

TYPICAL DYNAMIC CHARACTERISTICS 

at TA - 25°C. v+ = 12 V 

AGC R.ngo ..................... " ................. 68dB 
Power Gain •......•......••...••..•..•••.••....•... 53 dB 
Minimum rf AGe Range (term. 12) •.......•............ 0.2 V 

Maximum rf AGe Range (term. 12) •...•.••...•.•...•••• 7 V 

IF 

f 
LJ: 

-OV -B V FLYBACK 
PULSE WINDING 

POSITIVE 
I TO BV --IL: 3.9k NOM-4.~ 

--OV 

Fig. 1 - CA 1352E block diagram and typical AGe tarr set-up. 
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oornLJ[] 
Solid State 
Division 

14-Lead Oual-In-Lino 
PlaticP ....... 

H-1517 

Linear Integrated Circuits 
Monolithic Silicon 

CA1398E 

Television Chroma Processor 

Features 

• Minimum number of external components required 

• Injection-lock oscillator with internal feedback 

• DC chroma gain control and hue conll'ol circuits 

• Low-impedance internal voltage regulation 

Maximum Ratings, Absolute-Maximum Valutll lit T A - 2Ft C RCA-CA1398E isa monolithic silicon integrated-circuit chroma 
processor containing chroma-amplifier and gain-control. color
killer. color su bcarrier oscillator. hue control. and ACC circuitry. 
It has been designed for interchangeability with other "1398"
type chroma-processor devices. It functions compatibly with 
the RCA-CA3125E Chroma Demodulator as well as other com
mercially available chroma demodulators in color-TV receivers. 
Fig. 2 shows a functional block diagram of a 2-package TV 
chroma system incorporating the CA 1398E and CA3125E. The 
CA1398E is supplied in a 14-lead dilal-in-line plastic package. 

Peak Horizontal-Pulse Input Current. . . . . . . . . . . . . . . . . . .. 250 p.A 
Supplv Current (Terminal 14) .•..•.•.......•..•....... 35 rnA 
Ambient Temperature Range: 

~:~;n~::: ::: :::::::::::::: ::::::::::::. _~~~:~::~ 
Lead Temperature lOuring Soldering): 

~~:S=C:o~/~~: !.!~~2··. ~1:~~. ~ ~: ~~ ~~~ . . . . . . . . . . .. 2650 C 

CHROMA 

lim 
v' 

VREG 

Fig. I - ,Functional block diagram of the CA 1398E. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C and Roferenced to THt Ci .... it (Fig. 4) 

TERMINAL TEST CONDITIONS 

MEASURED SWITCH CONTROL SETTING 
CHARACTERISTIC AND POSITION ICHROMAI HUE IKILLER I~BURST I ~CHROMA 

SYMBOL (SI) mVp-p mVp-p 

Static Characteristics 

Regulated Supply Voltage 1 V,4 1 2 T max. TmaxT max. 1 
Chroma Output Bias T V,4 to V2 -r 21 max. r max", max. I 
Regulator Impedance 1 See Note ,. 1 2 1 max. 1 max. 1 max. 1 
Dynamic Characteristics (Refer to Test Set Up Procedure for Oscillator) 

Max. Chroma Gain V2 1 max. max. See Note 2 

Min. Chroma Gain V2 1 min. max. 

ACC Action 
V2 (dB up 

1 max. max. 
from aain test) 

Killer unction: 
Kill V2 2 max. max. 

Unkill V2 1 max. max. 

Oscillator Lock·Up: 
Voltage V,3 1 max. max. 

Pha .. (ReferenCed) 
to burst 4>,3 1 max. max. 

Hue Control Range: 
Voltage V,3 1 max. min. 

Phase (Referenced) 
to burst 4>,3 1 max. min. 

Nota 1 -: Measure V 14 at I SUPPLY = 38 rnA and 18 rnA. Calculate the regulator impedance: 
z,.eg. ~ [V,4 (at 38 mA)-V,4Iat 18 rnA)) 10.02 

o I o 
6 I o 
o 1 o 

6 5 

6 5 

50 50 

0 5 

'·,5 5 

6 0 

6 0 

6 0 

6 0 

LIMITS 

MIN·ITYP·IMAX. UNITS 

\8.9 19.5 111.5 I v I 
I 1.2 12.4 13.6 I v I 
1 - 112 125 1 n I 

310 425 - mVp·p 

- - 7 mVp·p 

2 7 11 dB 

- - 7 mVp-p 

100 - - mVp·p 

250 340 390 mVp·p 

-20 0 +20 degrees 

250 340 390 mVp-p 

95 110 140 degrees 

Nota 2 - Increase the killer potentiometer resistance from minimum until the circuit unkills. This condition is evidenced bv a shift. in bias voltage at Term. 2 
Maintain this potentiometer setting for all the dynamic tests. 

100 

PHASE 
SHIFT 

NETWORK 

Fig. 2 - TV chroma system functional block diagram. 

BRIGHTNESS BLANKING 
CONTROL INPUT 
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RESISTANCE VALUES ARE IN OHMS 

Fig. 3 - Schematic diagram of the CA 1398E. 

TEST SET·UP PROCEDURE FOR OSCIUATOR 

Remove the horizontal keying and chroma inputs and adjust 
Cx to obtain a free-running oscillator frequency of 3.579545 

MHz ±10 Hz. Under the same Test Conditions described in the 
Electrical Characteristics Chart for Oscillator Lock-Up. vary L 1 
(approx. 20 ILH) and/or C1 (approx. 1000 pF) to obtain the 
initial conditions for amplitude and phase oscillator lock·up. 

CHROMA 
OUTPUT 

2.2 k 

CHROMA GAIN 
CONTROL 

MIN. 5k MAX. 

HaRtZ. 
KEY· 
INPUT 

11-.... -----10 OSCILLATOR 

ACCIKlLLER 
CONTROL 

OUTPUT 

CHROMA 
INPUT 

RESISTANCE VALUES ARE IN OHMS 

UNLESS INDICATED OTHERWISE 
CAPACITANCE VALUES ARE IN 
MICROFARADS 

~·v-.- 3~. 
ov 63.5,.., 

I I I I 

: : 1 :: 
I 1____ I I 

Fig. 4 - Typical shltie and dynamic character;s~cs test circuit fOf the CA 1398E. 
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OOm3LJD 
Solid State 
Division 

14-L .. d Duol·ln·Li ... 
Ctnmic ....... · ...... 

Linear Integrated Circuits 
Monolithic Silicon 

CA1541D 

Dual-Input Memory Sense Amplifier 

Features 
• Complete dual input core memory sense amplifier 

• Two available outputs: -Saturated logic output 
-Linear output (positive output for either polarity input) 

• Nominal threshold voltage: 17 mV 

• Adiustable threshold: 10 to 35 mV 

• Low threshold uncertainty range: ±.3 mV 

• Fast overload recovery time: -Differential·Mode: 15 ns typo 
-Common·Mode: 30 ns typo 

• Independent channel gate and strobe terminals compatible with 
saturated logic levels 

• Suitable for core memories having cycle times ;;;. 0.4 p. • 
• Input offset voltage: 6 mV max. 

RCA·CAI5410", a monolithic silicon integrated circuit, is a 
dual· input memory sense amplifier intended for core memory 
applications. 

The CAI5410 features an external switching threshold 
adjustment, plus its gate and strobe inputs are compatible 
with saturated logic levels. The sense amplifier is suitable for 
operStion with core memories having cycle times equal to or 
greater than 0.4 p.s and is unilaterally interchangeable with 
industry types 1541Land 1441. 

The sense amplifier, consisting of two differential input 
amplifiers, a common second stage amplifier, and an output 
logic gate (See Fig. II, converts low·level core·memory "I" 
pulses to saturated logic-level output pulses. Either one of 
the input amplifiers may be gated ON with a saturated 
logic signal so that an incoming "I" pulse of positive or 
negative polarity can be detected from either of two sense 
lines. 

The CAI5410 is supplied in 14·lead dual·in·line ceramic 
package and is rated for operation over the full military 
temperature range of -550 C to + 1250 C. 

• Formerly Developmenta' Type T .~6820. 

Fig. 1 - Functional block diagram of the CA1541D. 

11·73 
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MAXIMUM RATINGS, Absolute Maximum Values, at TA = 250 C 

Except for Differential Input Voltage, all voltages are measured with respect to ground (Term. 8). 

DC Supply Voltage: 

v+ (Term. 2) 

V- (Term. 7) 

Differential Input Voltage 

Common-Mode Input Voltage 

"A" or "B"-Gate Input Voltage· 

Strobe Terminal Voltage 

Output Terminal Load Current 

Device Dissipation: 

Up to T A = 750 C 

Above T A = 750 C 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (during soldering): 
At distance not less than 1/32 inch (0.79 mm) from 
case for 10 seconds max. 

+10 V 

-10 V 

±.5 V 

±.5 V 

V- to v+ 
V· to +6V 

±25 rnA 

750mW 

. Derate Linearly 8 mW/oC 

-55 to +125 °C 

-65 to +150 °C 

* Note: The "A" or "B"-Gate Input Voltage is also referred to, as the Channel-Gate Input Voltage. 

P, 
3.4k 

"AM AMPLIFIER 3i}-.....j~+====+::;-1--1-1r-1i.: 
DIFFERENTIAL 
INPUT 4')-----i!-+----, 

"e" AMPLIFIER 6.)--+.......,1---1 
DIFFERENTIAL 
INPUT 

"A" INPUT II}-~=t=:;--.;;rt-i 
GATE 

RI7 .,. 
~3k 13.3 

R27 
1-_____ ----i!-_-i 775 

·28 
187 

Fig. 2 - Schematic diagram of the CA 1541 D. 

0, 

Os 

07 

R33 
1.75\1: 

R3' 

'k 

LOGIC 
GATE 

OUTPUT 

• 

D. 

RESISTANCE VALUES ARE 
IN OHMS 

SUBSTRATE CONNECTED TO 
TERMINAL 7(Y-, 

9ZCl-19391 
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ELECTRICAL CHARACTERISTICS 

TEST CONOITIONS 

v+· 5V. v-· -5V 

CHARACTERISTICS SYMBOLS 
VTH A~J. = TA = 250 C 

LIMITS UNITS -5V±'I%. (unless 
(Term. 13) indicated 
CeXT- 0.01 ~F otherwise) MIN. I TYP. MAX. 

S ... lc (DC) Char_ioti .. 

Power Dissipation Po 140 180 mW 

I "put Offset Current 110 IlA 

Inout Bias Current: 
5 

TA' 250 C 
25 

liB 
V5= 

IlA 

TA - 550 C VS' 
50 

Output Voltage: V3= V4= 

High VOH 10M = 200IlA 0 3 V 

Low-
VI4=5V. 350 

TA = 250 C 
VOL 

mV 

TA=12SOC Ig= 10mA 400 

Strobe Load Current IS V12 = 0 1.5 mA 

Strobe Reverse Current: 

TA = 250 C ISR V12 = 5V IlA 

TA = 1250 C 25 

Input G)lte Load Current IG Vl0= VII' 0 2.5 mA 

Input Gate Reverse Current: 

TA = 250 C IGR VlO=Vll =5V IlA 

TA= 1250 C 25 

Switching Characteristics 

Input Threshold Voltage: 14 17 20 
TA = 25°C VTH mV 

TA = 55 to 125°C 12 17 22 

Input Offset Voltage VIO S mV 

Input Gate Voltage: 
VGH I.S 

High V3 = V5· 25 mV. 
V 

Low VGL V4· VS=0 0.7 

Common-Mode Range; '±'1.5 
Input Gate High VCM V 

Input Gate Low ±'l.S 

Differential·Mode Range: 
VOH :tSOO mV 

Input Gate High 

Input Gate Low VOL 
:t1.5 V 

Propagation Delav: 

Inpu.t to Amplifier Output 'IA V3· 25 mV (pulsedl. 10 15 

Input to Output '10 V12 = 2V 20 30 

V3 = V4' V5 = Vs = O. ns 
Strobe to Output 'SO 15 20 

V12' 2V (pulsedl 

Gate Input to Amplifier Output 'GA V 11 = 2V (pulsed) 10 15 

GaTe Input to Amplifier Input 'GI V3· 25mV 30 35 

Common-Mode Recovery Time: 15 30 
Input Gate High 'CMR V3· V5=1.5V ns 

Input Gate Low 15 30 

Oifferential-Mode 

Recovery Time: 30 
Input Gate High 'DR V3 - V5 • 400 mV ns 

Input Gate Low 
0 
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--.-

T 
I 

I 

I I 

1\ / 
\ 1/ 
\.. ~ 

TIME-50ns/DIV, 

, NPUT SIGNAL 

CHANNEL 
GATE 
INPUT 

AMPLIFIER 
OUTPUT 

smOBE INPUT 

SENSE 
AMPLIFIER 
OUTPUT AT 
LOGIC GATE 
OUTPUT 

92CS-19392 

Fig. 3 - Typical operational wave forms. 
V t .5V 

92CS-19393 

Fig. 4 -Input bias (',B) and input·offset current (',0) 
test circuit. 

Fig. 5 - Test circuit for measurement of low (VOL) and 
high (V OH) output voltage levels. 

INPUT VyH--=t-E==X:.~O% 
PULSE :50%-

- ov,-~"q..-,o ... --.,I'==-
ZOOn5 

4.9V~ 

THRESHOLD 
WAVEFORMS 

OUTPUT . 
PULSE 

AT TERM. 9 03511 

" "1f "~A 
gtiff,lER _ 50% 

AT TERM. I ~r--~ 

OUTPUT -i:;:j--1.5 V 
AT TERM. 9 0y,_--== __ 

"N 

PROPAGATION 
DELAY 
WAVEFORMS 

"N 
NOTEI:VTH=i'Oo" 

NOTE 2: 52 IN Ma" 
WHEN 51 IN "0" 

52IN"b" 
WHEN 52 IN lib" 

Fig. 6 - Threshold propagation delay, gate and input-offset test circuit with 
associated pulse wave· forms. 

AMPUFIER 
OUTPUT 
TO SCOPE 

g2eN-193" 
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~ 
OC SUPPLY VOLTAGE (V",;Y-••• , y f.)l, 

19 THRESHOLD ADJUST VOLTAGE YTI.I (ADJ.) • -, V 

I 
2: .. 
~ .. 18 
co 

~ 
g 
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17 ---Q 

~ .. 
II: 
% 

16 .. .. 
:> .. 
;!! 

15 
~O -~ 0 ~ ~ ~ = I~ 

AMBIENT TEMPERATURE (TA)--C 
92CS-19396 

Fig. la -Input VTH vs. TA. 

THRESHOLD AOJUST VOLTAGE [VTH (AO~ll'-5v 
> 21 AMBIENT TEMPERATURE CTA)-2'·C 
E 
I 

20r- 1 % .. -';;~~o .11 
~ I. 

t!..SUPPLl' .. -v~~.~..i Ii+) f----co 
~ ~'~II 

18 oJ ""'F= g t--t--
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f;;;;:: Q l-I-- '11 % 
III 16 .. 
II: ~ % 

I. .. .. 
5.5V :> 

I • .. 
;!! 

13 
-4.5 -. -5.5 

NEGATIVE DC SUPPLY VOLTS (Y-' 
92CS-19398 

Fig. lc - Input VTH lIS. V-. 

OV 

OUTPUT (FOR INPUT 
LESS THAN COMMON-
MODE INPUT :RA::NG:EI:.-_~'-----_I_-t.:...-~;;:'O::O=mV 

OUTPUT CFOR INPUT 
GREATER THAN COMMON
MODE INPUT RANGE) 

'\\...:,";::Io:;!::.mv=-__ I', 

> 
E 
I 
% .. 
:: .. 
co 
~ .. 
g 
9 
Q 

~ .. 
II: 
% .. .. 
:> .. 
;!! 

DC SUPPLY VOLTAGE (V+,V-)-*,S v 
AMBIENT TEMPERATURE ITA):o2'·C 

25 

./ 
20 ./ 

./ 
I. ./ 

./ 

10 ./ 

-3 -3.5 -4 -4.5 -5 -5.5 -6 -6.5 -7 

THRESHOLD ADJUST VOLTAGE [VTH (ADJ.(]-V 
92CS-19397 

Fig. lb - Input VTH vs. VTH (AOJ.t 

> 
E 

I 
% .. 
:: .. 
co 

~ 
g 
Q 
oJ 
0 

~ .. 
0: 
% .. .. 
~ 
;; 

THRESHOLD ADJUST VOLTAGE [VTHIADJ.lj--5 V 

30 ~~:,~r;ri YT~~~~~~~~;'Y;~ ) .. i,5.X 

25, 

20 \ 

\ 
15 

10 
a 

"-

50 100 ISO 200 
INPUT PULSE WIDTH HpJ-n. 

250 300 

92CS-19399 

Fig. ld -Input VTH vs. input pulse width. 

AMPLIFlER OUTPUT 
TO SCOPE 

Fig. 8 - Common-mode input range test circuit with 
associated pulse WBW forms. 
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> 

~ 
~ 

'" '" .. 
~ 
0 
> 

~ 
:> 
0 

t400mV 

~LOAD trorffl:;l25nl 
GEN. 

0 ' ''' 

tVTH 
INPUT GEN. 

Fig. 9 - Differential·mode input range and recovery test circuit with 

associated pulse wave forms. 

DC SUPPLY VOLTAGE (V+.V-l"':5V 
THRESHOLD ADJUST VOLTAGE [VTH (AOJ.)).-5 V 

5 AMBIENT TEMPERATURE tTA1·2S"C 

4 

3 

2 

I 

0 
I---J '-I---

-40 -30 -20 -10 10 20 30 40 
INPUT VOLTAGE (eINl-mV 

92CS-19402 

92CM-19401 

v .... s v 

Fig. .10 - Input·output transfer characteristics. 
Fig. 11- Strobe to output test circuit with associated" 

pulse wave·forms. 

AMPLIFIER ~ 
OUTP~ L-

(TERM. n 
NOTE: S2 IN "a" POSITION WHEN 5, IN EITHER -a" POSITION 

S2 IN "b- POSITION WHEN S, IN EITHER "I)' POSITION 

Fig. 12- Gate input to amplifier input (tGI) test circuit 
with associated pulse wave forms. 

AMPLIFIER 
OUTPUT 
TO SCOPE 

92CS-I9404 
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2V 

92CS-I9405 

Fig. 13 - Gate input to amplifier output (tGA) with 
associated pulse wave forms. 



File No. 612 

ffilffiLJD 
Solid State 
Division 

"",-
dual-in-line 

H-1517 plastic 
package 

~4'L"d ~1j, !uad.in.line 
" plastic 

H-1596 . package 

Linear Integrated Circuits 
Monolithic Silicon 

CA2111AE 
CA2111AQ 

FM IF Amplifier-Limiter and 
Quadrature Detector 
For FM I F and TV Sound I F Applications 

Features: 

• Direct replacement for ULN2111A and MC1357 
• Good sensitivity: Input limiting voltage (kneel (400 p.V typo at 10.7 MHz; 

250 p.V typo at 4.5 MHz and 5.5 MHz) 

• Excellent AM rejection (45 dB typo at 10.7 MHz) 

• Provision for output from 3·stage IF aniplifier section 

• Low harmonic distonion 

• Quadrature detection per~its simplified single-coil tuning 
• Extremely low AFC voltage drift OVer full operatin!ttemperature 

range 

• Minimum number of external parts required 

The CA2111A, on a single monolithic chip, provides a multi· 
stage wideband amplifier'limiter, a quadrature detector, and an 
emitter·follower output stage. This device is designed for use 
in FM receivers and in the sound I F sections of TV receivers. 
In addition, an output terminal is provided which allows the 
lise of the amplifier·limiter as a straight .60odB wideband 
amplifier. 

The quadrature detector requires only one coil in the asso· 
ciated outboard circuit and therefore, tuning is a simple 
procedure. 

The amplifier·limiter features the excellent limiting character· 
istics of 3 cascaded differential amplifiers. 

11·73 

Fig. 1-Block diagram of CA2711 A and 
associated outboard components. 

A unique feature of the CA2111 A is its exceptionally low 
AFC voltage drift over the full operating·temperature range. 

This device can be supplied in either dual·in·line or quad·in· 
line 14·lead plastic packages (CA2111AE and CA2111AQ, 
respectivelyl. 

MAXIMUM RATINGS. Absolute-Maximum Values at TA=2SOC 

DC Supply Voltage 
[between terminals 13 (V+) and 7 (V-)] 

D~vice Dissipation: 

Upto TA = 6O·C 

Above T A = 6O·C 

Ambient Temperature Range: 

Operating ............... . 

Storage .... _ ............ _. 

Lead Temperature (During Solderingt: 

At dists;'", 1116 ± 1/32 in. 
11.59 ± 0.79 mm) 

from case forl0s max . ...... . 

16 v 

600 mW 

derate linearlv 6.7 mwrC 

-55 to +125 

-65 to +150 

+266 

·C 

·C 

·C 
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______________________ File No. 612 

ELECTRICAL CHARACTERISTICS at T A - 25D C 

LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS 

MIN. TYP. MAX. 

DC Voltage: 
At Terminal 1 VI 

At Terminals 4, 5, 6, 10 V4,5,6,10 
At Terminals 2, 12 V2,12 

DC Current (into Terminal 13) 
AtV+= BV 
AtV+=12V 113 

Amplifier Input Resistance R4 
Amplifier Input Capacitance C4 
Detector Input Resistance H12 
Detector I nput Capacitance C12 
Amplifier Output Resistance Hl0 
Detector Output Resistance ,",-1 
De·Emphasis Resistance R14 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A - ZSoC 
FM Modulation Frequency ~ 400 Hz, Source Resi_ - 50n 

v+= 12V 
= BV 

v+= BV 

fa = 10.7 MHz 

TEST CONDITIONS 

SYMBOL 
fo= 10.7 MHz fa s4.5 MHz 

-
-
-
-

-
-
-
-
-
-
-
-

CHARACTERISTIC 
IH= ± 75 KHz i!.(= ± 25 KHz 

V+ = 12V V+=8V V+= 12V 

LIMITS 

TYP. MAX. TYP. MAX. TYP. MAX. 

AMPL·LlMITER 

Input Limiting Vi(lim) 400 600 400 600 250 400 
Threshold Voltage (4) 

AM Rejection * • AMR(1) 45 - 37 - 36 -

Ampl. Voltage Gain. AV(10) 55 - 55 - 60 -

DETECTOR 

Recovered Audio* Vo(AF) 0.4B - 0.3 - 0.72 -
Output Voltage (1) 

Total Harmonic* 
Distortion THD(1) 1 - 1 - 1.5 -

'V; = 10 mV IRMS} '100% FM, 30% AM 

110 

5.4 -
3.7 -
1.35 -
3.5 -

14 -
16 -

7 -
11 -
70 
2.7 -
60 -
200 -
B.B -

fo= 5.5 MHz 
UNITS 

i!.(= ± 50 KHz 

V+ = 12V 

TYP. MAX. 

250 400 V 
(RMS) 

40 - dB 

60 - dB 

1.2 - V 
(RMS) 

3 - % 

UNITS 

V 

mA 

kn 
pF 
kll 
pF 
n 
n 
kn 

TESTCIR· 
CUlT OR 
CHARAC-
TERISTIC 
CURVES 
FIG. NO. 

3,7,B,9 

3,4,5,6 

3 

3,7,B,9 

3 



File No. 612 ______________________ CA2111AE. CA2111AQ 

CI 

v" 

Fig. 2-Circuit IChematic-CA2111A 

I. l, 

MHz pH 

4.5 14 

5.5 

10.1 

ACVTVM 
" r.-. 1l .. _..J BALLANTINE 

'I' OR 
EQUIVALENT 

DISTORTION 
ANALYZER 

HEWLETT 
PACKARD 

EQcr?elti~T 

92CS-20771 

COMPONENT VALUES 

C, '1 

pF KS! 

120 20 

100 2D 

120 3 •• 

Fig. 3-Test circuit. 

DETECTOR TRANSFER 
CHARACTERISTICS 

Q C:z C3 UPPER 
PEAK 

pF pF MHz 

3D 0.003 4.58 

3D 0.003 5.63 

20 4.7 0.01 10.9 

NOTE: 

Input to the quadrature coil can be· from 

either terminal 9 or terminal 10. Terminal 
9 is normally used because it lessens the 
possibility of overloads during tuning. 
The use of terminal 10 increases the 
limiting sensitivity significantly and has 
been used successfuliV in these tests. 

LOWER 
PEAK 

MHz 

4.42 

5.37 

10.5 
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60 SUPPLY VOLTAGE W"}·12V II AMBIENT TEMPERATURE ITA)"'2!5-C 

100"-'M,3O%AM II ---;.::: .. 50 to~4.5MHz " l..,h.ki ...... "" i ,tl"U' 
;;; i \ V R£F. 51."-" / 
" 40 t- ./ ......... '" !! 
z 
0 /. ",OJ' -~ ~ 30 ~<3' 
OJ rt>" 
'" Rti -.. 
"20 ~ .. ~ 

~~'I 

10 I 
56 80.1 2468, 2468 10 

INPUT SiGNAL VOLTAGE (Vjl-rnV[rrns] 
•• 

92CS-Z0761 

Fig. 4-AM reJection v. Inpu. vo/rage 14.5 MHzI. 

r--go AMBIENT TEMPERATURE ITA ·25 C 
"'<, .. 111 I tOO%FM,30%AM 

, ·10.7MHI V ..... ~ .. J ~-j-I .. 40 

A 1'-- - ' .. ~ i \t,,,,.,_ 
;;; ,// e,,~ ;J..,.?", 

~ 30 
/ " z 

~ 
~20 
OJ 
0: 

" " 10 

0 

56 8 I 4 6 8 10 .. 
INPUT VOLTAGE eVil-mY [rm.J 

Fig. 6-AM rejec.lon v. Inpu. volrage 110.7 MHzJ. 

TI.3 SUPPLY VOLTAGE ('11·).12 V 

'f L2 ~::~~5N~~EMPERATURE (TA~a251 REF. SIGNAl INPUT (TERM 91 

~ ... Af·t50llHz _I 
~ I 
~ / go.. 

I ~ 0.8 

I B 0.7 

§ 0.6 I 
I e 0.5 

/ ~ 0.4 

~ 0.3 
4 56 80.1 4 6 8 I 4 6 810 

INPUT VOLTAGE IVjl-mV[rms1 
92CS-20765 

Fig. 8-DotflCtBd audio output v. input vo/rage 15.5 MHz/. 
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60 SUPPLY VOLTAGE 1'11+'·12 y REF. SIG"'~J_ 
AMBIENT TEMPERATURE ITA)-25ec f--INi"\ ITERII~O.!.- r--IOO%FM,30%AM 

'" '0 -S.5MHz 

T ~~ t--,,, V 
;;; I" '-'" r ..... " 1/ " !! ..... I' 1-1-- \ z 
~ V REF. SIGNAL 

~ 30 
INPUT CTERM 9) 

OJ V 0: 
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10 

4 6 8 I 4 6 8 10 . . 
INPUT VOLTAGE (Vii-mY erma] 
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_ Fig. 5-AM ,."jec.lon v. input volrage 15.5 MHz/. 
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/ 
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0.1 
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Fig. 7-0otflCtod oudlo output VI Inpu. vol •• 14.5 MHz/. 

~ · ~I:~;':: 1 .. 1-1' .... --- ~ _.-. 
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Fig. 9-Detected audio output voltage VI input tIOltagll (10.7 MHz}. 
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OOcn5LJD Linear Integrated Circuits 
Solid State 
Division 

DC Amplifier 
Monolithic Silicon 

• Designed for use in Communication, Telemetry, Instrumentation, and 
Data-Processing Equipment· 

• Balanced differential-amplifier configuration with controlled 
constant-current source to provide outstanding versatility 

• Built-in temperature stability for operation from -55OC to tl250C 

o Companion Appl ication Note, ICA. 5030 "Applications of RCA CA3000 
Integrated C i rcu it DC Ampl if ier" covers character ist ics of different 
operating modes, frequency considerations, 10 MHz narrow band 
tuned amplifier design, crystal oscillator design, and many other 
application aids 

HIGHLIGHTS 
• Input lIopedanee • • • • • • • • 
o Voltage Gain •• '.' ••••••• 
o c-.on-Mode Rejection Ratio ••• 
• Input Offset Voltage ••••••• 
o Push-Pull Input and Output 
o Frequency Capabi I ity 

195 i!G typo 
30 dB typo 
98 dB typo 
I.~ noV typo 

OC to 30 MHz (with external C and R) 
o Wide 'AGe Range. • • • • • • • •• 90 dB typo 

APPLICATIONS 
• Schmitt Trigger 
o RC-Coupled Feedback Amplifier 

• Mixer 
• Comparator 

• Modulator 
• Crystal 08ci l1ator 
o Sense A.,pl ifler 

v+ 

CA3000 

Fig.1 SCHEMATIC DIAGRAM 

2.BK Ra 

5K R7 

CASE AND 
3 SUBSTRATE 4 

V - 92CS-12979R2 

Resistance values are in ohms 

11-73 
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ABSOLUTE·MAXIMUM VOLTAGE LIMITS, at TF4 = 2SaC 

Indicated voltage limits for each terminal can be used under 
specified voltage conditions for other terminals 

All voltages are with respect to ground (common terminal of Positive and Negative IX: Supplies) 

VOLTAGE LI MITS CONDITIONS VOLTAGE LIMITS CONDITIONS 

TERMINAL NEGATIVE POSITI VE TERMINAL VOLTAGE TERMINAL NEGATIVE POSITIVE TERMINAL VOLTAGE 

2 0 I 0 
3 -6 

I -2 +2 6 0 
2 0 

6 -2 +2 3 -6 
9 +6 9 +6 

I 0 7 NO CONNECTI ON 
3 -8 

2 -8 0 6 0 
9 +6 

I 0 
2 0 

8 0 +6 3 -6 
I 0 6 0 
2 0 

3 -10 0 6 0 
9 +6 

I 0 

9 0 +10 
2 0 
3 -6 

I 0 6 0 
2 0 

II -8 0 6 0 
9 +6 

I 0 
2 0 

10 0 +6 3 -6 
I 0 6 0 
2 0 

5 -6 0 3 -6 
6 0 

CASE 
Internally Connected to Terminal 
No.3 (Substrate) DO NOT GROUND 

9 +6 

OPERATING·TEMPERATURE RANGE 

STORAGE·TEMPERATURE RANGE 

LEAl). TEMPERATURE IDuring Soldering): 

-sso.C to. +12So.C MAXIMUM SINGLE·ENDED INPUT·SIGNAL VOLTAGE .:I:4V 
.±2V -6So.C to. +1S0o.C MAXIMUM COMMON·MODE INPUT-5IGNAL VOLTAGE 

At distance 1/16 ± 1/32 inch 11.69 ± 0.79 mm) 
from case for 10 seconds max. • • • • . 

MAXIMUM DEVICE DISSIPATION: 

Fro.m -5So.C·to. 8So.C. • • • • 
+25So.C Above 85o.C • • • • • • • 

. STATIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3000 

. • 450mW 
Derat. 5 mWt'C 

I NPUT OFFSET VOLTAGE AND CURRENT va TEMPERATURE INPUT B I AS CURRENT v. TEMPERATURE 

3.5 

u> 
t;t;u 
~~ 
00 
.... I 

ii 
0. 

-50 

POSITIVE DC SUPPLY VOLTS (Vee). +1 
NEGATIVE DC SUPPLY VOLTS (VEE)- -I 

-2e 0 25 so re 100 125 
AMBIENT TEMPERATURE ITA l-"e 

82CS-15299 

Fig.2 

POSITIVE DC SUPPLY VOLTS (Vee;. +1-
NEGATIVE DC SUPPLY VOLTS (VEE)- -6 

-75 -'" -25 0 25 50 75 
AMBIENT TEMPERATURE (TA I-·C 

Flg.3 

100 125 

mS-I1296 
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ELECTRICAL CHARACTERISTICS, at lFA = 25"C, Va:: = +6V, VEE = -6V, unless otherwise specified 

CHARACTER I STI CS 

STAT I C CHARACTER I ST ICS 

I nput Offset Voltage 

I nput Offset Current 

Input Bias Current 

quiescent Operating 
Voltage 

Device Dissipation 

DYNAMIC CHARACTERISTICS 

Differential Voltage Gain 
Single-Ended Input 

Bandwidth at -3 dB Point 

Maximum Output Voltage 
Swing 

Ccmon-Mode Rejection 
Ratio 

Sing I e-Ended Input 
Impedance 

Single-Ended Output 
Impedance 

Total Harmonic Distortion 

AGC Range (Max imum Voltage 
Ga into Cemp I ete Cutoff) 

116 

SPEC I AL TEST COND ITI ONS TEST 
SYMBOLS Terminals No.1I & No.5 Not CIRCUITS 

Connected Unless Specified 

Fig. Min. 

VIO -
110 -
lIB -

TERMINALS 
II 5 

V8 NC NC -or Me VEE -VIo VEE NC -
VEE VEE -

Po NC NC -

ADIFF 
Single-Ended Output f = I kHz 9 28 
Double-Ended Output f = I kHz 9 -

BW VI = 10mV. Rs' 1 kn -
VOUT{P-P) f = I kHz 9 -

CMRR f = I kHz 13 70 

liN f = I kHz 15 10K 

lOUT f = I kHz 17 5.5K 

THO RS=lkn f = I kHz VO'42Vp-~ -
AGC f = I 1kHz 20 80 

qUIESCENT OPERATING VOLTAGE vs TEMPERATURE 

'ni -50 -25 0 

OSITIVE DC SUPPLY VOLTS (~cc1. +6 
EGATIVE DC SUPPLY VOLTS (VE ).-

B 

A 

o 

25 50 15 100 125 

AMBIENT TEMPERATURE (TA l--c 
92CS-I3394 

Fig.1I 

LIMITS TYPICAL 
CHARAC-

TYPE TERISTICS 
CA3000 

CURVES 

Typ. Max. Units Fig. 

1.11 5 mV 2 

1.2 10 p.A 2 

23 36 p.A 3 

2.6 - V 4 
11.2 - V 4 
-1.5 - V 4 
0.6 - V 4 

30 - mW NONE 

32 - dB 5 
38 - dB 5 

650 - kHz 7 

6.~ - VIP-PI NONE 

98 - dB 8 

I95K - n 10 

8K 10.5K n 12 

0.2 5 ~ III 

90 - "d8 NONE 
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DYNAMIC CHARACTERISTICS AND TEST CIRCUIT FOR TYPE CA3000 

DIFFERENTIAL VOLTAGE GAIN vs TEMPERATURE 

I IV C U PLY VOLTS (Vee. +6 
NEGATIVE DC SUPPLY VOLTS (VEE). 6 
FREQUENCY' f) " ,kc/. 

DOUBLE- ED OUTPU~ 

SING~E-ENDED OUT UT. 

-eo -2lI 0 25 50 75 

AMBIENT TEMPERATURE (T A )--c 
100 

92CS-I3S94 

Fig.5 

BANDWIDTH AT -3 dB POINT vs TEMPERATURE 

POSITIVE DC SUPPLY VOLTS tVee)" +6 II NEGATIVE DC SUPPLY VOLTS (VEE). -6 

10 III III I I !l: 
I AMBIENT TEMPERATURE IT A 1·-5S·C 
~ 0 -~ z 
ii 

f'-25 " ... -
~ 
~-20 
Q ... 
:I ... 
1-30 

!!. 
-40 

2. 4 •• 2 4 •• 2 4 •• 2 4 •• 
0.001 0.01 0.1 10 

FREQUENCY (II - MHz 

Flg.7 
92CS-B294 

COMMON-MODE REJECTION RATIO TEST CIRCUIT 

-6V 
VEE 

COMMON-MODE REJECTION RATIO(CMA)· 20 log IAi!:!i!) 

-A. SINGLE-ENDED VOLTAGE GAIN AS MEASURED 
IN CIRCUIT SHOWN IN FIG. 68 92CS-I2CJ83R2 

Fig.9 

DIFFERENTIAL VOLTAGE GAIN AND MAXIMUM OUTPUT 
VOLTAGE SWING TEST CIRCUIT 

Vee 
+6V 

-6V 
VEE AOIFF. • 20 LOGIO Your 

'IN 92CS-15491RI 

Fig.6 

COMMON-MODE REJECTI ON RAT I 0 vs TEMPERATURE 

98 

'11 z 
o 
;: .. 
"~96 

~I 

92 
-75 -eo 

POSITIVE DC SUPPLY VOL.TS tVee)" +6 
NEGATIVE DC SUPPLY VOLTS lVEE)· -6 
FRE U Ney f .. Ikels 

-25 0 25 50 75 IDO 125 

AMBIENT TEMPERATURE (T A I-·C 
92CS-I3297 

Fig.8 

SINGLE-ENDED INPUT IMPEDANCE vs TEMPERATURE 

o 
-75 

POSITIVE C SUPPLY VOLTS {Vce • +6 
NEGATIVE DC SUPPLY VOLTS (VEE).-6 
FREQUENCY t f)· I kHz 

-~o -25 25 50 75 

AMBIENT TEMPERATURE (T A )_·C 

Fig.IO 

100 125 

92CS-13298 
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DYNAMIC CHARACTERISTICS AND :rEST CIRCUITS FOR TYPE CA3000 

SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 

ZIN- :)(10. 

ii-I 
Fig.1I 

Vee 
+6V 

VEE 
-6V 

92CS-1S498RI 

SINGLE-ENDED OUTPUT IMPEDANCE VB TEMPERATURE 

CI 

i 
i 

POSITIVE DC SUPPLY VOLTS (Vee)· +. 
NEGATIVE DC SUPPLY VOLTS (YEE). -6 
FREQUENCY f • I 

! 8 

_ ~ ~ 0 ~ ~ ~ ~ 

_ENT TEMPERATURE (T A I-'e 
92CS-l»o1 

Fig.12 

TOTAL HARMONIC DISTORTION va TEMPERATURE 

S I N6LE-ENDED OUTPUT I MPEDANCE TEST C I RCU I T 
POSITIVE DC SUPPLY VOLTS (Vee). +6 
NEGATIVE DC SUPPLY VOLTS (VEE). -. 

Fig.13 

118 

FREQUENcy' ~ f) • I kHI . 

_ ~ ~ 0 e ~ ~ ~ ~ 

AMBIENT TEMPERATURE (T A I-'e 
UtS-13." 

Fig.l~ 

AGC RANGE TEST C I RCU I T 

vee 
+6V 

Fig.IS 
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OOCIBLJD Linear Integrated Circuits 

Solid State 
Division 

Video and Wide-band Amplifier 
Monolithic Silicon 

• Designed for use In Video Systems and Communication Equipment 

• Balanced diHerential amplifier configuration with cOlltroll.d conltant"current source 
provide, outstanding versatility 

e Bulll·in temp.ralur •• Iability lor op.ralion from ·SSaC 1o +12SoC 

• Emitt.r follower input & output 

eComponion "pplicolion Nol. ICAHS038 -"pplicollon of Ih. RC"·C"3001 Inl.groted· 
Circuit Video Amplifie,·, cove,s diN.rent operating modes, gain control, distortion, 
Iwing capaitility, 3 stage amplifier design, and a Schmitt triller study. 

11·73 

"PPLICATIONS 

e SchmiH Trigg.r 
eMi •• , 
eModulator 

eDC,lF, & 
Vld.o 
Ampllfi.r 

.... 
•• R. 

• • 

R,O 
RII 
ooon 

0, ,. R" o. 
2.2K 

R, • 
vEE 3 

• Internal Connection - DO NOT USE 

HIGHLIGHTS 
e Push. Pull Inpul & Oulpul 
e"GC Rang •......... 
e Bandwidth ........•.. 
elnput Resistance .......... .. 
• Output Resistance ........ .. 
e Vollog. Gain ••.•..•.• 
elnpul OH •• I Vollag ••... 

All resistors 
are in ohms. 

'1ZCM-I»7ITI 

Fig., • Sch.mallc Diagram. 

CA3001 

60 dB typ. 

29M". 
150 kG typ. 

45 G typ . 
19 dB typ. 

loS mV typ . 
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ABSOLUTE·MAXIMUM VOLTAGE AND CURRENT LIMITS· at T A = 25°C 

Indicated voltage or current limits for each terminal can be applied under the specified conditions for other terminals. 
All Voltages are with respect to ground (conunon terminal of Positive and Negative DC Supplies). 

VOLTAGE OR VOLTAGE OR 
CONDITIONS CONDITIONS CURRENT LIMITS TERMINAL CURRENT LIMITS 

TERMINAL 

120 

NEGATIVE POSITIVE TERMINAL VOLTAGE NEGATIVE POSITIVE TERMINAL VOLTAGE 

2.6 0 1, 2, 6, 10 0 
1 ·2.5 <2.5 3.10 -6 3 -6 

9 <6 8 25mA 9 <6 
1.6 0 200Jl RESISTOR 

2 -8.5 0 3.10 -8.5 CONNECTED BElWEEN 
9 <6 TERMINALSNo.8 & No.1! 

1,2,6 0 

3 -10 0 9 <6 

1,2,6, 10 0 
9 0 +10 

3 -6 

10 -6 1,2,6 0 

1.2.6 , 0 

4 -8.5 0 9 <6 

10 -10 0 3 -6 

9 <6 

10 -6 1. 2. 6. 10 0 

1.2.6 0 3 -6 

5 -6 0 3.10 -6 
9 <6 

11 25 mA 9 <6 

200Jl RESISTOR 

1.2 0 
CONNECTED BElWEEN 
TERMINALS N .. IO&No.l1 

6 -2.5 <2.5 3.10 -6 
9 <6 INTERNAL CONNECTION 

INTERNAL CONNECTION 
12 DO NOT USE 

7 DO NOT USE INTERNALLY CONNECTED TO TERMINAL No.3 
CASE 

OPERATING TEMPERATURE RANGE ..........•.................. 

STORAGE TEMPERATURE RANGE ................... , ......... . 

LEAD TEMPERATURE (During Soldering): 
At distance 1{l6 ± 1/32 inch (1.59 ± O.79mm) 
from case for IO seconds max. . ................................ . 

MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE .............. . 

MAXIMUM COMMON·MODE INPUT -SIGNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION: 

·55 to 85°C 
Above 85°C ................................................ . 

(SUBSTRATE) DO NOT GROUND 

_55°C to +1250 C 

_65°C to +1500 C 

+2650C 

±4V 

±2.5 V 

450mW 

Derate linearly 5 mW ~C 



File No. 122 __________________________ _ 
CA3001 

ELECTRICAL CHARACTERISTICS, AT TA = 250 C, VCC = +6 V, VEE = -6 V 

LIMITS TYPICAL 

CHARACTERISTICS SPECIAL TEST CONDITIONS TEST CHARAC' 

(See Page 2 for SYMBOLS Terminals No.4 and No.5 CIRCUITS TYPE CA3001 TERISTICS 

Definitions of Terms) Not Connected CURVES 
Unless Specified 

Fig. Min. Typ. Max. Units Fig. 

STATIC CHARACTERISTICS: 

Input Offset Voltage VIO 4 1.5 mV 2 

Input Ollset CUrrent 110 5 1 10 ,.Po 2 

Input Bias Current II 5 16 36 ,.Po 3 

Output Ollset Voltage VOO RS = 1 kn 54 300 mV 6 

TERMNALS 

MODE 4 5 

Quiescent Operating V8 A NC NC 3.8 4.4 5 V 7 

Voltage OR 

Vll 
B NC VEE 4.8 V 7 

C VEE NC 2.7 V 7 

D VEE VEE 4 V 7 

A NC NC 60 78 120 mW 8 

B NC VEE 71 mW 8 
Device Dissipation Po 

C VEE NC llO mW 8 

D VEE VEE 86 mW 8 

DYNAMIC CHARACTERISTICS: 

Differential Voltage Gain 
ADIFF 

f = 1.75 MHz 16 19 dB 9 A, 9 B 

(Single-ended input and OUIPUI) f=20MHz 10 14 dB 9B 

Bandwidth at -3 dB Point BW RS= 50n 16 29 MHz NONE 

Maximum Output Voltage Swing VOUT(P-P) RS = 50n f = 1.75 MHz 5 Vp_p NONE 

f - l.75 MHz, RS = 1 KO 14 5 8 dB \0 
Noise Figure NF 

I f' ll_7 MHz, RS ' 1 KO 14 7_7 dB 10 

Common·MOde Rejection Ratio CMRR f·, 1 KHz 16 70 88 dB 12 

Input Impedance Components: 

Parallel Input Resistance RIN f·· 1.75 MHz 50 140 Kfl 14 

Parallel Input Capacitance CIN f· 1.75 MHz 3.4 7 pF 14 

Output Res istance ROUT f 1.75 MHz 45 70 n NONE 

AGe Range (Maximum voltage AGe f 1.75 MHz 19 55 60 dB NONE 
gain to complete cutoff) 
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TYPICAL STATIC CHARACTERISTICS 
POSITIVE DC SUPPLY VOLTS (VCC)-+6 
NEGATIVE DC SUPPLY VOLTS IVEEJ--6 

p,..":ser 
~r46e 

OFFSET CURIIEIVT 

-so -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE ITA)--C '2eS-IUleRI 

F1!I.2 • Input offset vo/to!lfl anJ current vs. temperature. 

POSITIVE DC SUPPLY VOLTS (VCCJ-+& 
NEGATIVE DC SUPPLY VOLTS IVEEJ--& 

-75 -so -25 0 25 75 
AMBIENT TEMPERATURE (TAJ--C 92CS-I529IRI 

Fi!l.3· Input "ias cu"ent va. temperature. 

TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS 

Vee 
+6v 

92CS-13587 

I. AdJuat VB tor VOUT(DC) = 0 t 0.1 V 2 ......... VI: ad record 
Input off ... volt ... (VIO) la IIIV •• VE -

Vlo=iOOo 

Fi!l.4. Input oHset vo/toge test circuit. 

POSITIVE DC SUPPLY. VOLTS (Vee)-+' 

N£GATN£ oc SUPPLY VOLTS (V£E)--6 

> 80 

t "l 70 

~ 
~ 60 

~ 50 
o 

-!IO -25 o 25 75 

AMBIENT TEIFERATURE CTA)--C 

'00 '25 

'ZCS-1329OR1 

Fi!l.6 • Output oHset vo/toge vs. temperature. 

122 

IIO' II,-I61 

II,I+II61 
1I---2--

"ce 
+6V 

92CS-I)5H 

Fi!l.S • Input oHset current onJ input "ias current 
test circu';t. 

POSITIVE DC SUPPLY VOL T5 (Vee)· +6 

NEGATIVE DC SUPPLY VOLTS 'Va) --6 

MODE 

EA 

MOOED 

ODEC 

-so -25 0 25 
AMBIENT TEMPERATURE ITA) --c 

'00 '25 

92CS-ISS71A1 

Fi!l.7 • Quiescent operatin!l voltage vs. temperature. 



File No. 122 ___________________________ _ CA3001 

TYPICAL STATIC CHARACTERISTICS 

130 

120 

MODE C 

~ 90 

"' ~ 80 
MODE D 

70 
MODE A 

MODE B 
60 
-75 -50 -ZS 0 25 50 75 100 125 

AMBIENT TEMPERATURE (TA)--C 

92C$-14988 

Fig.8 - Device c/issipation vs. temperature. 

TYPIC;AL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

POSITIVE DC SUPPLY VOLTS (VCC,,,+6 
NEGATIVE DC SUPPLY VOLTS {VEE)"-G 
FREQUENCY (f) ~1.7S MHz 

18.7 

'" I IS.6 

:l 
; 18.5 

"' '" i! 18.4 

g 
18.3 

18.2 
-75 -50 -25 0 25 50 7S 100 125 

AMBIENT TEMPERATURE (TA1--C 92C5-13;287 

Fig.9a • Differential voltage gain vs. temperature. 

SOURCE RESISTANCE (Rsl-a 
92C5-1.1284 

Fig.lO- Noise figure vs. source resistance and frequency. 

POSITIVE DC SUPPL.Y VOLTS (VCCI· ... 6 
NEGATIVE DC SUPPLY VOLTS {VEEI·-6 
AMBIENT TEMPERATURE {TA)s2S·C 

20 

........ 
'" I 

16 

~ 
z 12 

~ 
\lj 

S 1\ .. 
" 0 

1\ > 
4 

\ 
, . 6. , 4 6. , 4 6. , 4 6. 

0.1 10 100 1000 
FREQUENCY (fI- MHz 92CS-13ZS2RI 

Fig.9" • Differential voltage gain vs. frequency. 

Vee 
+6V 

VEE 
-6V 

92CS-I3S53 

* Separate tuned input circuits are used for 1.75 MHz and 11.7 MHz. 
Source--resistance matching taps adjusted with circuit tuned to 
resonance and with SO-ohm resistor connected to simulate 
noise diode. 

Fig.lI. Noise figure test circuit. 
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TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUIT 

POSITIVE DC SUPPLY VOLTS 1VCC)·+6 
t.EGATIVE DC SUPPLY VOLTS (VEE)·-6 
FREQUENCY If) .. I kHz 

-75 -so -2~ 0 2~ 50 75 100 125 
AMBIENT TEMPERATURE (TAl-·C 92CS-13288 

Fig.J2 - Common-mode rejection ratio VB. temperature. 

POSITIVE OC SUPPLY VOLTS 1Vee): ... 6 
NEGATIVE DC SUPPLY VOLTS (VEE) ·-6 
AMBIENT TEMPERATURE ITA}.2S·C 

120 2 

" a 100 

'" 
10 'k 

I INPUT I 
il CAPACITANCE Z 
!!;so 82 .. .. 
!i! !i! e60 ........ 

6 1! 
u 

~ ). ~ 
.. 40 4 :! 
I- INPUT/ 

~ ~ "-~20 RESISTANCE 
2 ~ 

-I-- 0 
2 . .. 2 ... 2 ... 2 ••• O~I 0.1 I ~ 100 

FREQUENCY (1)- MHz 9ZCS-13281 

Fig.J4 - Input impeJance components vs./requency. 

124 

Vee 
.6V 

COMMON-MODE REJECTION RATIO 
CMR- ZO LOGIO (4-1 (2)(0.3) 

EdcrmlJ 

*A: SINGLE - ENDED YOLTAGE 
GAIN 

OSCILLOSCOPE 
WITH HIGH-GAIN 

DIFFERENTIAL 
INPUT 

(TEKTRONIX TYPE 
530, 540, OR 580 

WITH TYPED PWG-IN 
TEKTRONIX TYPE 502. 

OR 
EQUIVALENT) 

Fig.IJ - Common-moJe rej.dion ratio test circuit. 

37-250 
pf 

O.OI"F 

A WITH S IN POSITION X 
AGe RANGE· 20 LOGIO A 'WITH S IN POSITION Y 

92CS-13!1B6 

Fig.IS ,- AGC ronp test circuit. 
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OOCD3LJD 
Solid State 
Division 

Linear Integrated Circuits 

CA3002 

IF Amplifier 

• Designed for use in Communication Equipment 

• Balanced differential amplifie, canfiguration with controlled constant·current source 
provides outstanding versatility 

• Built·in temperature stability for operation from ·550 C to +12SOC 

• Companion Application Nate ICAN·5036 • Application of the RCA.3002 Integrated.Circuit 
IF Amplifier" covers different operating modes, cross modulation, gain cantrol, 4.stage 
amplifier design, and an envelope and product detector analysi s. 

11·73 

APPLICATIONS 

• Product Detector 

.IF & Video 
Amplifier 

• AM Detector 

• Schmitt Trigger 

HIGHLIGHTS 

• Input Resistance • • • • •• 100 kn typo 
• Output Resistan.ce . • • • . 70 n typo 
• Voltage Gain •. 24 dB typo @ 1.75 MHz 
• Push·Pull Input, Single. Ended Output 
• ·3 dB Bandwidth •••••• 11 MHz typo 
• AGC Range. • • • • • • • •• 80 dB typo 
• Useful Frequency Ranqe DC to •• 15 MHz 

SCHEMATIC DIAGRAM 

9 v+ 

RS 
2,SK 

'R9 

01 
500 

R7 
02 5K 

R" 
IK 

CASE AND SUBSTRATE 

ALL RESISTORS ARE IN OHMS 

*TERMINAL No.6 IS AN 
INTERNAL CONNECTION 

DO NOT USE 

92CS-12953RZ 
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ABSOLUTE·MAXIMUM VOLTAGE AND CURR ENT LIMITS, at TA = 25°C 
Indicated voltage or current limits for each terminal can be applied under tbe specified 
operatiDa' conditions for other terminals. 

All volt8l'es are with reapect to around (-Vee, +VEE,)or common terminal of Positive 
and Nelative DC 8upplies). 

VOLTAGE OR CURRENT VOLTAGE OR CURRENT 
LIMITS CONDITIONS UMITS CONDITIONS 

TERMINAL 

1 

2 

3 

4 

5 

CASE 

NEGATIVE POSITIVE TERMINAL VOLTAGE 
TERMINAL 

NEGATIVE POSITIVE TERMINAL VOLTAGE 
2,7 -8 

-8V OV 5, 10 0 
9 +6 

6 INTERNAL CONNECTION 
DO NOT USE 

·10 V OV 1,5, 10 0 
9 +6 

1,5,10 0 
7 ·12 V OV 2 -& 

1,5, 10 0 9 +6 

-8.5 V OV 7 -& 1,5,7,10 0 
9 +6 8 20mA 2 -& 

1,5, 10 0 
9 +6 

-8V OV 2,7 -8 200 n ReslalGl Between 
9 +6 Terminals 7 & 8 

I, 10 0 1,5, 10 
.3,5 V +3.5 V 2,7 -& 

9 +6 
9 OV +10 V 2,3,7 

-INTERNALLY CONNECTED TO TERMINAL No.2 
(SUBSTRATE) DO NOT GROUND 

1,5 
10 ·3.SV +3.SV 2,7 

9 

OPERATlNG·TEMPERATURE RANGE ...•.................... ·550 C to +1250 C 

STORAGE-TEMPERATURE RANGE .......•.................. ·650C to +1500 C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 

from case for 10 seconds max. 

MAXIMUM INPUT-SIGNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION: 

·55 to 85°C 

Above 85°C 
450mW 

Derate linearly 5 mW?C 

ST ATIC CHARACTERISTICS AND TEST CIRCUITS 

POSITIVE DC SUPPLY VOLTSWCC)- +8 
NEGATIVE DC SUPPLY VOLTS (YEE). -6 

;20 .. 
~ 10 

POSITIVE DC SUPPLY VOLTS (Vee). +& 
NEGATIYE DC SUPPLY VOLTS (VEE). -6 

0 
-& 

0 
-& 
+6 

_ _ _ 0 ~ ~ ~ ~ ~ _ _ _ 0 ~ ~ ~ ~ ~ 

AMBIENT TEMPERATURE (TAl _·c 92C~H"4S 

Fig.3 -Input bios current vs temperotur •• 

AMBIENT TEMPERATURE (TA)--C '2CS-"'547 

Fig.2 • Input unbalance voltage & current vs temperature. 

126 



File No. 123 ____________________________ CA3002 

ELECTRICAL CHARACTERISTICS, at T A =250 C, VCC = +6 V, VEE =.6 V 

CHARACTERISTICS 

STATIC CHARACTERISTICS: 
• nput Offset Voltage 

Input Unbalance Current 

Input Bias Current 

Quiescent Operating 
Voltage 

Device Dissipation 

DYNAMIC CHARACTERISTICS: 

Differential Voltage Gain 
(Single-Ended Input 
and Output) 

Bandwidth at -3 dB Point 

Maximum Output Voltage SWing 

Noise Figure 

Input Impedance Components: 

Parallel Input Resistance 

Parallel Input Capacitance 

Output Resistance 

AGC Range (Maximum Voltage 
Gain to Complete Cutoff 

SPEC IAL TEST COND ITIONS TEST 
SYMBOLS TERMINALS No.3 & No.4 

NOT CONNECTED 
CIRCUITS 

UNLESS OTHERWISE NOTED 
Fig. Min. 

VIO 4 . 
IIU -
II -

MODE TERMINAL 
2, 4 

A VEE NC -
B VEE VEE -

PT -

VIN'10mV 
ADIFF f = 1.75 MHz 19 

RS_ 50n 

BW RS'50Q V IN'10mV -
VOUT(P-P) -

NF f = 1.75 MHz RS = I ill 12 -

RIN f = 1.75 MHz None -
.CIN f = 1.75 MHz None -
RDUT f = 1.75 Mllz 14 -
AGC f = 1.75 MHz 18 60 

STATIC CHARACTERISTICS AND TEST CIRCUITS 

", ... ..... o . ... " zZ 
~ci2 
:3~ 
-:0 => .. 
O~I 

POSITIVE DC SUPPLY VOLTS (Vee). +6 
NEGATIVE DC SUPPLY VOLTS (VEE). -6 

00 

MODE A 

_ _ _ 0 ~ ~ ~ ~ ~ 

AMBIENT TEMPERATURE (TA )~C 
92CS-13562 

Fig.4 - Quiescent operating voltage vs temperature. 

LIMITS TYPICAL 
CHARAC· 

CA3002 TERISTICS 
CURVES 

Typ. Max. Units Fig. 

2.2 - mV 2 

2.2 10 /LA 2 

20 36 ,.A 3 

2.8 - V 4 

' 3.9 - V 4 

55 - mW None 

24 - dB 5 & ,5 

11 - MHz 6 

5.5 - Vp_p None 

4 8 dB 1 

lOOk n None 

4 - pF None 

70 - n '9a & 9b 

80 - dB 12 
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DYNAMIC OfARACTERISTICS 

POSITIVE DC SUPPLY VOLTS (Yee)· +6 
NEGATIVE DC SUPPLY VOLTS lYEE)· -& 

FREQUENCY If) -1.75 MHz 

25 

22 
-75 -50 -25 0 2S 50 75 100 125 

AMBENT TEMPERATURE (TAI-SC 

92C$-13344 

Fig. Sa - DiHerential voltage gain vs temperature. 

POSITIVE DC SUPPLY VOLTS (Vee'. +~ 
NEGATIVE DC SUPPLY VOLTS (VEE'. -6 
AMBIENT TEMPERATURE ITA» -25·C 

20 .. 
'" ~ 

~ 15 
'\. 

~ 
10 ~ '\ 

~ 1'\ 5 

2 4 •• 2 4 •• 2 4 .. 
0.1 10 

FREQUENCY (f)-MHz 
92CS-13382 

Fig. 5b - DiHerential voltage gain vs frequency. 

DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

POSITIVE DC SUPPLY VOLTS lYee)- +6 
NEGATIVE DC SUPPLY VOLTS WEE'· - 6 

9 
-75 -50 -25 0 25 50 15 100 125 

AMBIENT TEMPERATURE (TA) _·C 
92CS-13346 

Fig. 6 • Bandwidth at .3 dB point vs temperature. 

Vee 
+6V 

VEE 
-6V 

92CS-I3566 

*!m.s:,t ~~~~tet.. ~::~~: !~dl~:~edM~lv::r~ ~.'fiS,e~ls~~ 
cannected to simulate the noise diode. 

Fig. 8 " Hoise figure. 
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o 

POSITIVE" DC SUPPLY VOLTS (Vee)· +6 
NEGATIVE DC SUPPLY VOLTS tvEEl· 6 
AMBIENT "TEMPERATURE (TA)-Z5-C 
FREQUENCY (f) • l75 MHz 

500 1000 1500 
SOURCE RESISTANCE (Rs)-Q 

2000 

92CS-13397 

Fig. 7 - Noise ligure vs source resistance. 

a 
-70 "50 

POSITIVE DC SUPPLY VOLTS (VCC). +6 
NEGATIVE DC SUPPLY VOLTS (VEE). 6 
FREQUENCY (f) .. 1.75 MHz 

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

92CS-13399 

Fig. 9a ." Output resistance vs temperature. 
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DYNAMIC CHARACTERISTIC AND TEST CIRCUIT 

POSITIVE DC SUPPLY VOLTS (Vee)- +6 
NEGATIVE DC SUPPLY VOLTS (VEE). -6 
AMBIENT TEMPERATURE (fA )-Z5-C 

10 15 20 2:; 30 
FREQUENCY (f)-MHz 

92CS-I"'OO 

Fig. 9b • Output resistance vs Irequency. 

1) Increase both input-signal tones until the 212-f1 and 2f,-f2 output
signal voltages are 30 dB below the f, and f2 output-signal voltages. 

2) Measure rms values of the input and output signal voltages. 

3) The measured input signal voltage is that value when the 3rd-har
monic intarmodulation products are 30 dB below the fundamen
tal outputs. 

Fig. 11 - Intermadulatian Test Circuit. 

1) Set altenuator at 80 dB altenuation. 
2) Set variable de supply voltage at 0 V. 
3) Increase signal Input voltage until RF V.T.V.M. Indicates 5 mV 

output. 
4) Set variable de supply voltage at ~ V. 
5) Adjust altenuator until RF V.T.V.M. again Indicates 5 mV output. 
6) Change In altenuator setting In dB is total AGe Range. 

POSITIVE DC SUPPLY VOLTS (Vee)- +6 
NEGATIVE DC SUPPLY VOLTS (VEE). -6 
FREQUENCY (f) • 1.75 MHz 
INPUT ADJUSTED FOR 3rd ORDER. HARMONIC !: 

30 dB BELOW FUNDAMENTAL. 

INp To 

OUT U.T 

-75 -so -25 0 25 50 ~ 100 125 

AMBIENT TEMPERATURE (TAl-DC 
92CS-13402 

Fig. 10 - Input level far - 30 dB intermadulation 
vs. temperature 

POSITIVE DC SUPPLY VOLTS (VCC)· +6 
NEGATIVE DC SUPPLY VOLTS (VEE). 6 
AM81ENT TEMPERATURE (TAl ·2~DC 

-40 

o 10 115 20 215 30 

FREQUENCY (f)-M~z 

Fig. 12- AGC range vs Irequency. 

SIGNAL 
SOURCE 

(HEWLETT
PACKARD 

TYPE 6158 OR 
EQUIVALENT) 

Vee 
+6V 

92CS-1356S 

fig. 13- AGC range. 
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FileNo. 124 

oornLJD Linear Integrated Circuits 
Solid State 
Division 

CA3004 

RF Amplifier 
Monolithic SIlicon 

• Designed for use in Communicotions Equipment 

• Balonced Differential-Amplifier Configuration with Controlled Constant-Current 
Source Provides Unexcelled Versatility 

• Push-Pull Input anel Output • Mix.r 

• Wlel. anti Ma ... w-Ianel Ampllfi.r • Limiter 

• AGC • Modulator 

• Oetector o. Operation fratn DC to 100 Mc/. 
• RF. IF. and Viel .. Frequency 

Capability 

• Built-in Temperature Stability for Operation from -SSO C to +1250 C 

• Similar to RCA CA300S and CA3006, plus Emitter-Degeneration Resistors 
to Provid" More Linear Transfer CharQcteristic and Increased Input-Signal 
Handling Capability 

• Companion Application Note ICAN 5022 II Application of RCA CA3004. CA300S. 
and CA3006 Integrated Circuit RF Amplifiers", covers characteristics oof 
different operating macles, noise performance, cross-modulation, mixer, AGC, 
limit.r, detector, and amplifier design considerations. 

SCHEMATic DIAGRAM FDR CA3004 

R! 

RS 

D, 

R, 
DZ 

R4 

RZ 

4 --NOTE. Connect T .... lnal N.~ 10 to .... t 
p •• ltlv. IIc suppl, yolt ... u •• d for 
circuit. 

Flg.1 

"'·73 
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ABSOLUTE·MAXIMUM VOLTAGE LIMITS, at TFA = 2SoC 

Voltage limits shown for each terminal can be applied under the indicated circuit conditions for other terminals. 
AU voltages are with respect to GROUND (common terminal of Positive and Negative DC Supplies) 

TERMINAL 
VOLTAGE LIMITS CONDITIONS VOLTAGE LIMITS CONDITIONS 

TERMINAL 
NEGATIVE POSITIVE TERMINAL VOLTAGE NEGATIVE POSITIVE TERMINAL VOLTAGE 

1 NO CONNECTION 7 NO CONN ECTION 

.6 0 8 NO CONNECTION 
12 0 2 0 
3 ·9.5 

2 -9.5 0 9 is 
3 -6 
6 0 

10 is 9 0 +12 10 is 
II is 11 is 
2 0 12 0 
6 0 2 0 
9 is 

3 -12 0 10 is 
II is 

3 -6 

10 +12 
6 0 

0 9 is 
12 0 11 is 

2 0 12 0 
6 0 2 0 

4 -12 
9 is 

0 10 is 
11 is 

3 -6 
6 0 

11 0 +12 10 is 
12 0 II is 

2,6,12 0 12 0 
3 -6 2 0 

5 -6 0 9 is 3 -6 
10 is 
11 is 

6 0 
12 -3.5 +3.5 9 is 

2 0 10 is 

3 -6 11 is 
9 is 

6 -3.5 +3.5 10 is 
CASE INTERNALLY CONNECTED TO TERMINAL 

NO.3 (SUBSTRATE) DO NOT GROUND 
11 is 
12 0 

OPERATING-TEMPERATURE RANGE ............... _55°C to +I2SoC 

STORAGE-TEMPERATURE RANGE ................. 6SoC to +ISOoC 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max. . .................. +26SoC 

MAXIMUM SINGLE-ENDED INPUT-
SIGNAL VOLTAGE .......................... ±3.5 V 

MAXIMUM COMMON·MODE INPUT· 
SIGNAL VOLTAGE .......................... -2.5 V. +3.5 V 

MAXIMUM DEVICE DISSIPATION ................. 300 mW 
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ELECTRICAL CHARACTERISTICS, at TFA = 250 e, Vee = -l6V, VEE = -6 V unless otherwise specified 

LIMITS TYPICAL 
CHARAC' TEST 

CHARACTERISTICS 
SPECIAL TEST CONDITIONS 

CIRCUIT 
TYPE TERISTICS SYMBOLS 

Terminals No.4 and NO.5 Open CA3004 CURVES 
Unless Otherwise Specified Fig. Min. Typ. Max. Unils Fig. 

STATIC CHARACTERISTICS 

Input Offset Vol tage 11[0 Fig.4 - 1.7 5 mV Fig.2 

Input Offset Current 110 Fig. 5 - 0.125 5 pA Fig.2 

Input Bias Current II Fig.5 - 21 40 p.A Fig.3 

TERMINALS 

4 5 

Quiescent 19 NC NC Fig.a - 1 - mA Fig.& 
Operating or 
Current III VEE NC Fig.8 - 2.7 - mA Fig.& 

NC VEE Fig.a - 0.45 - mA Fig.& 

VEE VEE Fig.a - 1.25 - mA Fig.6 

Quiescent Operating 
Current Ratio 19/1l1 Fig.a - 1.1 - - Fig.7 

Device Dissipation PT Fig.a - 26 - mW NONE 

DYNAMIC CHARACTERISTICS 

Power Gain Gp f = 100 Mcls Fig. 11 10 12 - dB Fig.9 

Noise Figure NF f = 100 Mcls Fig. 11 - &.3 9 dB Fig.10 

common Mode CMR f = 1 Kcls Fig. 13 Rejection Ratio - 98 - dB Fig.12 

AGC Range (Max.. Voltage 
NONE Gain to Compiete Cutoff) AGC f = 1.75 Mcls Fig.14 ·&0 - - dB 

DEFINITIONS OF TERMS 

Input Offset Voltage 

The difference in the dc voltages which must be applied to the input 
terminals to obtain equal quiescent operating voltages (zero output 
offset voltage) at the output terminals. 

Input Ollset Current 

The difference in the currents at the two input terminals when the 
quiescent operating voltages at the two output terminals are equal. 

Input Bias Current 

The average value (one-half the sum) of the currents at the two 
input terminals when the quiescent operating voltages at the two 
output terminals are equal. 

Quiescent Operating Current 
The average (dc) value of the current In either output terminal. 

Quiescent Operating Current Ratio 
The ratio of the Quiescent operating currents in the two output 
terminals. 

Device Dissipation 

The total power drain of the device with no signal applied and no ex
ternal load current. 

132 

Power Gain 
The ratio of the signal power developed at the output of the device 
to the signal power applied to the input. expressed in dB. 

Noise Figure 
The ratio of the total noise power of the device and a resistive 
signal source to the noise power of the signal !l;ource alone, the 
signal source representing a generator of zero impedance in series 
with the source resistance. 

Common·Mode Rejection Ratio 
The ratio of the full differential voltage gain to the common·mode 
voltage gain. 

Common-Mod. Voltage Gain 

The ratio of the signal voltages developed between the two output 
terminals to the signal VQltage applied to the lyio input terminals 
connected in parallel fOI ac. 

Differential Valtage Gain 
The ratio of the change in output voltage at either output terminal 
with ,esp~t to ground, to a change in input voltage at either input 
terminal with respect to ground, with the other input terminal at 
ac ground. 

AGC Ronge 
The total change in Yoltage gain (from maximum gain to complete 
cutoff) which may be achieved by application of the specified range 
of dc voltage to the AGC .input terminal of the device. 
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TYP.ICAL STATIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3004 
IN,PUT OFFSET VOLTAGE ANO CURRENT 

VS TEMPERATURE 

POSITIVE DC SUPPLY VOLTS (Vee). +6 
NEGATIVE DC SUPPLY VOLTS (VEE). -6 

",Z 

~ ~1.5 
... '" 0" >u 
...... I 
~~ 
~tt 
o 00!5 

~~ 
zZo 

-75 -50 

Of'F:SE OLTA E 

-2!!i 0 25 50 75 100 125 

FREE-AIR TEMPERATURE (TFA)-OC 
92CS-13302 

Flg.2 

INPUT OFFSET VOLTAGE TEST CIRCUIT 

I. ADJUST RI FOR Your -O-J:O.IV 
2. RECORD VIa 

-6 V 
VEE 

Fig.4 

0.1 

J."F 
92CS-13578 

QUIESCENT OPERATING CURRENT VS TEMPERATURE 

POSITIVE DC SUPPLY VOLTS (Vee). +6 
NEGATIVE DC SUPPLY VOLTS (VEE). -6 

• TERMINALS No, 4 &. No. l:5 
CONNECTED TO YEE 

- - • TERMINALS No. 4 &. No. 5 OPEN 

25 50 15 100 125 
FREE-AIR TEMPERATURE (TFA)-OC 

Fig.6 

INPUT BIAS CURRENT VS TEMPERATURE 

... 
Z ... 
~ 30 

G .. .. 20 .. 
~ 10 

POSITIVE DC SUPPLY VOLTS (Vee). +6 
NEGATIVE DC SUPPLY VOLTS (VEE).-6 

-00 -25 0 100 12. 
FREE-AIR TEMPERATURE (TFA)--C 

92(;$-13368 

Fig.3 

INPUT OFFSET CURRENT AND BIAS CURRENT 
TEST CIRCUIT 

Vee 
.6 V 

-6 V 
VEE 

O.lI4F 

~ 
INPUT OFFSET 
CURRENT crrol-lr'2 - r6i 

INPUT BIAS 1:'2 + 1:6 
CURRENT (II).--2-

9ZCS-13579 

QUIESCENT OPERATING CURRENT RATIO 
VS TEMPERATURE 

~lij 
1.5 

Ii 
~--,," 
u .. 
,," I 
z"' 
~o 
", .. 

o 

POSITIVE DC SUPPLY VOLTS (VCC)" +6 
NEGATIVE DC SUPPLY VOLTS (VEE)· -6 

-75 -50 -25 25 50 75 100 125 

FREE-AIR TEMPERATURE (TFA)-·C 
9ZCS-13304 

Fig.7 
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TEST CIRCUIT FOR TYPE CA3004 

QUIESCENT OPERATING CURRENT, QUIESCENT 
OPERAT.ING CURRENT RATIO, AND DEVICE 

DISSIPATION TEST CIRCUIT 

Vee 
+6V 

0.1 tf-r--+------, 

-& V 
VEE 

Flg.8 

I2CS-I:S577 

TYPICAL DYNAMIC CHARACTERISTICS ;FOR TYPE CA3004 

POWER GAIN VS FREQUENCY NOISE FIGURE VS FREQUENCY 

POSITIVE DC SUPPLY YOLTS (Vee). +6 POSITIVE DC SUPPLY VOLTS (Vee). +6 
NEGATIVE DC SUPPLY YOLTS (VEE)--6 
FREE-AIR TEMPERATIJRE eTFAI • 25"1: 

NEGATIVE DC SUPPLY YOLTS (YEE)· -6 
FREE -AIR TEMP£IIATURE (TFAI • 25"1: 

SOURCE IMPEDANCE (R,I • 50 A 
LOAD IMPEDANCE (RL) • !;O sa 

SOURCE RESISTANCE (R,I • 50 A .. r-.... 
e e I 

I ....... 
~ 15 

z 
i 10 

I 5 

i 6 

I ...... V 
III 5 

" i 

I • • • • • T • • 10 
Fft£QUENCY (fI-McIs 

• • • • 10 
FREQUENCyetl-Melll 

Flg.9 Fill. 10 
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CA3004 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3004 

100 Mel. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
vee 

50D 
SIGNAL 

SOURCE-
OR 

NOISE 
DIODE" 

0.4-0.7 
~H 

·FDR POWER-GAIN TEST 

·FOR NOISE-FIGURE TEST 

+6V 

Fig. 11 

COMMON.MODE REJECTION RATIO TEST CIRCUIT 

vee 
+6V 

COMWON- MODE REJECTION RATIO 
CMR-20 LOGIOIA-1(2)(o.51 Ve:E 

Edt'ms) -6V 

·A-SlNGLE-ENDED VOLTAGE 
GAIN 

Flg.13 

OSCILLOSCOPE 
WITH HIGH-GAIN 

DIFFERENTIAL 
INPUT 

(TEKTRONIX TYPE 
530. 540, OR 580 

WITH TYPE 0 PWG-IN 
TEKTRONIX TYPE 502. 

OR 
[QUIYALENT) 

COMMON·MODE REJECTION RATIO VS TEMPERATURE 

POSITIVE DC SUPPLY VOLTS (Vee). +. 
NEGATIVE DC SUPPLY VOLTS (VEE'- -s 
FR£QUENCY (fl. I Kc/. 

-50 -2!i 0 

FREE-AIR TEIlPERATURE ITFAI-"C 

Flg.12 

AGC RANGE TEST CIRCUIT 
37-250 

pI 
Vee 
+6V 

100 12' 

A WITH S IN pOSITION X 
Me RANGE· 20 LOOK) A WITH S IN POSITION Y 

tlCS-ISSII 

Flg.14 
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OO(]3LJl] Linear Integrated Circuits 
Solid State 
Division 

RF Amplifiers 
Monolithic Silicon 

- Designed for use in Communications Equipment 

- Balanced Differential Amplifier Configuration with Controlled Constant·Current 
Source to Provide Unexcelled Versatility 

- Push·Pull Input and Output • Operation from DC to \00 MHz 

- Wide and Harrow Band Amplifier _ Mixer 

- AGC • Lillliter 

• Detector • Modulator 

- RF, IF, and Video 
Frequency Capability 

• Cascade Amplifier 

• Built.in Temperature Stability for Operation from ·55" C to +125" C 

- Companion Application Note, ICAN 5022 "Application of RCA CA3004, CA300S, 
and CA3006 Integrated Circ. it RF Amplifiers", covers characteristics of 
different operating modes, noise performance, cross-modulation, mixer, AGC 
limiter, detector, and amplifier design considel'Cltions. 

SCHEMATIC DIAGRAM FOR CA3005 AND CA3006 

CASE AND 
SUBSTRATE RESISTANCE VALUES 

IN OHMS 
92CS-13343RI 

NOTE, Connect Terminal No.9 to most 
positive de supply voltag. u •• d for 
circuit. 

FI •• I 

CA3005 
CA3006 

11·73 
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ABSOLUTE-MAXIMUM VOLTAGE LIMITS, at TFA = 25°C 
Voltage limits shown for each terminal can be applied under the indicated voltage conditions for other tenninals. 
All voltages nre with respect to GROUND (common terminal of Positive and Negative DC Supplies) 

TERMINAL 
VOLTAGE LIMITS CONDITIONS 

TERMINAL 
VOLTAGE LIMITS CONDITIONS 

NEGATIVE POSITIVE TERMINAL VOLTAGE NEGATIVE POSITIVE TERMINAL VOLTAGE 

7 0 I 0 
8 -6 7 0 

1 -3.5 +3.5 9 +6 
10 +6 

9 +6 
8 ·12 0 10 +6 

11 +6 11 +6 
12 0 12 0 

2 TEST POINT: DO NOT APPLY VOLTAGE FROM I 0 
EXTERNAL SOURCE 7 0 

1 0 
7 0 

8 -6 
9 0 +12 10 +6 

8 -9.5 
3 -9.5 0 9 +6 

10 +6 
11 +6 
12 0 

11 +6 
12 0 I 0 

1 0 7 0 
7 0 8 -6 
8 -6 

4 -6 0 9 +6 
10 +6 

10 0 +12 9 +6 
11 +6 

11 +6 
12 0 12 0 

I 0 
7 0 

5 -12 
9 +6 

0 10 +6 
11 +6 
12 0 

I 0 
7 0 
8 -6 

11 0 +12 9 +6 
10 +6 
12 0 

I 0 
7 0 
9 +6 

6 -6 0 10 +6 

8 ·9.5 
9 +6 

12 ·9.5 0 10 +6 
11 +6 

11 +6 CASE Internallv connected to Terminal No.8 (substrate) 
12 -6 DO NOT GROUND 

I 0 
8 -6 
9 +6 

7 -3.5 +3.5 10 +6 
11 +6 
12 0 

OPERATING·TEMPERATURE RANGE ............... ·SsoC to +12SoC 

STORAGE·TEMPERATURE RANGE ................ ·6SoC to +ISOoC 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max.. .................. . +26SoC 

MAXIMUM SINGLE·ENDED INPUT· 
SIGNAL VOLTAGE .......................... ±3.5 V 

MAXIMUM COMMON·MODE INPUT· 
SIGNAL VOLTAGE .......................... ·2.5 V. +3.5 V 

MAXIMUM DEVICE DISSIPATION ................. 300 mW 
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ELECTRICAL CHARACTERISTICS, at TA = 250 e, Vee = -I6V,VEE = -6V 

LIMITS TYPICAL 
TEST 

TYPE 
CHARAC· 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS CIRCUITS TYPE TERISTICS 
Terminals No.3,4,5, and 6 Not CA300S CA3006 CURVES 
Connected Except Where Noted Fig. Min. Typ. Max. Min. Typ. Max. Fig. 

STATIC CHARACTERISTICS 
Input Offset Voltage vlO Fig.3 - 2.6 5 - 0.8 I mV FIg.2 

Input Offset CUrrent 110 Fig.4 - 1.4 - - 1.4 - pA FiI.2 
Input Bias CUrrent liB Fig.4 - 19 40 - 19 40 pA Fig.5 

TERMINALS 

110 
_4_ _5_ 

Quiescent 
~ ~ Fig.8 - I - - I - mA Fig.6 Operating o. 

Current 
III ~ ·VEE Fig.8 - 2.7 - - 2.1 - mA NONE 

·VEE NC Fig.8 - 0.45 - - 0.45 - mA NONE 
·VF. .~ Fig.8 - 1.25 - 1.25 mA FiL6 

Quiescent Operating 110 
Flg.8 - 1.05 - - 1.05 - - Fig.7 CUrrent Ratio Til 

Device Dissipation PT Fig.8 - 26 - - 26 - mW NONE 

DYNAMIC CHARACTERISTICS 
r = Cascade Confisuration Fig. 10 16 20 - 16 20 - dB IFIg.9 

Power Gain Gp 100 Differential-Ampl. 
MHz Configuration FIg. 12 .14 16 - 14 16 - dB Fig. 11 

1= Casco de COnfiguration Fig.IO - 7.8 9 - 7.8 9 dB Fig,13 
NOise Figure NF 100 Oillerential Ampl. 

MHz Confieuration Fig.12 - 7.8 9 - 7.8 9 dB Fig.14 

Common·Mode CMR I = I kHz Rejection Ratio Fig.16 - 101 - - 101 - dB Fig. 15 

AGC Range (Max. Voltage 
Gain to Complete CUtoln AGC 1= 1.75 MHz Flg.17 ·60 - - ·60 - - dB NONE 

TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPES CA300S AND CA3006 

·INPUT OFFSET VOLTAGE AND CURRENT INPUT OFFSET VOLTAGE TEST CIRCUIT 

I. ADJUST A. FOR VOUT-O.o.1V 
2.. RECORD VIO .I:. c;~ 

-. v 
VEE 

fREE-AIR TEIIP£RATURE CTFA)--C 

Frg.3 
Flg.2 
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TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPES CA3DOS AND CA30D6 

30 

1 
I 
!i .. .. 
!!i 
u .. 
~ .. ,0 
~ 
is 

INPUT BIAS CURRENT QUIESCENT OPERATING CURRENT 

POSITIVE DC SUPPLY VOLTS tVee)· +6 
NEGATIVE DC SUPPLY VOLTS (YEE)- -6 

-25 0 25 50 75 100 
FREE-A'R TEMPERATURE (TFA)-"C 

t2CS-135t5 

Flg.4 

POSITIVE DC SUPPLY VOLTS (Vee). +6 
"'EGATIYE DC SUPPLY VOLTS (VEE). -6 

• TERMINALS No. 4 6. No. :5 
CONNECTED TO VEE: 

- - • TERMINALS No. 4 B. No. 5 OPEN 

25 50 75 'DO 
FREE-AIR TEMPERATURE (TFA)--C 

Flg.5 

QUIESCENT OPERATING CURRENT RATIO 

POSITiVE DC SUPPLY VOLTS (Yee). +6 
NEGATIVE DC SUPPLY VOLTS (VEE). -6 

25 50 75 100 125 
FREE-4IR TEMPERATURE CTFAI--C 

OCS-15SI1 

Flg.6 

, .. 
92CS-I5511 
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TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPES CA300S AND CA3006 . 

POWER-GAIN (CASCO DE CONFIGURATION) 

CASCODE CONFlGURATION 
FREE-AIR TEMPERATURE (TFA) • 25· C 

40 

3. 

~ r-.. ...... 'Cc~ 
I 30 

rt;~ A 
~ 2' z ............ .t ......... F::~ c .. 20 
IZ i' ....... ... • " 0 .. 

10 

• • • • • • 7 • • 10 100 
FREQUENCY ('» - Mel. 

,ICS-IU', 

140 

Fig.7 

NOISE FIGURE AND POWER GAIN TEST CIRCUIT 
(CASCODE CONFIGURATION) 

I C1 
Mel. pF 

30 ·14-150 

100 5-40 

C2 
pF 

5·40 

5-40 

Vee 
+S" 

L1 
I'H 

0.3·0.6 

0.07-0.12 

• FOR POWER·GAIN TEST 

Y FOR NOISE·FIGURE TEST 

Flg.8 

L2 
I'H 

0.8·1.4 

0.15·0.3 

POWER·GAIN (DIFFERENTIAL·AMPLIFIER 
CONFIGURATION) 

DIFFERENTIAL-AMPLIFIER CONFIGURATION I FREE-AIR TEMPERATURE tTFAl- 25-C 

30 l' I 
2. ...... r-- 'q 

~ ~ I '"'' 1' .. " 
~ 20 ...... 
!! 
:I 

I • 
IZ ...... ... 
~ .. 

10 

• 

...... 

...... 

• • • • • 7 • • 
10 

FREQUENCy (f) - Mel. 

Flg.9 

NOISE FIGURE AND POWER· GAIN TEST CIRCUIT 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) 

I C1 
Mel. pF 

30 5-40 

100 1·12 

C2 
pF 

Vee 
+6V 

L1 
I'H 

1.5-20 1.2·2 

1·12 0.4-0.7 

• FOR POWER·GAIN TEST 

Y FOR NOISE·FIGURE TEST 

Fig. 10 

Li 
/LH 

1.2·2 

0.25-0.5 

100 
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TYPICAL DYNAMIC CHARACTERISTICS FOR TYPES CA3005 AND CA3006 

100·Me/. NOISE FIGURE VS. VEE (CASCODE 
CONFIGURATION) 

CASCODE CONFIGURATION 
PQSITIVE DC SUPPLY VOLTS tYee). +6 
FREE -AIR TEMPERATURE (TFA) • 2~-C 
FREQUENCY (fJ -100 Me/s 
SOURCE RESISTANCE (R,) • !so .a 

~ ~ ~ ~ ~ 4 ~ ~ 4 
NEGATIVE DC SUPPLY VOLTS (VEE) 

92CS-13385 

F;g.11 

COMMON·MODE·REJECTION RATio 

POSITIVE DC SUPPLY VOLTS tVeel. +6 
NEGATIVE DC SUPPLY VOLTS lYEE)- 6 
FREQUENCY (n • I kc/s 

-75 -so -25 0 25 50 75 

FREE-AIR TEMPERATURE (TFA)--c 

100 125 

lzes-IS515 

i 
!II 
I 

j;: 
2S ... 
0: 

~ 
;;: 

::! 
0 z 

100 Mel. NOISE FIGURE VS. VEE (DIFFERENTIAL 
AMPLIFIER CONFIGURATION) 

10 

5 

DIFFERENTIAL-AMPLIFIER CONFIGURATION 
POSITIVE DC SUPPLY VOLTS tVeel- +6 
FREE-AIR TEMPERATURE (TfAJ • 25-C 
FREQUENCY (f) • 100 Mc/s 
SOURCE RESISTANCE (R,) • 50 0. 

~ ~ ~ ~ ~ ~ 4 ~ ~ 4 
NEGATIVE DC SUPPLY VOLTS (VEE) 

Vee 
.6 V 

VEE 
-6 V 

F;g.12 

'"Q 

92CS-1H84 

OSCILLOSCOPE 
WITH HIGH-GAIN 
DIFFERENTIAL 

INPUT 
(TEKTRONIX TYPE 

530, 540, OR 580 
WITH TYPE 0 PLUG-IN 

®-__ ...L-j TEKTRONI~:YPE 502, 

EQUIVALENT) 

COMMON MODE REJECTION RATIO 

-20 LOGIO (A*) 121 (0.3) 

VDIFF tRMS) 

Flg.13 AGC RANGE TEST CIRCUIT 
*A-SINGLE-ENOED VOLTAGE GAIN 

37-2.50 
pI 

Vee 
.6V 

A WITH S IN POSITION I 
AGC RANGE. 20 LOGIO A WITH S IN POSITION 2: 

Flg.15 

FI •• 14 
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OO([8LJD Linear Integrated Circuits 

Solid State 
Division 

AF Ampl ifier 

CA3007 

• Designed for use in Sound Systems and Communication Equipment 

• Balanced differential-ampl ifier configuration with controrled constant-
current source provides for both audio ampl ification and phase inversion 

• Built-in temperature stability for operation from -SSoC to +12SoC 

• Eliminates need for audio driver transformer 

• Companion Appl ication Note, ICAN S037 "Appl ication of the RCA-CA3007 
Integrated Circuit Audio Driver" covers design of a dual supply audio 
driver in a di rect-coupled audio ampl ifier, and a single supply aud"io 
driver in a capacitor-coupled audio amplifier 

HIGHLIGHTS 
• Input Impedance •• 

• Output Impedance ••• 

ij kO typo 

60 n typo 

• Power Gain. • • • •• 22 dB typo 

• Push-Pull Input & Output 
• Direct Coupling to Class B Audio 

Ou tput Stage 

SCHEMATIC DIAGRAM 

RIS RIG 

OK ~'K ___ ----jf-__ +--' 

., .. 

R.llitane, val"'l are In Ohm. 

APPLI CAT! OMS 

• Audio Ampl ifier 
• Audio Driver 

'1-73 
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ABSOLUTE·MAXIMUM VOLTAGE LIMITS. at TA = 25° C 

Indicated voltage limits for each terminal can be applied under the specified operating conditions for other terminals. 
All voltages are with respect to ground (-¥ee. +VEE, or common terminal of Positive and Negative DC supplies). 

VOLTAGE LIMITS CONDITIONS VOLTAGE LIMITS CONDITIONS 
TERMINAL 

POSITIVE VOLTAGE 
TERMINAL 

NEGATIVE POSITIVE TERMINAL VOLTAGE NEGATIVE 

I -2.5 

2 -8 

3 -10 

4 -8.5 

5 -2.5 

6 -3 

7 -2.5 

TERMINAL 

2 0 2 0 
3 ·6 3 -6 
6 0 6 0 

+2.5 7 . 0 8 -2 0 7 0 
9 iii 9 iii 

11 0 11 0 
3 -8 2 0 
6 0 3 -6 

0 7 0 9 0 +10 6 0 
9 iii 7 0 

11 0 11 0 

6 0 2 0 
7 0 

0 9 iii 
11 0 

3 -6 

10 
6 0 

-2 0 7 0 
6 0 9 iii 

7 0 11 0 
0 9 iii I 0 

11 0 2 0 
2 0 
3 -6 

11 
3 -6 

-2.5 +2.5 6 0 

+2.5 
6 0 
7 0 

7 0 
9 iii 

9 iii 2 0 
11 0 3 -6 

2 0 
3 -6 

12 -2 0 
6 0 
7 0 

0 7 0 9 iii 

9 iii 11 0 
11 0 CASE INTERNALLY CONNECTED TO TERMINAL 

I 0 No.3 (SUBSTRATE) DO NOT GROUND 

2 0 

+2.5 
3 -6 
5 0 
6 0 
9 iii 

OPERATING-TEMPERATURE RANGE ........ ' ....... • SSoC to +12SoC 

STORAGE·TEMPERATURE RANGE ................• 6SoC to +ISOoC 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds max. . .................. +26SoC 

MAXIMUM SINGLE·ENDED INPUT· 
SIGNAL VOLTAGE .......................... ±2.5 V 

MAXIMUM COMMON·MODE INPUT· 
SIGNAL VOLTAGE .......................... ±2.5 V 

MAXIMUM DEVICE DISSIPATION ................. 300 mW 
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ELECTRICAL CHARACTERISTICS, at TFA = 25°e. Vee = +6 V, VEE = -6 V, 

LIMITS TYPICAL 

TEST TYPE CHARAC' 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS CIRCUITS CA3007 TERISTICS 
Pin 4 Not Connected Unless CURVES 

Otherwise Noted Fig. Min. Typ. Max. Units Fig. 

STATIC CHARACTERISTICS 

Input Unbalance Voltage VIU 3 - 0.57 5 mV 2 

Input Unbalance Current IIU 3 - 0.57 5 /LA 2 

Input Bias Current II 3 - 11 34 pA 4 

Qui.scent Operating 
Voltage Vs or VIO ~ - 0.S7 - V 5 

Device Dissipation PT 3 - 30 - mW NONE 

DYNAMIC CHARACTERISTICS 

Power Gain Gp f = I Kc/s 6 20 22 - dB NONE 

Total Harmonic 
Distortion THO f = I Kc/s 6 - 0.28 - % NONE 

Input Impedance ZIN f = I Kc/s 7 - 4K - fl NONE 

COmmon·Mode 9(A) - 77 - dB 8 Rejection Ratio CMR f = I Kc/s 9(B) 

TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUIT FOR CA3007 

INPUT UNBALANCE VOLTAGE AND CURRENT 

.s TEMPERATURE 

POSITIVE DC SUPPLY VOLTS (Vee). +6 
NEGATIVE DC SUPPLY VOLTS (VEE). -6 

>" •• II 
::>~ 
~O.8 
.. z 

144 

o 'CIJ 

2~ ~ 75 100 125 
FREE-AIR TEMPERATURE (TFA)--c 

92C5-13377 

Flg.2 

INPUT UNBALANCE'VOL TAGE & CURRENT, INPUT BIAS 

CURRENT, QUIESCENT OPERATING VOLTAGE, AND 

DEVICE DISSIPATION TEST CIRCUIT 

Vcc 
+6 V 

Rl and R2 matched to U%. 

PT = Vcclg + VEEI3 

92C5-1360' 

Ig = Direct Current into Terminal No.9 

13 = Direct Current out of Terminal No.3 

Fig.3 
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INPUT BIAS CURRENT YS TEMPERATURE 

G 
~ 
.. 10 

i 
, 
-." 

POSITIVE DC SUPPLY VOLTS (Vee). +6 
NEGATIVE DC SUPPLY VOLTS (VEE). -6 

-50 -2~ 0 

FREE-AIR TEMPERATURE (TFA)-·C 

Fig.4 

92CS-13375 

QUIESCENT OPERATING VOLTAGE YS TEMPERATURE 

POSITIVE DC SUPPLY VOLTS (Vee)" +6 
NEGATIVE DC SUPPLY VOLTS (VEE)" 6 

-ro -25 25 50 75 100 

FREE-AIR TEMPERATURE ITFA)-·C 

Fig.S 

# 

92:C$-13372 

TYPICAL DYNAMIC TEST CIRCUITS FOR CA3007 

POWER GAIN AND TOTAL HARMONIC DISTORTION 

TEST CIRCUIT 

Vee 
+6 V 

T (Output Transformer): 

+30V 

Primary Impedance = 2000 fl c. T. 
Secondary Impedance = 16 fl 
Efficiency = 45% approx. 

92CS-13602 

(STANCOR TVPE TA-l0 OR EQUIVALENn 

Fig.6 

INPUT IMPEDANCE TEST CIRCUIT 

liN. :,KSl 
V;-I 

Flg.7 

Vee 
+6 V 

- V 
VEE 

92CS-13598 
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TYPICAL DYNAMIC CHARACTERISTIC AND TEST CIRCUITS FOR CA3007 

COMMON·MODE REJECTION RATIO YO TEMPERATURE 

POSITIVE DC SUPPLY VOLTS (Vee)· +6 
NEGATIVE DC SUPPL~ ~TS (VEE.). -I 

-75 -so -25 0 25 50 7S 100 125 
FREE-AIR TEMPERATURE (TFAl--c 

Fig.8 
92C5-13448 

COMMON·MODE REJECTION·RATIO TEST CIRCUITS 

vee 
+6 v 

-IV 
VEE 

(A) Slngl.·Endod Dlff.rentlal Voltage Gain 

Vee 
+6V 

COMMON-MODE REJECTION RATIO 

eMR' 20 lOG ."12110.51 ~ 
10 E,(r"I) . 

-A. StNGLE -ENDED VOLTAGE GAIN 

(8) Cammon.Mad. Voltage Gain 

Fig.' 
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OOcn5LJ1J 
Solid State 
Division 

Linear Integrated Circuits 
CA3008 CA3015 CA3030 
CA3010 CA3016 CA3037 

CA3029 CA3038 

Operational Amplifiers 
Monolit~ic Silicon 

6.VOL T TYPES 

CA300e 
CA3010 

CA3029 
CA3037 

12.VOLT TYPES 

CA3016 

CA301S 
CA3030 

CA303e 

PACKAGE 

l.$.Lead Flat Pack 
12-Load TO-5 StJ'lo 

14-Load Plastic: Dual In-Line (TO.116) 
14-Lead Ceramic Dual In-Line (TO.116) 

III 
III 

• All types are electrically identical within their voltage groups 

• Designed for use in Telemetry. Data·Processing. Instrumentation. and 
Communication Equipment 

CA3008 
CAl016 

CA3010 
CAl01S 

• Built-in temperature stability from -550C to +1250 C for flatpack. TO-5 
style. and ceramic dual in-line packages; oOC to +70OC fa plastic dual 
in-line package 

• Companion Application Notes ICAN-5290. "Integrated Circuit Operational 
Amplifiers"; ICAN-5213, "Application of the RCA·CA3015. CA30l6 In
tegrated Circuit Operational Amplifiers"; and ICAN-5015. "Application 
of the RCA-CA3008. CA3010 Integrated Circuit Operational Amplifiers': 

HIGHLIGHTS 

6 V Type. 12 V Types 

• Open-Loop Voltage Gain 60 70 dB typo 

CAl029, CA3030 

APPLICATIONS 

• Common-Modo Rejection Ratio 94 103 dB typo • Narraw-Band and Band-
• Output Imp.dance 200 92 n typo pass Amplifier 

• Input Offset Voltage mV t,p. • Operational Functions 

• Static Power Drain C!t ± 12 V 17S mW typo • Feedback Amplifier 
± 6V 30 30 mWtpp. • DC and Videa Amplifier 
± 3V 7 mW tpp. • Multlvlbrator. 

SCHEMATIC DIAGRAMS 

CA3037, CAl03B 

.Oscillatar 

• Comparator 

• Servo Driver 

• Scaling Adder 

• Balanced 
Modulator-Driver 

11·73 

i: .. t 
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Terminal 

CAsooa 

CASOIO CAS029 

CASOS7 

12 1 

1 2 

2 3 

3 4 

5 

4 6 

7 

5 8 

6 9 

7 10 

8 11 

9 12 

10 13 

11 14 

CASE 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, TA = 25DC 
Voltage or current limits shown for each terminal can be applied under the indicated 

voitage or other circuit conditions for other terminals 
All voltages are with respect to ground (common terminal.oC Positive and Negative DC Supplies) 

Voltage or Current Terminal 
Limits Circuit Conditions CA30l6 

Nega- Posi- CA301S CA3030 

tive tive Terminal Voltage CASD38 

DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL l2 1 

CA3008 
CAS029 

CA3010 CA3037 

-8 V OV 4 6 -8 
10 13 +6 

1 2 

1 2 0 

-4 V +1 V 3 4 0 
4 6 -6 

2 3 

10 13 +6 

1 2 0 

-4 V +1 V 2 3 0 
4 6 -6 

3 4 

10 13 +6 

NO CONNECTION 5 

-10 V OV 1 
10 

2 0 4 6 
13 +6 

NO CONNECTION 7 

DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

5 8 

DO NOT APPLY vl1L TAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

6 9 

1 2 0 
OV +7 V 4 6 -6 7 10 

10 13 +6 

DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

8 11 

4 I 6 I -6 
10 13 +6 

30mA 200 n Between Terminals 
,6 & 12 (CAS008, 

9 12 

4 (~:~~~~Afo~~37) 

OV +10 V 1 2 
4 6 

O. 
-6 

10 13 

1 2 0 
OV +7 V 4 6 -6 11 14 

10 13 +6 

Internally connected to Terminal No.4, 
CASOIO (Substr~e) DO NOT GROUND CASE 

CA3OO8 CA3010 
CA3O\6 00015 CA3029 
CA3I1!1 CA3038 CA3030 

Voltage or Current 
Limits Circuit Conditions 

Nega- Posi-
tive tive Terminal Voltage 

DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

CA3016 
CA3030 

CA30lS CA30S8 

-16 V OV 4 6 -16 
10 13 +12 

1 2 0 

-8 V +1 V 3 4 0 
4 6 -12 

10 13 +12 

1 2 0 

-8 V +1 V 2 3 0 
4 6 -12 

10 13 +12 

NO CONNECTION 

-20 V OV 1 2 0 
10 13 +12 

NO CONNECTION 

DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

1 2 0 
OV +14 V 4 6 -12 

10 13 +12 

DO NOT APPLY VOLTAGE FROMAN EX-
TERNAL SOURCE TO THIS TERMINAL 

4 J 6 I -12 
10. 13 +12 

30 mA 400 n Between Terminals 
6 & 12 (CASOl6, 

CASD30, CAS038) 
4 & 9 (CASOIS) 

OV +20V 1 2 0 
4 6 -12 

1 2 0 
OV +14 V 4 6 -12 

10 13 +12 

Internally conneGied to Terminal No.4, 
CASOIS (Substrate) DO NOT GROUND 

CA3016 
CA3030 

CA3015 
00038 

CA3OO8 
CA3029 

CA301 
CA3O: 

ATING TEMPERATURE RANGE .• -550C to +1250C ·4QDc to ..as°C MAXIMUM SIGNAL VOLTAGE. ... _ ... -8Vto+l V -4Vto+l V OPER 
STOR AGE TEMPERATURE RANGE. _ •• -650C to +150oC _65oC to + ISOoC MAXIMUM DEVtCE DISSIPATION ....• 600 mW 300 mW 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 

Special Test Conditions 
Terminal No.8 (CA3000, Test CA3008 CA30l6 Typical 

CA3016, CA3029, CA3030, Cir- CA30l0 CA3015 Charac-
Characteristics Symbols CA3037, CA3038) cuit CA3029 CA3030 Units teristic 

Terminal No_5 (CA30l0, CA3037 CA3038 Curves 
CA3015) Not Connected -
Unless Otherwise Specified Fig_ Min_ Typ_ Max_ Min. Typ_ Max_ Fig_ 

STATIC CHARACTERISTICS: 

Input Offset Voltage VIO VCC = -t6V, VEE = -6V 4 1.08 5 mV 2 
= +12V = -12V 1.37 5 

Input Offset Current 110 = +6V = -6V 5 0.54 5 pA 2 
= +12V = -12V 1.07 5 

Input Bias Current liB 
= +6V = -6V 5 5.3 12 J-iA 3 
= +12V = -12V 9_6 24 

Input Offset Voltage 
LWI0/6VCC = +6V = ·6V 0.10 1 

Sensitivity: Positive = +12V = -12V 0.096 0_5 

= +6V =-6V 
4 mV/V none 

Negative LWI0/6VEE 0.26 1 
= +12V = -12V 0.156 0_5 

= +6 V = -6 V 30 
= +12V = -12V 175 

Device Dissipation Po llijshorted to!]] VCC = +6V 
VEE = -6V 

4 102 mW none 

8 shorted to 12 VCC =+12V, 500 
VEE = -12V 

DYNAMIC CHARACTERISTICS: All tests at f = 1 kHz except BWOL 

Open-Loop Differential AOL VCC = +6V, VEE = -6V 8 57 60 dB 6&7 
Voltage Gain = +12V = -12V 66 70 

Open-Loop Bandwidth BWOL 
= +6V = -6V 8 200 300 - kHz 6&7 

at -3 dB Point = +12V = -12V 200 320 

Common-Mode Rejection CMRR VCC = +6V, VEE = -6V 11 70 94 dB 12 
Ratio = +12V = -12V 80 103 

Maximum Output-Voltage VO(P-P) = +6V = -6V 8 4 6.75 Vp_p 9& 10 
Swing = +12V = -12V 12 14 -

Input Impedance liN 
= +6V = -6V 14 10 14 kIl 13 
= +12V = -12V 5 7.8 

Output Impedance lOUT = +6V = -6V 15 200 fl 16 
= +12V = -12V 92 

= +6V 
0_5 

= -6V to -
Common-Mode VICR 11 -4 - V none 

Input-Voltage Range 1: 0 _65 
= +12V = -12V to, 

-s' 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds max_ _ _ ..•• __ ..•• ___ •. _____ •• ___________ . ___ ... _ •. _________________ • . +2650 C 
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TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS 

TC'rminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are for CA3OlO, CA3015 

INPUT OFFSET VOL TAGE AND CURRENT 

POSITIVE DC SUPPLY VOLTS tVee) 
NEGATIVE DC SUPPLY VOLTS (VEE) 

VCC'+12V VEE"-12 

INPUT OFFSET VOLTAGE 

o 
-75 -50 

INPUT OFFSET CURRENT 

-215 0 25 50 75 100 125 
AMBIENT TEMPERATURE (TAJ_·C 

IZCS-I4tH 

Flg.2 

INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT 

1(0 

"% 

Flg.4 

vcc 

oc 
VOLTMETER 

IRCA 
WV-3BA 

OR 
EQUIVALENT) 

92C5-14855 

INPUT OFFSET CURRENT AND INPUT BIAS CURRENT 
TEST CIRCUIT 

Flg.s 

150 

DC 
VOLTMETER 

(RCA 
WY-3BA 

OR 
EQUIVALENT) 

92C5-14854 

INPUT BIAS CURRENT 

POSITIVE DC SUPPLY VOLTS (Vee) 
NEGATIVE DC SUPPLY VOLTS (VEE) 

.. 
~25 

15 
~ 20 

o 
-75 

Procedure: 

-25 

Input Offset Voltage 

AMBIENT TEMPERA'flME (TA)-·C 

Flg.3 

92C$-14932 

1. Adjust VE for a DC Output Voltage (VOUT) of 0 ± 0.1 volts. 
2. Measu,e VE and record Input Offset Voltage in millivolts as 

VE/l000. 

Input Offset Voltage Sensitivity 

1. Adjust Vi for a DC Output Voltage (VOUT) of 0 ± 0.1 volts. 
2. Inc,ease VCC I by 1 volt and record output voltage (VOUT). 

3. Dec,e .. e I VCC I by 1 volt and record output voltage (VOUT). 

4. Divide the dife,ence between VOUT measured In steps 2 and 3 by the 
change in VCC In steps 2 and 3. 

VOUT = VOUT (Step 2) - VQUT (Step 3) 

VCC 2 volts 

5. Refe, the ,eadlng to the input by dividing by Open Loop Voltage 
Gain (AoLl. 

VIO/VCC=~ 
AOL 

6. Repeat procedures 1 tlvough 5 for the Negative Supply (VEE). 
7. Device Dissipation 

PT = Vccle + VEEIE 
Ie = Direct Current Into Te,minal@or IiQ 
IE = Di,ect Current out of Terminal@or Ii] 

Procedure: 

Input Bias Current and Input Offset Current 

1. Adjust VE for I VOUT I < 0.1 V DC. 

2. Measu,e and lecord VE and VIN4_ 
3. Calculate the Input Bias Current using the following equation: 

VIN4 
114 = 100 kn 

4. Calculate the Input Offset Current using t~ follOWing equation: 

110 = VE/lOO kn 
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TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are for CA3010, CA3015 

OPEN-LOOP VOLTAGE GAIN ••• FREQUENCY 

FOR CAlOO~Afo~~?~A3~~~OIS. CA3016. 

POSITIVE DC SUPPLY VOLTS (Vee) 

NEGATIVE DC SUPPLY VOLTS (VEE) 

SOURCE RESISTANCE (RsJ.IKO 

OPEN-LOOP VOLTAGE GAIN ••• FREQUENCY 
FOR CA3029 AND CA3030 

POSITIVE DC SUPPLY VOLTS (Yee) AMBIENT TEMPERATURE 
NEGATIVE DC SUPPLY VOLTS (VEE) (TA)-25-0 
SOURCE RESISTANCE IRS)-' KD 

GO 100 TERMINAL NO.8 OPEN 

TERMINAL No. 8 (l) OPEN g 75 i IIII 
~ 80 f-~~J,V"2 z 

OJ .. 
'" !I 
!l 
0 

.> 
~ 
9 
I 

~ 

70 

T""'" +25·C 
10 

IT '<;;; ~~ 
.0 

!! tVEE)·-12 

~ III .... 
10 ... ( Vee,-·I ...... 

AMSIENT TEMPERATURE (TAla-5S-C ~ ~ ~ f- f-I "EE,-·I 
r"-40 

'0 

20 

10 

0001 001 

0.25 

VcC"&~ YCC··12V 
~YE:E.-12V 

VEE a -6Y 

II ~ 
II "2rf ,"\ 

40 g 
I'; 

~ 20 
ffi 
I'; 

0 

QI 10 100 
. 4 •• 2 4 • 

0.001 0.01 0.1 I 
FREQUENCY (f)-MHz FREQUENCY (f)-IItHz 

Flg.6 
92C5-14848 

Flg.7 

OPEN-LOOP DIFFERENTIAL VOLTAGE GAIN, MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE, AND OPEN·LOOP BANDWIDTH AT -3 dB POIIolT TEST CIRCUIT 

Procedure: 
1. Adjust VE loi VOUT = iO.1 V ~C. 

..... 

\ 
\ 

4 •• 2 4 •• 
10 100 

2. Measure Open-Loop Differential Voltase Gain (AOLl at f = 1 kHz. 

92CS-14856 

VOUT 
AOL = 20 LOl10VjN 

3. Measure Maximum Peak·la-Peak Output Voltage at I = 1 kHz. 

4. Meas .. 8 Open-Loop Bandwidth at ·3 dB Point. 

Relerenee Level = AOL at 1 kHz. 

Flg.a 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE ••• LOAD RESISTANCE 
FOR CA300a, CA3010, CAl01S, CAl016, CA3037, CA3038 

AMBIENT TEMPERATURE ITA1· -55·C 

+25-C 
+125-C 

POSITrvE DC SUPPLY VOLTS (Vee) • 
,NEGATIVE DC SUPPLY VOLTS (VEE) 
TERMINAL No. 8 ~ SHORTED TO 

TERMINAL No.I21m 

0.75 l25 LS· 1.75 

LOAD RESISTANCE (RL1-K OHMS 92CS-14849 

Cal Flg.9 

o 

AMBIENT TEMPERATURE ITA) -125-C 

10 " 
LOAD RESISTANCE IRLJ-K OHMS 

(bl 

+25-C 

20 
92C5-14862 
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TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are for CA30lO, CA3015 

MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE YS. LOAD RESISTANCE 

POSITIVE DC SUPPLY VOLTS Wecl 
NEGATIVE DC SUPPLY VOLTS (VEE) 

15 TERMINAL No. 8 SHORTED YO TERMINAL No.IZ 

AMBIENT TEMPERATURE (TAI-O·C 

~ POSITIVE DC SUPPLY VOLTS (Vee) 
~ NEGATIVE DC SUPPLY VOLTS (VEE) 
"0 15 TERMINAL No. B OPEN 

~ 
!:; 
g 12.S 

~ 
§ 10 

VCC~+12V 

VEE--12V 

Vcc·+12Y 
VEE:-12V +7 

~ AMBIENT TEMPERATURE (TAl'" o·c 

2.5 

Q.2S noo 0.7' L25 LSD 

LOAD RESISTANCE tRL)-KA 

(a) 

1.115 

92CS-l4B60 

~ 7.5 

~ . 
~ 
~ 
:Ii 2.5 

" ;l 

Flg.l0 

10 IS 
LOAD RESISTANCE (RL)-K OHMS 

(b) 

20 
92CS-141!161 

COMMON.MODE REJECTION RATIO AND COMMON·MODE 
INPUT·VOL TAGE.RANGE TEST CIRCUIT 

vee 

Procedures: 
Common.Mode Rejection Ratio: 

1. Set VBIAS = O. Adjust VE for VOUT(OC) = 0 ± 0.1 V. 

2. ilf~~. l·kHz sinusodlal Input Signal and adjust for Vs = 0.3 V 

3. ::3u::, ~~~ r;;~~du::~!~oV~~~ t";!. ~~ij,1i .f';,,:,s~~~~o~Ts~~ 
ally separated. from noise output. 

4. Calculate Common·Mode Voltage Gain: 

ACM = VOUT!VS 
ACM in dB = ·20 LOGID VS!VOUT 

5. Calculate Common~Mode Rejection Ratio: 

CMR in dB = AOIFF In dB· ACM in dB. 
Common~Mode Input~Voltage Range: 

1. Calculate and record CMR for various positive and negative values 
of VBIAS within the maximum limits shown on Page 2. The Com· 

~to~r::e d~uti:6It:~el::.n~~a~i~~~ ~!fe~~~~ed ~~I~~!p OfS ~?~~~ 
procedure given above. 

Flg.ll 
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DC 
VOLTMETER 

I RCA 
Wv-38A 

OR 
EQUIVALENT) 

VOUT IDC) 
0:1::0.1 V 

1 

OSCILLOSCOPE 

vourT')I E::P"~I: 
~ALENT) 

92CM~148~8 

COMMON.MODE REJECTION RATIO YS. FREQUENCY 

POSITIVE DC SUPPLY VOLTS (VCC) 
NEGATIVE DC SUPPLY VOLTS (VEE) 
AMBIENT TEMPERATURE (TA)a25·C 
TERMINAL No. 8 ~ OPEN 

110 

100 
~ z 

0 VCC~+12V 

ti~ 90 " VEE--12 V -
i-

!!II r-. 
r~ 80 

... " 
i~ 70 
'" Z .. 

!i'G:: 60 

" 8 
50 

40 

0.001 OJ)! 

VCC=+6V I'-.. VEE=-6V 

0.1 I 
FREQUENCY (f)-MHz 

Flg.12 

\ 
10 100 

92CS-14859 



File No. 316 ------ CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are for CA3010, CA3015 

SINGLE.ENDED INPUT IMPEDANCE YS. TEMPERATURE SINGLE.ENDED INPUT IMPEDANCE TEST CIRCUIT 

vee 
~ 

~ 
o 
x 30 

J" 
!::! 25 
w 

" z 
'" ~ 20 

" 
~ 15 

10 

o Fig.14 
75 -50 -25 25 50 75 100 125 

AMBIENT TEMPERATURE (TAI-OC 

Fig.13 

IKn 

Sin 

92CM-14651 

1 
~250 
!:! 
~200 

~ 
~ 150 

100 

50 

o 

POSITIVE DC SUPPLY VOLTS (Ved 
NEGATIVE DC SUPPLY VOLTS (VEEI 
FREQUENCY (fl = I IIHl 

92C5-14930 

OUTPUT IMPEDANCE TEST CIRCUIT 
vee 

~~~------------------~G),~~S2 

o~ @o~~O"F 

Fig.15 

fL 
oc 

VOLTMETER 
(RCA 

WV-38A 
OR 

EQUIVALENT) 

"'OUT (DC) 
O±O.IV 

I 

Ae 
VOLTMETER 

(BALLANTINE 
TYPE 314 

OR 
EQUIVALENT) 

-;- Procedure: 

1. With 52 in position (C), adjust VE for VOUT(DC) = 0 ± 0.1 volt. 

2. With 51 in position (a), and 52 in position (d), record VOUT1 (rms). 

3. With Switch S1 in position (b),and $2 in position (d), adjust RL until 

VOUT1(rms) 
VOUT2(rms) = . Record value of RL as ZOUT. 

OUTPUT IMPEDANCE YS. TEMPERATURE 

Fig.16 

-75 -50 -25 50 75 100 125 

AMBIENT TEMPERATURE (TAI- °C 92C5-14933 
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File No. 310 

OOcn3LJD 
Solid State 
Division 

6-VOLT TYPES 

CA300BA 
CA3010A 
CA3029A 
CA3037A 

12.VOLT TYPES 

CA3016A 
CA301SA 
CA3030A 
CA303BA 

Linear Integrated Circuits 
CA3008A CA3Q15A CA3030A 
CA3010A CA3016A CA3037A 

CA3029A CA3038A 

Operational Amplifiers 

PACKAGE 

14·Lead Flat Pack 
12.Load T()'S Style 

Monolithic Si lieon 

I.e· Lead Plastic Dualln.Line (T()'116) 
14-Lead Ceramic Dualln.Line (TO.116) 

• These new types have all the desirable features and characteristics of 
their prototypes plus lower noise figures and improved input character
istics for <lfset voltag.i, offset current, bias current, and impedance. 

I • All types are electrically identical within their voltage groups 

• Designed for use in Telemetry, Data-Processing, Instrumentation, and 
Communication Equipment 

• Built-in temperature stability from -55OC to +l25OC for Flatpack, '00-5 
style, and ceramic dual in-line packages; oOC to +70OC for plastic dual 
in-line package 

CA3010A, CA3015A 

• Companion Application Notes [CAN-5290, "[ntegrated CircuitOperational 
Amplifiers"; [CAN-5213, "Application of the RCA-CA30l5, CA3016 [n
tegrated Circuit Operational Amplifiers"; and ICAN-S015, "Application 
of the OCA-CA3008, CA3010 Integrated Circuit Operational Amplifiers" 
cover Bode characteristics, phase compensation, frequency shaping. and 
amplifier design. • 

HIGHLIGHTS 
6V T,,.. 12Y T.,,., 

CA3008A, CA3016A 

60 70 d. typ. 
94 103 dB typo 

• Open.Loop Volto.o wi ....... . 
• COl'llftl .... MocI. Rolft.lo .. R.tio .• 

CA3029A, CA3030A 

APPLICATIONS 

CA3037A, CA3038A 

• Input hn,. ..... u 
• I .. ,.. Off.et V.I .......... . 
• Inpu. Off,., Curr ... ', ...••.. 
• In,,,,. Bi., C"rRn' ........ . 
• Static f._.r D,ai" at . 12Y, 

CA3008A 
CA3016A 
CA3029A 
CA3030A 
CA3037A 
CA3038A 

154 

• t . 6V .... 
at· 3V .•.. 

20 10 k. ,,",. 
0.9 1 mY typo 
0.3 0.5 .. A typ. 
2.5 . 4.1 .. A .". 

175 .mWtyp. 
3D 
7 

30 ",W IJP . 
7 !fIW,,,, 

• ... " ••••• nd ond 10 ..... 
,. .... 'Uli.r 

• o,.n.'i.nol Func.ion. 
• FHClboc •• ""lifi., 
• DC .nd Vid.o A""lifi.r 
• Mul.i_i .... t ... 

Flg.l 

SCHEMATIC DIAGRAMS· 

• o.cdloto, 
• C_,.,.lor 
• H,,,. D,i_., 
• Sc.lin, Add ... 
• .olonceil 

Mod.lotor.D,iwe, 

11·73 



File No. 310 __ CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A 

ABSOLUTE·MAXIMUM VOLTAGE AND CURRENT LIMITS, TA = 25°C 
Voltage or current limits shown for each terminal can be applied under the indicated 

voltage or other circuit conditions for other terminals 
All voltages arc with respect to ground (common terminal of Positive and Negative DC Supplies) 

Terminal Voltage or Current Terminal Voltage or Current 

CA3008A Limits Circuit Conditions CA3016A Limits Cilcuit Conditions 

CA3010A CA3029A Nega- Posi- CA3015A CA3030A Nega- Posi-
CA3037A tive tive Terminal Voltage CA3038A tive tive Terminal Voltage 

12 1 DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 12 I 00 NOT APPLY VOLTAGE FROM AN EX-

TERNAL SOURCE TO THIS TERMINAL 

CA3008A CA30l6A 
CA3029A 

CA3010A CA3037A CA3015A 
CA3030A 
CA3038A 

1 2 -8 V OV 4 6 -8 
10 13 +6 

1 2 -16 V OV 4 6 -16 
10 13 +12 

1 2 0 1 2 0 

2 3 -4 V +1 V 3 4 0 
4 6 -6 

2 3 -8 V +1 V 3 4 0 
4 6 -12 

10 13 +6 10 13 +12 

1 2 0 1 2 0 

3 4 -4 V +1 V 2 3 0 
4 6 -6 

3 4 -8 V +1 V 2 3 0 
4 6 -12 

10 13 +6 10 13 +12 

5 NO CONNECTION 5 NO CONNECTION 

4 6 -10 V OV 1 2 0 
10 13 +6 

4 6 -20 V OV 1 2 0 
10 13 +12 

7 NO CONNECTION 7 NO CONNECTION 

5 8 DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

5 B 00 NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

6 9 00 NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

6 9 00 NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

.' . 
1 2 0 1 2 0 

7 10 OV +7 V 4 6 -6 7 to OV +i4 V 4 6 -12 

10 13 +6 10 13 +12 

8 11 00 NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

B II 00 NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

4 I 6 I -6 
10 13 +6 

9 12 30 rnA 200.0 Between Terminals 
6 & 12 (CA3008A, 
CA3029A, CA3037A) 

4 & 9 ICA3010A) 

4 J 6 J -12 

9 12 30 rnA 40~~ Betwe~~ Termi:a~! 
6 & 12 (CA3016A, 

CA3030A, CA3038A) 
4 & 9 (CA30l5A) 

10 13 OV +10 V 1 2 0 
4 6 -6 

10 13 OV +20 V 1 2 0 
4 6 -12 

1 2 0 I 2 0 
11 14 OV +7 V 4 6 -6 II 14 OV +14 V 4 6 -12 

10 13 +6 10 13 +12 

Int~rnally connected to Terminal No.4, 
CASE CA3010A (Subsllate) 00 NOT GROUND 

Internally connected to Terminal NO.4. 
CASE CA301SA (Substrate) 00 NOT GROUND 

CA3OO8A OO0lOA 
CA3016A OO015A CA3029A 
CA3037A OOO38A OO03OA 

CA3016A OO015A CA3OO8A CA3010A 
OO030A OO03BA OO029A 00037 A 

OPERATtNG TEMPERATURE RANGE .. -550C to +125oC "I00C to .800C MAXIMUM StGNAL VOLTAGE ........ -8 Vto +1 V -4 Vto +1 V 
STORAGE TEMPERATURE RANGE .... -650C to +2000C -65 DC to +1500C MAXIMUM DEVICE DISSIPATION.. ... 600 mW 300 mW 

155 



CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A __ File No. 310 

ELECTRICAL CHARACTERISTICS at T A = 25°C 

Special Test Conditions 
Terminal No.B (CA300BA, Test CA300BA CA30l6A Typical 

CA30l6A, CA3029A, CA3030A, Cir· CA30l0A CA3015A Charac-
Characteristics Symbols CA3037A, CA303BA), cuit CA3029A CA3030A Units teristic 

Terminal NO.5 (CA30l0A, CA3037A CA303BA Curves 
CA3015A) Not Connected I--
Unless Otherwise Specified Fig. Min. Typ. Max. Min. Typ. Max. Fig. 

STATIC CHARACTERISTICS: 

Input Offset Voltage VIO VCC = -+6V, VEE = -6V 4 0.9 2 mV 2 
= +12V = -12V I 2 

Input Offset Current 110 = +6V = -6V 5 0.3 1.5 j1.A 2 
= +12V = -12V 0.5 1.6 

Input Bias Current liB 
= +6V = -6V 5 2.5 4 j1.A 3 
= +12V = -12V 4.7 6 

Input Offset Voltage 
LWI0/6VCC = +6V = -6V 0.10 I 

Sensitivity: Positive = +12V = -12V 0.096 0.5 
4 mV/V none 

Negative 6VI0/6VEE = +6V =·6V 0.26 I 
= +12V = -12V 0.156 0.5 

= +6 V = -6 V 40 
= +12V = -12V 175 

Device Dissipation Po fi]shorted to [ID VCC = +6V 
VEE = -6V 

4 102 mW none 

B shorted to 12 VCC =+12V, 500 
VEE = -12V 

DYNAMIC CHARACTERISTICS: All tests at f = I kHz except BWOL 

Open-hoop Differential AOL VCC = +6V, VEE = -6V B 57 60 dB 6&7 
Voltage Gain = + 12V = -12V 66 70 

Open-Loop Bandwidth BWOL 
= +6V = -6V B 200 300 kHz 6&7 

at -3 dB Point = +12V = -12V 200 320 

Slew Rate SR VCC = +6V VEE = ·6V Rs = none 3 Vips none 
= +12V = -12V I kIl 7 

Common-Mode Rejection CMR VCC = +6V, VEE = -6V 11 70 94 dB 12 
Ratio = +12V = -12V BO 103 

Maximum Output-Voltage VO{P-P) = +6V = -6V B 4 6.75 Vp_p 9 & 10 
SWing = +12V = -12V 12 14 

Input Impedance liN 
= +6V = -6V 14 15 20 kIl 13 
= +12V = -12V 7.5 10 

Output Impedance lOUT = +6V = -6V 15 160 n 16 
= +12V =-12V B5 

= +6V = -6V +0.5 
Common·Mode VICR 11 -4 V nane 

Input-Voltage Range = +12V = -12V +D.65 
-8 

VCC = +3V , VEE = ·3V 6.3 9 6.3 9 

Noise Figure NF = +6V = -6V Rs = IB B.3 12 B.3 12 dB 17 
= +9V = -9V 1k1l 10 14 
= +12V = -12V 11 16 

LEAD TEMPERATURE (During Soldering): ALL TYPES 
At distance 1116 ± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds ma,,: .................................................................. +2650 C 
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File No. 310 __ CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A 

TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA300BA, CA3016A, CA3029A, CA3030A, CA3037A, CA303BA; 
Italic Numbers in Square Boxes are for CA3010A, CA3015A 

INPUT OFFSET VOL TAGE AND CURRENT 

POSITIVE DC SUPPLY VOLTS (Vee) 
NEGATIVE DC SUPPLY VOLTS (VEEI 

INPUT OFFSET VOL1AGE 

Vcc-+6V VCC H I2V 
VEP-6V .vEE--12V 

OFFSd~~~R£NT 

-75 -50 -25 o 25 50 75 100 125 

AMBIENT TEMPERATURE (TA) _·C 
92CS-14846 

Fig.2 

INPUT OFFSET VOLTAGE,INPUT OFFSET VOLTAGE 
SENSITIVITY, AND DEVICE DISSIPATIDN TEST CIRCUIT 

vee 

Flg.4 

DC 
VOLTMETER 

(RCA 
WV-39A 

OR 
EOUIVALENT) 

92CS-14855 

INPUT OFFSET CURRENT AND INPUT BIAS CURRENT 
TEST CIRCUIT 

Vee 

Fig.S 

DC 
VOLTMETER 

(RCA 
WV-3BA 

DR 
EQUIVALENT) 

92.CS-14854 

a 
",15 .. 
iii 

~ 5 
;; 

2.5 

INPUT BIAS CURRENT 

POSITIVE DC SUPPLY VOLTS (Vee) 
NEGATIVE DC SUPPLY VOLTS (VEE) 

-75 -50 -25 o 25 50 75 100 I~ 

AMBIENT TEMPERATURE ITA) _·C 
92CS-14847 

Flg.3 

Procedure: 

Input Offset Voltage 

I. Adjust VE for a DC Output Voltage (VOUT) of 0 ± 0.1 volts. 

2. Measure VE and record Input Offset Voltage in millivolts as 
VE/IOOO. 

Input Offset Voltage Sensitivity 

I. Adjust Vii for a DC Output Voltage (VOUT) of 0 ± 0.1 volts. 

2. Increase I VCC I by I volt and record output voltage (VOUT). 

3. Decrease I VCC I by I volt and record output voltage (VOUT). 

4. Divide the diferenee between VOUT measured in steps 2 and 3 by the 
change in VCC In steps 2 and 3. 

VOUT VOUT (Step 2) • VOUT (Step 3) 

Vcc 2 volts 

5. Refer the reading to the input by dividing by Open Loop Voltage 
Gain (AOL). 

VOUT/VCC 
VIOJVCC = --

AOL 
6. Repeat procedures I through 5 for the Negative Supply (VEE). 

7. Device Dissipation 

PT = VCCIC + VEEIE 
IC = Direct CLarent Into Terminal 13 or !ill 
IE = Direct Current out of Terminal 6 or 0 

Procedure: 

Input Bias Current and Input Offset Current 

I. Adjust VE for I VOUT I < 0.1 V DC. 

2. Measure and record VE and VIN4 
3. Calculate the Input Bias Current using the following equation: 

VIN4 
114 = 100 kl1 

4. Calculate the Input Offset Current using the following equation: 

110 = VE/lOO kl1 
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CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A __ . File No. 310 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A; 
Italic Numbers in Square Boxes are for CA3010A, CA3015A 

OPEN LOOP VOLTAGE GAIN .s. FREQUENCY 
FOR CA300SA, CA3010A, CA30lSA, CA3016A, 

CA3037 A, CA303SA 
OPEN LOOP VOLTAGE GAIN vs. FREQUENCY 

FOR CA3029A AND CA3030A. 

POSITIVE DC SUPPLY VOLTS (Vee) 

r NEGATIVE DC SUPPLY VOLTS (VEE) 

SOURCE RESISTANCE IRsJ·' K.n 
-:, TERMINAL No. 8 ~ OPEN 
~ 75 

~ 
70 

60 T""'" +2S-C ... T""1; ~~ iii 
• 0 !:l 

~I~ 0 AMBIENT TEMPERATURE (TA1.-~5·C > 
~ 

40 

YcC"6~ 
VCC=+12V 

9 so .~VEE.-12V 
I 

~ 20 
IlEE,-6V 

0 ,II ~ 10 

III +12$-<: ~ '\ 

POSITIVE DC SUPPLY VOLTS (Vee) AMBIENT TEMPERATURE 
NEGATIVE DC SUPPLY VOLTS (VEEI ITA}·2S-C 
SOURCE RESISTANCE IRs)'" KQ 

.. 100 TERMINAL No.8 OPEN 

T IIII 
~ 80 __ ~Jc\,1.'2 
:! IVEE)"-12 
z 

III -<i .. 60 ... llIce)'+6 -S f-- lIIEE),-6 

I' 0 40 

I" > 
~ 
~ 20 

~ 
0 \ 0 

0001 01 I 001 10 100 2 4 8 2 4 .8 2 4 .8 2 4 .8 
0.001 0.01 0.1 I 

17.5 

'£' 
.t " ~ 

~I'" 
~ 10 

a 
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02S 

FREQUENCY (f)-MHz 92CS-14848 FREQUENCY (f)-MHz 

Fig.6 Flg.7 

OPEN·LOOP DIFFERENTIAL VOLTAGE GAIN, MAXIMUM PEAK·TO·PEAK OUTPUT 
VOLTAGE, AND OPEN·LOOP BANDWIDTH AT ·3 POINT TEST CIRCUIT 

Procedure: 

I. Adjust VE lor VOUT = ±O.I V DC. 
2. Measure Open· Loop Differential Voltage Gain (AOL) at I = 1 kHz 

VOUT 
AOL = 20 LoIIOVjN 

3. Measure Maximum Peak·ta-Peak Output Voltage at I = 1 kHz 
L-_..-_-' 4. Measure Open-Loop Bandwidth at ·3 dB Point 

Relerence Level = AOL at 1 kHz 

Flg.S 

92CS-I48S6 

MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE 
FOR CA300BA, CA3010A, CA30lSA, CA3016A, CA3037A, CA303BA 

+2~-C 
+125-C 

AMBIENT TEMPERATURE {TAl" -55·C AMBIENT TEllPERATURE (TA) -125 ~ 

0.5 0.75 1 L25 1.5 l75 o 
LOAD RESISTANCE (RL1-K OHMS 92CS-14849 

(0) Flg.9 

10 15 
LOAD RESISTANCE (Rtl-K OHMS 

(b) 

+25-C 

to 

tiCS-Mia 



File No. 310 __ CA3008A. CA3010A. CA3015A. CA3016A. CA3029A. CAl030A. CA3037A. CA3038A 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 
Terminal Numbers in Circles are for CA3008A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A; 
Italic Numbers in Square Boxes are for CA3010A, CA3015A 

MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE va. LOAD RESISTANCE 
FOR CA3029A AND CA3030A 

POSITIVE DC SUPPLY VOLTS (Vee) 
NEGATIVE DC SUPPLY VOLTS (VEE) 

Go POSITIVE DC SUPPLY VOLTS tYee) 

TERMINAL No. a SHORTED TO TERMINAL No. 12 ,. d. NEGATIVE DC SUPPlY VOLTS (VEE) 
9 15 ~ERMINAL No.8 OPEN 

rr 

o 

VCC·+12V 
~.-I2V 

+258 AMBIENT TEMPERATURE (TA'-O·C 

+7 

0.75 12. llIO 

LOAD RESISTANCE (RlJ-~A 

(0) 

17. 

Flg.10 

~'2 .• 

1,0 
~ 

o 

YCC·+12V 
va--12V 

10 15 
LOAD RESISTANCE CRL)--:- K OHMS 

(b) 

COMMON·MODE REJECTION RATID AND CDMMON·MODE 
INPUT·VOL TAGE·RANGE TEST CIRCUIT 

vee 

OC 
VOLTMETER 

(RCA 
wv-38A 

OR 
EQUIVALENT) 

VOUT IOC) 
0.0.1 V 

1 

OSCILLOSCOPE 

VOUT(\ kHz) I E::P~:: 
~ALENT) 

20 

92CS-I4I861 

Procecfures: 

'ZCU-148S1 

COMMON·MODE REJECTION RATIO Ys. FREQUENCY 

Common-Mode Relectlon Ratio: 

1. Set VBIAS = O. Adjust VE for VOUT(DC) = 0 ± 0.1 V. 

2. ~&~. l·kHz slnusodlal Input slanal and adjust for Vs = 0.3 V 

3. ::U{: ;::~ r:~dur='::~ov~ :.. ~«ai/,Lt s~;"'f.:!~~~s~ 
ally separaled.from noise output. 

4. Caleulale Common·Mode Voltap Gain: 

AcM = VOUTIVS 
AcM In dB = ·20 LOGI0 VSIVOUT 

S. Calculate Common-Mode Rejection Ratio: 

CMR In dB = ADIFF In dB • AcM In dB. 
Common-Mode Input-Voltage Range: 

1. Calculate and record CMR for various positive and .. pllve values 
of V~ within the maximum limits shown on Pap 2. The Com-

:~IChe dl.Wtuti:~I~A\='~~lor: ~~rc~~::' ~~I,:.:p OfS ~?~ 
.. aced .. e liven above. 

Flg.ll 

POSITIVE DC SUPPLY VOLTS (VCC) 
NEGATIVE DC SUPPLY VOLTS (Va) 
AMBIENT TEMPERATURE CTA}·2S+C 
TERMINAL No. 8 ~ OPEN , 

KlO ....... li Vcc··12Y t,90 i'VU'-12V -
-

!!II ....... 
II!- eo 
:!!~ 
~e 70 

*~ iGl: 60 

'" 0 
u !SO 

40 

0.000 

VeC··IV i' VEE'-6V 

OJ , 

FREQUENCY ef)-MH, 

Flg.12 

\ 
10 KlO 

92CS-148S' 
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CA3008A. CA3010A. CA3015A. CA3016A. CA3029A. CA3030A. CA3037A. CA3038A ___ File No. 310 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A; 
Italic Numbers in Square Boxes are for CA3010A, CA3015A 

SINGLE·ENDED INPUT IMPEDANCE vs. TEMPERATURE SINGLE·ENDED INPUT IMPEDANCE TEST CIRCUIT 

vee 

i 
~ 
iii 

i .. 

160 

20 

15 

10 

POSITIVE DC SUPPLY VOLTS (Vee) 
NEGATIVE DC SUPPLY VOLTS (VEE) 

vcc-+6V 
VEE=-6V 

Vcc··12V 
Ve:E"-J2V lin" ;~K 

va-I 
Flg.14 

92CS-14853 

-75 -50 -25 0 e !SO 7S 100 Ie 
AMBIENT TEMPERATURE {TA)-"C 92CS-14851 

Fig.13 
OUTPUT IMPEDANCE TEST CIRCUIT 

vee 

92CM-14857 

POSITIVE DC SUPPLY VOLTS (Veel 
NEGATIVE DC SUPPLY VOLTS (VEE) 

.. 200 

'" % 
0 

I 170 

1; 
0 
!:! 

" ~ 
:! 125 
~. 
! 
!; 100 

§ 
75 

VcC=+12V 
YEr-12V 

Fig.IS 

-70 -so -25 0 25 50 T5 100 125 

~ 
@ 

DC Ae 
VOLTMETER VOLTMETER 

(RCA 
VOUT (DC) 

VOUTr'1 
(BALLANTINE 

WY-38A TYPE 314 
OR OtO.IV OR 

EQUIVALENT) 

1 
EQUIVALENT) 

1. With S2 In position (c). adjust VE for VOUT(DC) = 0 ± 0.1 volt. 

2. With Sl in position (aj, and S2 In position (d). record VOUTl (rms). 
3. With SWitch Sl in position (b) and S2 In position (d) adjust RL until 

VOUT1(rms) 
VOUT2(rms) = 2 • Record value of RL as ZOUT· 

POSITIVE DC SUPPLY VOLTS (Veel 
NEGATIVE DC SUPPlY VOLTS (VEE) 
SOURCE RESISTANCE-' K OHM 

20 

AMBIENT TEMPERATURE (TN _·C 92CS-148!50 

OUTPUT IMPEDANCEvs.TEMPERATURE 

Flg.16 

100 6 B 1000 

FREQUENCY (f)-Hz 

Flg.17 
92CS-14852 
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DDJELJD Linear Integrated Circuits 

Solid State 
Division 

FEATURES & APPLICATIONS 
o exceptionally high amplifier gain: 

power gain at 4.5 MHz -75 dB typo 

Wide-Band Amplifiers 
Monolithic Silicon 

o excellent limiting characteristics -
Input limiting voltage (lenee) 
600 iJ- V Iyp. al 10.7 MHz 

o wide frequency capability -
100 kHz 10 > 20 MHz 

Fig.l SCHEMATIC DIAGRAM FOR CA3011 AND CA3012 

11·73 

RESISTANCE VALUES ARE IN OHMS * INTERNAL CONNECTION-DO NOT USE 

BLOCK DIAGRAM OF TYPICAL FM RECEIVER USING RCA·CAJ011 OR CAJ012 
INTEGRATED CIRCUIT WIDE·BAND AMPLIFIER 

r-----------i 
I +Vcc 

fig.2 

FM 
DETECTOR 

v+ 

I. 

CA3011 
CA3012 

SPEAKER 

92CM-13825 
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ABSOLUTE·MAXIMUM VOLTAGE LIMITS AT T A = 250 C 

TERMINAL 

1 

2 

3 

4 

5 

8 

10 

CASE 

TERMINAL 

1 

2 

3 

4 

5 

8 

10 

CASE 

Indicated yoltage limits far each tenninal can be applied under the specified voltage 
conditions far other tanninals. All yoltages are with respect to ground (Terminal 8). 

NOTE: TERMINALS 6,7, AND 9 OF RCAoCA3011 AND CA3012 ARE USED FOR INTERNAL 
CONNECTIONS. DO NOT APPLY VOLTAGES OR MAKE EXTERNAL CONNECTIONS TO 
THESE TERMINALS. 

CAlOll 

VOLTAGE CONDITIONS AT OTHER TERMINALS 
VOLTAGE LIMITS 

1 2 3 4 5 8 

-3 +3 - SlITIe as 1 +2.5 to +7.5 +7.5 Ground 

-3 +3 Same as 2 - ... r:. +2.5 to +7.5 +7.5 Ground 

-3 +3 -3 to +3 Same as 1 o.=: +2.S·to +7.5 +7.5 Ground' 
Q. ., 

+2.5 +7.5 -3 to +3 Same as 1 <> - +7.5 Ground ~«i 

O. +10 -3 to +3 Same as 1 z: E 
+2.5 to +7.5 - Ground .. '" c-;C 

-3 +7.5 -3 to +3 Same as 1 UJ +2.5 to +7.5 +7.5 Ground 

0 +10 -3 to +3 Same as 1 +2.5 to +7.5 +7.5 Ground 

INTERNALLY CONNECTED TO TERMINAL NO.8 (GROUND TERMINAL) 

CA3012 

VOLTAGE CONDITIONS AT OTHER TERMINALS 
VOLTAGE LIMITS 

1 2 3 4 5 8 

-3 +3 - Same as 1 +2.5 to +10 +10 Ground 

-3 +3 Same as 2 - -E:t +2.5 to +10 +10 Ground. 

-3 +3 -3 to +3 Same as I +2.5 to +10 +10 Ground 

+10 -3 to +3 Same as I 
~~ 

+10 Ground +2.5 Om -
0 +13 -3 to +3 Same as I 

z: E 
+2.5 to +10 Ground ~-! -

-3 +10 -3 to +3 Same as J UJ 
+2.5 to +10 +10 Giound 

0 +13 -3 to +3 Same as I +2.5 to +10 +10 Ground 

INTERNALLY CONNECTED TO TERMINAL NO.8 (GROUND TERMINAL) 

Example of Use 0' LIMITS TABLE: 

10 

+7.5 

+7.5 

+7.5 

+7.5 

+7.5 

+7.5 

-

10 

+10 

+10 

+10 

+10 

+10 

+10 

-

OPERATING-TEMPERATURE RANGE ..••.•.. -55 to +1250 C 
STORAGE-TEMPERATURE RANGE ..•.....•. -65 to +1000 C 

For RCA-3012, a maximum voltage of ±3 volts may be applied 
to Terminal I under the following conditions: 

LEAD TEMPERATURE lOuring Solderingl: 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mml 
from case for 10 seconds max ................ +2650 C 

MAXIMUM INPUT-SlGNAL VOLTAGE: 
Between Terminals I and 2 . . • • • . . . . . . . • . • . . . . .. ±3 V 

MAXIMUM DEVICE DISSIPATION .................. 300 mY I 
RECOMMENDED MINIMUM DC SUPPLY VOLTAGE (Vee) .. 5.5 V 

162 

Terminal 2 is at the same de potential as Terminal I 
Terminal 3: do not apply external voltage 
Terminal 4 is at any de potential between +2.5 and +10 volts 
TerminalS is at a de potential of +10 volts 
Terminals 6, 7, and 9 are at 0 de potential (NOT USED) 
Terminal 8 is at de ground potential 
Terminal 10 is at a de potential of +10 volts 
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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARACTERISTICS DC AMBIENT 
TYPICAL 

SETUP FREQUENCY SUPPLY TEMPERA· RCA RCA 
CHARAC· 

SYMBOLS & VOLTAGE TURE CA3011 CA3012 
TERISTICS 

PROCEDURE UNITS CURVES 
f VCC TA 

Fig. Mc/s Volts °c Min. Typ. Max. Min. Typ. Max. Fig. 

·55 - 80 - 66 80 135 mW 

- 6 +25 60 90 133 66 90 121 mW 4 

+125 - 70 - 65 70 121 mW 

Total ·55 - 130 - 97 130 190 mW 
Device PT 3 - 7.5 +25 95 120 187 97 120 i67 mW 4 
Dissipation • 

+125 100 95 100 167 mW - -
·55 - - - 150 210 275 mW 

- 10 +25 - - - 150 190 255 mW 4 
+125 - - - 150 160 255 mW 

·55 - 55 - 50 55 - dB 

5 1 6 +25 60 66 - 60 66 - dB 6 
+125 - 61 - 50 61 - dB 

·55 - 59 - 55 59 - dB 

5 1 7.5 +25 65 70 - 65 70 - dB 6 
Voltage Gain·· A +125 - 65 - 55 65 - dB 

·55 - - - 55 61 - dB 

5 1 10 +25 - - - 65 71 - dB 6 

+125 - - - 55 66 - dB 

4.5 7.5 +25 60 67 - 60 67 - dB 
5 

10.7 7.5 +25 55 61 - 55 61 
7 - dB 

Input·lmpedance 
Components: 

Parallel Input 
RIN 8 4.5 7.5 +25 3 3 Id1 9 Resistance - - - -

Parallel Input 
CIN 8 4.5 7.5 +25 7 7 pF 9 Capacitance - - - -

Output Impedance 
Components: 

Parallel Output 
ROUT 10 4.5 7.5 +25 - 31.5 - 3l.5 Id1 11 Resistance - -

Parallel Output 
COUT 10 4.5 7.5 +25 4.2 4.2 pF 11 Capacitance - - - -

Noise Figure NF 12 4.5 7.5 +25 - 8.7 - - 8.7 - dB 13 

Input Limiting 
5 4.5 7.5 +25 300 450 - 300 400 J1-V 6 Voltage (Knee) Vi(lim) -

• The total current drain may be determined by dividing PT by Vee. •• Recommended minimum de supply voltage (Vee) is 5.5 V. Nominal 
load current flowing Into terminal 5 Is 1.5 mA at 7.5 V. 
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III 
I 
3 

164 

TYPICAL CHARACTERISTICS AND TEST SETUPS 

DISSIPATION TEST SETUP 

50 
4 

~I 

+'l:c 

TOTAL _'CE DISSIPATION 1!'rI0Vccr 
'2CS-IS812 

Flg.3 

DISSIPATION VS TEMPERATURE 

APPLIES ONLY FOR CA!Ol2 

7.B 

6 

~ ~ ~ 0 m ~ ~ ~ ~ ~ 

AMBIENT TEMPERATU£ (TA' - -c 
12CS-I!all 

Flg.4 

VOL TAGE·GAIN TEST SETUP 

+Vcc 

92CS-13815 

VOL TAGE GAIN & INPUT LIMITING VOLTAGE 
VS TEMPERATURE 

Vee •• 
FREQUENCY (f) -,I Mclt 
SOURCE RESISTANCE (Rsl. 50 D 
LOAD RESISTANCE (R • r KA 

VOLTAGE GAIN 

. INPUT LIMITING WLTAGE 

~ ~ ~ 0 e ~ ~ ~ ~ 
AMBtENT TEMPERATURE (TA) --C 

92CS-IJ809 

Flg.6 

Flg.S 

PROCEDURES 
A· Voltage Gain: 

1) Set Input Itequency at desired value, 
vi = loo!N rms. 

2) RecOfd vo. 
3) Calculate Voltage Gain Altom 

A = 20 log10 vo/vi 
4) Repeat Steps 1. 2, and 3 for each 

Itequency end/or 10, temp8fature desired. 
B· Input Limlting Voltal8 (Knee): 

1) Repeat Stops Al end A2, using 
vi =loomV 

2) Decrease v i to the level at which Vo 
Is 3 dB below Its value for Vi = 100 mV. 

3) Record Vi as Input Limiting Voltage 
(Knee). 

VOLTAGE GAIN AND INPUT LIMITING VOLTAGE 
VS FREQUENCY 

AMBIENT TEMPERATURE (T.)-25*C 
DCSUPPLYYCL.TSCVccJ-7.5 
SOURCE RESlSTAHCEIAslo,04 
LOAD RESISTANCE IA,.IolKA . 700'::a, 

72 

II I 
"f 

70 600 :a 
VOLTAGE GAIN 

" 
~ 

!II ... 
I 68 '" 
3 1\ 

500~ 
0 

z > 
ij 66 400'" 

iE 
III J 

... 
~ 64 

.-/" 
300 ~ 

0 INPUT LIMITING VOLTAGE ... > :> 
6. 

II 
200 ~ 

60 1\ lOa 
QI 4 .. 4 I 2 6 8 10 

FREQUENCY (n-Me/s 

92CS-13783 

Flg.7 
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TYPICAL CHARACTERISTICS AND TEST SETUPS 

INPUT·IMPEDANCE COMPONENTS 
TEST SETUP 

R-' METER HI 
(BOONTON TYPE 

200A 

EQUI~ENTJ LO 

92CS-l3811 

Fig.B 

OUTPUT·IMPEDANCE COMPONENTS 
TEST SETUP 

flo' METER 
IBOONTON TYPE 

250A 
OR 

EQUIVALENT) 

0.1 II" 
+Vcc 92CS-13SIO 

Fig.l0 

NOISE FIGURE TEST SETUP 

+Vcc 

Lj = B2 !Ii. center·tapped 
L2 = 2.36 !Ii 
Cj.C2 = Arco Type 423 padder. or equivalent 

Fig.12 

INPUT·IMPEDANCE COMPONENTS 
VS FREQUENCY 

DC SUPPLV VOLTS (Vee) ·7.15 

AMBIENT TEMPERATURE (TAJ· 2i5-C 

C1N 

RIN 

• 10 
FREQUENCY (f) - Mel. 

I. 

! 
1 

~ 
tJ 
~ 
i 
>-

3 ir 

" 
~ 
~ 

92CS-1379~ 

Fig.9 

OUTPUT·IMPEDANCE COMPONENTS 
VS FREQUENCY 

DC SUPPLY VOLTS (Vee). 7.15 

6 AttBENT TEIoFERATURE (TAl ·~·c 

3 
o 

ROUT 

• 10 
FREQUENCY UJ- Mc/s 

Flg.ll 

I. 
92CS-13196 

NOISE FIGURE VS DC SUPPL Y VOLTAGE 

AMBIENT TEMPERATURE (TA1"25°C 
FREQUENCY (f)"4.5MHz 
SOURCE RESISTANCE (Rs).200n. 

==:::=~ . _.----- "-~ 

.. ~ f+--o-- .-:::: : .:r:: 
~ ... .. 
" " ~ 9.i5 

o 
Z 90 

•. 5 

80 
6 • 9 10 

DC SUPPLY VOLTS (Vee) 
92CS-13788 

Flg.13 
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OOcn5f)D 
Solid State 
Division 

File No. 129 

Linear Integrated Circuits 

Wide-Band Amplifier-Discriminators 
Monolithic Silicon 

CA3013 
CA3014 

SCHEMATIC. DIA~RAM FOR c.u013 AND CA3014 

166 

RESISTANCE VALUES 
!----'\M,..---' ARE N OHMS 

FEATURES & APPLICATIONS: 

• exceptionally high gain: 

powe, gain at 4.5 MHz - 75 dB typo 

9 • exceller:-t limiting characteristics -
input limiting voltage (kne.) 
= 300 ~ V typo at 4.5 MHz 

• excellent AM reiection: > 50 dB 
at 4.5 MHz 

• high audio.voltage recovery·-
220 mV typo at 4.5 MHz 

92Qt-I3779A 25 kHz deviation 

BLOCK DIAGRAM OF TYPICAL TELEVISION REcaVER USING RCA INTEGRATED
ORaJlT _IF AMPLIFIER AND DETECTOR SECTION 

• wide frequency capability - 100 kHz 
to > 20 MHz 

• comprehensive circuit functions: 

if amplifier, AM and noise limiter, 
FM detector, audio preamplifier 

11·73 
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ABSOLUTE·MAXIMUM VOLTAGE LIMITS AT TA = 250 C 

TERMINAL 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

CASE 

TERMINAL 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

CASE 

Indicated voltage limits far each terminal can be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 8). 

CA3013 

VOLTAGE LIMITS 
VOLTAGE CONDITIONS AT OTHER TERMINALS 

1 2 3 4 5 6 7 8 

-3 +3 Same as I +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 

-3 +3 Sameas2 . 
N 

+2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 

-3 +3 -3 to +3 Same as I "0 +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 

+2.5 +7.5 -3 to +3 Same as I 
> 
~ 

. +7.5 Same as 4 Same as 4 Ground 

0 +10 -3 to +3 Same as I ~ +2.5 to +7.5 . Same as 4 Same as 4 Ground 

+2.5 +7.5 -3 to +3 Same as 1 
UJ 

Same as 6 +7.5 Same as 4 Ground .?;- . 
+2.5 +7.5 -3 to +3 Same as I 8: +2.5 to +7.5 +7.5 Same as 4 . Ground .., 
-3 +7.5 -3 to +3 Same as I 

1$ 
+2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground z: 

'" 0 +7.5 -3 to +3 Same as I c +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 

0 +10 -3 to +3 Same as I +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 

INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL) 

CA3014 

VOLTAGE LIMITS 
I 2 3 

VOLTAGE CONDITIONS AT OTHER TERMINALS 

4 5 6 7 8 

-3 +3 Same as I +2.5 to +10 +10 Same as 4 Same as 4 Ground 

-3 +3 Same as 2 :l'. +2.5 to +10 +10 Same as 4 Same as 4 Ground 

-3 +3 -3 to +3 Same as I .l3 +2.5 to +10 +10 Same as 4 Same as 4 Ground "0 
> 

+2.5 +10 -3 to +3 Same as I -;;; . +10 Same as 4 Same as 4 Ground 

0 +13 '-3 to +3 Same as I = 
~ +2.5 to +10 . Same as 4 Same as 4 Ground 

+2.5 +10 -3 to +3 Same as I 
UJ 
.?;- Same as 6 +10 . Same as 4 Groun~ 
co. 

+2.5 +10 -3 to +3 Same as I co. +2.5 to +10 +10 Same as 4 Ground .., 
-3 +10 -3 to +3 Same as I 

1$ 
+2.5 to +10 +10 Same as 4 Same as 4 Ground z 

'" 0 +10 -3 to +3 Same as I c +2.5 to +10 +10 Same as 4 Same as 4 Ground 

0 +13 -3 to +3 Same as I +2.5 to +10 +10 Same as 4 Same as 4 Ground 

INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL) 

OPERATING·TEMPERATURE RANGE ..........• 55 to +1250 C Example of us. of LIMITS TABLE: 

9 10 

AF Output +7.5 

AF Output +7.5 

AF Output +7.5 

AF Output +7.5 

AF Output +7.5 

AF Output +7.5 

AF Output +7.5 

AF Output +7.5 
. +7.5 

AF Output 

9 10 

AF Output +10 

AF Output +10 

AF Output +10 

AF Output +10 

AF Output +10 

AF Output +)0 

AF Output +10 

AF Output +10 
. +10 

AF Output . 

STORAGE·TEMPERATURE RANGE ............ ·65 to +1500 C For RCA·CA3013, a maximum voltage of ±3 volts may be 
LEAD TEMPERATURE (During Solderingl: 

At distance 1/16± 1/32 inch (1.59± 0.79mmJ 
from case for 10 seconds max ..... ................ . +265oC 

MAXIMUM INPUT·SIGNAL VOLTAGE: 
Between Terminals 1 and 2 .......................... ± 3 V 

MAXIMUM DEVICE DISSIPATION .................. 300 mW 

RECOMMENDED MINIMUM DC 
SUPPLYVOLTAGE(VCc! ...........•............. 5.5V 

applied to Terminal I under the following conditions: 

Terminal 2 is at the same de potential as Terminal I 
Terminal 3: do not apply external voltage 
Terminal 4 is at any de potential between +2.5 and +7.5 volts 
TerminalS is at a de potential of +7.5 volts 
Terminals 6 and 7 are at the same de potential as Terminal 4 
Terminal 8 is at de ground potential 
Terminal 9 is used as the af output terminal 
Terminal 10 is at a de potential of +7.5 volts 
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TEST CONDITIONS LIMITS 
ELECTRICAL TYPICAL 

DC AMBIENT CHARAC· CHARACTERISTICS SETUP FREQUENCY SUPPLY TEMPERA- RCA RCA 
SYMBOLS & TERISTICS 

(See Page 8 for VOLTAGE TURE CA3013 CA3014 UNITS CURVES 
Definitions of Terms) PROCEDURE f VCC TA 

Fig. Mc/s volts °c Min. Typ. Max. Min. Typ. Max. Fig. 

-55 - 80 - 73 80 120 mW 
3 - 6 +25 60 90 133 73 90 110 mW 4 

+125 - 70 - 60 70 110 mW 
Total -55 - 130 - 106 130 170 mW 
Device PT 3 - 7.5 +25 87 120 187 106 120 150 mW 4 
Dissipation' +125 - 100 - 90 100 150 mW 

-55 - - - 165 210 250 mW 
3 - 10 +25 - - - 165 190 230 mW 4 

+125 - - - 150 160 230 mW 

-55 - 55 - 50 55 - dB 
5 1 6 +25 60 66 - 60 66 - dB 6 

+125 - 61 - 50 61 - dB 
-55 - 59 - 55 59 - dB 

5 1 7.5 +25 65 70 - 65 70 - dB 6 

Voltage Gain" A +125 - 65 - 55 65 - dB 
-55 - - - 55 61 - dB 

5 1 10 +25 - - 65 71 - dB 6 
+125 - - - 55 66 - dB 

4.5 7.5 +25 60 67 - 60 67 - dB 
5 10.7 7.5 +25 55 60 - 55 60 - dB 7 

Input-Impedance 
Components: 

Paraltellnput 
Resistance RIN 8 4.5 7.5 +25 - 3 - - 3 - kD 9 

Parallel Input 
Capacitance CIN 8 4.5 7.5 +25 - 7 - - 7 - pF 9 

Output-Impedance 
Components: 

Parallel Output 
ROUT 10 4.5 7.5 +25 - 31.5 - - 31.5 - kD 11 

Resistance 

Parallel Output 
COUT 10 4.5 7.5 +25 - 4.2 - - 4.2 - pF 11 

Capacitance 

Noise Figure NF 12 4.5 7.5 +25 - 8.7 - - 8.7 - dB 13 

Input Limiting 
vi(lim) 14 4.5 7.5 +25 300 450 300 400 I'V 15 Voltage (Knee) - -

6 +25 - 155 - - 155 - mV 
Recovered AF Voltage vo(af) 14 4.5 7.5 +25 128 188 - 135 188 - mV 15 

10 +25 - - - - 220 - mV 

Ampl ituae-Modu lation 
AMR 16 4.5 7.5 +25 50 50 dB Rejection - - - - -

Discriminator RO(disc) - 4.5 7.5 +25 - 60 - - 60 - D -
Output Resistance 

Total Harmonic 
Distortion THD 14 4.5 7.5 +25 - 1.8 - - 1.8 - % 17 

* Total current drain may be determined by dividing PT..by Vee. ** Recommended minimum de supply voltage (Vee) IS 5.5 V. 
Nominal load current flowing into termInal 5 IS 1.5 rnA at 7.5 V. 
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TYPICAL CHARACTERISTICS AND TEST SETUPS 

DISSIPATION TEST SETUP 

+'l:c 

TOTAL DEVICE DISSIPATION (Prl=VccI 
92CS-I!>804 

Fig.3 

DISSIPATION vs. TEMPERATURE 

*APPLIES ONLY FOR CA3014 

7.5 

-75 -00 -25 25 50 75 tOO 125 150 
AMBIENT TEMPERATURE (TAl - °C 

VOL TAGE.GAIN TEST SETUP 

l·Me!s VOLTAGE GAIN vs. TEMPERATURE 

CC : . 

FREQUENCY (') " I Me/s 

SOORCE RESISTANCE (RS). 50 fi 

LOAD RESISTANCE {RLl = I Kn 

75 

'" i 70 

S 
~ 65 

55 

~ _ _ 0 ~ ~ D ~ ~ 

AMBIENT TEMPERATURE (TAl - °C 

92C5-13794 

Fig.6 

PROCEDURE: 

1) Set input frequency at desired value, vi = 100 fLV rms. 

2) Record vo' 

3) Calculate Voltage Ga;n A from A "20 10gi0 vo/v;. 

4) Repeat Steps I, 2, and 3 for each frequency 
and/or temperature desired. 

Fig.S 

VOLTAGE GAIN vs. FREQUENCY 

~~~~~:L~~~Cr~~~~~f. ~~.2~·C 
SOURCE RESISTANCE (Rs)-SOn 
LOAD RESISTANCE(RLI-IKO 

72 

70 

!:l 1'\ I 68 

S \ z 
~ 66 

w 
0 

~ 64 

0 
> 

62 

60 i\ 
Clr 4681.2 46810 

FREQUENCY (1)- Me/s 

Fig.7 
92C5-13782 
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170 

TYPICAL CHARACTERISTICS AND TEST SETUPS 

INPUT-IMPEDANCE COMPONENTS TEST SETUP 

+'b: 

OJ 0.1 1"'1 PFI a., 

l'" 
Flg.8 

OUTPUT-IMPEDANCE COMPONENTS TEST SETUP 

.......... 
Flg.l0 

NOISE FIGURE TEST SETUP 

+Vcc 

Ll = 82 pH, center-tapped 
L2 = 2.36 pH 

Cl, C2 = fIIco TYpe 423 paclder, or equivalent 

Flg.12 

INPUT-IMPEDANCE COMPONENTS ••• FREQUENCY 

DC SI..IIPLY ¥OLTS IVee) • 7.5 

....... TEIoI'ERA1IIRE (T,'. 25"C 

_ '0 
fREQIJI!NCY ~f) - Me" 

Flg.9 

OUTPUT-IMPEDANCE COMPONENTS ••• FREQUENCY 

oc SIA'U' VOLTS (Vee'-?
........ TOI'ER""",,, (TN-moC 

g 
u-
I~ 
o;l~ 
::I u r 

ROUT 

0 - 10 
fREQIENCY (tI-Mell 

Flg.ll 

~ 

il 
~.L 
i! 
o~S 

i 
,. 

NOISE FIGURE ••• DC SUPPLY VOLTAGE 

• 

AMBIENTTEMPER~TURE eTA)- s·e 
FREQUENCY m-4.5Mcll 
SOURCE RESISTANCE(RS)-ZOOA 

8 • 
DC SUPPLY VOLTS (Vee) 

Flg.13 

'0 
92CS-B78I 
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TYPICAL CHARACTERISTICS AND TEST SETUPS 

INPUT LIMITING VOLTAGE, RECOVERED AF VOLTAGE, AND TOTAL HARMONIC DISTORTION TEST SETUP 

o 

6 

I." 

~'fro--~.-, 

I 
DI~~I:TOR ~;~M~~..J 

FOR WINDING INFORMAnON ~ 
SEE FIG. 18 

92CS-138oo 

PROCEDURE: 

A - Recovered·AF Voltage Output: 

1) Set input frequency =4.5 Mc/s, vI = 100 mV rms, modulating 
frequency = 1 kc/s, frequency deviation = ±25 kc/s. 

2) Record va as Recovered·AF Voltage Output. 

B· Input Limiting Voltage (Knee): 

1) Repeat Steps Al and A2, using vi = 100 mV rms. 

2) Decrease vi! to the level at \\!rich Vo is 3 dB below Its value 
for vi = 10 mV. 

3) Record vi as Input Limiting Voltage (Knee). 

Flg.14 

INPUT LIMITING VOLTAGE (KNEE) AND RECOVERED AF VOLTAGE 

a. 1.75 Mel. 

o 

DC SUPPLY IIDLTS 
Vee .10" 

TO I OmY 

APPLIES ONLY FOR CA3014 

7.5 

6 

MBIENT TEMPERATURE (TA)· e·c 
SIGNAL FREQUENCY· 1.75 Me" 
MODULATING FREQUENCY. I kC/s 
FREQUENCY DEVIATION. :t: 25 kc/s 
~ .B • RECOVEREO AF VOt.TAGE LEVEL FOR VI • 100 ... 

0.5 I La 2 
INPUT SIGNAL LEVEL (Yi) - MILLIVOLTS (RUS) 

92CS-13193 

(a) 

a.4.5 Mel. a. 10.7 Mel. 

TO IOOmY 

DC SUPPlY IIOLTS 
VCC·IO· ' 

·1 

_APPLIES ONLY FOR CA3014 

DC SUPPLY IIDLTS 
Vee .10· 

TO IODmV 

APPUES ONLY FOR C~I 

7.5 

6 

AMBIENT TEMPERAn..RE (TA). ZS·C 
SIGNAL FREQUENCY· 4.5 Mell 
MODULATING FREQUENCY· I kc/S 

FREQUENCY DEVIATION· 1; 25 lela 
·s 

BIENT TEMPERATURE (TAl- S·C 
SIGNAL FREQUENCY. 10.7 McIs 
MODULATING FREQUENCY. I kelt 
FREOUENC't DEVIATION· :I: 25 kcII 

o dB • RECOVERED AF VOLTAGE LEVEL FOR Vi • 100 mY 

0.5 I L5 2 
INPUT SIGNAL LEVEL (vI1- MILLIVOLTS (RNS) 

9ZCS-13792 

(b) 
~i9·1S 

o 
o dB' RBX>IEREO AF VOt.TAGE LEVEL FOR vI ·100 oN 

0.5 I .. 5 2 
INPUT SIGNAL LEVEL (vl)- MILLM)LTS (RMSJ 

92CS·IS791 

(e) 
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TYPICAL CHARACTERISTICS AND TEST SETUPS 

5 

AM·REJECTION TEST SETUP 

I 

D~~MINA~ -;RA-:S:R:E~~ 
FOR WINDING INFORMATION R ~ 

SEE FIG.IB 

92CS-t3801 

PROCEDURE: 

1) With Switch S in position u a", set input frequency = 4.5 Me/s, 
vi = 10 mv fms, modulating frequency = 1 kc/s, frequency 
deviation = ±25 kc/s. 

2) Record vo' 
3) Place Switch S in position "b", and set input frequency = 4.5 

Mc/s, vi = 10 mV rms, modulating frequency = 1 kc/s, 
% modulation = 50. 

4) Measure vo, and record value in dB below value in Step 2 
as IWo Rejection. 

Fig.16 

TOTAL HARMONIC DISTORTION ys. DC SUPPLY VOLTAGE 

u 
Z 1.95 
o 
i!! 
~ 1.90 .. 
1! 
f? 1 •• 5 

AMBIENT TEMPERATURE (TAl -2S·C 
SIGNAL FREQUENCY. 4.5,.cIs 
MODULATING FREQUENCY -IKe/, 
FREQUENCY DEVIATION· 1215 KeI, 

7 8 .t 10 
DC SUPPLY VOLTS (Vee) 

92CS-t!790 

Fig.17 

DISCRIMINATOR TRANSFORMER SCHEMATIC 
COKSTRUCTION DETAILS OF DISCRIMINATOR 
TRANSFORMERS SHOWN IN. FIGS. 2, 14 AND 16 
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r ---------, 
I BIFILAR .. FILAR I 
I ,......-'--, r--'---. I ]TICI L. L3 l...r. 
lei 1 cJ 
I I 

I 
I 

i ! 
L ________ ..J 

92CS-15798 

(a) 

Fig.18 

Coil'Form Outside Diameter = 7/32 inch 

Slugs: Radio Industries, Inc. TYPe "'Eu Materia., or equivalent 

Wire TYpe:: "GRIPEZE"*, or equivalent 

Operating WireSi. Tums CI C2 Frequenq 

Mel. (AWG#) LIA L2A L3 pF pF 

1.75 40 44 20 44 totaf 820 820 
(22:bi.tilar 
wound) 

4.5 36 18 7 22 total 560 
(11 bifilar 
wound) 

10.7 36 II! 18 18 total 100 
(9 bifllar 
wound) 

• Registered Trade Mark, Phelps·Dodge Copper Products • 

... wound bifilare 

NOTE: The mutual coupling between L1 and. La is adjusted 
for the desired degree of linearity. 

(b) 

330 

100 
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11·73 

DDJ]3LJ1J 
Solid State 
Division 

Linear Integrated Circuits 
CA3018 
CA3018A 

General-Purpose Transistor Arrays 
Monolithic Silicon 

The CA3018 and CA3018A consist of four general pur
pose silicon n·p-.n transistors on a common monolithic 
substrate. 

TWO ISOLATED TRANSISTORS 
AND A DARLINGTON·CONNECTED 
TRANSISTOR PAIR Two of the four transistors are connected in the 

Darlington., configuration. The substrate is connected 
to a separate terminal for maximum flexibility. 

The transistors of the CA3018 and the CA3018A are 
well suited to a wide variety of applications in low
power systems in the DC through VHF range. They 
may he used as discrete transistors in conventional 
circuits but in addition they provide the advantages 
of close electrical and thermal matching inherent in 
integrated circuit construction. 

For Low·Power Applications 
at Frequencies from DC 
Through the VHF Range 
FEATURES 

12-Lead 
TO.S Style 

The CA3018A is similar to the CA3018 but features 
tighter control of current gain, leakage, and offset 
parameters making it suitable for more critical appli
cations requiring premium performance. 

• Matched monolithic general purpose transistors 

• HFE matched ± 10% 

o YBE matched ± 2 mY CA301SA (± 5mY CA301S) 

• Operation from DC to 120 MHz APPLICATIONS 

o General use in signal processing systems in DC 
through VHF range 

• Custom designed differential amplifiers 

• Temperature compensated amplifiers 

• See RCA Application Note. ICAN-5296 ""Application 
of the RCA CA3018 Integrated·Circuit Transistor 
Array" for suggested Applications; 

CASE 
AND 

SUBSTRATE 
010 

9ZCS-l4244RI 

Fig. I - Schematic Diagram lor CA3018 amI CA3018" 

o Wide operating current range 

• CA30l8A performance characteristics controlled 
from 10~ A ta 10mA 

• Low noise figure. - 3.2 dB typical at 1 KHz 

• Full military temperature range capability 
(-55 to + 125°C) 

Maximum Ratings, Absolute-Maximum Values, at T A=2SoC 

Power Dissipation, P: 

Anyone transistor •••••.••• 

Total package ...••.•.•••• 

Derate at 5 mW/oC for TA > 85°C 

Temperature Range: 

Operating •.••.•••.•.•.•• 

CA3018 CA3018A 

300 300 mW 
450 450 mW 

-55 to + 1~5 -55 to + 125°C 

Storage. • • . • • • • . • . • . . • •• -65 to + 150 -65 to + 150°C 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max. . .............. + 26SoC 

The following ratings apply for each transistor in the device: 
CA3018 CA3018A 

Collector-to-Emitter Voltage, V CEO' 15 15 V 
Collector-to-Base Voltage, V cao .. 20 30 V 
Collector-to-Substrate Voltage. V CIO * 20 40 V 
Emitter-ta-Base Voltage, VEBO • • • 5 5 V 
Collector Current, IC ••••••.••• 50 50 mA 

*The collector of each transistor of the CA3018 and CA3018A 
is isolated from the substrate by an integral diode. The 
substrate (terminal 101 must be connected to the most neg
ative point in the external circuit to maintain isolation be
tween transistors and to provide for normal transistor action. 
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Characteristics apply for each transistor in the CA3018 and CA3018A as specified. 

ELECTRICAL CA3018 CA3018A 
CHARAC-

TERISTICS 
CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS 

LIMITS LIMits CURVES Units 
atTA -250C 

Min. Typ_ Max. Min. Typ. Max. Fig. 

STATIC CHARACTERISTICS 
Collect .. ·Cutoff Current fCBO VCB,IOV.IE'O - 0.002 100 - 0.002 40 nA 2 

Colfect .. ·Cutoff ClIrent ICEO VCE.lOV.IB,O - See Curve 5 - See Clive 0.5 p.A 3 

Coliect .. ·Cutoff Current 
ICEOD VCE,IOV,IB,O - -

Darlington Pair 
- - - 5 fJ.A -

Collect .. ·to·EmiUer 
V(BRlCEO IC,I.A.fB'O 15 24 - 15 24 - V -

Breakdown Voftage 

Colfect .. ·tll-Base 
V(BR)CBO Breakdown Voltage 

fC,I!\!LA,IE'O 20 60 - 30 60 - V -
Emitter·tll-Base 

V(BR)EBO IE,I!\!LA,IC'O 5 7 
Breakdown Voftage 

- 5 7 - Ii -
Collect .. ·tll-Substrate 

V(BRlClO fC,II\!LA.ICf'O 20 60 - 40 60 - V -
Breakdown Voltage 

Colfect .. ·tIl-EmiUer 
VCES Saturation Voltage 

IB,lmA.IC,IOmA - 0.23 - - 0.23 0.5 V -

{ IC'IOmA - 100 - 50 100 - -
Static F .. ward Current 

hFE VCE,3V, IC' ImA 30 100 200 60 100 200 - 4 
Tmnsfer Ratio IC'II\!LA - 54 - 30 54 - -

Magnitude of Static·Beta Ratio VCE,3V,ICI,IcrimA 0.9 0.97 - 0.9 0.97 - - 4 
(Isolated Transist .. s QI and Q2) 

Static F mward Current Transfer 
2000 5400 Ratio Darlingt ... Pair hFED V ,3V {IC' ImA 1500 5400 - -

5 CE IC'IIlI\!LA - - 1000 2800 - -
(Q3 & Q4) • ~ 

VBE VCE·3V IE,lmA - 0.715 - 0.600 0.715 O.BOO V 6 
Base·tll-Emitter Voltage IE,IOmA - 0.800 - - O.BOO 0.900 

Input Offset Voltage rBE I 'VBE~ VCE=3V,IE,lmA - 0.48 5 - 0.48 2 mV 6,8 

Temperature Coefficient: 
IlIVBd mv/OC Base·tll-Emitter Voltage --;s;:- VCE=3V,IE,lmA - -1.9 - - -1.9 - 7 

QI,Q2 

Base (Q3Ho.EmiUer (Q,) VBED VCE,3V IE,IOmA - 1.46 - - 1.46 1.60 
9 

IE'lmA - 1.32 - 1.10 1.32 1.50 V 
Voltage·Darlington Pair (V9·1) 

Temperature Coefficient: 
jLlVBEDI 10 Base·tll-Emitter Voltage VCE,3V,IE,ImA - 4.4 - - 4.4 - mV/ 

Darlington Pair'Q3,Q4 ?iT °c 

Temperatlle Coefficient: fBE1.VaFJ VCc-t6V,VEE=·6V. - 10 - - 10 - fJ.V/OC -
Magnitude of Input·Offset Voltage 6T ICI,IC2,ImA 
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ELECTRICAL CHARACTERISTICS, (COHT'D) 

DYNAMIC CHARACTERISTICS CA3018 CA3018A 

Low Frequency Noise Figure NF f=I KHz,VCE=3V,IC=I~ - 3.25 - - 3.25 - dB lI(b) Source resistance=J Kn 

Low-Frequency,SmaIl·Signal 
Equivalenl-Circuil 
Characterislics: 

Forward CunenHransfer Ratio hfe I - 110 - - 110 - - 12 

Shlll-Circuil Inpul Impedance hie - 3.5 - - 3.5 - Kn 12 

Open-Circuil Oulpul Impedance hoe f=lkHz,VCE=3V,IC=lmA - 15.6 - - 15.6 - J'IIIho 12 

Open-Circuil Reverse hre 
J 1.8xl~ - - 1.8x1~ 12 

Voltage-Transfer Ralio - - -

Admiltance Characterislics: 

Forward Transfer Admittance Yfe I - 31-jl.5 - - 3l-j1.5 - mmho 13 

Inpul Admittance Vie - 0.3tjO_04 - - 0.3tjO.04 - mmho 14 

Oulpul Admittance Voe 
1=IMHz,VCE=3V,lc=lmA - o.OOltjO.03 - - O.OOltjO.03 - mmho IS 

Reverse Transfer Admittance Vre I See Curve See Curve mmho 16 

Gain-Bandwidth "''''ucl fT V CE=3V ,IC =3mA 300 500 - 300 500 - MHz 17 

Emitter-Io-Base Capacitance CEB VEB=3V,IE=O - 0.6 - - 0.6 - pF -
Collecill-io-Base Capacilance CCB VCB=3V,IC=O - 0.58 - - 0.58 - pF -
Colleclll-lo-SubslTate Capacitance CCI Vc 1=3V ,IC=O - 2.8 - - 2_8 - pF -

STATIC CHARACTERISTICS 

'0"1 EMITTER CURRENT (I )-0 

4 
/ • 

'0 

~ f ~ 
~ . 

..... " ... -
" • ..... .,~ "-.. 
u 
!:! '. ~ 
0- • ... 0 

is 4 ~y// .. • .. 
, ... o'/V/ " u ,cr-

::: S ,,0'1' 

§ • .. 0,,$// 
~ 10· "/// 
t; • ~ = y./ 8 • 

'CT • 
,// / 

• 4 

,et" 
o 15 '00 '2<5 

AMBIENT TEMPERATUR£ ITA1--«: 
92CS-2S775 

Fig_2 - Typical Collector-To-Base Cutoff Current vs 
Ambient Temperatur. Ifjr Each Transistor_ 

'0" BASE CURRENT IXB}·O 

4 

'0' ~ ~ 

'.! S ~ 

I 4 ~4' "'-
S • ~ .. " 

..:~i'/ 
~ 1°8 ...<Y, 

!i; 4 
...... ~/ !l! • a , . ,~// 

..0 

~ 4 .. 6/ 
~ ,,,' iY"'l/ 

" ~ : 
~ 

4 
/. • .// 

'CT • 

• --L 
In-a 2 

0 25 50 15 '00 , 5 

AMBIENT TEMPERATURE (TAI--c 
9ZCS-Zln. 

Fig_3 - Typical Collector-To-Emmiter Cutoff. Current vs 
Ambient Temperature lor Each Transistor_ 
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120 COLLECTOR-lO-EMITTER VOLTAGE (VCE).3V 1.1 
AMBIENT TEMPERATURE (TA)·2S·C 

; 110 

100 Ib' 
I!' UI 

I 

... z_ ...... 
1~loRlhFE21 

0 
~ ~90 

V 5 ~~ hFE2 hFEI uo 
~ ~5 80 O.9~ 

3!'" 
'" fi' 
g 

70 

60V / 0.8 

50 

0.01 2 . 6 • 2 • 6 • 0.1 I 2 . 6 • 10 

EMITTER CURRENT (IE)-mA 
92CS-23777 

Fig.4 - Typical Static Forward Current- Transfer 
Ratio and Beta Ratio for Transistors Q. 

and Q2 vs Emitter Current. 

0.8 COLLECTOR-lO-EMITTER VOLTAGE (VCE)·3V 
> 

> 
AMBIENT TEMPERATURE(TA)·25"C V e 

~ I I If-\~~f-Y 
I 

" ~ 0.7 3 ~ 
... S ~l J)l. "~ f-"\"~ 11l I-- o' . ~ ~ ,,-~~ g 

O. 2 O. 

'" ... 
~. ... ... 

~ > 
0 05 ~ I ~ ~ -" INPUT OFFSET VOLTAGE. \\leE.\ 0 

:l 
I I 

... 
0." I I 0 ~ 

O. I 2 4 6 801 2 4 6 • I 2 4 6 810' 

EMITTER CURRENT (IE)-mA 
92CS-23779 

Fig.6 - Typical Static Base-to-Emitter Voltag,; 
Characteristic and Input Offset Voltage for 

> 
e " I 

... 
~ 0.7 

g 

~ 
~Q25 

o 

Ql and Q2 vs Emitter Current. 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)-3 V 

,,,,-
0.\",1\ 

-75 -50 -25 25 50 75 100 125 

AMBIENT TEMPERATURE ITA)-"C 
92C$-23181 

Fig.8 - Typical Offset Voltage Characteristic vs 
Ambient Temperature 
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8000 

V- r--.., 
0:: ... 7000 /v '" ... 0 
~ ... 

~! 6000 
"'''' V ~i 
Zz 5000 
"'0 

,/ "' .... "''' 
°5 4000 

V fi?~ ./ ;0 
3000 

"'''' 00 
~~ 

~" 2000 
~~ COLLECTOR-lO-EMITTER VOLTAGE (VCE)-3V 
1;;'" 

1000 
AMBIENT TEMPERATURE (TA)-25-C 

0 II II 
0.1 4 6 e I 6 8 10 

EMITTER CURRENT (1E)- mA 
92CS-23778 

Fig.S - Typical Static Forward Current - Transfer Ratio 
for Darlington-conn"cted Transister. Q3 

and Q4 vs Emitter Current. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-! v 

> 
I 
~0.9 
z: ... 
~OB 
g 
ffi .0.7 

... ... 
~ 0.6 

~ 0.5 
::l 
" m 0.4 

-75 -50 -25 25 50 75 100 125 

AMBIENT TEMPERATURE (TA)-OC 
92CS-23180 

Fig_7 - Typical Base-To-Emitter Voltage Characteristic 
for Each Transistor vs Ambient Temperature 

1.7 COLLECTOR-TO-EMITTER VOLTAGE (VeE)-! v 
AMBIENT TEMPERATURE CTA)-2S0C 

> 
IIJ I 1.6 

/ ,,-,,0 ...... 
g~ / a: a:: 1.5 

v/ ... " ""0. !::z 
::Eo ,/ ...... 
bi 1.4 

/ z~ 
/" :l~ 

m~I.3 
,/' 

/' 
/" 

01 6 8 I 6 8 /0 

EMITTER CURRENT (1EI-mA 
92CS-23182 

Fig.9 - Typical Static Input Voltage Characteristic for 
Darlington Pair (Q3 and Q4) vs 

Emitter Current 



File No. 338 _______________________ CA3Q18, CA3018A 

ffi 1.50 
:: 
" 'i' 1.25 

~ i 1 

0.75 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)o3V 

-75 -50 -25 

AMBIENT TEMPERATURE (TA)-OC 
92CS-23783 

Fig.IO - Typical Static Input Voltage Characteristic for 
Darlington Pair (Q3 and Q4) vs 

Ambient Temperature, 

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 

'" ~ 
I ... z 
... 
0: 

1; .. ... .. 
~ 

'" 1 
" ~ .. ... .. 
i5 z 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI·3V 
SOURCE RESISTANCE (R5)-soon 

AMBIENT TEMPERATURE (TAl.o.2S 8 C 
20 

O~~" 
~ 15 ~<-~ 

~ ~('.~ 

... ~p V 
10 I)-.~ ",,,,V 

~ V iT 5 --
0.01 2 4 6 B (>1 2 4 6 B 

COLLECTOR CURRENT (Icl- mA 
92CS-23784 

Fig.ll(a) - Noise Figure vs Collector Current, 

RS = 500 O. 

30 COLLECTOR-IO-EMITTER VOLTAGE (VCE).3V 

/" 
SOURCE RESISTANCE (RS)· 10 kn 

I 25 
AMBIENT TEMPERATURE (TAI"2S DC 

1,,// 
20 

~ -1,,\.(:\-- / *-,,<-
15 .," 

~ I. ~-$<~ 

10 
~ .... P ,,/ 

Vo. /~« V 
5 --I-1---"'-
0 

0.01 G e 0.1 

COLLECTOR CURRENT (Icl-mA 
92CS-23786 

Fig.ll(c) - Noise Figure vs Collector Current, 
RS = 10 KO. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-3V 

IJ~ SOURCE RESISTANCE (RS)" 1000 n 

AMBIENT TEMPERATURE (TA!=2SoC 
20 

'" 
I \..". ~ ~ 15 

'i:J~¥>v4. 

~ I,V ... 
~ 

~t( ~ 

.. 10 ~('.~ ~ 
\:l ~ ~L ~ /1-" / 

5 ::::::::::;: - ~ -flF 
aOI 6 8 0 .1 6 B I 

COLLECTOR CURRENT (Ic)-mA 92CS-23785 

Fig.lI(b) - Noise Figure vs Collector Current, RS = I KO. 

100 COLLECTOR-TO-EMITTER VOLTAGE (YCE)-3 Y 
G FREQUENCY (f) -I kHz 
4 AMBIENT TEMPERATURE(TAI=2S DC 

I 1 I II 
I 

~ 
2 

hf • .,00 } 

10 :::- t---.... hie"2.7 kn 
h" hre"l.aaxlo-4 atlmA 

" B - hoe=IS.6~mho 
;,l 6 

i">-11. 4 , V ~ 

0 2 :d .... 1'> / 'l I _hfe..:: 

i • -
6 .,- K~!.. ...-4 .- e- N 
2 / 

0.1 / 

0.01 
2 4 6. 2 4 6 • 

0.1 I 
2 4 6 • 

10 
COLLECTOR CURRENT tIcl-mA 

92CS-23787 

Fig. 12 - Forward Current- Transfer Ratio (h fe ), Short
Circuit Input Impedance (hie)' Open-Circuit 
Output Impedance (hoe)' and Open-Circuit 
Reverse Voltage-Transfer Ratio (hre ) 

vs Collector Current 
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TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 

=:t~~:A=U(+A)!25·JNPU ==-~~A~~.~T 
COLLECTOR-to-EMITTER VOLTAGE CVcE)-5V 
COLLECTOR CURRENT (J:c'-) lIlA 

COLLECTOR-TO-EMITTER IIOLTAGE IVcE)-aV 
6COLLECTOR CURRENT (Xc)olmA 

4 

1i 
""iI 

h -"-i I 20 

flo 
~~ "-~~ 0. -I.!I. 

.. 
~~ 5 

'" .:; 
§~ b,. 
~ I 4 I I .. 
~; 3 

I 
VI §! 1ft" ...... 2 

~r! ~r! 

I!~ 
z .. 
-iii I /1/ 

r----.. v 
0_"" 0. 

0.1 • , •• I 10 
FREQUENCY (f)-MHz 

4 • 
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, . 
OJ 

etCS-2S'.' 

2 4 •• 
.L-

I-, 4 •• I Ie 
FREQUENCY If)-MHz 

" 

V . • • 100 
, 

92CS-2:!ITI9 

Fig. 13 • Forward Transfer Admittance (Y fel Fig.14 • Input Admittance (Y i.1 

0.1 
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=,em-~~gA¥L~\r..~_I!'PUT II COLLECTOR-TO-EMITTER VOLTAGE IVcEI-av 
COLLECTOR CIIRRENT IICI-1 "'" , 
~ are ~::"i~.:T~~ClES _ r b,. 

"-
§ 

I~ -I 

... t .... 
~I!l 
II! -2 

468 2 46 2 
I Ie 

4 68 2 
100 

468 10 468 100 
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.2CS-Z57.0 92CS-ZS711 

Fig. 15 • Output AdmiHance (Yael Fig. 16 • Reverse Transfer Admittance (Y reI 

COLLECTOR-TO-EMITTER VoLTAGE IVCEI-av 
AMBIENT TEMPERATURE (TAl-;25°C 

COLLECTOR CURRENT <:IC)-mA 9ZCS-UTU. 

Fig. 17 - Typical Galn.Bandwldth Product (fTI vs 
Collectar Current 
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OO(]3LJD Linear Integrated Circuits 
Solid State 
Division 

DIODE ARRAY 

Monolithic Silicon 

The CA3019 consists of one Diode "Quad" and two Isolated Diodes on a Common 
Substrate . 

• Designed for use in Telemetry, Data-Processing, Instrumentation, and Communicatian 
Equipment 

• Built-in Temperature Stability for Operation from -SSoC to +12SoC 

• 10-Terminal TO-S Package 

CA3019 

• Hermetically Sealed 10-Pin TO-5 

• Companion Application Note, ICAN-5299 "Application of the RCA CA3019 Integrated
Circuit Diode Array" 

HIGHLIGHTS 

• Excellent Diode Match 

• Low Leakage Current 

• Low Pedestal Voltage when Gating 

ABSOLUT E-MAXIMUM RATINGS: 

DISSIPATION: 
Any one diode unit • • • • • • • • • • • • • • • 20 max. mW 

Total for device. • • • • • • • • • • • • • • •• 120 max. mW 

TEMPERATURE RANGE: 
Storage. • • • • • • • • • • • • • • • • • • • • •• -{l5 to + 150 °c 
Operating ..................... -55 to + 125 °c 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max. . .••••••••••. "265°C 

VOLTAGE: See Table 

SUBSTRATE, 
CASE 

0° 
92CS~142S4 

Fig. 1 - Schematic Diagram lor C43019. 

11·73 

.Modulator 

.Mixer 

APPLICATIONS 

• Analog Switch 

• Balanced Modulator 
• Diode Gate for Chopper

Modulator Applications 

Absolute-Maximum Voltage Limits at T A := 250C 

VOLTAGE LIMITS CONOITIONS 
TERMINAL 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

I -3 + 12 7 -6 

2 -3 +12 7 -6 

3 -3 +12 7 -6 

4 -3 +12 7 -6 

5 -3 + 12 7 -6 

6 -3 + 12 7 -6 

1,2, 
7 -18 0 3,6, 0 

8 

8 -3 +12 7 -6 

9 -3 +12 7 -6 

10 NO CONNECTION 

CASE 
INTERNALLY CONNECTED TO TERMINAL 7 

DO NOT GROUND 
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ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, TA' of 2SoC 

CHARACTERISTICS APPLY FOR EACH DIODE UNIT, UNLESS OTHERWISE SPECIFIED. 

LIMITS 
TEST 

CHARACTERISTICS SYMBOLS CIRCUITS SPECIAL TEST CONDITIONS TYPE 
CA3019 

Fig. Min. Typ. Max. 

DC Forward Voltage Drop VF · DC Forward Current (IF) -1 rnA · 0.73 0.78 

DC Reverse Breakdown Voltage V(BR)R DC Reverse Current (IR) = ·10 /-LA 4 6 · 
DC Reverse Breakdown Voltage 

Between any Diode Unit and V(BR)R · DC Reverse Current (lR) =·10 /-LA 25 80 
Substrate 

DC Reverse (Leakage) Current IR · DC Reverse Voltage (VR) = -4 V · 0.0055 10 

DC Reverse (Leakage) Current 
Between any Diode Unit and IR · DC Reverse Voltage (VR) =-4 V 0.010 10 
Substrate 

Magnitude of Diode Offset 
Voltage (Difference in DC 

!VF1' VF2! DC Forward Current (IF) = 1 rnA 1 5 Forward Voltage Drops of · · 
any Two Diode Units) 

Single Diode Capacitance CD 
Frequency (0 = 1 MHz · 1.8 · DC Reverse Voltage (VR) =·2 V 

Frequency (I) -1 MHz 
DC Reverse Voltage (VR) between 

Diode Quad-ta-Substrate 
CDQ.I 

Terminal 2,5,6, or 8 of Diode Quad 
Capacitance and Terminal 7 (Substrate) =·2 V 

Terminal 2 or 6 to Terminal 7 · 4.4 · 
Terminal 5 or 8 to Terminal 7 · 2.7 · 

Series Gate Switching 
Vs 7 10 

Pedestal Voltage 

TYPICAL CHARACTERISTICS 

DC FORWARD CURRENT (.If') "lmA DC REVERSE VOLTS 'VftJACROSS DIODE --4 

~ 15 

"' ffi 10 

~ 
g 

Q4 o 

TYPICAL 
CHARAC· 

TERISTICS 
CURVES 

Units Fig. 

V 2 

V 

V . 

/-LA 3 

/-LA 

mV 

pF 4 

pF 5 

pF 6 

mV . 

-75 850 -25 25 50 T5 100 125 -75 -50 -25 25 50 75 100 125 

180 

AMBIENT TEMPERATURE (TA)--C 

Fig.2 • DC Forward Voltage Drop (any Diode) vs 
Temperature for CA3019. 

AMBIENT TEMPERATURE (TAJ - "C 
92CS-I4e1 

Fig.3· Reverse (Leakage) Current (any Diode) vs 
Temperature far CA3019. 
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TYPICAL CHARACTERISTICS 

I 
w 
" 4 
~ 

AMBIENT TEMPERATURE (TA)·25·C 
FREQUENCY IF) -IMHz 

r 2 3 
DC REVERSE VOLTS (VR) ACROSS DIODE 

92CS-14252 

Fig.4 - Diode Capacitance (any Diode) vs Reverse 
Voltage for CA30J9. 

o 

AMBIENT TEMPERATURE (TAl .. 2S"C 
FREQUENCY (f) .. I MHz 

1 2 3 4 
DC REVERSE VOLTS (VR) BETWEEN TERMINALS 5 OR B 

AND SUBSTRATE (TERMINAL 7)" 9ZCS-14200 

Fig.6 - Diode Quad-to-Substrate Capacitance vs 
Reverse Voltage for CA30J9. 

° 

AMBIENT TEMPERATURE (TAl" 2S·C 
FREQUENCY (t) .. I MHz 

I 2 3 4 
DC REVERSE VOLTS (VR) BETWEEN TERMINAL 2 OR 6 

AND SUBSTRATE (TERMINAL 7) 92CS-14249 

Fig.S - Diode Quad-to-Substrate Capacitance vs 
Reverse Voltage for CA30J9. 

+6 v 

-6 V 

* ilOmV 
>-{ii}--.------, pop 

92CS-1424? 

Fig.7 - Series Gate Switching Test Setup for CA30J9. 
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OOcn3LJD 
Solid State 
Division 

Linear Integrated Circuits 
CA3020 
CA3020A 

Multipurpose Wide·Blld Power Amplifiers 

The RCA-CA3020 and CA3020A are integrated-Circuit, 
Multistage, Multipurpose, Wide-Band Power Amplifiers 
on a single monolithic silicon chip. They employ a 
highly versatile and stable direct-coupled circuit con
figuration featuring wide frequency range, high voltage 
and power gain, and high power output. These features 
plus inherent stability over a wide temperature range 
make the CA3020 and CA3020A extremely useful for a 
wide variety of applications in military, industrial, and 
commercial equipment. 

The CA3020 and CA3020A are particularly suited for 
service as Class B power amplifiers. The CA3020A 
can provide a maximum power output of 1 watt from. a 
12-yolt DC supply with a typical power gain of 75 dB. 
The CA3020 provides 0.5 watt power output from a 
9-volt supply with the same power gain. 

These types are supplied in hermetically sealed. TO-S 
style 12-1ead packages. 

SCHEMATIC DIAGRAM FOR CA3020 AND CA3020A 

RII !.SK 

Flg.1 

The resistance values included on the schematic dia
Iram have been supplied as a convenience to assist 
Equipment Manulacturers in optimizinl the selection 
01 U outboard'" components of equipment designs. The 
valuea sho .... n may vary as much as ± 30~. 
RCA reserves the right to make any changes in the Re
sistance Values provided such changes do not ad
versely affect the published performance characteris
tics of the device. 

Monolithic Silicon 

MULnpURPOSE WIDE·BAND 
POWER AMPUFIERS 

For Milary, Industri. 
and Commercial Equipment 
at Frequencies up to 8 MHz 

FEATURES 

12.L •• d TO·5 

• High power output - clas.s B amplifier -
CA3020 •••• 0.5 watt typo Dt V CC = + 9V 
CA3020A ••• 1.0 watt typo at V CC = + 12V 

• Wide frequency range --
Up to 8 MHZ with ,e.l.tlve loads 

• High power gDin ................ 75db typo 

• Single power supply for class B operation 
with transformer --
CA3020 .................. 3 to 9V 
CA3020A ................. 3 to 12V 

• Built-in temperature-tracking voltage 
regulator provides stable operation over 
.5SSC to + 125°C temperature range 

APPLICA TIOHS 

• AF power amplifiers fOr portable and fixed sound and 
communications systems 

• Servo-control amplifiers 

• Wide-band linear mixers 

• Video power amplifiers 

• Transmi ssion-line driver amplifiers (balanced and 
unbalDnced) 

• Fon-in and fan-out amplifiers for computer logic 
circuits 

• Lamp-control amplifiers 

• Moto,..control amplifiers 

• Powe, multivibralo, 

• Powe, switches 

• Companion Application Note, ICAN 5766 "Application 
of CA3020 and CA3020A Integrated Circuit Multi. 
purpose Wide-Barrel Powe, Amplifiers!': 

11·73 
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ABSOLUT E·MAX IMUM RAT INGS: 
DISSIPATION: WITHOUT HEAT SINK WITH HEAT SINK 

At TA = 25°C. .......••....•.......•••••••• 1 W 
Above TA = 25°C •••.••.•....• derate linearly 6.7 mW/'C 

At'TC = 25°C .•..•......•.•••.• 2 W 
At TC = 25°C to TC = 55°C ........• 2 W 
Above TC = 55°C •• derate linearly 16.7mW/oC 

TEMPERATURE RANGE: 
Operating ••...•...•..•..•.•.•..•.••..•. -55°C to + 12SoC 
Storage •••...•••...•........•.•.••.•.•. -6SoC to + 1S00C 

LEAD TEMPERATURE (During Soldering): 

At distance I/!6 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max. .•....•..•............• +2650C 

MAXIMUM VOLTAGE RATINGS at T A = 25°C 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range of the vertical terminal 1 with respect to terminal 12 is 0 to + 10 volts. 

TERM-
INAL 1 2 3 4 S 6 7 8 9 10 11 12 
No. 

1 . . · · · · · • 0 
+3 · +10 

-10/-12 Note I 0 

2 . · · · · · · · · +2 
-2 

3 · · · · · · · · +2 
-2 

• • 
4 +18/+25 · · · · · · +18/-125 

0 
0 

S · · · · · · +3 
Nole 2 

• 
6 0 · · · · +3 

-18f25 Nole 2 

• 
7 · · · · ii8/+25 

0 

8 Nole 3 · · Nole 3 
0 

9 +10 Nole I +106+12 
0 0 

10 · +10 
0 

11 . 
REF. 

12 SUB-
IsTRATE 

MAXIMUM 
CURRENT RATINGS 

TERM· 
lIN I~~T INAL 

No. mA 

1 20 

2 

3 

4 300 

S 300 

6 300 

7 300 

8 

9 20 

10 I 

11 20 

12 -
Note 1: This voltage is established by the maximum current 

rating. 
* Voltages are not normally applied between these terminals. 

Note 2: The emitters of Q6 and Q7 may be returned to a nega· 
tive voltage supply througb emitter resistors. Current 
into tenninal No.9 should not be exceeded and the 
total device dissipation should not be exceeded. 

Note 3: Terminal No.8 may be connected to terminals Nos.9. 
11. or 12. 

Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 

.. Higher value is for CA3020A. 
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ELECTRICAL. CHARACTERISTICS AT TA = 25°C 

CHARACTERI STI CS 

Colleclor-Io-Emiller 
Breakdown Vollage, Q6 & Q7 
al 10 rnA 

Colleclor-Io-Emitter 
Breakdown Vollage, QI 
alO.l rnA 

Idle Currents, Q6 & Q7 

Peak Oulpul Currenls, 
Q6 & Q7 

Culoff Currenls, 
Q6 & Q7 

Oifferelial Amplifier 
Currenl Drain 

Tolal Currenl Drain 

Differenlial Amplifier 
Inpul Terminal Vollages 

Regulalor Terminal Vollage 

Q, Culoff (Leakage) Currenls: 
Colleclor-Io-Emitter 

Emitter-la-Base 

Colleclor-Io-Base 

Forward Currenl Transfer 
Ralio, QI al 3 mA 

Bandwidlh al -3 dB Poinl 

Maximum Power Oulpul 

Sensilivity for "o.UL = 400 mW 

Sensilivily for POUT -- 800 mW 

Inpul Resistance----
Terminal 3 10 Ground 

J uncli on-Io-Case 
Thermal Resistance 

• RCC" 1300 

bRCC"2000 

184 

SYMBOLS 

V(BR)CER 

V(BR)CEO 

14 IDLE 
17 IDLE 

14PK 
17PK 

14 CUTOFF 
17 CUTOFF 

ICCI 

ICCI + 
ICC2 

V2 
V3 

Vll 

fCEO 

lEBO 

fCBO 

hFEI 

BW 

PO(MAX) 

elN 

elN 

RIN3 

BJ-C 

TESTCONDI TI ONS 

CI RCUIT DC 
AND SUPPLY 

PROCEDURE VOLTAGE 

FIG. VCCI VCC2 

2. 

8 9.0 2.0 

8 9.0 2.0 

8 9.0 2.0 

8 9.0 9.0 

8 9.0 9.0 

8 9.0 2.0 

8 9.0 2.0 

10.0 

- 3.0 

3.0 

6.0 

9 6.0 6.0 

6.0 6.0 

10 9.0 9.0 
9.0 12.0 

10 9.0 9.0 

10 9.0 12.0 

11 6.0 6.0 

-- - -

MIN. 

18 

10 

140 

6.3 

8.0 

-

-

30 

200 

400 

LIMITS LIMITS 
CA3020 CA3020A 

UNITS 

TYP. MAX. MIN. TYP. MAX. 

25 V 

10 V 

5.5 5.5 rnA 

180 rnA 

1.0 1.0 rnA 

9.4 12.5 6.3 9.4 12.5 rnA 

21.5 35.0 14.0 21.5 30.0 rnA 

1.11 1.11 V 

2.35 2.35 V 

- 100 - - 100 

- 0.1 - - 0.1 fJ-A 
- 0.1 - - 0.1 

75 30 75 

8 8 MHz 

300' 200 300-

550- - 400 550" mW 

800 1000b -
35- 55 mV 

50b 100 mV 

1000 1000 0 

60 60 °C/W 
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r--...... ~------ Veel 
I. VCC2 

510K 

92C5-19659 

92CS-15233 

Fig.2 

B. Collector-ta-emitter breal<down voltage (06 & Q7' circuit 
b. Typical audio amplifier circuit utilizing the CA3020 or 

CA3020A as an audio preamplifier and class B power 
amplifier 

TYPICAL PERFORMANCE DATA* 

An External Radiator ;s Recommended lor High Ambient Temperature Operation 

CHARACTERISTICS SYMBOLS CA3020 CA3020A UNITS 

VC CI 9.0 9.0 
Power Supply Voltage V 

VCC2 9.0 12.0 

Oil!. Amp!. 'I CCI 15 15 
Zero Signal Current mA 

Output Amp!. ICC2 24 24 

Oil!. Amp!. ICCJ 16 16,6 
Maximum Signal Current mA 

Output Ampl. ICC2 125 140 

Maximum Power Output at THO'" 10% Po 550 1000 mW 

Sensitivity elN 35 45 mV 

Power Gain Gp 75 75 dB 

Input Resistance RIN 55 55 kO 

Efficiency TJ 45 55 % 

Signal-to-Noise Ratio SIN 70 66 dB 

THO at 150 mW level 3.1 3.3 % 

Test Signal Frequency Irom 6000 Generator 1000 1000 Hz 

Equivalent Collector-to-Collector Load Resistance RCC 130 200 0 

* Refer to Figs.S through 12 for Measurement and Symbol Information. 
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TYPICAL TRANSFER CHARACTERISTICS 

... 
'1. ". !:! 

.--<.---........ 
.2. ~ -45"C 

i .. +25-C 32 
ii 

I +125°C 

ffi, 

i 
8 0 

-25 0 25 50 75 
7550250-~ 

a. Test Setup x.oo"-I- X7"ON" 
Dlf'FER£N11AL AMPLIFIER INPUT MILLIVOLTS (V23) 92CS-I!5226 

Flg.3 b. Characteristics with R10 shorted out 

.. 
'1. 

" !:!300 
~ .----- ... l!I 

.2. r 
!I 
:l 

-45"C 

ii 
!; 

§ 
ffi 
... 1 

l 
ffi 
~ 0 

-25 0 25 50 75 
a. Test Setup 7550250-H 

:I4"ON°-+--- I7·ON-

DIFFERENTIAL AMPLFIER INPUTMILLIVOLTS(Y23J 92CS-IS225 

Fig.4 b. Characteristics with R10 In circuit 

"MINIMUM DRIVE" TYPICAL CURRENT-VOLTAGE SATURATION CURVE 

.--<.----••• 

a. Test Setup 

WITH PIN 3 
RETURN TO GND. 
THROUH 10 k,1l) 

92CS-ISZIO 
o 

Fig.S 

POWER AMPLIFIER COLLECTOR VOLTS (V4.V7) 

b. Characteristic 
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ZERO SIGNAL AMPLIFIER CURRENT YS DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE 

o 

Hr--"==--. Vcel 

4-- +2V 

Ie02 

92CS-15211 

a. Test Setup 

AMBIENT TEMPERATURE ITA) -2S·C 

2 4 8 D 

o 

OIFFERENTIAL AMPLIFIER SUPPLY VOLTS (Vee,) 92C5-15231 

c. Output Amplifier Characteristics 

Flg.6 

6 

9 

3 

S CLOSED 

S CLOSED 
S OPEN 

S CLOSED 

_ ~ ~ ~ ~ 00 ~ ~ 

AMBIENT TEMPERATURE (TAI--G 92C$-I52I' 

b. Differential Amplifier Characteristics Fig.7 

AMBIENT TEMPERATURE (TA)-Z!5-C 

u 
u 
t! 15 .. 
I 
~ 10 

ffi 
~ 

! 

o 

S OPEN 

2 ~ 

" 

o 
-00 

DIFFERENTIAL AMPLIFIER SUPPLY VOLTS (Vee,) 92CS-15229 

b. Differential Amplifier Characteristics 

ZERO SIGNAL AMPLIFIER CURRENT 

YS AMBIENT TEMPERATURE 

... ---"==-·Vcel 

92e$-15213 

a. Test Setup 

S CLOSED 

6 

9 

3 

o 50 100 
AMBIENT TEMPERATURE ITA) _·C 

c. Output Amplifier Characteristics 

,.0 
92CS-15230 
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STATIC CURRENT AND VOLTAGE TEST CIRCUIT 

CURRENTS OR 51 52 VOLTAGES 
CURRENTS OR 51 52 VOLTAGES 

14-IDLE open open ICCI open open 

IHDLE open open ICC2 open open 

I4-PEAK open close V2 open open 

17-PEAK close open V3 open open 

I4-CUTOFF close open Vu open open 

17-CUTOFF open close 

92CS-I5214 

MEASUREMENT OF BANDWIDTH AT -3 dB POINTS 

PROCEDURES: 

1. Apply desired value of Vee Bnd Vee 
2. Apply I kHz input signal aJd adjust fJ. e lN = 

5 mV (rms) 

3. ~:fe~~~!~ev:~~:~ting value ,of e OUT in dB 

4. ~a~\r,in:n\:t::~~J ::::~::~l~s k:;:!!ga:l1Nb~~:;t~n~:~ 
at whic.h eOUT decreases 3 dB below reference value. 

5. Record bandwidth as frequency range between -3 dB 
points. 

Fig.9 

MEASUREMENTS OF ZERO-SIGNAL DC CURRENT DRAIN. MAXIMUM-SIGNAL DC CURRENT DRAIN. 
MAXIMUM POWER OUTPUT. CIRCUIT EFFICIENCY. SENSITIVITY. AND TRANSDUCER POWER GAIN 

• T: Push-Pull Ot,olpul Trond.,_,; lood 
R .. i'tance (RL) shauld b ... IKld to 
pra ... idoindicaNdcolieclar-la-collac:tor 
load ImptdDllu (Ree) 

PROCEDURES: 
Zero-Signal DC Current Drain 

+VCCI +VCC2 

CC2 

92CS-,4346R1 

1. Apply desired Value of Vee and V CC 2 and reduce 
e lN to OV I 

2. ::~o:~o_S~:~~i~gC ~~~~::t ~!ai!~Cl and ICC2 in mA 

Flg.l0 

188 

Maximum-Signal DC Current Drain, Maximum Power 
Output, Circuit Efficiency, Sensitivity, and Transducer 
Power Gain 

1. Apply deSired value of Vee and V CC and adjust 
e IN to the value at which the1Total HarJonic Distor

tion in the output of the amplifier = 10% 

2. Record resulting value of ICC and ICC in mA as 
Maximum-Signal DC CUrrent Dlain 2 

3. Determine resulting amp1ifie.r power output in watts 

and record as Maximum Power Output (POUT) 

4. Calculate Circuit Efficiency (7J> in % as follows: 

'I = 100 ____ P...:OU=T'-__ _ 

. VCC11CC1+VCC21CC2 

where POUT is in wat~s, V CC I and V CC are in 
volts, and ICC and ICC Bre in ampere~ • 

5. Record value of Ie IN in m'Vl (rms) required in Step 1 

as Sensitivity (eIN) 

6. Calculate Transducer Power Gain (Gp> in dB as 
follows: p 

Gp = 10loglO...2!!!.... 
PIN 
2 

where PIN (in mW) = eIN 

3000 + RIN (10) 
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MEASUREMENT OF INPUT RESISTANCE 

+VCCI +YCC2 PROCEDURES: 

Input Resistance Terminal 10 to Ground (RIM ) 

1. Apply desired value of Vee Bnd Vee and >se\OS in 
Position 1 1 2 

2. Adjust 1- kHz input for desired signal level of mea
surement 

3. Adjust R for e2 = e 1/2 
4. Record resulting value of R as RIN 10 

Input Resistance Terminal 3 to Ground (R 1N ) 

1. :~::riO~e2sired value of Vee. Bnd VCC2 se' S in 

2. Adjust I-kHz input for desired signal level of mea
surement 

3. Adjust R for e 2 = e 1/2 

92CS-14347RI 

4. Record resulting value of R as RIN 3 

Fig.ll 

MEASUREMENT OF SIGNAL·TO·NOISE RATIO 

AND TOTAL HARMONIC DISTORTION 

+VCCI +YCc2 

·~Lr:h~~~;~o:.r:!t~d~oll~~~~.i~ ~;,~~:d'~~i~e. 
leclor.lo-colilclorLoad l",pedonc.CRee) 92CM-14329R1 

PROCEDURES: 
Signal .. fo-Noise Ratio 

1. Close 8 1 and 8 3 ; open 8 2 
2. Apply. desired values of V CC and V CC 

3. Adjust e lN for an amplifier! output or 150mW and 

record resulting value of EOUT in dB as eOUT 1 
(reference value) 

4. Open 8 1 and record resulting value of e OUT in dB as 

e OUT2 
e OUT 

5. Signal-to-Noise Ratio (SIN) = 201og10 ___ 1 . 

·OUT2 

Total Harmonic Distortion 

1.. Close 8 1 and 82 ; open S3 

2. Apply desired values of V CC and Vee 
3. Adjust e IN for desired level Jmplifier odtput power 

4. Record Total Harmonic Distortion (THD) in "0 
Fig.12 

DISTORTION 
ANALYZER 
HEWLETT-

PACKARD 
TYPE 302A 

OR 
EQUIVALENT 

MODEL 320 
OR 

EQUIVALENT 
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oornLJD Linear Integrated Circuits 
Solid State 
Division 

Low-Power Video and Wideband Amplifiers 
Monolithic Silicon 

RCA-CA3021, CA3022, and CA3023 are low-power integrated-circuit wideband 
amplifiers with a wide range of applications in industrial, military, and commetcial 
communications equipment. Each consists of a multistage amplifier circuit and un
connected diodes on a single chip, hermetically sealed in a 12-lead T0-5 style 
package. The diodes may be connected to provide limiting in FM applications. 

The CA3021, CA3022, and CA3023 have the same maximum ratings, and differ 
principally in dissipation (dc power requirements) and bandwidth capability. All 
three devices are designed for operation over the temperature range from _550 C to 
+1250 C. 

HIGHLIGHTS 

<. Low DC Power Drain: 

APPLICATIONS 

• Gain-Controlled Linear Amplifiers 

CA3021 
CA3022 
CA3023 

{
CA3021 = 4 mW typo } t V 

PD CA3022 = 12.5 mW typo 0 = 6 c.,C 
CA3023 = 35 mW typo 

• AMlFM IF Amplifiers. Video Amplifiers • Limiter. 

190 

• Excellent frequency response: 
.3 dB {. CA3021 = 2.4 MHz typo 

BW CA3022 = 7.5 MHz typo 
CA3023 = 16 MHz typo 

• High Voltage Goin: 

{
CA3021 = 56 dB typo ot 0.5 MHz 

A CA3022 = 57 dB typo at 2.5 MHz 
CA3023 = 53 dB typo at 5 MHz 

• Wid. AGC Range: 33 dB typo 

• Only one power supply (4.5 to 12 V) required 

• Hermetically Sealed 12·Lead TO.5.otyle package 

• Operation from .550 C to + 1250 C 

SCHEMATIC DIAGRAM FOR CA302I, CA3022, AND CA3023 

"2 
3.9K 

'4K 

ALL RESISTANCE 
VALUES ARE IN 
OHMS 

92CS-14416R2 

11·7~ 
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ABSOLUTE·MAXIMUM RATINGS. 

OPERATING·TEMPERATURE RANGE............................ .SSoC to +12SoC 

STORAGE.TEMPERATURE RANGE ............................. ·6SoC to +1500 C 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch ( !.5l) ± 0.7'1111111) 
from case for 10 seconds max .................................. . 

DEVICE DISSIPATION. PT ..................................... 120 max. mW 

INPUT·SIGNAL VOLTAGE...................................... ·3. +3 max. V 

DC VOLTAGES AND CURRENTS ................................ See Table Below 

VOLTAGE OR CIRCUIT CONDITIONS 
CURRENT LIMITS 

VOLTAGE OR CIRCUIT CONDITIONS 
CURRENT LIMITS 

TERMINAL NEGATIVE POSITIVE TERMINAL CONDITIONS TERMINAL NEGATIVE POSITIVE TERMINAL CONDITIONS 

Connected to 5 +12V 
Voltage 

1 thro~;:Cl~On 
1 -3V +3V Resistor 

7 OV +12V 
10. 11. 12 Ground 

5 +12V 

5 +12V 8 20 max. mA 
10, 11, 12 Ground 

10, 11, 12 Ground 5 +12V 

5 +12V 
2 ·3V +12V 

9 -0.5V +3V 
10, 11, 12 Ground 

10, 11, 12 Ground 2,5 +12V 

5 +12V 
3 OV +12V 

10 OV +4V 
11 Ground 

10, 11, 12 Ground 2 Ground 

4 -12V +12V 6, 11 Ground 
11 ·6V +12V 

5 +12V 
10 max. mA 

2,5 +12V 
5 OV +18V 10, 11, 12 Ground 12 OV +4V 

11 Ground 

6 -12V I 
10 max. mA 

+12V 5, 11 Ground 
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ELECTRICAL CHARACTERISTICS, at TA = 25° e, Vee = +6V, unless otherwise specified 

TEST CONDITIONS LIMITS 

FEEDBACK TYPICAL 

TEST SETUP RESISTANCE CA3021 CA3022 CA3023 
CHARAC-

CHARACTERISTIC SYMBOL AND (R,8) BETWE EN FRE-
(TA5236) (TA5218) UNITS TERISTIC 

PROCEDURE TERMINALS QUENCY (TA5219) CURVE 

3 AND 7 f 

Fig. n MHz Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units Fig. 

Device 
00 - 1 4 8 - - - - - - mW 3a d 

Di ssipation PT 2 00 - - - - 5 12.5 24 - - - mW 3b,d 
CD - - - - - - - 24 35 48 mW 3c,d 

Quiescent 39k - - 2.2 - - - - - - - V 

Output Vo 2 10k - - - - - 1.9 - - - - V -
Voltage 4.7k - - - - - - - - 1.3 - V 

AGC Source 
IAGC 4 VAGC =+6V - 0.8 - - 0.8 - - 0.8 - rnA -

Current 

560k 0.5 50 56 - - - - - - - dB 6a 

39k 0.8 40 46 - - - - - - - dB 6a,d 

39k 2.5 - - - 50 57 - - - - dB 6b 
Voltage Gain A 5 

10k 3 40 44 - - - dB 6b,d - - - -
18k 5 - - - - - - 50 53 - dB 6c 

4.7k 10 - - - - - - 40 44 - dB 6c,d 

39k - 0.8 2.4 - - - - - - - MHz 6a 
Bandwidth at 

BW 5 10k - - 3 7.5 - - - - MHz 6b - -·3 dB Point 
4.7k - - - - - - - 10 16 - MHz 6c 

39k 1 - 4000 - - - - - - - n 
Input 

RIN 7 10k 5. - - - - 1300 - - - - n -
Input- Resistance 

Impedance 4.7k 10 - - - - - - - 300 - n 
Compo- 39k 1 - 11 - - - - - - - pF 
nents Input 

18 pF Capaci- GIN 7 10k 5 - - - - - - - - -
tance 4.7k 10 - - - - - - - 13 - pF 

39k 1 - 300 - - - - - - - n 
Output 

ROUT 8 10k 5 - - -Resistance - 120 - - - - n -
4.7k 10 - - - - - - - 100 - n 
39k 1 - 4.2 8.5 - - - - - - dB 

Noise Figure NF 9 10k 1 - - - - 4.4 8.5 - - - dB -
4.7k 1 - - - - - - - 6.5 8.5 dB 

1 33 - - - - - - - dB 

AGC Range AGC 10 - 5 - - - - 33 - - - - dB -
- 10 - - - - - - - 33 - dB 

39k 1 - 0.6 - - - - - - - V(rms 
Maximum 

Output Voltage Vout 5 10k 5 - - - - 0.7 - - - - V(rms) -
(RMS Value) 4.7k 10 - - - - - - - 0.5 - V(rms) 
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TEST SETUP FOR MEASUREMENT OF DEVICE DISSIPATION 

AND QUIESCENT OUTPUT VOLTAGE 

" E 

92CS-14434 

PT = VCC (I) 

Fig.2 

DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 

FOR CA3022 

60 

I 50 

~ 
~ 40 

10 

o 
4 • 10 

DC SUPPLY VOLTS !Vee) 

Fig.3(b) 

12 

92CS-14387 

DEVICE DISSIPATION VS TEMPERATURE FOR 

CA3021, CAJ022, AND CA3023 

AMBIENT TEMPERATURE (TAl-GC 
92CS-143B8 

Flg.J(d) 

DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 

FOR CAJ021 

30 

~ 15 

'" u 10 

~ 

10 12 
DC SUPPLY VOLTS (Vee) 

92CS-14386 

Fig:3(a) 

DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 

FOR CAJ023 

150 

" E 
I 125 

" e, 

~IOO 

~ 
:; 75 
c 

'" ~ 50 

~ 
25 

6 a 10 12 
DC SUPPLY VOLTS (Vee) 

92CS-14389 

Flg.3(e) 

TEST SETUP FOR MEASUREMENT OF AGC 

SOURCE CURRENT 

Vee 
+6V 

VAGC·+SV 

92CS-14433 

IAGC IS THE CURRENT FLOWING INTO TERMINAL 2. 

Fig.4 
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TEST SETUP FOR MEASUREMENTS OF VOL TAGE·GAIN, ·3dB 

BANDWIDTH, AND MAXIMUM OUTPUT VOLTAGE 

~ 4 118r 

PROCEDURES 
Voltage Gain: 

vee 
+6V 

92CS-14430 

(a) Set ein = 0.5 mVat fTequency specified, lead eout Voltage Gain 

(A) :: 20 Log 10 eout 
Bandwidth: ein 
(a) Set eout to a convenient lefelence voltage at f = 100 kHz and 
reCOId corresponding value of ein-

~~~~c'~~~~'~~:'~~i~~~~' keeping ein constant untii eout dlops 

Fig.S 

VOLTAGE GAIN VS FREQUENCY FOR CA3022 
AMBIENT TEMPERATURE (TAl = 25°C FEEg~~~~T~~s~J~~~~R!JRM-DC SUPPLY VOLTS (Veel =..,.6 
TERMINALS No. 10, II, AND 12 CONNEC- INALS No.3 AND 7 

TEO TO GROUND 

70 FEED~ ~Esis~1NCE(~.8t<b 
60 ---~o'" 

m 22K 1-'io ~ 50 
I 10K 0", ;; SIK ~~A) Z 40 

g 22K 9v.-r-
~ 30 

I.SK t r-
" ':; 

20 0 
> 

10 

0 
0.1 2 • .. 2 4 .. 10 2 4 .. 100 

FREQUENCY( f)- MHz 

9ZCS-'4429 

Fig.6(b) 

DC SUPPLY VOLTS (Vee}""" 6 
TYPE ~~ TERMINALS No.lO,II, AND 12 CONNECTED 

TO GROUND CA3021 3. I 
FEEDBACK RESISTANCE (RtJl CONNECTED CA3022 10 5 

BETWEEN TERMINALS No. 3 AND NO,1 CA3023 4.7 10 

!9 50 CA3021 
1 
S 
z 45 

;; CA3'ozt 
~ 40 

" !:i 
C.q".';;:t g 3!i 

0<,,,. 

3 
--75 50 -25 0 25 50 15 100 125 150 

AMBIENT TEMPERATURE (TA )-OC 
92CS-14420 

VOLTAGE GAIN VS FREQUENCY FOR CA3021 

AMBIENT TEMPERATURE (TA)-25DC 
DC SUPPLY VOLTS (VCC)· +6 

FEEDBACK RESISTANCE (Rp) 
CONNECTEO BETWEEN TERM-

TERMINALS No.IO,II,AND 12 eONNEC- INALS No.3 AND 7 
TED TO GROUND 

70 

60 FEEDBACK RESISTANCE: RerL 
m 

560Kn '~(Q 

I' 50 
I K ~e:4', 
39K ,00,. ;; 22 K ....... -I! 

; 40 
10K !)'~c-g 
S.6K 

'" '0 .,-~ 
!:i 20 g 

10 

0.1 2 4 • • 2 4 • • 
FREQUENCY (f ) - MHz 

92C$-14428 

Fig.6(a) 

VOL TAGE GAIN VS FREQUENCY FOR CA3023 

AMBIENT TEMPERATURE (TAl- 25°e FEEDBACK RESISTANCE (RS) 
DC SUPPLY VOLTS (Vee) "'+6 CONNECTED BETWEEN TERM-
TERMINALS No. 10, II, AND 12 CONNEC- INALS No. :3 AND 7 

TED TO GROUND 
70 

60 FEED ACK E IS1: NCE(FlPhoord· 

m BK ~iII: 

I 50 
~. 4.7K 

!! 
40 2K '%,-r-z 

~ g 
IK '!l- r-

'" 30 

""" 
,< r-

'" /! ....... 
~ 20 

10 

0 
0.1 4 6 e I a 10 

FREQUENCY t f) - MHz 
92CS-14427 

Fig.6(c) 

VOLTAGE GAIN VS TEMPERATURE FOR CA3021. 

CA3022, AND CA3023 

Fig.6(d) 
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TEST SETUP FOR MEASUREMENT OF INPUT· 

IMPEDANCE COMPONENTS 

• o· L 10 mV m_ 
Flg.7 

Vee 
+6V 

92CS-14432 

TEST SETUP FOR MEASUREMENT OF NOISE FIGURE 

I-MHz 
TANK CIRCUIT 

CA3021· Rjl = 39 kO 
CA3022 - Rjl = 10 kO 
CA3023 - Rjl = 4.7 kO 

Rp 
leUT Kn 

CA302r .. 
CA3022 10 

CA3023 4.7 

92CS"'~446 

TEST SETUP FOR MEASUREMENT OF OUTPUT 

RESISTANCE 
Vee 
+6V 

92CS-I4431 

• 0in ~ 10 mV 

Fig.8 

TEST SETUP FOR MEASUREMENT OF AGC RANGE 

Vee 
f +6V IMHzl 

10 

+6V +U7V 

A WITH S IN POSITION 1 

AGC RANGE = 20 LOGIO A WITH S IN POSITION 2 

(A = VOLTAGE GAIN) 

CA3021 

CA3022 

CA3023 

Fig.IO 

R L (tUll 

2.5mH 10 

4.7 

6.,.H 4.7 

92CS-14448 

~ 
MHz 

1 

5 

10 
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oornLJD 
Solid State 
Division 

Linear Integrated Circuits 

CA3026 
CA3054 

The CA3026 and CA3054 each consists of two independent 
differential amplifiers with associated constant-current 
transistors on a common monolithic substrate. The six 
n-p-n transistors which comprise the amplifiers are 
general purpose devices which exhibit low l/f noise and 
a value of "f,!, in excess of 300 MHz. These features 
make the CA3026 and CA3054 useful from de to 120 MHz. 
Bias and load resistors have been omitted to provide 
maximum application flexibility. 

The monolithic construction of the CA3026 and CA3054 
provides close electrical and tbermal matching of the 
amplifiers. This feature makes these devices particularly 
useful in dual channel applications where matched per
formance of the two channels is required. 

APPLICA TlONS 

• Dual sense amplifiers 

• Dual Schmitt triggers 

• Multifunction combinations~· RF/Mixer/Osciliatori 
Converter/IF 

• IF amplifiers (differential and/or cascade) 

• Product detectors 

• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 

• Cascade limiters 

• Synchronous detectors 

• Pairs of balanced mixers 

• Synthesizer mixers 

• Balanced (push-pull) cascode amplifiers 

SUBSTRATE 
AND CASE 9 

Fia.la - Schematic Diagram for CA3026. 

Transistor Array 
Monolithic Silicon 

DUAL INDEPENDENT 
DIFFERENTIAL AMPLIFIERS 

For Low·Power Applications 

at frequencies from DC 

to 120 MHz 

FEATURES 

CA3D26 

12·Lead To..S 

~
A3D54 

~; 
"" 

14·Lead 
Dual-ln4 Line 

Plastic Package 

• Two differential amplifiers on a common substrate 

• Independently accessible inputs and outputs 

• Maximum input offset yoltage -- ± 5 mV 

• Full military temperature range capability -- _55°C to 
+12SoC 

• Limited temporature range __ OOC to 8SoC /0, CA3054 

[]] 12 92CS -15720 
SUBSTRATE 

Fig.lb • Schematic Diagram for CA30S4. 

CAUTION, Substrate MUST be maintained negative with 
respect to all collector terminals of this device. See 
Maximum Voltage Ratings chart. 
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MAXIMUM RATINGS, ABSOLUTE·MAXIMUM VALUES, AT TA = 25°C 

power Dissipation, P: CA3026 CA30S4 
300 
750 
6.67 

The following ratings apply for each transistor in the device: 
Anyone trans istor ...•. 300 
Total package . . . . • • •. 600 

Collector-ta-Emitter Voltage, V CEQ' • • • • . .. 15 V 

For TA > 55°C .... Derate at 5 ..•. 
Collector-to-Base Voltage, V ceo' . . . . . . . .. 20 V 

Temperature Range: 
Collector-te-Substrate Voltage, VCIO*' . . . . .. 20 V 

Operating ... . . . . . . ..... -55 to + 125 
Emitter-te-Base Voltage, VEBO ' • . . . . . . . .. 5 V 

Storage ........ . . •. -Of' to + 150 
Collector Current. Ie' . . . . . . • . . . . . . . . .. 50 rnA 

Lead I emperature (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds max. . ......... +265 °c 

• The coliector of each transistor of the CA3026 and CA3054 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to a voltage u:hich is more negative than any collector 
voltage in order to maintain isolation between transistors and provide 

for normal transistor action. The substrate should be maintained at 
signal (AC) ground by rmans of a suitable grounding capac itor, to avoid 
rmdesired coupling between transistors. 

Maximum Voltage Ratings 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 1 t and horizontal terminal 3 t is +15 to -5 
volts. 

CA30S4 

t For CA3026i corresponding terminals for CA3054 are vertical 
terminal 2 and horizontal tenninal 4. 

-TERMINAL No. 13 14 I 2 3 4 6 7 8 9 11 12 

CA302_ Note 1 

5 

Note 1 

Maximum 
Current Ratings 

CA3054 CA3026 

J TERMINAL 10 11 12 1 2 3 4 5 6 7 8 9 9 TERMINAL TERMINAL 
No. No,O No. 

13 l;f 0 . t5 · +15 · · · · · · · -20 -5 ·5 13 10 

14 11 . . · +20 · · · · · · +20 
0 0 14 11 

+20 · +20 · · · · · · +20 
1 12 0 0 0 1 12 

2 1 · +15 · · · · · · · ·5 2 1 

3 2 
+1 . · · · · · · ·5 3 2 

4 3 . · · · · · · 4 3 

0 · +5 · +15 · 6 4 ·20 ·5 ·5 6 4 

· · · . +20 
7 5 0 7 5 

+20 · . +20 
8 6 0 0 B 6 

9 7 · +15 · ·5 9 7 

11 B +1 · ·5 11 B 

12 9 · 12 9 

Ref 
5 9 Sub-

strate 

liN lOUT 
mA mA 

5 0.1 

50 0.1 

50 0.1 

5 0.1 

5 0.1 

0.1 ·50 

5 0.1 

50 0.1 

50 0.1 

5 0.1 

5 0.1 

0.1 50 

* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 

o Tenninal No.lO of CA3054 is not used 

Note 1: In the CA3026 terminal No.9 is connected to the emitter 
of '14. the reference substrate. and the case;therefore.the case 
should not be grounded. Two tenninal 9 columns (CA30261 
appear in the voltage rating chart because it is a composite 
chart for both the CA3026 and the CA3054. Wherever an asterisk 
is shown in one column 9 and a rating is shown in the other 
column 9. the asterisk should be ignored. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 

TEST CA3026 TYPICAL 

CH ARACTERISTIC.s SYMBOLS TEST CONDITIONS CIR- CA3054 CHARAC-

CUlT LIMITS TERISTICS 
CURVES 

FIG. MIN. TYP. MAX. UNITS FIG. 

STATIC CHARACTERISTICS 

For Each Differential Amplifier 

Input Offset Voltage VIO - 0.45 5 mV 6 

Input Offset Current 110 - 0.3 2 IlA 7 
Input Bias Current II VCB = 3 V 10 24 IlA 3 
Quiescent Operating Ic(QllorlC(~) 

IE(Q3,= IE(Q4)" 2 mA 
0.98 to 3 Current Ratio IC(~) IC(Qs) 1.02 

Temperature Coefficient It-VIOl 
U IlV/oC 5 

Magnitude of Input-Offset Voltage ~ 
For Each Transistor 

{IC = 50,.,A 
0.630 0.700 

DC Forward Base-to-
VBE VCB = 3 V I mA VI5 0.800 V 6 

Emitter Voltage 3 mA - 0.750 0.850 
. lOrnA - 0.800 0.900 

Temperature Coefficient of Base- MBE 
VCB = 3 V, IC = I rnA -1.9 Ilv/oe 4 

to· Emitter Voltage """"X'r 
Collector-Cutoff Current ICBO VCB=lOV,IE=O 0.002 100 nA 2 

Collector-to-Emitter 
V(BR)CEO IC = I rnA, IB = 0 - 15 24 V 

Breakdown Voltage 

Collector-to-Base 
V(BR)CBO le=IOIlA,IE=O - 20 60 V 

Breakdown Voltage 

Collector -to-Substrate 
V( BR)CIO IC= 10llA, lei =0 - 20 60 V 

Breakdown Voltage 

Emitter-to-Base Breakdown Voltage V(BR)EBO IE= 101lA,le = 0 - 5 7 V 

DYNAMIC CHARACTERISTICS 

Common-Mode Rejection Ratio CMR 8a 100 dB 8b 
For Each Amplifier 

AGC Range, One Stage AGC VCC=12V 9a 75 dB 9b 

Voltage Gain, Single Stage A 
VEE = -6 V 

9a 32 dB 9b 
Double-Ended Output Vx =-3.3V 

f = I kHz 
lOa 105 dB lOb AGC Range, Two Stage AGC 

Voltage Gain, Two ~tage A lOa 60 dB lOb 
Double-Ended Output 

Low-Frequency, Sma II-Signa I 
Equivalent-Circuit Characteristics: 
(For Single Transistor) 

Forward Current-Transfer Ratio hfe - 110 11 

Short-Circuit Input Impedance hie - 3.5 kO 11 

Open-Circuit Output Impedance ho~ f = I kHz, VCE = 3 V, - 15.6 Ilmho 11 

Open-Circuit Reverse Voltage- hre IC = 1 mA - 1.8x 10-4 11 
Transfer Ratio 
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DYNAMIC CHARACTERISTICS CONT'D. 

1/f Noise Figure NF f = 1 kHz, V CE = 3 V 
(For Single Transislor) 

- 3.25 dB 

Gain·Bandwidth Product fT VCE = 3 V, IC = 3 rnA - - 550 MHz 12 
(For Single Transistor) 

Admittance Characteristics; 
Differential Circuit Configuration: 
(For Each Amplifier) 

Forward Transfer Admittance Y21 VCB = 3 V - -20+jO mmho 13a 

Input Admittance Yll 
Each Collector - 0.22+jO.1 mmho 13b 

Output Admittance Y22 
IC~ 1.25 rnA - 0.01 +jO mmho 13c f = I MHz 

Reverse Transfer Admittance Yl? - '0.003 +jO - mmho 13d 

Admittance Characteristics; 
Cascode Circuit Configuration: 
(For Each Amplifier) 

Forward Transfer Admittance Y?1 VCB = 3 V - 6B-jO - mmho 14a 

Input Admittance Yll 
Total Stage - 0.55+jO - mmho 14b 

Output Admittance Yn 
IC~2.5mA - 0+jO.02 - mmho 14c f = 1 MHz 

Reverse Transfer Admittance Yl? - 0.004-jO.005 - !1lIiho 14d 

Noise Figure NF f = 100 MHz - - 8 - dB -

TYPICAL STATIC CHARACTERISTICS 

1028 
6 

EMITTER CURRENT (I )-0 

4 

/. 2 

// .0 

1 2 ~ 4 ". 
" 2 

~r:,'IJ. ., .. 
0&'/ u 

!:! '. 0.\ ... , 
'>~ i:i 4 

o,q]'/// 
~ 2 ,"'/ '/ u 10- 0'<-::: 2 ~ 

~ 4 ~ . r;,d''Jr// 
2 

~ IO-~ /V/ 
i;l 6 

:J 4 

/"/ 8 2 

'0' • 
./'/ V 

, 
4 

2 
.[>'4 

0 25 50 7' • 00 .2 • 

AMBIENT TEMPERATURE ITA )--C .. 
92CS-1519!:1 

• For CA3054: us. data from rf'c to 8SoC only 

Fig.2 - C ollector-to-base cutoff current ys ambienttemper
ature for each transistor. 

100a COLLECTOR-TO-BASE VOLTS (Vce)-3 
6 AMBIENT TEMPERATURE tTA»=25°C .. 4 !:! ./ 

'" ./ .. 
~ 2 ,. / .. 
0 

'0 i3 
i • 
'" 6 .. 
a; 

4 ... 
" .. /' !!; :/ 

0.' 6 8 I 2 6 8 10 
COLLECTOR MILLIAMPERES (Ie) 

92CS-152SBRI 

Fig.3 - Input bias current characteristic ys collector 
current lor each transi.stor. 
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TYPICAL STATIC CHARACTERISTICS 

COLLECTOR-lO-BASE VOLTStVcel'3 

0.9 
... 
~ 
;; 0.8 

~ 
> 0.7 

~ 
~ 0.6 

~ 
,1,0.5 

~ 
0.' _ _ _ ° ~ ~ ~ ~ ~ 

AMBIENT TEMPERATURE ITA)-.C'" 92CS-15,86R. 

Fig.4 - Base-to-emitter voltage characteristic. for each 
transistor vs ambient temperature . 

COLLECTOR-lO-BASE VOLTS IYee) 13 

g 
~ 0.75 

'" .. 
~ 0.50 

o 
0.2' 

° -75 -50 -~ 

"I' ~IAMPERES lIEI-IO 
EMITTER m_ 

0.1 

25 50 75 100 125 

AMBIENT TEMPERATURE ITAl--t ... 92CS-15188R, 

Fig.S - Ol/set voltage characteristic vs ambient temper· 
ature for Jifferential pairs. 

• For CA30S4: use data from OOC to 8SoC only 

OB COLLECTOR-TO-BASE VOLTS 1Vea)-3 
> AMBIENT TEMPERATURE ITA)-25'"C 
E 

/ 
I 
-0 j 0.7 

/ 
3 E 

'" ~ & 
~ ~ 0 

V > II '" d.' 2 0" ... .. 
~ !: 

~ 
~ 

0.5 ~ I 
.. 

~ , _>le<? ~ 
~T OFFSET VO~TAGE·\~E\ is .. 

0.' I I I I ~ 
0 .;! 

O. I 2 4 6 80.1 2 4 6 , I 2 4 6 810 

EMITTER M1LLlAMPERESIIEI 92CS-15184RI 

Fig.6 - Static base-to-emitter voltage characteristi" ~nJ 
input offset voltage for Jifferential pairs vs emitter 

current. 

~ 
!:! 

~ 
~ 

" ~ 
U 
;;; 

~ 
0 .. 
~ z ... 

10, COLLECTOR- TO-BASE VOLTS IVee)' 3 

• AMBIENT TEMPERATURE (TAl a 2SoC 
4 

2 

I , 
• 
4 

2 

0.1 / , 
6 

\ .... _f-" 
2 

0.01 

0.01 4 6 8 0 .1 4 6 ~ I 

COLLECTOR MILLIAMPERES (ICI 

V 

4 6 8 10 

92CS-l!5216FtI 

Fig.7 - Input offset current for matcheJ Jifferential 
pairs vs collector current. 

TYPICAL DYNAMIC CHARACTERISTICS 
COMMON MODE REJECTION RA TIO 

Terminal Numbers in Circles are 
for CA3026 

T armina I Numbers In Square Boxes 
or. for CA3054 

VIN-a3V(rms) 

! 

92CS~1!5246RI 

o.SK IK 

O.l.F:J;. 
VEE--6V VCC-+12V 

(a) Test setup 

200 

Fig.S 

r-~~nr--------------~~rrn 

I 
z 90 

~ 
8 

POSITIVE DC SUPPLY VOLTS <vCC). +12 
NEGATIVE DC SUPPLY VOLTS (VEEI- -6 
FREQUENCY (fl a I kHz 

-I -2 -S -4 
DC BIAS VOLTS ON TERMINAL @ []] (Vx) 92CS-l~RI 

(b) Characteristic 
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TYPICAL DYNAMIC CHARACTERISTICS (cont'd) 

Terminal Numbers In Circles aro 
for CA3026 

Terminal Numbers In Square Boxes 
ar. for CA3054 

f 
VIN*IOmV(rmIJ 

~ 

O.l~F~ 

(a) Test setup 

Terminal Numbers In Circles are 
for CA3026 

Terminal Numbers In Square Boxes 
are for CA3054 I,.. F 

SINGLE-STAGE VOLTAGE GAIN,..-_______ _ 

Vx VCC· ... 12V 

,. 

VEE--6V VCC- ... 12V 

92CS-15241RI 

Fig.9 

TWO·STAGE VOLTAGE GAIN 

I,..F vCC""'2V 

92CS-15248RI 92CS-I5255RI DC BIAS VOLTS ON TERMINALS ® [!) AND@) [TIl. tvx' 
(a) Test setup Fig.l0 (b) Characteristic 

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 
'00 COLLECTOR-TO-BASE YOLTS lVee):3 

6 FREQUENCY !f)a' kHz 
4 AMBIENT TEMPERATURE (TAI= 25°C 

I I I II 
J 

ffi 't--- r-...... ',,'"0 } 
'01-- hie- 3•5Kll 

'" ! hre=1.88ltIO-4 atlmA • , hoe =15.6p.mho , 
r::>: 1f 4 

f';;;: II ~ 

~ 
, 

"t:- !/ ~ , 
-~-" . -" 0 , 

-- r-....:4· z 
~ 

4 .- ~ No 
2 .-

a,l" 
aOI 4 6 8 0 .1 4 I; 8 I 4 6 810 

COLLECTOR MILLIAMPERES (lei 92CS-I5190RI 

Fig.l1 - Forward current-transfer ratio (hfe)' short-circuit 
input impedance (h ie)' open-circuit output impedance 
(hoe)' and open-circuit reverse voltage-transfer ratio 

(hre) vs col/ector current (or each transistor. 

COLLECTOR-TO-BASE VOLTS IVC8)a~ 
AMBIENT TEMPERATURE ITA}-2S-C 

COLLECTOR MILLIAMPERES Uc) 
92CS-I.5196RI 

Fig.12 - Gain-bandwidth product (fT) vs collector 
current. 
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TYPICAL DYNAMIC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER 

C 
0 

"' .. 20 
:'!i! -'" ~ :; 
z '" 
~ '" 10 
~ 1_ 
.. J;' 
il-
ffilj 
II; :1i 

0 

zt; .. " Co 
I- Z 

0 -10 ou 

I _.n 
0.1 

g:;tE~~~~=:::s~·~~~~Q,~C81.3 
COLLECTOR CURRENT (lei Of' EACH TRANSISTQR_I025 mA 
AMBIENT TEMPERATURE (TA'- 25-

2 • • • 

b21 V 

, 

2 .. •• 10 
FREQUENCY( f)-MHz 

-

V \ 
,/ 

/ 
Q21 

...-1 
2 . • • 2 100 

92C5-IS252RI 

Fig. 13(a) - Forward transfer admittance (Y21)vS frequency. 
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Q3 
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0.1 
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0 
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Fig.13(c) - Output admittance (Y22) vs frequency. 
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Fig.13(b) • Input admittance (Y11)' 
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92CS-15256RI 

Fig.13(d) - Reverse transfer admittance (Y,2)vS frequency. 

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH CASCODE AMPLIFIER 

CASCOOE CONFIGURATION 

~ ~~i'Gi~u~:S~=-::r'~~i.5 IftA 
--:.. 80 

~'{j 
AMBIENT TEMPERATURE (TA)- 25-C 

U:J: ~ z,. 
~::J 60 
U...I 
52 
si40 
CD 

~~ 20 

~~ 
~~ 0 
cu 

~' .... .. " ~ (11_20 

.. 0 

0.1 • .. 2 4 6 I 8 10 
FREQUENCV(t}-MHz 

'" 
\. 

~ ....... / 
4 . 8100 200 

92CS-I!5259RI 

Fig.14(a) - ForwarJtransferadmittance (Y21)vsfrequency. 
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~~~~~~~:~~lJV~TS lVC )-3 
6 STAGE COLLECTOR C~RENTtt~2.5 mA 

AMBIENT TEMPERATURE (TA) - 25-C 

l'l 
5 .. :J: 0;; 

_...I 
=::! 2,. • 
~l 
z= 
~.e 3 
u'" "u Cz z .. 2 Sl- ·'V .. 
1-'" 
"U ~ .... 

I z" - .. 
2 4 •• 0.1 

--_/ 
2 . 6 • 

I 10 
FREQUENCY (f)-MHz 

_II 

T 
2 4 

/ 
I. 
7 

6 • 
100 200 

92CS-15260RI 

Fig.14(b) • Input admittance (Yn) vs frequency. 
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TYPICAL CHARACTERISTICS FOR EACH CASCODE AMPLIFIER (cont'd) 

IO~ CAscaDE CONFIGURATION 
4 ~~~c~~~~:S~~C:-:~TI~cc~~i.5 mA 

'" 2 
~ AMBIENT TEMPERATURE ITA). 2S·C 

o I 
w~ 6 oE 
Z~ 4 

/ i'!1 2 

~~ 912 1/ 
I 

Ow 6 
00 4 

12 
ffi~ 2 

/ ~~ 0.1 
zw 
<to 6 
o:~ 4 

/ .. ~ 2 

~~ V 
~ 6 

4 
0: 

2 
0001 k::: 

0.1 4 6 8 I 4 6 8 10 2 4 6 8 100 2 
0.1 

2 4 6 • 2 4 6 • 
I 10 

2 4 6. 
100 200 

FREQUENCY (f)-MHz FREQUENCY-MHz 
92CS-15Z:50RI 92CS-15257RI 

Fig.14(c)· Outputarlmitfance(Y22)vs frequency. Fig.14(rI). Reverse transferarlmittance(Y12)vs frequency. 
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OOCD3m 
Solid 'State 
Division 

B-Lead 
TO·5·Style 
Package 

H-1528 

B-Lead TO-5-Style 
"OIL-CAN" Package 

H·1787 •• 8-Lead Dual·ln-Lina 
Frit&al (Hermetic) 
Package H-1B05 

Linear Integrated Circuits 
Monolithic Silicon 

CA3028A,CA3028AF,CA3028AS 
CA3028B,CA3028BF,CA3028BS 
CA3053,CA3053F,CA3053S 

DlFFERENTIAL/CASCODE 
AMPLIFIERS 
For Communications and 
Industrial Equipment at 
Frequencies from DC to 120 MHz 
FEATURES 

o Controlled for Input Offset Voltage, 
Input Offset Current, and Input Bias 
CuiTent (CA3028B) 

Unexcelled Versatility 

o Single· and Dual·Ended Operation 

o Balanced Differential Amplifier 0 Operation from DC to 120 MHz 
Configuration with Controlled 0 Balanced·AGC Capability 

Constant·Current Source to Provide 0 Wide Operating-Current Range 
CA3028A and CA3028B are differential/cascode ampli· APPLICA TlONS The 

fiers designed for use in communications and industrial equip
ment operating at frequencies from de to 120 MHz. • RF and IF Amplifiers (Differential or Cascode) 

• DC, Audio, and Sense Amplifiers 

• Converter in the Commercial FM Band 
The CA30288 is like the CA3028A but is capable of premium 
performance particularly in critical de and differential ampli· 
fier applications requiring tight controls for input offset voltage, 
input offset current, and input bias current. 

• Oscillator • Mixer • limiter 

The CA3053 is similar to the CA3028A and CA3028B but is 
recommended for IF amplifier applications. 

The CA3028A, CA3028B, and CA3053 are supplied in a 
hermetic 8·lead TO·5-styl-"- packaae. The "F" ve .. ions are 
supplied in a frit-seal package and the "S" versions in formed
lead (DIL·CAN) packaRes. 

• Companion Application Note, leAN 5337 "Application 
of the RCA CAJ028 Integrated Circuit Amplifier in the 
HF and VHF Ranges." This note covers characteris
tics of different operating mod.s, noise performance, 
mixer, limiter, and amplifier design considerations. 

ABSOLUTE MAXIMUM RATINGS ATTA = 250C 

DISSIPATION: 

., 

92CS-14417R2 

Fi9.1 • Schemafic Jia9ram (or CA302BA, CA302BB and 
CA30S3. 

204 

At T A up to 55°C 
(CA3028AF, CA3028BF, 
CA3053F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750 mW 

At TA,> 55°C 

(CA3028AF, CA30288F, 
CA3053F) ............... Derate linearly 6.67 mW/oC 

At T A up ,0 85°C 
(CA3028A, CA3028B, CA3053) ............ 450 mW 

AtTA> 85°C 
(CA3028A, CA30288, CA3053) Derate linearly 5 mW/oC 

AMBIENT·TEMPERATURE RANGE: 
Operating ...................... . -550C to + 125°C 

Storage ........................ . -650C to +1500C 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32" (1.59 ± 0.79 mm) 
from case for 10 seconds max ............... . 

11·73 
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MAXIMUM VOL TAGE RAn NGS at T A = 25°C 

TERM-
INAL 1 2 3 4 5 6 7 8 
No. 

0 0 0 +5 +20'" 
1 to .. .\~ .. to .. to • • to 

.15 .15 -5 0 
+5 +5 +15· +15 

2 to to to • to • 
-11 -I 0 0 

3t +10 +15 +30. +15 +30· 
to to to to to 
0 0 0 0 0 

4 
+15 
to • * • 0 

+20'" 
5 to * • 

0 

6 * • 

7 • 

8 

ELECTRICAL CHARACTERISTICS at T A = 2SoC 

TEST 
CIR· SPECIAL TEST 

This chart gives the range 
01 voltages which can be applied 
to the terminals listed horizontally 
with respect to the terminal s 
listed vertically. For example, 
the voltage range 01 the horizontal 
terminal 4 with restEct to terminal 
2 is·1 to +5 volts. 

:t: Terminal #3 is connected to the sub· 
strate and case. 

* Voltages are not normally applied be· 
tween these terminals. Voltages 
appearing between these terminals 
wi II be safe, if the specified volt-
age limits between all otter termi-.. oals are not exceeded. 

Limit is ·12V ror CA30S3 

'" Limit is +ISV for CA30S3 
0 Limit is +12V for CA30S3 
0 Limit is +24V to( CA3028A and 

+18V for CA30S:] 

LIMITS LIMITS LIMITS 

MAXIMUM 
CURRENT RATINGS 

TERM-
liN lOUT INAL 

No. mA mA 

I 0.6 0,1 

2 4 0,1 

3 0.1 .23 

4 20 0.1 

5 0.6 0.1 

6 20 0.1 

7 4 0.1 

8 20 0.1 

TYPICAL 
CHARAC· 

·CHARACTERISTIC SYMBOL CUlT CONOITIONS TY PE CA3028A TYPE CA3028B TYPE CA30S3 UNITS TERISTICS 
CURVES ~ 

Fig. Min. Typ:T Max. MinJ Typ. IMax. Min. I Typ. I Max. Fi •. 
STATIC CHARACTERISTICS 

+VCC -VEE 

Input Offset Voltage Vro 2 6V 6V 0.98 5 mV 4 12V 12V 0.89 5 

Input Offset Current Iro 3a 6V 6V 0.56 5 ".A 4 12V 12V 1.06 6 

3a 6V 6V 16.6 70 16.6 40 Sa 12V 12V 36 106 36 80 
Input Bias Current Ir 9V 29 85 ".A 

3b 12V 36 125 Sb 

Is 3a 6V 6V 0.8 1.25 2 I 1.25 1.5 6a 
Quiescent Operating 12V 12V 2 3.3 5 2.5 3.3 4 rnA 7 

Current or 9V 1.2 2.2 3.5 
Is 3b 12V 2.0 3.3 5.0 6b 

12V VAGC =+9 1.28 1.28 
AGC Bi as Current 8a 12V VAGC = +12 1.65 1.65 8b 
yoto Constant-Current 17 

1.15 
rnA 

ourceTerminal No.7) 9V 
12V 1.55 -

Input CUrrent (Terminal 
17 

6V 6V 0.5 0.85 I 0.5 0.85 I mA No.71 12V 12V I 1.65 2.1 I 1.65 2.1 

3a 6V 6V 24 36 54 24 36 42 9 
Device Dissipation PT 

12V 12V 120 175 260 120 175 220 mW 
3b 9V 50 80 

12V 100 150 -
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ELECTRICAL CHARACTERISTICS at T A = 2SaC (cant'd) 

TEST TYPICAL 
CIR· SPECIAL TEST LIMITS LIMITS CHARAC· 

CHARACTERISTIC SYMBOL CUlT TYPE CA3028A TYPE CA302BB UNITS TERISTICS 
CONOITIONS CURVE I--

IMax Fig. Min. Typ. Min. Typ. Max. ri2. 
DYNAMIC CHARACTERISTICS 

lOa I = 100 MHz Cascade 16 20 .. ' 16 20 
dB lOb 

'ii;::a VCC = +9V Diff.·Ampl. 14 17 14 17 lib e Power Gain Gp lOa I" 10.7 MHz Case ode 35 39 35 39 lOb 
'1Ta dB 

VCC = +9V Dil'.·Ampl. 28 32 28 32 lib 

Noise Figure NF 
lOa I" 100 MHz Cascade 7.2 9 7.2 9 dB 10e 
~ VCC" +9V Diff.·Ampl. 6.7 9 6.7 9 lIe,e 

Input Admittance Yll r-:- Cascade 0.6 + j 1.6 
mmho 12 

DilL·Ampl. 0.5 + j 0.5 13 

Reverse Transfer YI2 r-:- Cascode 0.0003 • jO 
mmho 14 

Admittance 1=10.7MHz Dil'.·Ampl. 0.01 • jO.0002 15 

Forward Transfer Y21 r-:- VCC = +9V Cascade 99· jl8 mmho 16 
Admittance ·DiIL·Ampl. ·37 + jO.5 17 

Output Y22 r-=--- Cascade 0, + jO.08 
mmho 18 

Admittance Diff.·Ampl. 0.04 + jO.23 19 

Power Output DilL·Ampl. 

(Untuned) Po 20a I" 10.7 MHz ~~~ulnput. 5.7 5.7 uW 20b 

AGC Range 
(Max. Power Gain 
to Full Cutoff 

AGC 21a Vce = +9V Dil'.·Ampl. 62 62 dB 21b 

at 22a I = 10.7 MHz Cascade 40 40 22b 
1= 10,7 MHz - Vee = +OV 

dB 
22c Diff.·Ampl. 30 30 22d 

Voltage A 
RL"lk11 

Gain Vee = +6V. VEE = ·6V. 
Differential 

RL=2kO 35 38 42 
at 

I = I kHz 23 dB 
Vec " +12V. VEE = ·12V 

RL = 1.6 kO 40 42.5 45 

Max. Peak·to·Peak Vec = +6V, VEE = ·6V, 
7 11.5 

Output Voltage Vo(P'P) 23 RL = 2 kll Vp.p 

at' = I kHz Vee = +12V, VEE" ·12\ 
RL = 1.6 kll 15 23 

Vee = +6V, VEE = ·6V, 
7.3 

Bandwidth 
RL = 2 kIl 

at'3 dB point BW 3 Vee =+12V, VEE = ·12V MHz 

RL = 1.6 kll 8 

Common-Mode Vee = +6V, VEE = ·6V ·2.5 (·3.2· 4.5) 4 
Input· Voltage Range VeMR 4 Vec = +12V, VEE = ·12V ·5 (·7·9) 7 V 

Common-Mode eMR 24 Vee = +6V, VEE = ·6V 60 110 
dB 

Rejection Ratio Vce = +12V. VEE = ·12V 60 90 

Input Impedance ZIN 
Vee = +6V, VEE = ·6V 5.5 

kn at' = I kHZ Vec = +12V, VEE = ·12V 3 

Vec = +9V ,= 10.7 MHZ 2 4 7 2.5 4 6 
Peak·to·Peak mA 

Output Ip.p VeC = +12V 
ein = 400mV 

3.5 6 10 4.5 6 8 Current Diff.·Ampl, 
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ELECTRICAL CHARACTERISTICS at T A = 250 C (cont'd) 

TEST TYPICAL 
CIR- SPECIAL TEST LIMITS CHARAC-

TERISTICS CHARACTERISTIC SYMBOL CUlT CONOITIONS TYPE CA3053 UNITS CURVE 

DYNAMIC CHARACTERISTICS 

Power Gain 

Input Admittance 

Reverse Transfer 
Admittance 

Forward Transfer 
Admittance 

Output 
Admittance 

at Voltage 
Gain 1= 10.7 MHz 

Peak-to-Peak 
Output 
Current 

• Adjust Rjlor VOUT "0 i 0.1 V. 
-Record Inpul OllselVoltaEe. 

Gp 

YII 

Y12 

Y21 

Y22 

A 

pop 

Vee 

-
Fig. 

~ I ~ 10.7 MHz 

lIa VCC = +'3V 

~ 

~ 
1= 10.7 MHz 

~ VCC ~ +9V 

~ 

22a I ~ 10.7 MHz 
I--
22c VCC ~ +OV 

RL" I kll 

VCC = +9V 

VCC'= +12V 

DC 
DIFFERENTIAL 

VOLTMETER 
fLUKE TYPE 80 

OR 
EQUIVALENT 

Min. Typ_ Max. rig. 

Cascade 35 39 dB 
Diff.-Ampl. 28 32 

Cascade 0.6 + j 1.6 
mmho 12 

Diff.-Ampl. 0.5+jO.5 13 

Cascade 0.0003 - jO 
mmho 

14 

Diff.-Ampl. 0.01 - jO.0002 15 

Cascade 99 - j18 mmho 16 
Diff.-Ampl. -37 + jO.5 17 

Cascade O. + jO.08 
mmho 18 

Dilf.-Amp1. 0.04 + jO.23 19 

Case ode 40 22b 
dB 

Di".-Ampl. ~O 22d 

f = 10.7 MHz 2 4 7 
rnA ein = 400 mV 

3.5 6 10 Dilf.·Ampl. 

Vee 

DEVICE DISSIPATION=I3 VEE+lI6+Ia1 Vee 
92C5-15024 

Fig.2 • Input offset voltage test circuit lor CA3028B. Fig.3a - Input offset current, input bias current, device 
dissipation, and quiescent operating current test eire..,i, 
lor CA3028A anJ CA3028B. 

Vee 

DEVICE DISSIPATION=VCC I3 
92CS-15647 

Fig.3b - Input bias current, device dissipation, and 
quiescent operating current test circuit lor CA3053. 

POSITIVE De SUPPLY VOLTS IVec) INPUT OFFSET CURRENT-
NEGATIVE DC SUPPLY VOLTS IVEE) INPUT OFFSET VOLTAGE __ 

1.5 
VCC=+6V 
VEE'-6V 

VCC=+12V VEE=-12V 

-so -25 0 25 50 ni 100 125 
AMBIENT TEMPERATURE (TAI-OC 92CS-15030 

Fig.4 • Input oHset voltage and input aHset current lor 
CA3028B. 207 
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TYPICAL CHARACTERISTICS 

75 

~ 
~ .2.' 

'" 50 .. 
fil 
; 37.S 

'" ... 25 

~ 
12.5 

-75 

POSITIVE DC SUPPLY VOLTS (Vee) 
NEGATIVE DC SUPPLY VOLTS (VEEI 

lee .. 
1l/.ev.v. 

~e-4>"/.?v 

VCC'"'+6\1 
v·.·-sv 

-50 -25 25 50 75 
AMBIENT TEMPERATURE (TA)-OC 

100 125 

92CS-1503~ 

Fig.5a. Input bias current vs. ambient temperature for 
CA3028A and CA3028B. 

DIFFERENTIAL-AMPLIFIER CONFIGURATION 

VEE=-9V 

1.5 _ _ _ ~ 50 n ~ ~ 

AMBIENT TEMPERATURE (TA)-OC 

92CS-15034 

Fig.6a - Quiescent operating current vs. ambient temper
ature (or CA3028A and CA3028B. 

75 

~ 
jS2.5 
'" ~ 50 

5 
'" ~ 37.5 

'" ... 
~ 25 

12.5 

POSITiVE DC SUPPLY VOLTS(VCC) 

-75 -50 -25 25 50 75 100 125 

AMBIENT TEMPERATURE (TAI-OC 92CS-15648 

Fig.5b - Input bias current vs. ambient temperature for 
CA3053. 

!.:! 

~ 
~ 2.5 ... 
i5 
~ 
Il I.' -n 

DIFFERENTIAL AMPLIFIER CONFIGURATION p-i it . 

VCC,,+12V 

-50 -25 a 25 50 75 100 125 
AMBIENT TEMPERATURE (TA1-OC 

92CS-I!:)649 

Fig.6b - Quiescent operating current vs· ambient temper
ature for CA3053. 

3.5 DC COLLECTOR SUPPLY VOLTS (VCC): 6 

208 

J 
...J 1.5 

'" '" z. 

-5 -10 -15 
DC EMITTER SUPPLY VOLTS (VEE) 

92CS-15033 

Fig.7 - Operating current VS. VEE voltage for CA3028A 
and CA3028B. 
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TYPICAL CHARACTERISTICS AND TEST CIRCUITS 

5. 
Vee 

92C5-14499 

Fig.8a - AGC bias current test circuit (differential
.ampliFier canFiguration) For CA3028A and CA3028B. 

180 

160 

DC COLLECT SUPPLY VOLTS (Vee) 
DC EMITTER SUPPLY VOLTS (VEEI 

~ ~ 

-75 -so -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (TA)-OC 92C5-15032 

Fig.9 - Device dissipation vs. temperature For CA302BA 
and CA3028B. 

CASCODE CONFIGURATION 
AMBIENT TEMPERATURE (TA) :r2S"C 

45 
COLL~ J 

40 r-Q"o I. 
-r--....~~ 

<D Vi>i>L~ 
l' 30 

I' i"--~O(r 
t-o. ~~~. g 

25 
91'~@, z 

" 20 <> 

~ I 

~ 
10 

5 

0 
10 2 , 789100 

FREQUENCY (tl - MHz 

9ztS-14492 

Fig.10b - Power gain vs. Frequency(cascodeconFiguration) 
for CA3028A and CA3028B. 

92CS-144B7 

Fig.8b - AGC bias current vs. bias volts (terminal No.7) 
For CA3028A and CA3028B. 

100 3-30 3-30 0,1-0.25 JS-Q 

'* FOR POWER GAIN TEST 
.. FOR NOISE AGURE TEST 

92CS-14501 

Fig. 100 - Power gain and noise figure test circuit (cascode 
configuration) for CA3028A, CA3028B and CA3053*. 

* 10.7 MHz Power Gain Test Only. 

'" .. 8 

l:I 
!i! 1 

CASCODE CONFIGURATION 
AMBIENT TEMPERATURE (TA 1-2S"C, 
FREQUENCY ('I = 100 MHz 

10 II 12 
DC COLLECTOR SUPPLY VOLTS ('tel 

92C$-14486 

Fig.10c - 100 MHz noise figure vs. collector supply 
volts (cascade configuration) for CA3028A and CA3028B. 
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TYPICAL NOISE FIGURE AND POWER GAIN TEST CIRCUITS AND CHARACTERISTICS 

100 2-15 2-15 0.2-0.50.2-0.5 
• FOR POWER GAIN TEST 
.. FOR NOISE FIGURE TEST 

DIFFERENTIAL-AMPLIFIER CONFIGURATION 
AMBIENT TEMPERATURE (TA) =25"C 

40 

C~ 3. 
~crO J 

30 r;.:: SOA 
III ......::.:;;{~ 
I 2. -....::::-.. 

S 
20 

92CS-14496 

Vo{rS 

p:~ )'*-1." 

~ ~9 r.;; co 
0: I' 

~ 
10 ~ 

I o 2 , 4 • 6 7 9 
FREQUENCY (')- MHz 

92(5-14495 

Fig. I lb· Power gain vs. frequency (Jifferential. 
amplifier configurafion}for CA3028A anJ CA3028B. 

5K 

* FOR POWER GAIN TEST 
.. FOR NOISE FIGURE TEST 9(;!CS-14516 

100 

Fig.lIJ - Power gain anJ noise figure test circuit (Jiffer
entia/-amplifier configuration for CA3028A anJ CA3028B. 

210 

Fig.lIa - Power gain anJ noise figure test circuit (Jiffer
entia/-amplifier configuration anJ terminal No.7 connecteJ 
to VCC) for CA3028A. CA3028B anJ CA30S3'. 

* 10.7 MHz Power Gain Test Only. 

6 
... . ... 
!!! 
lil 7 

DIFFERENTIAL-AMPLIFIER CONFIGURATION 
AMBIENT TEMPERATURE (TA )=25°C 
FREQUENCY (f)=IOOMHz 

9 10 II 12 
DC COLLECTOR SUPPLY VOLTS ("eci 

92C5-14415 

Fig.lIc - 100 MHz noise figure vs. collector supply 
vo/tage(Jifferentia/-amplifier configuration) for CA3028A 
anJ CA3028B. 

HCS-1448" 

Fig.lIe - 100 MHz noise figure anJ pawer gain vs. base
, to-emiffer bias (terminal No.7) for CA3028A anJ CA3028B. 
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TYPICAL ADMITTANCE PARAMETERS 

CASCOOE CONFIGURATION 
AMBIENT TEMPERATURE (TA) =25°C 
STAGE COLLECTOR MILLIAMPERES [IC(STAGE1] =4.5 
COLLECTOR SUPPLY VOLTS (Vee) =+9 

o 
4 6 a 10 2 
FREQUENCY (f 1-Mliz 

6 8 100 

92C5-1449' 

Fig.12 • Input admittance (Yn) vs. frequency (cascode 
configuration) for CA3028A, C A3028B and C A3053. 

CASCODE CONFIGURATION 
AMBIENT TEMPERATURE (TA 1=25°C 

~~~~c6g~L~~i(~1{Mt~Tl~p=tRb [Ic STAGE 1 =4.5 
20 

N 

~ 15 

~i! 
cot E 10 

~~ 5 
V 

s:!! QI2 I- ./ 

ffi~ 0 
~~ 
zo. -

bl2 ....... 

'HI 
:~ -10 

8!0: 
~o _I 

0: -20 
4 6 B 10 6 8 100 
FREQUENCY U)- MHz 

92C5-14494 

Fig.14 - Reverse transadmittance (YI2) vs. frequency 
(cascode configuration) for CA3028A, CA3028B rind 
CA3053. 

CASCODE CONFIGURATION 
AMBIENT TEMPERATURE (TA )"25° C 
COLLECTOR SUPPLY VOLTS (Vee )-+9 
STAGE COLLECTOR MILLIAMPERES [I C STAGE] =4.5 

100 

!tl eo 
u:r 

~3 
~:E4 zl 
~!20 
~~ 0 
<nz 
z" 
~ ~-20 

~ ~-40 
~15-
LI.. -BO 

~I 

~I 

3 4 5 6 789,0 

FREQUENCY (1' I-MHz 

r--

3456789100 

Fig.16 - Forward transadmittance (Y21) vs. frequency 
(cascode configuration) for CA3028A, CA3028B and 
CA3053. 

DIFFERENTIAL-AMPLIFIER CONFIGURATION 
AMBIENT TEMPERATURE (TA) =25"C 

g&:t~g~g~ ~~rrt:M~~~~ (¥gr~;~AcH TRANSISTORa2.2 

o 
46810 6&100 

FREQUENCY (f)-MHz 

92CS-14493 

Fig.13 -/nputadmittance(Yl1}vs. frequency (differenti.l
amplifier configuration} for CA3028A, CA3028B and CA30S3. 

DIFFERENTIAL-AMPliFIER CONFIGURATION 
AMBIENT TEMPERATURE (TA ) .. 25 "C 

ggtt~~T~~ ~'rt!:k~~OE~TrI )(~R8~ =r:ANSISTOR=2.2 

10 2 3 4 5 6 789100 

FREQUENCY (f)-MHz 
92CS-14490 

Fig.15 - Reverse transadmittance (YI2) vs. frequency 
(differential-amplifier configuration) for CA3028A, CA3028B 
andCA3053. 

I:XFFERENTIAL-AMPLIFIER CONFIGURATION 
AMBIENT TEMPERATURE~(TA )=25"C 
COLLECTOR SUPPLY VOLTSa+9 
COLLECTOR MIL.LIAMPERES,EACH TRANSisTOR (Ie) '"2.2 

f.f1"" ~~ 20 

~~ 
a~ 10 

151 
UNO 
o:~ 

~~-I 
:I ... 
0:0. 
t-~ 
~!!l IUJ_ 
~15 

-
2 4 

....... 

....... 

• • 2 10 

FREQUENCY (f)-MHz 

4 • • 

~I 

" °21 

100 2 4 

92CS-14502 

Fig.17 - Forward trans admittance (Y21) vs. frequency 
(differential-amplifier configuration} for CA3028A, CA3028B 
andCA3053. 
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TYPICAL ADMITTANCE PARAMETERS 
CASCOOE CONFIGURATION 
AMBIENT TEMPERATURE t'TA ) =2!5°C 

~¥kk{CZdl~E~¥b~L ~'L,{~k~~~~i )&~? rMI ]'4.5 " 0 • :J: 

" " 0 ::; :J: 

'" 2 .-
::; '" .- I 

'" I N 
I b22 ! .. 
~ 0 

~ 
0 tl .. z 

~ -0.02 ;! 
ill ... 
l;! ~-O04 
&l z 

8-006 .. .. ~ 
~-O,OB 11 .. 
:J 

3 4 5 6 78 9JO 2 3 4 5 6 789100 

FREQUENCY (f)-MHz 

92CS-145Q5 

Fig.18· Output admittance (Y22) YS. frequency (cascode 
configuration) for CA3028A, CA3028B and CA30S3. 

DIFFERENTIAL-AMPLIFIER CONFIGURATION 

AMBIENT TEMPERATURE (TA)· 2!5·C 
COLLECTOR SUPPLY VOLTS (Vee) =+9 i COLLECTOR MILLIAMPERES,EACH TRANSISTOR (I )=2.2 

2 

i 3 
;;; 
I 

, 0 1.5 ~ -N 

£0. tl 
tl '" E ~ 0.4 .. 0; I 

l;! 
~ o. 1I iil 

0.2 O~ ! 
~ o~ 1/ V-

I---' 0 
46810 2 6 8 100 

FREQUENCY (f)-MHz 

92CS-14~3 

Fig.19 • Output admittance (Y22) YS. frequency (differ. 
entia/.amplifier configuration) for CA3028A, CA3028B 
andCA30S3. 

TYPICAL TEST CIRCUITS AND CHARACTERISTICS 

Vee 

50 

O.OIJlF 
L-~--1!--O 

OUTPUT 

92CS-14514 

Fig.20a • Output power test circuit for CA3028A and 
CA3028B. 

,-----~;vv-----~--------4r--4r---~C 

.on,(}--~~~---< 
SIGNAL 
SOUlCE 

100 2-1!5 2 -15 0.2-0.50.2-0.5 

....... ;;:--(ii}--+-~~.()50Jl 

2. 

"F VOLTMETER 

92CS-14$15 

Fig.21a • AGe range test circuit (differential amplifier) 
for CA3028A and CA3028B. 
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DIFFERENTIAL-AMPLIFIER CONFIGLAATION 
AMBIENT TEMPERATURE (TA)= 25-C CONSTANT POWER 1M'\JT'S2,..W 

10. 
C!'< 
(~c~ 

;0 - f'..oS'40..! 
~ 

, "? ... 
1 4 

1'\ oS' .g 
a: , I'- r~b./. 
~ J', J\ .... 

~ 
2 .II 

~ 

1\." I 
10 

, 4 100 
FREQUENCY (I) -MHz 92C$-14509 

Fig.20b • Output power Ys. frequency - 50 n input and 
son output (differentia/.amplifier configuration) for 
CA3028A and CA3028B. 

DC BIAS VOLTS ON TERMINAL No.7 92CS-145O& 

Fig.21 b • AGC characteristics for CA3028A and C43028B. 
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TEST CIRCUITS AND TYPICAL CHARACTERISTICS 

10 

OUTPUT 

1'" I. 

Fig.22a • Transfer characteristic (voltage gain) test 
circuit (10.7 MHz) cascocle configuration for CA3028A, 
CA30288 ancl C A3053. 

Vee 

10 

OUTPUT 

92C5-14511 

Fig.22c _ Transfer characteristic (voltage gain) test 
circuit (10.7 MHz) cI ifferentia/-amplifier configuratior. 
for CA3028A, CA30288 ancl CA3053. 

Vee 
OSCILLOSCOPE 

WITH HIGH-GAIN 
DIFFERENTIAL 

INPUT 
(TEKTRONIX TYPE 
~30. 540, OR 580 

WITH TYPE 0 PLUG-IN 
TEKTRONIX TYPE 502, 

OR 
EQUIVALENT) 

,)., VEE 92C5-15025 

* For R = 1.S kI1- (Vcc = 12V, VEE = -12V) 

For R = 2 kI1 - (VCC = SV, VEE = -SV) 

Fig.23 - Differential voltage gain, maximum peak-to-peak 
output voltage, ancl banclwiclth test ';,ircuit for CA30288. 

INPUT VOLTS (Vln J 
92CS-14:')08RI 

Fig.22b - Transfer characteristics (cascocle configuration) 
for CA3028A, CA30288 ancl CA3053. 

INPUT VOLTS (VIn) 

92CS-14S07 

Fig.22c1 - Transfer characteristics (clifferential-amplifier 
configuration) for CA3028A, CA30288 ancl CA3053. 

OSCILLOSCOPE 
WITH HIGH-GAIN 
DIFFERENTIAL 

INPUT 
(TEKTRONIX TYPE 

530, 540, OR 580 
WITH TYPE 0 PLUG-IN 
TEKTRON 1)( TYPE 502, 

OR 
EQUIVALENT) 

92C5-15026 

For input common-mode voltage range test: 51 to Vx 

Common mode rejection ratio = 20 log10 (A*) (2) (0.3) 
VOIFF(RMS) 

* A = Single..ended voltage gain. 

Fig.24 - Commonamode rejection ratio and common-moJe 
input-voltage range test circuit for CA30288. 
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[TI(]5LlD 
Solid State 
Division 

Linear Integrated Circuits 

CA3033 CA3033A 
CA3047 CA3047 A 

y.~ , . ) 

J 11-15S1 

CERAMIC PACKAGE 
CA3033, C3033A 

PLASTIC PACKAGE 
CA3047, CA3047A 

RCA·CA3033 is a high-performance integrated circuit oper
ational amplifier featuring high input impedance, high gain, 
high power output, and low input-offset voltage and current. 
The device consists of two differential amplifiers in cascade 
and a single-ended class-B power output stage on a single 
monolithic silicon chip. 

RCA-CA3033A has all the superior features and character
istics of the CA3033 but, in addition, can be operated at 
higher supply voltages to provide higher gain, higher com
mon mode rejection, greater maximum output voltage swing, 
and more than double the power output. 

RCA-CA3033 and CA3033A are hermetically sealed in 14-
lead "dual-in-line" ceramic packages and are designed for 
operation over the full military temperature range of -55 0 C 
to +125 0 C. 

The RCA-CA3047 and CA3047A are electrically identical 
to the CA3033 and CA3033A, respectively, but are limited 
in op~rating and storage temperature range. 

The RCA-CA3047 and CA3047A are supplied in 14-lead, 
"dual~in-line" plastic packages and are designed to operate 
over the temperature range of DoC to +70 oC, ambient. 

Companion Application Note, ICAN-5641 "Application of 
RCA CA3033 and CA3033A High Performance Integrated
Circuit Operational Amplifiers." 

The resistance values included on the schematic diagram 
have been supplied as a convenience to assist· Equipment 
Manufacturers in optimizing the selection of "outboard" 
components of equipment designs. The values shown may 
vary as much as ±30%. 

RCA reserves the right to make any changes in the Resistance 
Values provided such changes do not adversely affect the 
published performance characteristics of the device. 
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Operational Amplifiers 
For High-Output-Current Applications 

APPLICATIONS 

• Comparator • Servo Driver 

• Integrator • DC Amplifier 

• Differentiator • Multivibrator 

iii Audio' Amplifier 

II Summing Amplifier 

• Narrow Band and Band Pass 
Amplifier 

FEATURES 

CA3033 CA3033A 
CA3047 ~ 

v+ =+12 V V+ -15V 
V---12V V-=-15V 

• Output Current 36 76 mA min. 

• ,Input Offset Current . 35 25 nAmax. 

• Open Loop Differential 
Gain .............. 84 87 dB min. 

• Output Voltage Swing. 18 23 Vp-p min. 

• Input Bias Current ... 350 180 nA max. 

• Power Output ...... 80 220 mW min . 

• Common Mode Re-
jection Ratio ....... 84 93 dB min. 

.. I·SEE OPERATION CONSIDERATIONS·' 

Fig. 1 - Schematic diagram of operational amplifiers, 
CA3033, CA3033A, CA3047, CA3047A. 
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ABSOLUTE·MAXIMUM RATINGS 

INPUT SIGNAL VOLTAGE ....................... . 
DEVICE DISSIPATION: 
~m~.=~~ ............................ . 
Above TA = 25°C ............................ . 

TEMPERATURE RANGE: 
Operating ................................... . 
Storage ..................................... . 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max. I •••••••••••••••••••• 

MAXIMUM VOLTAGE RATINGS at TA = 250 C 

CA3033 CA3033A 
±10V -13V.+10V 

1.2 W 1.2 W 
Derate at 8 mW 1°C 

-550C to +125 0C 
-65°C to +1500C 

CA3033, CA3047 

CA3047 
±10V 

750mW 

CA3047A 
-13V.+10V 

750mW 
Derate at 6.67 mW/oC 

o 0c to +70 0C 
-650C to +150 °c 

The following chart gives the range of voltages which can be applied to the terminals listed vertically 
with respect to the terminals listed horizontally. For example, the voltage range of the vertical ter
minal 1 with respect to'the horizontal terminal 14 is 0 to +4 volts. 

MAXIMUM 

CURRENT RATINGS 

CA3033 CA3047 
CA3033A CA3047A 

TERM· 
7 9 10 12 13 14 INAL 1 2 3 4 5 6 8 11 

No. 

TERM· liN 
INAL 

mA No. 

1 * * * * * * * * * * * * 
+4 
0 1 5 

2 * * * * * * * * * * * +26 
0 2 20 

3 * * 0 
-26 * * * * * * * +26 

0 3 50 

4 +5 0 
-I -15 * . * * * * . +26 

0 4 10 

+20 +20 
5 0 * ·1 * * * * ·1 * -26 Note I Note 1 

5 5 

+26 +26 +26 +26 +26 +26 +26 +26 
6 0 0 0 0 0 0 0 0 6 -

+20 +20 +26 7 ·2 . * * * ·2 0 Note I Note I 
7 5 

+20 +20 +20 +20 +26 
8 ·1 ·2 ·2 ·1 . 

0 Note2 Note 3 Note3 Note2 8 I 

+1 +5 +1 +26 9 -5 * -5 -20 ·5 Note 2 
9 I 

+10 +2 +26 10 -10 * -20 -10 Note3 
10 I 

+1 +2 +26 11 -5 -20 -10 
Note3 

11 I 

+1 +26 12 -20 
·5 Note2 

12 I 

13 . 13 I 

14 Sub-
strate 

14 -

Notes: 1. This rating applies to the more positive terminal of terminals 8 and 13. 

2. This rating applies to the more positive terminal of terminals 9 and 12. 

3. This rating applies to the more positive terminal of terminals 10 and 11. 

*Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be safe if the 
specified limits between all other terminals are not exceeded. 

lOUT 
mA 

5 

-
50 

10 

5 

-
5 

I 

0.1 

0.1 

0.1 

0.1 

I 

-
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MAXIMUM VOLTAGE RATINGS at TA = 250 C CA3033A, CA3047 A· 

The following chart gives the range of voltages which can be applied to the terminals listed vertically 
with respect to the terminals listed horizontally. For example, the voltage range of the vertical ter· 
minal 1 with respect to the horizontal terminal 14 is 0 to +4 volts. 

MAXIMUM 
CURRENT 
RATINGS 

are 
identical 
for all 

four types 

TERM-
INAL 1 2 3 4 5 6 7 8 
No. 

1 . . · · . • · 
2 • · · . · · 
3 · · 0 · · -38 

4 +5 0 · • -I -22 

0 • 
+30 
-I 5 -38 Note I 

6 +38 +38 
0 0 

7 
+30 
-2 

Note I 

8 

9 

10 

11 

12 

13 

14 

Notes: See CA3033, CA3047 Rating Chart Notes. 

PROCEDURE: 
INPUT OFFSET VOLTAGE:MEASURE Your AND RECORD INPUT 
OFFSET VOLTAGE IVro) IN VOLTS AS VOUT/IOO, THUS 

VOUT 
VIC UN VOLTS) = ToO 92CS-I7328 

Fig. 2a - Input offset voltage, input offset voltage sensitivity, 
and device dissipation test circuit. 

216 

9 10 11 12 

• • · · 
· · · • 

· · · • 

· · • · 
• · · · 

+38 +38 +38 +38 
0 0 0 0 

· · • · 
+30 +30 +30 +30 
-I -2 -2 -I 

13 

· 
· 
· 
· 

+30 
-2 

Note I 

+38 
0 

+20 
-2 

Note I 

· 

14 

+4 
0 

+38 
0 

+38 
0 

+38 
0 

. 
+38 
0 

+38 
0 

+38 

(SeeCA3033, 
CA3047 chart) 

Note 2 Note 3 Note3 Note 2 0 

+1 
-5 

~ 3 
I 

~ ... 
'" ~ 2 
g 

~ 
o 
I- I 
~ z 

-75 

+5 +1 
• ':30 -5 Note 2 

+10 +2 
-10 · -20 

Note 3 

+1 +2 
-30 -5 Note 3 
+1 

-30 
Note 2 

+38 
-5 

+38 
-10 

+38 
-10 

+38 
-5 . 

Sub-
strate 

V+"15V. v-,.-15V 

V+"12V, V-a 12V 

-00 -~. 0 25 50 75 
AMBIENT TEMPERATURE {TA,-ac 

100 125 

92CS-17327 

150 

Fig. 2b - Typical input offset voltage vs. ambient tem
perature. 
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ELECTRICAL CHARACTERISTICS 
For Equipment Design 

Characteristics Symbols 

Input Offset Voltage VIO 

Input Offset Current 110 

Input Bias Current II 

Input Offset Voltage Sensitivity: 

Positive 6VIO/6V+ 

Negative 6V10/6V-

Device Dissipation I'y 

Open·Loop Differential 
Voltage Gain AOL 

Common·Mode Reiection Ratio CMRR 

Common·Mode Input·Voltage 
Range VIcR 

Maximum Output·Voltage Swing VO(p·P) 

Input Impedance ZI 

Output Current 10 

PO"'~8~~ Po 

ELECTRICAL CHARACTERISTICS 

Test Conditions 

Cir· 
cuit TA = 250 C 

-
Fig. 

2a 

3a 

3a 

2a 

2a 

2a 

- 1=1 kHz 

-

-

RL=500n - 1= 
1 kHz RL = 300n 

-
RL=500n -
RL = 300 n 

RL=500n -
RL=300n 

Typical Values Intended Only for Design Guidance 

I np~~g~l~e~~ f~W8e CD rift Vro/6T 2a 

Input Offset Current Drift 

-550 C to 250 C 
Iro'·6T 3a 

250 e to 1250 e 

600dB Amplilier Bandwidth BW 8a ex, ey = 0.001 p.F 

Slew Rate SR 9 (amplilier circuit only) 

Typical 
Charac· 
teristics 
Curves 

Fig. 

2b 

3b 

3c 

-

-

-

4 

5 

-
-

-
6 

7 

2b 

3b 

8b,c 

-

LIMITS 

CA3033 CA3033A 
CA3047 CA3047A 

DC Supply Voltage 
V+= 12 V V+= 15 V Units 

V-=-12V V-=-15V 

Min. Typ. Max. Min. Typ. Max. 

- 2.6 5 - 2.9 5 mV 

- 5 35 - 9 25 nA 

- 70 350 - 100 180 nA 

- 0.3 0.5 - 0.2 0.5 mV/V 

- 0.3 0.5 - 0.2 0.5 mV/V 

60 120 180 80 170 300 mW 

84 90 - 87 93 - dB 

84 100 - 93 105 - dB 

-7.5 +5,-9 +3.5 -9.7 6,-11 4.7 V 

18 22 - - - -
Vp.p 

- - - 23 25 -

0.25 1.5 - 0.6 1 - Mn 

35 44 - - - - rnA· 

- - - 76 83 - (P·P) 

80 122 - - - -
mW 

- - - 220 255 -

- 6.6 - - 6.6 - p.V/ 
oC 

- 1 - - 1 - nAi 
oC 

- 0.08 - - 0.08 -

- 230 - - 350 - kHz 

- 2.7 - - 3 - V/p.s 
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52 

i}-~,....-+-_f2)VOUT 

51 

92CS-17322 

Fig. 3a - Input offset current and input bias current test 
circuit. 

~ 60 
I 
'0 
~50 
I-

~ 40 .. 
i'l 
ti 30 

it 
o 
I- 20 

~ 
10 

o 
Y+·12V, Y-· 12 

-75 -so -2~ 0 25 SO 75 100 125 150 
AMBIENT TEMPERATURE ITA)-OC 

92CS-17323 

Fig. 3b - Typical input offset current VS. ambient tem
perature. 

a 
~ 75 

ffi 
It 50 
c 

§ 2. 
z 
~ 

0 0 

POSITIVE OC SUPPLY VOl.TS Ivt} 
NEGATIVE DC SUPPLY VOLTS 1V1 
FREQUENCY (f)~lkHz 

V+a I2V, Y-"-12V 

-75 -50 -25 0 2' 50 75 

AMBIENT TEMPERATURE (TAI-OC 

100 125 

92CS-14907RI 

Fig. 4 - Typical open-loop differential voltage gain vs. 
ambient temperature. 
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PROCEDURES: 

A. Inverting Input Current 
Set switch. S, in closed position and set switch, S2 in open 
position. 
Measure output voltage and convert this reading to inverting 
input current using the following relation: 

Vour (in volts) 
II inverting (in /lA) = '0 

B. Non-inverting Input Current 
Set switch, S, in open position and set switch, S2 in closed 
position. 
Measure output voltage and convert this reading to non
inverting input current using the following relation: 

-Vour"On'volts) 
II non-inverting (in /lA) = '0 

C. Input Offset Current 
Set switches, 51 and 52 in open positions. 
Measure output voltage and convert this reading to input 
offset current using the following relation: 

Vour (in volts) 
110 (in /lA) = '0 

300 

_ _ _ 0 ~ ~ ~ ~ ~ ~ 

AMBIENT TEMPERATURE (TA1-OC 
92CS-I7328 

Fig. 3c - Typical input bias current vs. ambient temperature. 

I-

~ 75 .. 
'" g 50 ,. 
is 
,. 25 

S 
o 

POSITIVE DC SUPPLY VOLTS IV+' 
NEGATIVE DC SUPPLY vOLTS IY-) 

FREQUENCY (fl.=1 kHz 

\1+. 15V, y. a -15V 

V"12V,y·,,·12" 

-75 -50 -25 o 25 50 75 100 125 

AMBIENT TEMPERATURE (TA)-·C 
92CS-14906RI 

Fig. 5 - Typical common mode rejection ratio vs. ambient 
temperature. 
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~ AMBIENT TEMPERATURE(TAl a Z50C 
I FREQUENCY(f) "'I kHz .. , .. 
§ 

~ 75 

" ~ 50 

~ 25 

~ o 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 O.S 

LOAD RESISTANCE (RLI-kll 
0.9 

92CS-11324 

1.0 

Fig. 6 - Typical peak-to·peak output currenr vs. load re
sistance. 

;t 

1250 

~ 
;;;200 

9 
0 150 
I-

'" "' ~ 100 

50 

AMBIENT TEMPERATURE(TAl-25°C 
FREQUENCY(fI·lkHz 

LOAD RESISTANCE tRLI-kn 

0.9 

92CS-17325 

Fig. 7 . Typical power output vs. load resistance. 

1.0 

~POSITIVE DC SUPPLY VOLTS IV+j-+12 I I I 100 NEGATIVE DC SUPPLY VOLTS IV·) ·-12 

I I AMBIENT TEMPERATURE ITAI.Z5·C 

RESISTANCE VALUES 
ARE IN OHMS 

92CS-15291RZ 

90 

80 

T 70 

;60 
z 3 ~o 
~ 40 

~ 
go 30 

~ 

~ 20 

~ 10 

0 

-10 

-20 

-~ 

e-...: r.-: ..... .......... 
~ ..... .......... 

~ "- "-
~ "- .......... 
~ "- "-
= "- "-

.......... 

c 
t--- ~""o;;J;:c,..k, 

"-l;:;" p" t--- QOo~ ~ 
t--- NQ.r" I"'-. 
t--- No~~ I'---
r-.. N'A,.t' r-....... 
t--- ~""- i"-. 
I'- ~ r...... 

'3 .. " r-....... r-.. 10 .. -:;:" "-

r-....... "- r--.... 
" r--.... 

~ 

I 
0 

1=c,..c".OOP~-1- .0 

J..--O.OOlj£F : 
IOp.F 100 ~ 

" I- ~ 

" 
ISO I ,. 

" 
200:; 

2150 ! 

" \.+ 
300~ 

""'- '" f 

"" "" "-
'00 

" "" "" 
Fig. 8a - Typical60·dB 

amplifier. 
01 

2 ... , . . . , . .. 
10 100 

, . 
FREQUENCY tfI- kHI' 

Fig. 8b . Typical phase compensation characteristics for 
CA3033, CA3047 (v+ = +12 V, V- = -12 V) 

For any desired closed loop gain (in decibels). read horizontally 
along the gain line to the attenuation curve which provides the 
desired closed loop bandwidth. The required values for the 
compensation capacitors is shown on the curve. Move. vertically 
from the intersection of the gain and attenuation lines until the 
phase angle curve (I/J) is reached and read the phase angle be· 
tween the input and output on the right·hand scale. The differ· 
ence between the indicated phase angle and lSOo is the typical 
phase margin. (A minimum phase margin of 45° is recom
mended to allow for component variations and differences 
among amplifiers.) If the phase margin is smaller than required, 
the desired bandwidth can be stably achieved through the use 
of a more complex feedback network. As the closed loop gain 
approaches unity, the compensating capacitors required (0.3 J.lF 

to 1.0 I'F) are bulky and costly. A capacitor one·half the value 
shown on the chart, connected between terminals 8 and 13, and 
a 0.001 J.lF capacitor from either terminals 8 or 13 to ground 
or V- is an acceptable alternative method. This arrangement 
provides the same gain'phase roll·off shown on the curves and 
permits the use of more readily available, lower·voltage disc 
capacitors which are smaller and cost less. For linear operation, 
the maximum expected difference voltage between tne two 
collectors is less than 1 volt. 

Figure Sa shows the phase compensating capacitors (ex. Cy) 
returned"to ground. In some systems with large parasitic im· 
pedances in the power supply system, returning these capacitors 
to the negative (V-) supply may result in more stable operation. 
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OUTPUT 
5 V/DIV. 

INPUT 
IV/DIV. 

OUTPUT 
SV/DIV. 

INPUT 
IV/DIV. 

POSITIVE DC SUPPLY VOLTS IV )-15V 
NEGATIVE DC SUPPLY VOLTS IY-)=-ISV 

100 
AMBIENT TEMPERATURE ITA)-2S0C 

90 
I c,.c! '0.0&,,) 0 

:-- ............ ...... 
"A' 50 ~r--................ ........ 3OI'F; 

80 ........ 
00, 

............ '",,-- ............ ~~ ~ ........ ~ 

100 ~ .. i 70 

-:. 
060 

:! 

~ 00 

~ 40 

~ g 30 .. 
0 20 

~ 
~ 

10 

0 

-10 

-20 

-30 

0.1 

'''''' ......... 
............ ' '",,-- ~" ........ ~ 150 ~ 

I 
................... ' ......... 

......... 
, ~r~ ........ r-... 4> 200~ 

......... 'r-.. ........... ........ .... O'~,c- I' ~ '\ ~ 
......... r-.., C> ........ 

O'J'.4,.t" 
250 ~ 

......... ......r-.. ......... ........ i'r-. ......... "~.' 
w 

............ ......... .... 
'''''' ......... r-... '\. 300~ 

'r-.. ........... 
......... 

........ ~ .. > ........ I"'- ......... r-.., , 
350 

......... ........ ........ ~,,""""'" ........ I"'- ........... ......1'.. 400 

........ 3'1 " ............. i' I"-.. 'r-.., ......... 
........... ......... i' I ......... ........ 

I"'- ......... "-r-...' , .... 
2 4 •• 2 4 •• 2 4 •• 2 4 •• 2 4 •• 10 100 1000 10000 

FREQUENCY (fl- kHz 

Fig. Bc - Typical phase compensation characteristics for 
CA3033A, CA3047A (v+= 15 V. V- = -15 Vi. 

RL -300.0 

I 

0.01 
4 •• 

0.1 

92CM-14897Rl 

4 •• 

I II 
I II 

~WE~ I ~ OUTPUT 
ImW)-255 

220 

4 •• 
10 

FREQUENCY- kHz 

TlME-IOlLs/DIV. 
(a) 

V+'30 V, RL'I kll 

TIME -10 !,s/DIV. 
(b) 

92C5-17393 

INPUT 
0-l'i--+--' 

I~F 5.IK 
25V 

RESISTANCE VALUES 
ARE IN OHMS 

92CS-17321 

*RL" soon AT y+= 24V 
RL· 300n AT y+ ~ 30V 

92LS-3693 

Fig. 9 - Amplifier with single voltage supply and associated pulse response waveforms and distortion curves. 
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OPERATING CONSIDERATIONS 

The CA3033, CA3033A. CA3047, and CA3047 A opera· 
tional amplifiers have very high peak·pulse current capa
bility. The open·loop output impedance is typically less 
than 30 ohms at 10kHz and the peak short-circuit output 
current may exceed 100 milliamperes. To prevent possible 
damage to the chip because of excessive dissipation it is 
important that the output stage is not subjected to sustain
ed high peak currents. To minimize the possibility of dam· 

age from accidental shorts, it is recommended that a 51·ohm 
resistor be placed in series with the output circuit. 

When high peak output currents are required of the ampli· 
fier, it is desirable to provide a current-limiting resistor of 
about 2200 ohms in series with the collector of transistor 
Q14. This resistor may be returned to ,ground, or, if its 
value is increased to 4700 ohms; it may be returned to the 
v+ terminal. 
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OO(]3LJ[J 
Solid State 
Division 

Linear Integrated Circuits 

CA3035 
CA3035V1 

• Three Individual General-Purpose Amplifiers 

Ultra-High-Gain 
Wide-Band Amplifier Array 

Monolithic Silicon 

CA3035 

o Ideal for service in Remote-Control Amplifiers - - e.g., TV Receivers 

o Available in two electrically identical versions: CA3035 with straight 
leads; CA3035Vl with formed leads 

HIGHLIGHTS 

o Three separate amplifiers -
gain and bandwidth for each amplifier can-be adjusted 
with suitable external circuitry 

• Amplifiers operable independently or in cascade 

• Exceptionally high cascade voltage gain _ 
129 dB typo at 40 kHz 

• Low noise performance • Wide-band response 

• All amplifiers single-ended -
only one power supply required 

lO·LEAD 
TO·5 

CA3035Vl 

FORMED·LEAD 
lO·LEAD TO·5 

• Wide operating temperature range -
.55°C to + 125°C 

TYPICAL REMOTE c:;ONTROL SYSTEM 

• Built-in temperature compensation 

• HerllJetically sealed, all.welded 10·lead TO.5-styl. 
metal package with straight or formed leads 

SCHEMATIC DIAGRAM FOR CA3035 AND CA3035Vl 

IAMPL.No:! 
I " 'K I 
I 
I 
I 
I 
~_~~~~~~v+ 
I-
I 

• TERMINALS 2 & 8 ARE 
INTERNALLY CONNECTED 
TO SUBSTRATE L'_ 

92CS-14626RI 

F'g.l 

I 
L 

0.03 0.0022 
JJ.F ~F 

y 
CONTROL FUNCTIONS 

Fig.2 

+13V 

IK 
n 

4.7Kn 

TO 
AODITIONAL 
CHANNELS 
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ABSOLUTE-MAXIMUM RATINGS: 

Operating Temperature Range _________ ........... -SSoC to +12SoC 
Storage Temperature Range . . . . . . . . . . . . . . . . . . . . .. -6SoC to + ISOoC 
Device Dissipation ..................................... 300 mW 
Input Voltage ......................................... I V pop 
Supply Voltage ......................................... +ISV 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max. . ........................ +26SoC 

ELECTRICAL CHARACTERISTICS AT T A = 25°C 

TEST 
LIMITS CIRCUITS 

SPECIAL TEST AND 
CHARACTERISTICS SYMBOLS CONDITIONS CHARAC- CA3035, CA3035V I UNITS 

TER ISTICS 
CURVES Mi n. Typ. Max. 

STATIC CHARACTERISTICS 

Quiescent Ope rat i ng V3 - 2 - V 
Voltage V5 VCC = +9V Fi g. 3 - 1.9 - V 

V7 - 4.9 - V 

Total Cu rrent Drai n Id VCC = +9V, Fig.3 3.5 5 7.5 mA 
RL3 = 5KO 

DYNAMIC CHARACTERISTICS 

Voltage Gain: 
Amp I i fie r No. I AI f = 40 kHz, 40 44 - dB 
AmRI ifier No.2 A2 VCC = +9V 40 46 - dB 
Ampl ifier No.3 A3 38 42 - dB 

Output Voltage Swing Vout 
V lout RLJ = JOKO - 2 - Vp-p 
V20ut RL2 = 10KO - 2.6 - Vp-p 
V30ut RL3 = 5KO - 8 - Vp-p 

Sinusoidal 
Output, 
VCC = +9V 

Input Resistance: 
Amp Ii fie r No. I R lin - 50K - n 
Ampl ifier No.2 R2 i n f = 40 kHz - 2K - n 
Ampl ifier No.3 R3 in - 670 - n 

Output Resistance Rlout - 270 - n 
R20ut f = 40 kHz - 170 - n 
R3 0ut - lOOK - n 

Bandw i dt h at 
-3dB point: 
Amp I i fie r No. I BWI Fig.5 - 500 - kHz 
Ampl ifier No.2 BW2 VCC = +9V Fig.6 - 2.5 - MHz 
Ampl ifier No.3 BW3 Fig.7 - 2.5 - MHz 

Noise Fig ure 
Amp I if i e r No. I NFl f = I kHz, Fig.4 - 6 7 dB 

RS = I Kn 

VCC = + 13 V 
Sensitivity Relay (K I) Fig.2 - 100 150 J.1.v 

Current = 7.5 mA 
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STATIC CHARACTERISTICS 

TEST CIRCUIT 

Vee = +9V 

92CS-1462~ 

Fig.3 

NOISE FIGURE TEST CIR'CUIT 

QUAN TECH 
LABORATORIES 
MODEL No. 311 

NOISE ANALYZER 

(SEE NOTE) 

IOp.F 

- +200 
Kn 

'O}LFi ~og 
c - +-

10 IOKn ,..F 

+9V 

92CS-14631 

NOTE: SET ALL INTERNAL POWER SUPPLIES ON QUAN TECH 
NOISE ANALYZER TO ZERO VOLTS. 

Fig.4 
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TYPICAL ls •. AMPLIFIER RESPONSE 

COMMON EMITTER CIRCUIT 

(FOLLOWED BY EMITTER FOLLOWER) 

NO FEEDBACK 

AMBIENT TEMPERATURE IT,Al= 2SoC 

COLLECTOR-SUPPLY VOLTS 1VCC)=+9 

I 
:5 dB DOWN 

I'\. 
'\. 

'\. 
'\. 

2 4 68,0 2 4 68,02 2 4 6 S'03 2 4 68104 2 "6 alO~ 

FREQUENcvtr}-KHz 
92CS-14635 

TYPICAL 2nd.AMPLIFIER RESPONSE 

COMMON EMITTER CIRCUIT 
(FOLLOWED BY EMITTER FOLLOWER) 
NO FEEDBACK 

AMBIENT TEMPERATURE (TA,,,'25·C 

COLLECTOR-SUPPLY VOLTS (VCCI-+9 

1";;.3 d8 OOWN 

'\. 
I'\. 

2 4 6610 Z 4 68102 2 "68,03 2 4 6 8 10" 2 4 6 8,05 

FREQUENCY (f}-KHz 
92CS-J4636 

Flg.6 

TYPICAL 3.d.AMPLIFIER RESPONSE 

COMMON EMITTER CIRCUIT 
NO FEEDBACK 

AMBIENT TEMPERATURE (TA)= 25°C 

COLLECTOR SUPPLY VOLTS IVccl-+9 

EXTERNAL LOAD RESISTANCE" 5 Kj} 

~d8DOWN 

"-
'\. 

Z 468'0 2 468,02 2 468,032 468'042 468,05 

FREQUENCV (f)-KHz 
92CS-14631 

Fig.7 
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OO(]5L}[] Linear Integrated Circuits 
Solid State 
Division 

CA3036 

DUAL DARLINGTON ARRAY 
Monolithic Silicon 

• Two independent low-noise wide-band amplifier channels 

o Particularly useful for preamplifier and low-level amplifier applications in single
channel and stereo systems . 

• Wide application in low-noise industrial instrumentation amplifiers 

HIGHLIGHTS 

eMatched transistors with emitter-follower o~tputs 

• Low-noise performance 

o 200-MHz gain-bandwidth product 

APPLICA TlONS 

• Stereo phonograph preampl ifiers 

o Low-level stereo and single channel ® 
amplifier stages 8 

00 
10 .. Lead 

TO-S 

o Operation from ·SSGC to + 12SoC o low-noise, emitter-follower differential amplifiers 

11-73 

oHermetically sealed, all-welded IO-lead TO-S-.style 
metal package 

• Operational amplifier drivers 

MAXIMUM RATINGS, Absolute-Maximum Values: 

POWER DISSIPATION, P: 
Anyone transistor 
Total for array 

TEMPERATURE RANGE: 

300 max. mW 
600 max. mW 

Operating . . . .. .. . . . .. . -55 to +125 DC 
Storage. . . . .. . . .. . .. . -65 to +150 DC 

LEAD TEMPERATURE lOuring Soldering): 
At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) 
from case for 10 seconds max. . . . . . +265 °c 

The following ratings apply for each transistor in the array: 
Collector-to-Emitter Voltage, VCEO 
Collector-to-Base Voltage, VCBO 
Emitter-ta-Base Voltage, VEBO 
Collector Current, IC 

15 max. V 
30 max. V 

5 max. V 
50 max. rnA 

92CS-14624 

Fig.1 - Schematic Diagram for CA3036_ 
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CA3036 

ELECTRICAL CHARACTERISTICS, at T A = 2SaC 

CHARACTERISTICS 

Collector· Cutoff Current 

For Each Coliector·Cutoff Current 

Transistor Collector· to· Emitter Breakdown Voltage 
(Q1, Q2, Q3, Q4) Collector-to-Base Breakdown Voltage 

Emitler-to-Base Breakdown Voltage 

For Either Input 
Static Forward Current-Transler Ratio Transistor (Q1 or Q3) 

For Either 
Emitter-to-Base Breadkown Voltage 

Darlington Pair 
(Q1, Q2 or Q3, Q4) Static Forward Current-Transfer Ratio 

Short-Circuit Forward Current-Transfer Ratio 
For Each Short-Circuit Input Impedance 

Input Transistor 
(Q1 or Q3) Open-Circuit Output Admittance 

Open-Circuit Reverse Voltage-Transfer Ratio 

Short-Circuit Forward Current-Transfer Ratio 

Short-Circuit Input Impedance 

Open-Circuit Output Admittance 

For Either Open-Circuit Reverse Voltage-Transfer Ratio 

Darlington Pair Voltage Gain 
(Q1, Q2 or Q3,Q4) Power Gain 

Noise Voltage 
See Fig.3 for Test Circuit 

Forward Transfer Admittance 

For Either Input Admittance (Output Short-Circuited) 

Input Transistor Output Admittance (Input Short-Circuited) 
(Q1 or Q3) Reverse Transfer Admittance 

(Input Short-Circuited) 

For either Input Admittance (Output Short-Circuited) 

Darl ington Pair Output Admittance (Input Short-Circuited) 
(Q1, Q2 or Q3, Q4) Gain-Bandwidth Product 

92CS-t4633RI 
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Fig.2. Block Di~gram 01 Stereo System using CA3036 
as Pllono Preamplifier. 

SYMBOLS 
TEST 

CONDITIONS 

ICBO VCB -5V, IE -0 

ICEO VCE =10 V, IB =0 

V(BR)CEO IC -1 mA, IB-O 

V(BR)CBO IC = lOfLA, IE =0 

V(BR)EBO IE = 10 /lA, IC =0 

hFE IC1 or IC3 =1 mA 

V(BR)EBO(D) IE2 or IE4 = 10 /lA 

IC1 + IC2} 
hFE(D) or =1 mA 

IC3 + IC4 

hfe 

hie fool kHz 
hoe IC1 or IC3 =1 mA 

hre 

hfe(D) 

hie(D) 
fool kHz 

hoe(D) IC1 + IC2l 
hreCD) or =1 mA 

il(D) IC3+IC4S 

Gp(D) 

f -100 Hz 

EN f = 1 kHz 

f =10 kHz 

Yfe 

Yie f =50 MHz 
Yoe IC1 or IC3 =2 mA 

Yre 

Yie(D) f -50 MHz 

Yoe(O) IC1 + IC2l 
or =2 mA 

freD) IC3 + IC4J 

Min. 

-
-
15 

30 

5 

30 

10 

1000 

-
--
-
-
-
-
-
--
-
-
-
-
--
--
--
--
--
--
-
150 
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LIMITS 

TYPE CA3036 UNITS 

Typ. Max. 

- 0.5 /-LA 

- 5 /lA 
20 - V 

44 - V 

6 -- V 

82 - --
12.6 -- V 

4540 -- -

82 - -
2.6K - fl 

7 - fLmho 

9.8 x 10-5 - -
1300 -- -
82K - fl 

108 - j-Lmho 

2.7 x 10-3 -- -
26 -- dB 

47 - dB 

0.2 3 

0.05 0.3 
fLV(rms) 

0.012 0.1 v'i(H;) 

0.68 + j 7.9 -- mmho 

4.14 + j 5.95 - mmho 

1.94 + j 2.64 - mmho 

Negligible -- mmho 

1.71 + j 2.8 - mmho 

3.96 + j 2.6 - mmho 

200 - MHz 

TO 
QUAN-TECH 

MODEL No. 311 
OR 

~) 
20n. EQUIVALENT 

TESTER 

E 

\ 
\ \ L __________ ~ 

92CS-141S28 

Fig.3 - Noise Voltage Test Circuit lor CA3036. 



File No. 343 

OOm5LJD !LoneslI/' Oll'lltegrated Circu6ts 
Solid State 
Division 

CA3039 

Diode Array 
Six Malched Diodes on a Common Subslrole 

Monolithic Silicon 

The RCA-CA3039 consists of six ultra-fast, low capac
itance diodes on a common monolithic substrate. Inte
grated circuit construction assures excellent static and 
dynamic matching of the diodes, making the array ex
tremely useful for a wide variety of applications in 
communication and switching systems. 

Five of the diodes are independently accessible, the 
sixth shares a common terminal with the substrate. 

For applications such as balWlced modulators or ring 
modulators where capacitive balance is important, the 
substrate should be returned to a DC potential which is 
significantly more negative (with respect to the active 
diodes) than the peak signal applied. 

APPLICA TIONS 

o Balanced modulators or demodulators 

o Ring modulators 

o High speed diode gates 

o Analog switches 

ABSOLUTE MAXIMUM RATINGS AT T A = 250 C 

DISSIPATION; 

Anyone diode unit • • 
Total for device • • . 
For TA >550 C . • . 

100mW 
. . . .. 600mW 
derate linearly 5.7 mW/oC 

TEMPERATURE RANGE; 
Operating . • . • • 
Storage. . . . • • 

LEAD TEMPERATURE (During Soldering); 

At distance 1/16 ± 1/32 inch 11.59 ±0.79 mm) 
from case for 10 seconds max. • • 

PEAK INVERSE VOLTAGE, PIV for: 01-05. 

06' . 
PEAK DlODE-TO-SUBSTRATE VOLTAGE; VOl 

for D1-D5Iterm.1,4.5.8 or 12 to term. 10) • 
DC FORWARD CURRENT, IF . . • . • 

PEAK RECURRENT FORWARD CURRENT, If 

PEAK FORWARD SURGE CURRENT, If (surge) 

11-73 

-55 to +1250 C 
-65 to +1500 C 

+ 2650 C 

5V 
0.5 V 

+20,-1 V 
25mA 

100mA 

100mA 

ULTRA·FAST 
LOW ·CAPACIT ArlCE 
r,'ATCHED DIODES 

F or Applications in 
Communications and 
SWitching Systems 

FEATURES 

12.Lead TO.~ 

o Excellent reverse recovery time _ 1 ns typo 

o Matched monolithic construction
VF matched within 5mV 

o low diode capacitance_ 
Co = 0.65 pF typical al VR = - 2V 

~ ® '4 <1> m J;_:~61 
f 0, 

SUBSTRATE 
AND CASE 

Fig. 1 - Schematic: Diagram lor CA3039 
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ELECTRICAL CHARACTERISTICS, at T A = 250 C 

Characteristics apply for each diode unit, unless otherwise specified. 

LIMITS CHARAC· 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS UNITS 
TERISTIC 
CURVES 

MIN. TYP. MAX. FIG. 

IF=50pA - • 0.65 0.69 V 

DC Forward Voltage Drop VF 
I rnA - 0.73 0.78 V 

2 
3 rnA - 0.76 0.80 V 

10 rnA - 0.81 0.90 V 

DC Reverse Breakdow~ Voltage V(BR)R IR =-IOpA 5 7 - V -
DC Reverse Breakdown Voltage 

V(BR)R IR = -IOJ.LA 20 - - V Between any Diode Unit and Substrate -
DC Reverse (Leakage) Current IR VR = -4 V - 0.016 100 nA 3 

DC Reverse (Leakage) Current 
IR VR = -10 \ - 0.022 100 nA 4 Between any Diode Unit and Substrate 

Magnitude of Diode Offset Voltage I VFl - VF21 (Difference in DC Forward Voltage IF = I rnA - 0.5 5 mV 2 
Drops of any Two Diode Units) 

Temperature Coefficient of IVFl - VF21 
lIlVFI - VF21 

IF= I rnA I J.LV/oe 5 - -
LIT 

I lIVF 
Temperature Coefficient of Forward Oiop -- IF= I rnA - -1.9 - mV;oC 6 

lIT 

DC Forward Voltage Drop for 
VF IF = I rnA 0.65 - V 

Anode·ta-Substrate Diode (OS) 
.- -

Reverse Recovery Time trr IF = 10 rnA, IR = 10 rnA - I - ns -

Diode Resistance RD f = I kHz, IF = I rnA 25 30 45 n 7 

Diode Capacitance CD VR=-2V,IF=0 - 0.65 - pF 8 

Diode·to-Substrate Capacitance COl VOl =+4 V, IF =0 - 3.2 - pF 9 

TYPICAL CHARACTERISTICS 

AMBIENT TEMPERATURE ITA)-2S-C IVf DC REVERSE VOLTAGE IVR) --4V 

0.. 
II 

6 "1 I I ~.~ !#-~'/ I 

~ • Ii 
'>IO~ -==-.. "'~~o 

.. 
~ ~ 
g 0.7 fO~ • 0 

/"""" f-""" 
> 
::; 

! i 
V } 

3 
rr i;; 
~ V ~ g 0." ' I 2 ~ 

f I ~~ .... I 

- -- ~o.r~~~,s!?r'!.o!'r 
os 

4 

I 

"' 
2 

II !:I I, 

i 
, 
4 

/ 
2 

~ 0.18 
Z 

6 

~ 4 

./ 
~ 2 ...-
"0.01 u , 
0 6 

4 

2 

0.001 

0.01 4 4 68Q( 68, 4 -75 - -50 25 o 25 50 75 100 125 

DC FORWARD MILLIAMPERES tIp 
92CS-I5Z68 

Fig. 2 - DC forward voltage drop (any diode) and diode 
oHset voltage vs DC forward current 
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AMBIENT TEMPERATURE (TAl-ac 
92C$-15266 

Fig. 3 - DC reverse (leakage) current (diodes 1,2,3,4,5) 
vs temperature 
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TYPICAL CHARACTERISTICS 

100: DC REVERSE VOLTAGE (VR'--IOV 

/ 
/ "' 102 !:! 

/ i 
. 

" '2 
i . / 
w 

0.1 ~ 

" w 

~ 
u 
00.01 ./ 

2 I-"'" 
0.001 

-75 -50 -25 25 50 75 100 125 

AMBIENT TEMPERATURE (TAI-oC 
92CS-I~265 

Fig. 4 . DC reverse (leakage) current between diodes 
0,2,3,4,5) and substrate vs temperature 

DC FORWARO CURRENT (l: F) z I mA 

0.9 

~O_8 
., 
!:; 
g: 0.7 

c 

i 0.6 

e 
g 0.5 

0.' 
-75 -50 -25 0 50 75 100 125 

AMBIENT TEMPERATURE (TA )_·C 

92CS-I!5261 

Fig. 6 - DC forward voltage drop (any diode) vs 

temperature 

AMBIENT TEMPERATURE (TA)=25°C 
DC FORWARD CURRENT (IF) =0 

u. 
~ 

6 

I 
~4 
w 
u z 
:'. 3 
u .. 
5 2 

w 
c 
2 I 
c 

o I 2 3 ~ 
DC REVERSE VOLTS (VRI ACROSS DIODE 

92C5-IS263 

Fig. 8 • Diode capacitance (diodes 1,2,3,4,5) vs 

reverse voltage 

- 3 

it 
I 

~ 2 

~ 

~ 0.7 

::I 
:::E 0.6-

~ 
~ 0.5 

g 
0 0.4 

03 

ENT MILLIAMPERES IJ:Fl" O 

FORWARD C\JRR 

0.1 

-75 -so -25 25 50 75 100 125 
AMBIENT TEMPERATURE ITA)-·C 

92CS-15269 

Fig. 5 . Diode offset voltage (any diode) vs temperature 

AMBIENT TEMPERATURE (TAI=25°C 
FREQUENCY (f I = I kHz 

0.01 4 6 e I 4 6 8 10 

DC FORWARD MILLIAMPERES (IF) 

Fig. 7· Diode resistance (any diode) vs DC 
forwarcl Cl.Irrent 

AMBIENT TEMPERATURE (TA)-2S-C 
DC FORWARD CURRENT (.t:F):OO 

6 

o I 2 3 4 
DC REVERSE VOLTS (VR) BETWEEN TERMINALS I. 4, !5,B.oR 12 

AND SUBSTRATE (TERMINAL 10) 92CS-15264 

Fig. 9 • Diode-to-substrate capacitance vs 

reverse voltage 229 



File No. 363 

OUcn5LJD Linear Integrated Circuits 
Solid State 
Division 

The RCA CA3040 is a monolithic silicon integrated 
circuit designed to meet the requirements of a wide 
variety of applications requiring high gain and wide band
width. The cascocle-connected differential amplifier 
achieves a double-ended gain of 37 dB with a typical 3 dB 
bandwidth of 55 MHz. Emitter-Follower input lind output 
stages provide the desirable high input impedance and 
low output impedance for coupling to other circuits. 

The CA3040 includes two biasing options, allowing the 
user to optimize his design over the enfire military 
temperature range of -55 to +l25oC. Bias Mode A yields 
a substantially constant voltage at the output terminals 
for app\ications using DC coupling to succeeding stages 
or requiring maximum dynamic range over the temperature 
range. DC output voltage varies less than 0.1 volt (typi
cally) over the entire temperature range while gain varies 
±2 dB. Bias Mode B provides extremely stable gain 
over the temperature range. Gain variation is 0 dB (typi
cally) in this Bias Mode. DC variation is ±D.S volt. 

Provisions are al"so made for stabilizing the operating 
point for either single or split power supplies. 

SUBSTRATE 

CA3040 

VIDEO and WIDE·BAND 
AMPLIFIER 
For Industrial and 
Commercial Equipment at 
Frequencies up to 200 MHz 

12·Lead TO·5 

FEATURES 
• High Differential Push-Pull Voltage Gain ..... . 

Single-Ended Voltage Gain ................... . 
• W;de (3dB) Bandw;dth ........•.•..••........••.••.•.. 
• Balanced Input and Output 
• High Input Resistance ••••••••...•...•••.••....•...•• 
• Low Output Resistance •.•••••....•••••..••...••....• 
• Bias Options for Temperature Compensation: 

Bias Mode A: "Constant" Voltage 
Bias Mode B: "Constant" Gain 

APPLICA TIONS 

37 dB typo 
31 dB typo 
55 MHz typo 

150 kD typo 
125 D typo 

• Video Amplifier • Modulator • Mixer 
• Schmitt Trigger • IF Amplifier • DC Amplifier 

• Sense Amplifier 

SUBSTRATE 

ALL RESISTANCE VALUES IN K,o'S 

92LS-2832 

Fig.! • Schematic Diagram for CA3040 

11-73 
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ABSOLUTE·MAXIMUM RATINGS 

DISSIPATION * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 450 mW 
Derating factor for TA > 85°C ......................... 5 mW/oC 

TEMPERATURE RANGE: 
Operating ............................... . -55°C to + 125°C 
Storage ................................. . -65°C to + 150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds max. •.••.•...••••••••••.•.•••••. +265 0 C 

* Limitation imposed by the thermal resistance of package. 

MAXIMUM VOLT AG E RATINGS at T A = 25°C 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range of the vertical terminal 2 with respect to terminal 11 is 0 to +14 volts. 

TERM· 
INAL I 2 3 4 5& 6 7 8 9 10 11& 12 
No. 

I 0 . . +14 · +10 · • • +14 • .14 0 -10 0 

2 . +14 +14 +14 · · · +14 +14 +14 
0 0 0 0 0 0 

3 . +5 · · · · • +5 • '-3 -3 

4 . +3 
-3 · · • · · · 

5& & +10 +3 0-· · · Note · -3 -7 1 

6 · · • · • · 
7 · · · +10 

"" 
• 

8 +3 · · · -3 

9 · +7 
-3 · 

10 • • 

11& & · 
12 

MAXIMUM 
CURRENT RATINGS 

TERM· 
liN lOUT INAL 

No.' mA mA 

I 5 5 

2 - -

3 5 5 

4 1 0.1 

5 - -

6 1 0.1 

7 5 5 

8 5 5 

9 1 0.1 

10 - 10 

11 - -

12 - 10 

... Reference Substrate * Voltages are not normally applied between these terminals. 

Note 1: External connection required for IrOper operation. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 
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ELECTRICAL CHARACTERISTICS AT T A = 25°C Unless Otherwise Specified 

Limits 
Test 

Characteristics Symbols Circuits Special TestConditions Units 

Fig. Min. Typ. Max. 

STATIC CHARACTERISTICS VCC = +6V, VEE = - 6V 

Output Va Itage VIO or VI2 
2(a) Bias Mode Switch 1.4 2.7 3.7 V 2(b) A or B: Closed 

2(a) Bias Mode A - -1.7 - V 
Base Bi as Va Itage Vg 

Switch Closed 

2(b) Bias Mode B - ·1.7 - V Switch Closed 

Input Bi as Relerence Voltage VI 
2(a) Bias Mode Switch ·1 - +1 V 2(b) Aor B: Open 

Input Bias Current 14,16 
2(a) Bias Mode Switch - 15 45 iJ-A 2(b) Aor B: Closed 

Input Unbalance Current I 16.14 I 2(a) Bias Mode Switch - - 6 iJ-A 2(b) A or B: Closed 

12 or 2(a) Mode A 
15 + In Switch open or closed 

Power Supply Current Drain 12 or Mode B 4.7 8.5 15.5 mA 

15+!8+!n 
2(b) Switch open or closed 

DYNAMIC CHARACTERISTICS VCC = +l2V, VEE = 0, Split Voltage Supply (Optional) = +6V 

Dillerential Voltage Gain 

Single-Ended Input 
ADlFF(DE) Differential Output 3(a) I = IM~Z 

Rs = 50 34 37 - dB 

Single-Ended Input 
ADlFF(SE) 3(a) I - I MHz 28 31 - dB and Output Rs = 50 D 

-3 dB Bandwidth BW 3(a) Rs = 50 D 40 55 - MHz 

Dilferential Voltage Gain Balance 
ADIFF(SE)IO 

3(a) 1= I MHz ·1 0 +1 dB 
-AD I FF(SElJ2 

Output Voltage Swing 
Va or VIO 

3(a) 
1= IM~Z - 0.5 - VRMS RMS Rs = 50 

Noise Figure NF 3(a) 
INote 1)f - 30 MHz - 7.5 9 dB 

Rs = 400 D 
Parallel Input Resistance R, 3(a) - 150 - ItO 
Parallel Input Capacitance C, 3(a) f = I MHz - 2.2 - pF 

Output Resi stance Ro 3(a) - 125 - II 

TEMPERATURE DEPENDENT CHARACTERISTICS 
Temperature coefficients for ambient temperature: ·550C~TA~+ 1250C 

Output Voltage 
6VlO 0(6V12 3(a) Bias Mode A - 0 - mVjOC 

°c 3(b) Bias Mode B - 6.4 - mV;oC 

Power Supply Current Drain ili2jOC 3(a) Bias Mode A - 5 - iJ-AjOC 

Differential Voltage Gain ADIFF/oC 
3(a) Bias Mode A - 0.0166 -

dBjOC 
3(b) Bias Mode B - 0 -

Note 1: Replace 1-kn resistors between .Term. 1 and 4 and Term. 1 and 6 with suitable chokes so that reactance at 
30 MHz exceeds 5kU 
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STATIC CHARACTERISTICS TEST CIRCUITS FOR CA3040 

• BIAS MODE A: BIAS CIRCUITS 
OF TERMINALS NO. l, 1, 8, 
AND 9 ARE CONNECTED TO 
ACHIEVE (X)HSTAHT DC OUT. 
PUT VOLTAGE REFERENCE 
LEVEL WITH VARYING AM· 
BIENT TEMPERATURE. 
'ALL RESISTORS IN OHMS. 92CS-I~4$S 

Fig.2(a) • Bias Mocle A 

DYNAMIC CHARACTERISTICS TEST CIRCUITS FOR CA3040 

0.001 

0,001 

((~PTIONAL I 
Vee 92CS-15446 

+sv +12V 

·VARIABLE CAPACITANCE (O.5-I.OJ'FJ ADJUSTMENT FOR 
EQUAL 3dB BANDWIDTH AT AMPLIFIER OUTPUTS, 
TERMINALS 10 AND 12. 

ALL RESISTORS IN OHMS. 
ALL CAPACITORS IN MICROfARADS (UNLESS OTHERWISE 

INDICATED). 
BrAS MODE A IS AS DEFINED IN FIG. 2 (a) 

Fig.3(a) • Bias Mocle A 

COLLECTOR SUPPLY VOLTS {VccI8+12 
AMBIENT TEMPERATURE (TAI~25·C 
SINGLE-ENDED INPuT AND OUTPUT 
MOOE A SWITCH CLOSEO,FIG.3(al 

40 RS~50.n,RL -IK!1 , 
I 

30 

I 
20 

\ 
10 

1\ 
2 .68 2 '68 2 46 2 ." 2 '68 2 '69 

0.001 001 01 I to 100 1000 

FREQUENCY (fl-MHz 92C5-1!l449 

!g 40 

I 
E 
" :3 
;: 
:l 30 

BIAS MODE B: BIAS CIRCUITS 
OF TERMINALS NO.3, 7. B, 
AND 9 ARE CONNECTED TO 
ACHIEYE CONSTANT RF GAIN 
WITH YARYINGAMBIENTTEMP. 
ERATURE. 
ALL RESISTORS IN OHMS. ~CS -15454 

Fig.2(b) • Bias Mode B 

4TIONAL) 

+6V 

* SEE FIG 3 (al 

Vee 
+IZV 

BIAS MODE B IS AS DEFINED IN FIG 2 (b) 
ALL RESISTORS IN OHMS. 

OUTPUT 

92C5-15447 

ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE 
INDICATED). 

Fig.3(b) • Bias Mocle B 

AMBIENT TEMPERATURE (TA1=2SoC 
SINGLE-ENDED INPUT AND OUTPUT 
MODE A,SWITCH CLOSED,FIG.:3 tal 
RS~50n, RL- IKD. 

10 
5 

12 
6 

14 TERMINAL No.2 
7 TERMNAL No.1 

DC SUPPLY VOLTS 92C5-15453 

Fig.4 • Differential Voltage Gain ys Frequency Fig.5 • Differential Voltage Gain ys DC Supply Voltages 
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OPERATING CONSIDERATIONS 

General 

The CA3040 is designed to provide flexibility in 
the selection of power supply configurations and to 
provide the circuit designer the choice between two modes 
of temperature-compensated performance. Mode A, 
which provides constant DC output voltage, is recom
mended for most applications. The control of the opera
ting point provided by this mode maintains the dynamic 
range of the device while gain variation over most of 
the range is less than ±1 dB. Mode B provides constant 
gain for applications where this consideration is critical, 
but will exhibit a reduction of dynamic range at the 
temperature extremes. 

Power Supply Considerations 

Figures 2 and 3 illustrate the use of the CA3040 
with balanced dual supplies and single power supplies, 
respectively. Both figures demonstrate that the inputs 
may be directly referenced to the center point of the 
supply (ground in Fig.2) by closing the included switch. 
This is the natural connection in Fig.2. This connection 
is optional, however, and need not be made. Use of this 
connection in Fig.3 implies the presence of another 
DC supply or a "stiff" bleeder. If such a source is 
present its use is suggested in order to maintain maxi
mum common mode range. Dynamic performance and 
dynamic range of the output circuit are unaffected by the 
choice of biasing scheme used so that in most cases 
direct connection of Terminal No.1 to the center point 
of the supply is not required. Where direct connection 
is not used, Terminals No.4 and No.6 must be biased 
from Terminal No.1 for proper operation. 

High·Frequency ConsIderations 

Stable high-frequency operation requires that proper 
high-frequency construction techniques be foUowed. 
The photograph of Fig.6 illustrates the precautions 
taken in the construction of the test circuit of Fig.3. 

Extreme caution is required because of the extended 
gain bandwidth capability of the device. Oscillations 
have been observed in the 400-to-BOO MHz range when 

C LL. U L L cc =+1 
AMBIENT TEM~ERATURE (TAl = 25·C 
SINGLE-ENDED-INPUT AND OUTPUT 

60 ~~p~o~~:~!fKHnCLOSEDIFIG.31(1J 

10 

o 0.1 0.2 0.3 0.4 0.5 0.6 
RMS OUTPUT VOLTS (VIC ORVIZl 92CS 15444 

Fig.7 ·3dB Bandwidth vs Single.Ended Output Voltage 
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precautions were not taken. In addition to normal con
siderations of shielding, parts· layout, and isolation, 
the foUowing specific suggestions ·are made: 

1. Use sockets only when necessary. Sockets, when 
used, must provide shielding within the pin .circle. 
The socket shown in the chassis of Fig.6 is a 
Barnes MG-1201, or equivalent, modified by drilling 
a lIBR hole in the center and inserting a grounded 
brass pin. 

2. Do not bypass Terminal No.9 in normal operation. 
Fig.3 shows the' use of neutralization hetween 
Terminal No.9 and one output to·balance the amplifier 
at high frequencies. Experience shows that stable 
operation, while possible, is difficult to achieve 
if Terminal No.9 is bypassed to ground. 

3. In DC testing, 1 kll, 114 W carbon resistors should 
be soldered directly to the socket Terminals No.4 
and No.6 to suppress parasitic oscillations. All 
current carrying connections are made at the other 
end of the resistors. Direct sensing of Terminal 
No.4 or No.6. voltage should not be attempted. 

Fig.6 • Test Circuit Layout 

6 

2 \ 

eli 
I--+-

4 

! 
200 400 600 BOO 1000 

SOURCE RESISTANCE (Rsl-OHMS 

Fig.8 • Noise Figure (NF) vs Source Impedance 
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COLLECTOR SUPPLY VOLTS (VCCI-+6 
EMITTER SUPPLY VOLTS (VEE)=-G 
MODE AORB. FIG.Zta) OR 21b) 

VIC OR Vl2 (SWITCH OPEN OR CLOSED) 

VI (SWITCH OPEN,MODES A OR B) 

MODE A 

MODE 8 

-50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (TAl--C 

92CS-15445 

Fig. 9 • Output Volts or Input Bias Reference Volts 
vs Ambient Temperature 
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MODE A SWITCH CillSED,F1G.3(a) 
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92CS-15451 

Fig.11 • Collector Supply Current Drain (/2) 
vs Ambient Temperature 
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AMBIENT TEMPERATURE (TAl-25°C 
MODE A,SWITCH OPEN,FIG.3(a) 

8910111213 
COLLECTOR SUPPLY VOLTS (Vee) 
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Fig.IO - Collector Supply Current Drain (/2) 
vs Collector Supply Voltage (VCC) 

COLLECTOR SUPPLY VOLTS IVCCI"tI2 
OPERATING FREQUENCY UI=IMHz 
SINGLE ENDED INPUT AND OUTPUT 

40 ~~=D~lnO.RR~~sl~IJCH CI..OSED,FIG.3(a) 
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"' C> 

'" C> 

~ 
o 
:; 20 

"' 

~ 
o 

-so -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (TAJ-·C 

92CS-I!l4$O 

Fig.12 • Single·Ended Differential Voltage Gain 
vs Ambient Temperature 
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ffilcn5LJD Linear Integrated Circuits 
Solid State 
Division 

WIDE-BAND AMPLIFIER, FM DETECTOR 
AF PREAMPLIFIER/DRIVER 

Monolithic Silicon 

For Sound Sections of TV Receivers Using 
Tube.Type AF Output Amplifiers 

RCA Integrated Circuit Type·CA3041 provides, in a single monolithic silicon chip, a 
major subsystem for the sound sections of TV receivers. As shown in the Schematic Diagram 
(Fig.ll and the TV Receiver Block Diagrams (Fig.2) the CA3041 contains a multistage wide
band if-amplifier!limiter section, an FM-detector stage, a Zener-diode-regulatedpower-supply 
section, and an af-amplifier section specifically designed to drive directly a 6AQ5 beam 
power tube or other audio output tube of similar characteristics. 

In FM receivers, the CA3041 can be used to provide if amplification and limiting, FM 
detection, and af preamplification. 

The CA3041 provides exceptional versatility of circuit design because the if-amplifier! 
limiter section, FM detector section, and af-preamplifier/ dri ver section can be used in
dependently of each other. 

The CA3041 utilizes a 14-lead dual-in-line plastic package with leads specially formed 
to facilitate automatic insertion of the device in suitably punched printed-circuit boards. 
Templates showing recommended layout of printed-circuit boards for the CA3041 are pro-
vided in this bulletin (Figs. 13, 14 and 15), FEATURES 

CA3041 

e high·sensitivity - input limiting voltage (knee) = 
150 }1-V typo at 4.5 MHz 

e internal Zener.diode·regulated voltage supply 

elow harmonic radiation 
elarge audio drive voltage capability 

eexcellent AM rejection - 58 dB typo at 4.5 MHz 

e inherent high stability - internally shielded 

e wide frequency capability - <100 kHz to> 20 MHz 

elow harmonic distortion 

Fig. J • Schematic diagram. 

11·73 
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ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT TA =2S0( 
Indicated voltage or current limits for each terminal may be applied under the specified voltage 

conditions for other terminals. All voltages are with respect to ground (Tennina14J. 

VOLTAGE CONDITIONS AT OTHER TERMINALS 

TERMINAL 

10 

11 

12 

13 

14 

VOLTAGE OR 
CURRENT LIMITS 

-3 V +3 V 

-3 V +3V -310+3 

-3 V +3V ·310+3 

GROUND (VOLTAGE + 
REFERENCE TERMINAL) -3 10 3 

20 rnA -3 10 +3 

OV +10V -310+3 

10 rnA -3 10 +3 

10 rnA -3 10 +3 

10 rnA -3 10 +3 

10 rnA -3 10+3 

+2.5 V +5V -310+3 

+2.5 V +5 Vi -310 +3 

+2.5 V +5Vi-310+3 

50 rnA -310 +3 
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* Any other combination of DC Supply Voltage and Series Resistance which will not cause the Maximum 
Device Dissipation Limit or any of the Maximum Voltage or Current Limits for the CA3041 to be exceeded 
may be used. 

OPERATING·TEMPERATURE RANGE ........................ _40° to +85°C 
STORAGE·TEMPERATURE RANGE .......................... '-65° to +150°C 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. ................................ +265°C 

MAXIMUM INPUT·SIGNAL VOLTAGE: 
Between Terminals 1 and 3 ........................................ ±3 V 

MAXIMUM DEVICE DISSIPATION: 

At Ambient lup to +25°C ...................................... 950 mW 
Temperatures above +2SoC .......................... Derate ~t 10.8 mWfC 
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ELECTRICAL CHARACTERISTICS, at an Ambient Temperature. TA, or 25°C, and a DC Supply 

Voltage, Vee, of +140 Volts applied to Terminal 14 through a resistance o( 6.2 kO. unless other

wise indicated. Any other combination of DC Supply Voltage and Series Resistance which will 
not cause the Maximum Dissipation Limit or any of the Maximum Voltage or Current Limits for 

the CA3041 to be exceeded may be used. 

TEST CONDITIONS 

SETUP 
CHARACTERISTICS SYMBOLS AND SPECIAL CONDITIONS 

(See Page 7 for Definitions of Tenns) PROCEDURE 

Fig. Min. 

OOC 220 
Total Device Dissipation PT 3 TA = +250C 225 

+B5oC 230 

Zener Regulating Voltage (DC SUIl' 
V14 - 10.5 

ply Voltage at Tenninal 14) 

Quiescent Operating Current 111 3 0.25 
(into Terminal 11) 

9-Volt Current Drain (Quiescent Op-
114 3 VCC = +9 V applied directly 7 

erating Current into Tenninal14) to Tenninal 14 

Input-Impedance Components: 
Parallel Input Resistance Ri 5 -
Parallel Input Capacitance Ci 5 -

Output-Impedance Components: 
Parallel Output Resistance Ro - -
Parallel Output Capacitance Co - -

Input Limiting Voltage (Knee) Vi(lim) 6 -
Amplitude-Modulation Rejection AMR 7 45 

IF-Amplifier Voltage Gain A(IF) 9 f= -
Recovered AF Voltage: Vo(aO 

4.5 MHz 

RL = 50 kD,6t = ±25 kHz 
1. At FM-Detector Output - THD = 0.7% (typ.) -
2. At AF-Driver Output 

in Test Setup - THO < 5% 8 

Total Hannonic Distortion THD 6 Vo(aO = 8 V(nns) -
Discriminator Output Resistance Ro(dis) - t -
AF-Amplifier Input Resistance Ri(a!) - f= -
AF-Amplifier Output Resistance Rota!) - 1 kHz -
AF-Driver Voltage Gain Aaf 11 l -

238 

LIMITS TYPICAL 
CHARAC· 

TYPE TERIS-
CA3041 TICS 

CURVES 
Typ. Max. Units Fig. 

245 270 mW 
250 275 mW 4 
255 280 mW 

11.2 12.3 V -
0.63 1 rnA -
11 16 rnA -

11 - kD -
5 - pF -

100 - kD -
4 - pF -

150 200 J1-V 10 
(nns) 

58 - dB 8 

67 - dB 10 

250 - mV 
(rms) -

V 
9 - (rms) -

1.5 5 % -
10 - kD -
100 - kD -
30 - kD -
41 - dB 12 
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+140V 

lQorl'F 

I 
I 

B+ 

I +140 V , L ____ ..... ___ j---.l 

L ___ =''''' J .2eM-I.876 

... TRW Electronics. Des Plaines, Illinois. Part No. E023874, or equivalent. 

Fig.2. Block diagram of typical TV receiver using CA3041. 

PROCEDURES. 

Total Device Dissipation: 

1. Close 81. open 82-
2. Measure and record V14 and IT' 
3. Detennine Total Device DissipationfromPT- V14ITo 

Quiescent Operating Current Info Terminal 1 h 

1. Close 81. open 82. 

2. !~~Bi~r:o 11~~i:alrel'i~rd 8S Quiescent Operating Cur-

9.Volt Current Drain: 

1. Open 8}1 close 82-

2. Measure 114 and record as 9-Volt Current Drain. 

92CS-1481!11 

Fig.3 • Test setup for total dissipation, quiescent operating current 
into terminal No.II, and 9.volt current drain. 
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~ II ••• 

~ 
I ... 
~'50 
I 
" 
124!5 
~ 

240 
o D m ~ ~ ~ ~ ro ~ ~ 

AMBIENT TEMPERATURE (TA)--C 

92CS-14880 

Fig.4. Typical dissipation characteristic 
lor CA3041. 

BOONTON 
TYPE 207H 
UNIVERTER 

OR EQUIVALENT 

BOONTON 
TYPE 202H 

AM-FM 
GENERATOR 

OR EQUIVALENT 

I 

6.2kQ 
.W 

47 kn 

~i~rlINATOR 
TRA~~ER* 

+140V ~~WV---' 

.-x 

6.2k.Q 
r----<.-~WIr_-+140V 

O.l"':F~ 5W 

METER HI 

(BOONT~~o~YPEOiH--®l 
OR LO 

EQUIVALENT) 

Fig.5 .• Test setup lor measurement 01 
input-impedance components. 

PROCEDURES: 
Recovered AF Voltage: 

1. Set Input Signal Generator 8S follows: 
Output frequency 'ill 4.5 MHz 

~~~~~~:g= f~~5ekH; = 1 kHz 
Output level for V in ,. 100 m V nns 

2. Set volume control for maximum 
af output. 

3. Measure af output voltage and record 
8S Recovered AF Voltage. 

Total Harmonic: Distortion; 

1. Adjust volume control for an af output 
voltage of 300 mV nns. 

2. Measure Total Hannonic Distortion of 
the output signal in accordance with 
the- Operating 'Instructions for the Dis .. 
tortion Analyzer. 

Input Limiting Voltage (Knee): 

92CS-1487!5 

1. Decrease Yin Wltil the af output voltage 
is 3 dB less than the value set in Step 1 
of the procedure for measurement of 
Total Hannonic Distortion 
(300 mV - 3 dB ~ 210 mY) 

2. Measure resulting value of Yin and re .. 
cord as Input Limiting Voltage (Knee). 

• TRW Electronics, Des Plaines, illinois. Part No. E023874, or equivalent. 

240 

Fig.6. Test setup lor measurement 01 input limiting voltage (Knee), 
recovered AF voltage, and total harmonic distortion. 
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" 1-
,~ 

BOONTON 
TYPE Z07H 
UNIVERTER 

OR EQUIVALENT 

BOONTON 
TYPE 20ZH 

AM-FM 41 lin 
ORG1~~.:x~:NT + r 40 v ---"VVIr--' 

92CS-14874 

PROCEDURES, 
1. Set FM Signal Generator 88 follows: 

Output frequency = 4.5 MHz 
Modulating frequency:::Z 1000 Hz 
Deviation = ± 25 kHz 
Output level for Vin = 100 mV rIDS 

2. Set AM Signal Generator 8S follows: 
Output frequency = 4.5 MHz 
Modulating frequency = 1000 Hz 
Per cent modulation = 30 
Output level for Vin = 10 mV nns 

3. With 81 in Position A measure AF Out
put Voltage and record 8S Vo(FM). 

4. :~~v~\t~~~:~t~~~~nlm::V~~A:. Out-

5. Detennine AM Rejection from 
AMR = Vo(FM)/Vo(AM) 

* TRW Electronics. Des Plaines, Illinois. Part No. E023874 r or equivalent. 

Fig.7 - Test setup (or measurement o( AM rejection. 

92CS-14889 

Fig.8. Typical AM rejection characteristics 
(or CA3041. 

6.2 kO 

~ __ ..... --'\,5I\WI'v-_ +'cigv 

92CS-14946 

PROCEDURE, 
A • Voltage Gain: 

1) Set input frequency at desired value, vi = 100 JJ. V rulS. 

2) Record vo. 

3) Calculate Voltage Gain A from A = 20 loglO vo/vi 
4) Repeat Steps I, 2, and 3 for each frequency and/or 

for temperature desired. 

Fig.9 • Test setup (or measurement o( IF-amplifier 
voltage ga in. 
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76 AMBIENT TEMPERATURE (TA)-2S-C 

72 I I I II 

VLAG~ tiN' 
!II 60 

I " • S 64 
z j ~ 
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~ ~ ~ .6 
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4 • 
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~ 
800 .... 

~ 
~ 600 .. 

400 ~ 
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42 

Fig.1I • Test setup lor measurement 01 
AF.amplilier voltage gain. 

AMBIENT TEMPERATURE (TA)-2S-C 

FREQUENCY (f)-MHz 

6 100 

92CS-14881 

Fig. 10 • TypicallF.amplifier voltage gain anJ 
input. limiting voltage (knee) characteristics. .. 

r 

40 

(;I 
• • 

Fig. 13 • RecommenJeJ layout 01 
printed. circuit board lor complete 
TV.receiver sounJ strip utilizing 

RCA.CA3041 (Top View). 
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Fig. 12 • Typical AF.Jriver 

voltage-gain characteristic 

~ • 

5 
z 
~ 
w 
~ 
!:; 
g 

.0 

.6 

'4 

.2 

-. 
QJ 

Fig.14 • RecommenJeJ layout 01 
printeJ.circuit boarJ lor complete 
TV.receiver sounJ strip utilizing 

RCA.CA3041 (Bottom View). 

", 

1\ 
\ 

4 68 1 468'0 468100 2 4 .~ 

FREQUENCY (f)- kHz 
92CS-14886 

Fig. IS • RecommenJeJ parts layout 
lor TV.receiver sounJ strip 

uti/izinji RCA.CA3041. 
(Top View) 
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[]TI(]5LJ[] linear Integrated Circuits 
Solid State 
Division 

CA3042 

WIDE-BAND AMPLIFIER, FM DETECTOR 
AF PREAMPLIFIER/DRIVER 

Monolithic Silicon 

For Sound Sections of TV Receivers Using Transistor
Type AF Output Ampl iliers 

RCA Integrated Circuit Type CA3042 provides, in a single monolithic silicon chip, a 
major sub-system for the sound sections of TV receivers. As shown in the Schematic Dia
gram (Fig.!) and the TV Receiver Block Diagrams (Figs.2A and 28) the CA3042 contains a 
multistage wide-band if-amplifier section, an FM-detector stage, a Zener-diode-regulated 
power-supply section, and an af-amplifier section specifically designed to drive directly an 
n-p-n audio output transistor or a high-gain audio output pentode tube. 

In FM receivers. the CA3042 can be used to provide if amplification and limiting, FM 
detection, and af preamplification. 

The CA3042 provides exceptional versatility of' circuit design because the if-amplifier/ 
limiter section, B'M detector section, and af-preamplifier/driver section can 'be used inde
pendently of each other. 

The CA3042 utilizes a 14-lead dual-in-line plastic package with leads specially formed 
to facilitate automatic insertion of the device in suitably punched printed-circuit boards. 
Templates showing recommended layout of printed-circuit boards for the CA3042 arc provided 
in this bulletin (Figs.13 & 14), FEATURES 

11-73 

o high sensitivity - input limiting voltage (knee) = o internally Zener-diode-regulated voltage supply 
150 IlV typo at 4.5 MHz o low harmonic radiation 

o 6-mA audio drive capability 
o excellent AM rejection - 58 dB typo at 4.5 MHz 

o wide frequency capability - <100 kHz to >20 MHz 
o low harmonic distortion 

o inherent high stability - internally shielded 
~------- POWER SUPPLY --------1-

22 

23 

NC 
06 

1-__ AUDIO 
I ORIVER 

'K I 1-------- If AMPLIFIER -------- Fig.' .. Schematic diagram. 
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ABSOLUTE·MAXIMUM VOLTAGE AHD CURREHT LIMITS AT TA =25°C 
Indicated voltage or current limits for each terminal may be applied. under the specified voltage 

conditions for other tenninals. All voltages are with respect to ground (Terminal 4). 

VOLTAGE CONDITIONS AT OTHER TERMINALS 
VOLTAGE OR 

TERMINAL 
CURRENT LIMITS 

1 2 3 4 5 6 7 8 9 10 11 

1 ·3 V +3 V -
2 ·3 V +3 V ·3 to +3 ..J 

« 
z 
:;; 

·3 V +3 V ·3 to +3 
c:: 

3 UJ 
..J ::J ::J I- z 
« « !<20 z « z 

~t :;; z :;; 
GROUND (VOLTAGE c:: :;; c:: 0« '" = 5' 4 ·3 to +3 UJ c:: UJ 1-,", REFERENCE TERMINAL) I- UJ I- ..J ..J ..J 

I- Oz « « « V> 
V> 

V> UJi= z z z :r :r :r :::;:::> :;; :;; :;; 
l- I- I- 0.."" c:: c:: c:: 

5 20 rnA ·3 to +3 0 ::J 0 0 o..z UJ UJ UJ 
~ I- « I- «- I- l- I-
..J 0 z I-

0 ~~ l- I- I-« UJ :;; 0 UJ a.. a.. a.. z :::; c:: ..J UJ :::; ~~ UJ UJ UJ :;; UJ «- u u u a.. z..J a.. 6 NO CONNECTION ·3 to +3 c:: a.. I- -a.. ...Jo.. ",,0 X X X 
UJ « UJ ""a.. «« c::1- !::! !::! !::! C::« z 00 I- >- u UJ>- 0 ~:J ZUJ ;::l ;::l ;::l ...., z 
« ..J UJ I-..J i= ""..J 1- 0 ..J ..J ..J ..J 

7 10 rnA ·3 to +3 UJ « c:: I-..J u ffi~ OZ « « « 

'"' "" 
UJ :::> « w z:::> Z Z Z .... 0.."" Z I-c:: ",0 « c:: w I-C:: _c:: :;; :;; :;; 

~ 0 

'" :::>0 z 1-0 
UJ'" c:: c:: c:: z 0 :::>20 

0 UJ oz u ~b '"' UJ 
UJ W W 

8 10 rnA ·3 to +3 b «co l- I- l-> '"' "'I- 0 
'" '" '" U z « wo z 

~~ ~>- « 
0 ~ >20 0« 

« « 
!<2 0: sa >"" w w w w 0 '"' '"' '" "" w 

~ 9 w W u..J « « « 9 10 rnA ·3 to +3 ;;Ii '"' .... '" '"' Cl~ I- ~ ~ « 0 «« « ..J 
~ z ~ 

..J- 0 0 0 !;;: ~ «"" 
0 :::> 0 zC:: > > > 0 0 > c:: > ",w u u u 10 10 rnA ·3 to +3 u '"' 

> u wI- 0 0 0 
Cl u Cl !;<~ W W W Cl 
..J ..J ..J w:x: ~ ~ ~ « « « ~I-

'" z z ;;;!I;: 11 +2 V +10 V ·3 to +3 c:: z: c:: I- !;;: !;;: w c:: UJ ;;:w « w l- I- I- ""U X X 
UJ X !::! c::x 

!::! ww 
12 +2.5 V +10V ·3 to +3 I-

'"' z 
i= 

OV +10 V ·3 to +3 
:::> 

13 "" 
14 50 rnA ·3 to +3 

'" Any other combmatmn of DC Supply Voltage and Series Resistance which Will not cause the Maximum 
Device Dissipation Limit or any of the Maximum Voltage or Current Limits for the CA3042 to be exceeded 
may be used. 

OPERATING· TEMPERATURE RANGE .......•................ -40° to +85°C 
STORAGE·TEMPERATURE RANGE .......................... _65° to +150°C 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max. ................................ +265°C 

MAXIMUM INPUT·SIGNAL VOLTAGE: 
Between Terminals 1 and 3 ........................................ ±3 V 

MAXIMUM DEVICE DISSIPATION: 

At Ambient (up to +25°C ...................................... 950 mW 
TemperaturesJ above +25°C .......................... Derate at 10.8 mWfC 

244 

12 

..J 
« 
z 
:;; 
c:: 
UJ 
I-
V> 

:r 
I-
0 
l-
0 
UJ 
:::; 
a.. 
a.. 
« 
>-
..J 
...J 
« 

"" c:: 
0 
z 
I-
0 
z 
!<2 
w 

'"' « 
~ 
0 
> 
u 
Cl 
..J 
« 
z 
c:: 
w 
!;< 
w 

File No. 319 

13 14 

§" 
..J 
« * z c:: 
:;; 0 

'" 
t:; 

UJ <n 
I- UJ 
I- c:: 
a.. c: UJ 

~ u 
X 
!::! :x: 
;::l '"' :::> 
..J 0 
« c:: 
z :x: 
:;; I-

'" u 
W Cl 
I- > 
!;;: = .... 
UJ ... 
'"' 0 « 

I-~ 0 0 w > I-
u u 
Cl w 
W 

20 
Z 

"" 0 
;;Ii u 

!;;: 



File No. 319 ______________________________ CA3042 

ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, TA, of 250 C, and a DC Supply 

Voltage, Vee, of +140 Volts applied to Tenninal 14 through a resistance of 6.2 kD, unless other

wise indicated. Any other combination of DC Supply Voltage and Series Resistance which will 

not cause the Maximum Dissipation Limit or any of the Maximum Voltage or CUTTent Limits for 

the CA3042 to be exceeded may be used. 

TEST CONDITIONS 

SETUP 
CHARACTERISTICS SYMBOLS AND SPECIAL CONDITIONS 

(See Page 7 for Definitions of Tenns) PROCEDURE 

Fig. Min. 

OOC 200 
Total Device Dissipation PT 3 TA = +25 0C 210 

+B5oC 220 

Zener Regulating Voltage (DC Sup-
V14 - 10.5 

ply Voltage atTerminal 14) 

Quiescent Operating Current III 3 0.25 
(into Terminalll) 

9-Volt Current Drain (Quiescent Op-
114 3 

VCC = +9 V applied directly 8 
erating Current into Terminal 14) to Tenninal14 

Input-Impedance Components: 
ParaJlel Input Resistance RI 5 -
ParaJlel Input CapaCitance CI 5 -

Output-Impedance Components: 
ParaJlel Output Resistance Ro - -
ParaJlel Output Capacitance Co - -

Input Limiting Voltage (Knee) Vi(lim) 12 -
Amplitude-Modulation Rejection AMR 6 45 

IF-Amplifier Voltage Gain A(IF) 8 f= -
Recovered AF Voltage: Vo(af) 

4.5 MHz 

I RL = 50 kO 
1. At FM-Detector Output 12 THO = 0.7% (typ.) -
2. At AF-Driver Output RL = 3220 

in Test Setup 12 THO < 5% 500 

3. At AF-Driver Output in llf = RL = 150 kO 
TV-Receiver Sound System 2A or 2B ±25 kHz THO = 1.5% (typ.) -

Total Harmonic Distortion: THO 

j 1. In Test Setup 12 Vo(af) = 500 mV (rms) -
2. In TV Receiver Sound System 2A or 2B Vo(af) = 1.3 V (rms) -

FM-Detector Output Resistance Ro(det) - t -
AF-Driver Input Resistance RI(af) - f= -
AF-Driver Output Resistance Ro(af) - 1 kHz -
AF-Driver Voltage Gain Aaf 10 ~ Rs =500, C1 = 0 -

LIMITS TYPICAL 
CHARAC· 

TYPE TERIS-
CA3042 TICS 

CURVES 
Typ. Max. Units Fig. 

230 260 mW 
240 270 mW 4 
250 280 mW 

11.2 12.3 V -

0.63 I mA -

12 18 mA -

11 - kO -
5 - pF -

100 - kO -
4 - pF -

150 200 
/LV 9 

(rms) 

58 - dB 7 

67 - dB 9 

250 - mV 
(rms) -

800 - mV 
(rms) -
V 

3 - (rms) -

1.5 5 % -
1 - % -

10 - kO -
100 - kO -
250 - 0 -
30 - dB 11 
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I 
I 
I 

TYPE 
IN319S 

Fig.2(b) • Block diagram of typical TV receiver utilizing 
the CA3042 and a 12FXS, 6EHS, or equivalent. 
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+ Muting can be accompl ished by 
Grounding Terminal No.8 

* TRW Electronics, Oes Plaines, Illinois. 
Palt No. E023874, 01 equivalent. 

Tl = 2.5 W Tlansfolmel~ Impedance, 3500.0 
to Spkr., Primary uC "" 40 rnA 

+270 y 

92CM-14B77 

Fig.2(a) • Block diagram of typical TV receiver utilizing 
transistor RCA.40424. 

92CM-14923 
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6.2Ul 
5W 

+ 140 v-~IiV' __ __o,. 

.9V+'---~ 

PROCEDURES, 

Total Device Dissipation: 

1.6 kD. 

1. Set switch S in position A 

2. Measure and record V 14 and 114. 

92CS-14002 

3. DetennineTotalDeviceDissipation from PT = V14114 

Quiescent Operating Current into Terminal 11: 

1. Tum switch S to position B 

2. ~::tSf~~o 1+!r~i~afel1.rd as Quiescent Operating Cur-

9.Volt Current Drain: 

1. Set switch S in position B 

2. Measure 114 and record as 9-Volt Current Drain. 

Fig.3. Test setup for measurement of total device dissi· 
potion, quiescent current into terminal No.ll, and 

9-valt current drain. 

BOONTON 
TYPE 207H 
UNIVERTER 

OR EQUIVALENT 

BOONTON 
TYPE 202H 

AM-FM 
GENERATOR 

OR EQUIVALENT 

4.5-MHz 
DISCRIMINATOR 

+140 V TRA!!§f..QttM.!.,B ~ 

240 k.ll 

.. .. .. 
;250 
.0 
.0 

" I 
;r 
~240 .. 
11. 
'" .. 
o 

~230 
~ 
o 
.0 

;! 
o 
1-220 

0102030405060708090 
AMBIENT TEMPERATURE (TAl-DC 

92CS-140B8 

Fig.4 - Typical dissipation characteristic. 

6.2kSl 

R-X 
METER HI 

(BOONT~~O~YPEOl ... _-<Ci}j 
OR LO 

EOUIVALENT) 

Fig.S - Test setup lor measurement 01 input-impedance 
components. 

PROCEDURES, 

1. Set FM Signal Generator as follows: 

Output Frequency = 4.5 MHz 
Modulating frequency = 1000 Hz 
Deviation = ±25 kHz 
Output level for Yin = 100 mV nns 

2. Set AM Signal Generator as follows: 

Output frequency = 4.5 MHz 
Modulating frequency.= 1000 Hz 
Per cent modulation = 30 
Output level for V in = 10 m V rms 

3. With S1 in Position A measure AF Output 
Voltage and record as Vo(FM). 

4. With S, in Position B measure AF Output 
Voltage and record as Vo(AM)' 

VoIFM) 
5. Determine AM Rejection from AMR = --

VoIAM) 

92CS-14911 * TRW Electronics, Des Plaines, Illinois. 
Part No. E023874, or equivalent. 

F ig.6 • Test setup for measurement of AM rejection. 
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92CS-14889 

Fig.7 • Typical AM reiection characteristics. 

6.2kSl 
~ ____ -'\,5"WI\r_- +~gv 

PROCEDURE Voltage Ga;n, 

1. Set input frequency at desired value, vi = 100 JJ.V rms. 

2. Record vo' 
3. Calculate Voltage Gain A from A = 20 logiO vo/Vi-
4. Repeat Steps I, 2, and 3 for each frequency and/or for 

temperature desired. 

Fig.8 • Test setup for measurement of IF amplifier 
voltage gain. 

1OO0l1 

Vj"IOmV RMS 

A.20IOVIO~ 

2400 

92CS-14912 

Fig. 10 • Test setup for measurement 01 AF amplilier 
voltage gain. 

248 

76 AMBIENT jEMiEirURE CTA,,,2S·C 1400 

'l 

72 jLTAG~ UN' IJ 1200 t 
! 

!II 68 
~ :- 1000 _ 

~ I'- i 
64 .~~- 800 iii 

~ ~ 
~J !J 

III 60 

X 
600 g 

~ ~ 
g 

56 400 
E 
'" :; ,.. .. 200 ~ I-- 1\ .. 

0.1 468, 46810 

FREQUENCY (f1-MHz 
92C5-14881 

Fig.9 - Typical IF amplifier voltage gain and input 
limiting voltage (knee) characteristics. 

• 10 102 103 

FREQUENCY{f)-kHz 
92CS-149tO 

Fig.ll • Typical AF amplifier voltage gain 
characteristics. 
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BOONTON 
TYPE 207H 
UNIIiERTER 

OR EQUIVALENT 

BOONTON 
TYPE 202H 

AM-FM 
GENERATOR 

OR EQUIVALENT 

1 

4.SMHz 
DISCRIMINATOR 
TRA~ORMER'!t 

DISTORTION 
ANALYZER 

(HEWLETT
PACKARD 

TYPE 330 92CS-14913 

* TRW Electronics, Des Plaines, ILL., Part No.EO 23874 (or equivalent). 
OR 

EQUIVALENT) 

PROCEDURES: 

Recovered AF Voltage: 

1. Set Input Signal Generator as follows: 

Output frequency = 4.5 MHz 
Modulating frequency = 1 kHz 

Deviation = ± 25 kHz 

Output level for Yin = 100 mV rms 
2. Set volume control for maximum of output 

3. Measure af output voltage and record as Recovered 
AF Voltage. 

Total Harmonic Distortion: 

1. Adjust volume control for an af output voltage of 
500 mV rms. 

2. Measure Total Harmonic Distortion of the output 
signal in accordance with the Operating Instructions 
for the Distortion Analyzer. 

Input Limiting Voltage (Knee): 

1. Decrease Yin until the af output voltage is 3 dB 
less than the value set in Step 1 of the procedure for 
measurement of Total Harmonic Distortion (500mV -
3 dB = 350 mY) 

2. Measure resulting value of Vin and record as Input 
Limiting Voltage (KneeL 

Fig.12 - Test setup for measurement of input limiting voltage (knee), 

recovered AF voltage, and total harmonic distortion. 

Fig. 13 - Recommeneleel layout of printeel-circuit boarel 
for TV-receiver sounel strip utilizing RCA-CA3042. 

( Bottom View) 

Fig. 14 - Recommeneleel parts layout for TV-receiver 
sounel strip utilizing RCA-CA3042. 

(Top View) 
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File No. 331 

ffilm5LJO Linear Integrated Circuits 
Solid State 
Division 

CA3043 

Special-Function Sub-System 

I RCA Integrated Circuit Type CA3043 provides in a sin
gle monolithic silicon chip, a major sub-system for the 
IF sections of Communications and high-fidelity FM 
receivers. As shown in the Schematic Diagram (Fig.2) 
and the FM Receiver Block Diagram (Fig.!), the CA3043 
contains a multistage if-amplifier/limiter section, an 
FM-detector stage, a Zener-diode regulated power-supply 
section, and an af-amplifier section. In FM receivers, 
the CA3043 can be used to provide if amplification and 
limiting, FM detection, and af preamplification. The 
CA3043 provides exceptional versatility of circuit design 
because the if-amplifier/limiter section, FM detector 
section, and af-preamplifier/driver section can be used 
independently of each other. 

The four stage emitter-follower-coupled if amplifier 
section provides 80-<lB voltage gain at 10.7 MHz, and 
features an output stage with exceptionally good limiting 
charac;teristics because of its transistor constant
current sink. 

The FM detector section is distinguished by circuitry 
which provides forward bias to the detector diodes, 02 
and D3, and also provides a reference voltage for AFC. 

The audio amplifier provides a low-impedance drive for 
subsequent audio amplifiers. 

The power supply section provides zener-regulated, 
decoupled voltages for the IF amplifier, detector, and 
audio amplifier sections. 

AFC 
REFERENCE 

Monolithic Silicon 

HIGH·GAIN IF AMPLIFIER, 
LIMITER, FM DETECTOR, AND 
AF PREAMPlifiER/DRIVER 

For FM IF Amplifier Applications 
in Communications Receivers and 
High·Fidelity FM Receivers up to 20 MHz 

FEATURES 

• high sensitivity - - input limiting voltage (knee) 
50 "v typo at 10.7 MHz 

o excellent AM reiection - - 58 dB typo at 10.7 MHz 

• inherent high stability - _ internally shielded 

• internal Zener-diode regulated voltage supply 

• low harmonic radiation 

o wide frequency capability - - <100 kHz to >20 MHz 

• low harmonic distortion 

92CS-15044 

F i9.1 • Typical application of the CA3043 as a high-gain 
limiter, omplilier-Jetector in on FM receiver. 

11·73 
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ABSOLUTE-MAXIMUM RATINGS at T A = 25°C 

DISSIPATION: 
At T A = 25°C to T A = 85°C ........•. 450 mW 
Above T A = 85°C ..... Derate linearly 5 mW/oC 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 min) 
from case for 10 seconds max . • • • • • • 

TEMPERATURE RANGE: 
Operating. . . . . . . . • . . . • . . -55°C to + 125°C 
Storage ..• . . • . . . . . . . . . . -65°C to + 150°C 

MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed horizontallv with respect to the terminals listed vertically. For example, the 
voltage range between horizontal terminal 5 and vertical terminal 3 is i6 to 0 volts. 

MAXIMUM 
CURRENT RATINGS 

TERM· 
INAL 1 2 3 4 5 6 7 
No. 

1 +4 0 . . · · -4 -5 

2 0 . 
-3 

. · · 
3 +6 +6 +15 +6 

0 0 +2 0 

4 +2 
·4 · · 

5 · · 
6 · 
7 

8 

9 

10 

11 

12 

Note 1: These terminals should be connected through a de 
resistance to any terminal which does not exceed 
100 ohm •• 

Note 2: Pin 11 may be connected to any POB itive voltage 
source through a suitable resistor provided ita cur
rent rating is not exceeded. 

8 9 10 11 12 
TERM· liN lOUT INAL 

No. mA mA 

· · 0 
·5 · Not.(ll 1 

· · 0 · · -3 
2 

+6 +6 0 
Not.(2l +3 

0 0 0 
3 0.1 40 

· · 0 
-6 · · 4 20 

· · 0 +6 · -6 0 
5 

· · -2 · · -15 
6 .. 

Not.(ll · 0 · · -6 
7 

· 0 
-6 · · 8 

0 · · -6 
9 20 

Note (2) 
+3 0 0 

10 0.1 40 

· 11 40 0.1 

12 

* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 

TEST CIR- LIMITS 
SPECIAL TEST CUlT AND 

CHARACTERISTICS SYMBOLS CONDITIONS PROCEDURE TYPE CA3043 UNITS 

Fig. Min. Typ. Max. 

STATIC CHARACTERISTICS 

Current Drain at 6V 
III VCC ; +6V 3 10 16 20 mA 

into Pin No.ll 

Regulator Voltage Pin No.ll Vll 3 6.9 7.4 8 V 

Total Device Dissipation PT VCC ; +30V, 3 200 225 260 mW 

Quiescent Operating Current 
16 

RS'; 750 0 
3 - 0.65 - mA 

into Pin No.6 

DYNAMIC CHARACTERISTICS at VCC ; +30V, RS ; 7500, I ; 10.7 MHz 

Voltage Gain Av 4 72 80 - dB 

Input Limiting Voltage (knee) vi(lim) vo(aO at -3dB point 6 - 50 - (riM~l 
Limiting Current Irom Pin No.6 16(1im) 4 0.42 - mA 

(RMS) 

Recovered AF Voltage vo(al) 
vi ; 1 mV (RMS) 6 75 110 150 

mV 
I (modulating) ; 1 kHz (RMS) 
Deviation; ± 75 kHz 

Amplitude-Modulation Rejection AMR 
vi ; 10 mV . 
I (modulating) ; 1 kHz 
% modul ation ; 50% 

8 58 - dB 

Total Harmonic Di storti on THO vi ; 1 III V (RMS) 6 - 0,3 - % 

Input Impedance Components: 

Parallel Input Resistance RI 7 - kO 

Parallel Input Capacitance CI 5 - pF 

II? :&'tJ 

O'~'"" J "OW 0.' Ir .r. ~ 'K 

o,~~~ ..... 500 i"'IIII( RI4 1", 'K 020 
'v "' ~ lJ" 0'0 :" 0, 0, 

'v 
o,,'~ ""o~ 

~ 
e ~ 'v 

:~, ""n "22 
'DO 

O. 
41< 41< 

'0 o. 5 

131 ~ 11 
6. 

267 ~:.58 860 
K Q3 K 06 09 

~~ c;r: 0-f{.~ r¥ :,. a, Q2 04 as Q7 Q 013 31< 

"" , 
'" 

RI R4 RS RS Rg RI2 
012 .0, 15K 2K 15K 21< 500 2K 

3 

L2 "23 

2 "2' 'K 
92CM-14999 Notes: 

F i9.2 - Schematic diagram. 
S = Substrate 

Terminal No.3 wire-connected to the case. 
Terminals No.3,and 10 which are connected to the substrate 
should be connected to the most negative point in the circuit. 

Terminal No.IO connected to the case through the substrate. 

252 
Diodes D4 and DS, act ·as capacitors and are used to balance 
the detector ~bstrate capacitances. 
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750n 

92CS-15105 

Switch in Position A for: 

Regulator~Voltage. Quiescent. 
Operating-Current, and Device 
Dissipation Test 

Switch in Position B for Current 
into Pin No. 11 

Fig.3 - Regulator voltage, device dissipation, quiescent 
operating current, and current at 6 volts into Pin No. 17. 

Voltage Gain = 20 10glO 100 ~ 
Vi 

Cb - Bypass Capacitor, 0.1 f..LF electrolytic in parallel with 0.01 J-LF 

16 (lim) =.:!2.., Vi = 100 mV(RMS) 
2KD 

* Output circuit should be completely shielded from the input 
circuit at the socket. 

m 

I 
z 
g 
w 
~ ; 

Fig.4 • Voltage gain test circuit. 

100 vCC+30V 
RL~7S0n 

90 TA~25"C 

BO 

70 

60 

50 

0.1 

1,\ 

. ,. 
I 10 

FREQUENCY (f)-MHz 

Fig.S • Voltage gain vs frequency. 

. ,. 
100 

92C5-15035 

750 a 
"f"30V-VVIr.,--.---, 

J.lli!'lE!lllR 
BOONTON 

TYPE 207E 
OR EQUIVALENT 0.05 

AM-FM 
GENERATOR 

BOONTON 
TYPE 202 B 

OR EQUIVALENT 

92CS-IS!04 

PROCEDURE: 

1. Recovered Audio Voltage Vo(af) -

Set input frequency to 10.7 MHz, 

Vi == 1 mV(RMS). modulating frequency = 1 kHz 

Deviation = ±75 kHz 

Record Vo as measured on the Distortion Analyzer meter 
scale. 

This is the recovered AUdio Voltage Vo(aO 

2. 3 dB Limiting Sensitivity Vi(lim) -

Reduce Vi until Vo(af) drops 3 dB. 

• Record this value of Vi as viCtim) 

3. Total Hannonic Distortion THO -

Reset Vi to 1 m V (RMS) and operate Distortion Analyzer per 
manufacturer's instructions to measure THO. 

* See Fig.9 for details on Discriminator Transfonner. 

F ig.6 • Input limiting voltage (knee), recovered AF 
voltage, and total harmonic distortion test circuit. 

200 VCC:+30V 
RL,,750n 
TA,,2S"C 

'" 160 

~ 
~ 
I 120 
Z 

I ?: 
w 
~ 
~ BO 

~ V >--
~ .. 40 z I-' 

0 , . , . , . , . , . , , 
0.1 I 10 

FREQUENCY (Il-MHz 
92C5-15038 

Fig.7 • Input limiting voltage (knee) at ·3 dB point 
vs frequency. 

100 
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254 

92CS-I!1I03 

PROCEDURE: 

A. Connect FM Generator to CA3043 input. 

Set frequency to 10.7 MHz, vi = 10 mV, modulating frequen
cy=lkHz 

Devis tiOD = ± 75kHz. 

Tune Wave Analyzer to peak reading at 1 kHz and record 
recovered Audio Voltage Vo(af)FM. 

B. Disconnect FM Generator and Connect AM.. Generator to 
CA3043 input. 

Set frequency to 10.7 MHz, vi = 10 mV, modulating frequen
cy = 1 kHz. percent modulation = SO'fo. 
Tune Wave Analyzer to peak reading and record recovered 
audio voltage Vo(aOAM 
Amplitude Modulation Rejection Ratio:: 20 loglO vo(af)FM 

vo(af)AM 

Fig.8. Amplituele moelufation rejection test circuit. 

TI~ "lJJi ~" 
Coil Form. Outside Diameter:: 7/32" 

Can :: 11211 square X 1 .. 1/8" long 

Slugs .. Radio Industries Type MP34/MPIOO Material 

Ll & L3 :: 20 Tums 5 .. 44 litz wire universal wound 

L2 = 10 Turns 5-44 litz wire wound bifUar with Ll 

Ll & L3 coupling adjusted to 520 kHz peak to peak separation 
on S curve when operated in circuit shown in Fig.6. 

Fig.9. IO.7-MHz eliscriminator transFormer For CA3043. 



File No. 340 

OOctBLJD 
Solid State 
Division 

Linear Integrated Circuits 
CA3044 
CA3044V1 

Special-Function Sub-System 

The RCA CA3044 .and CA3044Vl represent a second 
generation of integrated circuits designed primarily for 
AFC (Automatic-Frequency-Control) applications. 

11-73 

The CA3044VI is electrically identical to the CA3044 but 
is supplied with formed leads for easier PC board design 
and construction. 

FEATURES 

o Primarily intended for AFC (automatic frequency 
control) Applications 

o Internal Zener Diode Voltage Regulator 

• Differential Input Amplifier/limiter 

o Full-Wave Diode Bridge Detector 

o Differential Output Voltage Amplifier 

• Available in Two Electrically Identical Versions, 

CA3044 With Straight Leads; 

CA3044Vl With Fo.med Leads 

a Wide Operating Temperature Range; -55 to +1250 C 

Fig.l - Block diagram of Typical Automatic Fine Tuning 
(AFT) Application using CA3044 o. CA3044VI in 

Co/or- TV Receiver. 

Monolithic Silicon 

CA3044 

IO·LEAD 
TO·S 

CA3044VI 

FORMED 
IO·LEAD 

TO·S 

WIDE·BAND AMPLIFIER/PHASE DETECTOR 
WITH ZENER DIODE VOLTAGE REGULATOR 

For AFC [Automatic 
Frequency Control) Applications 

DIDOES 05 .l.NO 06 .l.CT .Io.S C.l.P.Io.CITORS .Io.ND .Io.RE USED TO 
B.l.LMICE THE DETECTORSUBSTRHE C.Io.P.Io.CIT.Io.NCES 

Fig.2. Schematic diagram CA3044, CA3044VI 
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ABSOLUTE·MAXIMUM RATINGS 

DISSIPATION: 
At TA • 25°C. • • • • . • • • . • • • • •• • • • • • • • . • • • • • • •• 830 mW 
Above T A = 25°C •..••.•••.••••••••• Derate linearly S.6 mW/oC 

TEMPERATURE RANGE: 
Operating •••••••••••••••••••.•••.•..•• 
Storage •.•.••••••••••.•...••.•..••.•• 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 

I from case for 10 seconds max. . • • • • 

MAXIMUM VOLTAGE RATINGS at TA = 25°C 

·SSoC to +12SoC 
·65oC to +150oC 

+ 265C 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 6 is -120 to 0 volts. 

TERM· 
INAL 9 10 1 2 3 4 5 6 7 8 
No. 

9 NO INTERNAL CONNECTION 

+20 +20 +20 +20 +20 +20 +20 .. 
10 0 ·10 0 0 0 0 0 

1 . +12 • • +6 · +6 
·12 ·6 0 

2 • • · +20 · +20 
0 0 

3 • · +6 · +6 
·6 0 

4 · . · +12 
0 

5 . · +12 
0 

6 +5 +5 
·5 0 

7 
+8 
·5 

REF. 
SUB-

8 STRATE 

MAXIMUM 
CURRENT RATINGS 

TERM· liN lOUT 
INAL rnA rnA No. 

9 

10 50 50 

1 5 5 

2 20 20 

3 5 5 

4 5 5 

5 5 5 

6 5 5 

7 5 5 

8 50 50 

.. Terminal No. 10 may be connected to any positive voltage 
source through a suitable dropping resistor- provided the 
dissipation rating is not exceeded. 

* Voltages are not normally applied between these terminals. 
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Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 



File No. 340 --_____________________ CA3044, CA3044V1 

ELECTRICAL CHARACTERISTICS at T A = 25°C, Unless Otherwise Specilied 

TEST LIMITS CHARAC' 

CIRCUITS TEST CA3044 and CA3044VI TERISTIC 
CHARACTERISTICS SYMBOLS CONDITIONS UNITS CURVES 

FIG. MIN. TYP. MAX. FIG. 

STATIC CHARACTERISTICS 

VCC = 30 V 
Device Dissipalion PT 3 RS = 1.5 kD 90 120 ISO mW 

TA = ·550C 

VCC =30V 
Device Dissipation PT 3 RS = 1.5 kD \10 140 170 mW 

TA = 250C 

VCC = 30 V 
Device Dissipation PT 3 RS = 1.5 kD 

TA = +1250C 
130 160 190 mW 

9·Volt Current Drain IT 3 VIO = 9 V 2.5 4 5.5 mA 

Zener Regulating Voltage -
VIO 3 I 10.5 \1.2 \1.9 V 

DC Supply Voltage at Terminal 10 

Quiescent Operating Current into 12 3 I 2 4 mA 
Terminal 2 

Quiescent Operating Voltage at V4 VCC =30V 5.0 6.5 8.0 V 
Terminal 4 RS = 1.5 kD 

Quiescent Operating Voltage at V5 I 5.0 6.5 8.0 V 
TerminalS 

Output Offset Voltage between 
V4·5 ·1.5 0 1.5 V 

Terminals 4 and 5· 

DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER) 

Input Limiting Voltage (Knee) Vi 4 f=45.75 MHz 75 mV 
Limiting 

Input Admittance Y11 0.5+jl.l mmho 

Reverse Transfer Admittance Yl2 
f ~ 45.75 MHz 3.8+j3.4 ,.mho 
Vee = 30 V 

Forward Transfer Admittance Y21 RS = 1.5 kn ·11.7 +10.1 mmho 

Output Admittance Y22 0.077+jO,9 mmho 

OUTPUT vs FREQUENCY DEVIATION - AFC 

VCC = +30 V 
Yin = 200 mV RMS %of %of 
fo = MHz as VIO VIO 

indicated 

V 45.750· 0.025 85 V 
Correction·Control Voltage at 6,7 

Terminal 4 corr. 5 45.750 + 0.025 33 V 
(4) 45.750·0.900 75 V 

45.750 + 0.900 43 V 

85 
7 

45.750 • 1.500 V 

45.750 + 1.500 33 V 

45.750 • 0.025 33 V 

45.750 + 0.025 85 V 
6,7 

V 45.750·.0.900 43 V Correction·Control Voltage at corr. 5 
TerminalS (5) 45.750 + 0.900 75 V 

7 
45.750 • 1.500 33 V 

45.750 + 1.500 85 V 
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CA3~,CA~V1 ________________________________________ _ 
File No. 340 

+30V 

9ZCS-I~34 

Flg.3. re.t .. tup: Measurement 01 total device dlssl. 
pation, Zener regulating voltage, quiescent operating 

current (terminal 2). 

1.5kO 
r---~-AJI/I,- .... 0 v 

91pF 

L,: TRW PART No.23754 
OR EQUIVALENT 

92CS-15237 

Flg.4 • Input limiting sensitivity test circuit. 

DYNAMIC CONTROL VOLTAGE CHARACTERISTICS 

The CA3044 and CA3044VI are specifically in
tended for use in the AFT system of color television 
receivers. Each device is tested so that the control 
voltages generated by the circuit meet the critical re
quirements of the system. Figure 5 is the schematic 
diagram of the test circuit. 

Figure 6 and 7 show the control voltages gener
ated at terminals 4 and 5 of the Integrated Circuit as a 
function of the frequency deviation from the nominal 
center frequency. Figure 6 shows the region within 
25 KHz of the center frequency while Figure 7 covers 
the entire bandwidth of the system. The horizontal 
reference lines on the figures are generated by a volt
age divider connected between the power supply volt-

R F.A 
C~~I/I,~----~ __ -k',~5~.n~ __ __ 

HOV 
REF..c 

REF. 0 

REF. & 

~o.o:5'3 ,," 
IV ;GNAL 

GENERATOR 6 

I D.OO. 

= "" 

L2 

L, EI~:-J~'to' ~~~~*:~CAL BANDWIDTH ON L':ORTR.;Stv~I~:~~75. 

LZ B~~:i~i:R:::,~tf:~~F:~~!I!t~r,.PJ!~ L2a.I~~~~T::T~755 
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92CS-15235 

Flg.5. Correction voltage test circuit lor 
CA3044 and CA3044VI. 

age' on Terminal 10 and ground. The dynamic control 
voltages are compared with these references according 
to the Output vs Frequency Deviation Table. For ex· 
ample: when the frequency deviation is -25 KHz the 
control voltage at Terminal 4 is greater than the refer
ence A voltage; the control voltage at TerminalS is 
less than the reference B voltage. 

The shape of the correction voltage character
istics is dependent to a large degree upon transformer 
characteristics and the parts layout. In order to 
closely duplicate the curves shown, the printed circuit 
board shown in Figure 8 and the parts layout shown 
in Figure 9 should be followed as closely as possible. 

9ICS-IS2S' 

Flg.6 " Typical narrow.Ioand dynamic control voltage 
cbaracteristlcs. 
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INPUT FREQUENCY DEVIATION-MHz 

92C5-15239 

Fig.7 - Typical wide-band dynamic control voltage 
characteristics. 

Fig.8 - Printed Circuit Boarel lor Test Circuit 

DEFINITIONS OF TERMS 

Input Limiting Voltage (Knee) [vj(lim)] 

The input signal voltage which will cause the output signal to 
decrease 3 dB from its maximum level. 

Total Device Dissipation CPT) 

The total power drain of the device with no signal applied and 
no external load current. 

Quiescent Operating Voltage 

The de voltage at the output terminal, with respect to ground, 
with no signal applied. 

Quiescent Operating Current 

The average (de) value of the current in either output, terminal, 
with no signal applied. 

Output Offset Voltage 

The de voltage between output terminals with no signal applied. 

Control Voltage 

The de voltage at either output terminal with respect to ground 
with an RF signal of specified frequency applied. 

Fig.9 - Top view 01 wired test board. 
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Fiie No. 341 

OO(]8LJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3045,CA3045F,CA3046 

14-Lead Dual-In-Line ceramic 

~_ H-ISS3 

General-Purpose Transistor Arrays 

THREE ISOLATED TRANSISTORS 
14-Laad Dual-In-Li~ Plbtic 

"" 
AND ONE DIFFERENTIALLY ·CONNECTED 
TRANSISTOR PAIR 

H-1517 

14-Lead Dual-In-Line Frit-5ea1 

"" " .... 

For Low·Power Applications at Frequencies 
from DC through the VHf Range 

The CA3045 and CA3046 each consist of five general-purpose 
silicon n-p-n transistors on a common monolithic substrate. 
Two of the transistors are internally connected to form a 
differentially-connected pair_ 

The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems in the DC 
through VHF range. They may be used as discrete transistors 
in conventional circuits. However, in addition. they provide 
the very significant inherent integrated circuit advantages of 
close electrical and·thermal matching. 

The CA3045 is supplied in a 14-lead dual-in-line hermetic 
(welded-seal) ceramic package and the CA3045F in a 14-lead 
dual-in-line hermetic (frit-seal) ceramic package. 

The CA3046 is electrically identical to the CA3045 but is 
supplied in a dual-in-line plastic package for applications 
requiring only a limited temperature range. 

4 

6 ·7 9 

Fig.1 - Schematic diagram. 
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10 12 13 
SUB
STRATE 

92CS-15206 

FEATURES 

• Two matched pairs of transistors 

VBE matched ±5 mV 

Input oHset current 2 /lA max. at IC ~ 1 mA 

• 5 general purpose monolithic transistors 

• Operation from DC to 120 MHz 

• Wide operating current range 

• Low noise figure. - 3.2 dB typo at 1 kHz 

• Full mi Ii to ry temperature range far CA3045 

-55 to + 1250 C 

APPLICA TIOHS 

• General ~se in all types of signal processing systems 
operating anywhere in the frequency range from 
DC to VHF 

• Custom designed differential amplifiers 

• Temperature compensated amplifiers 

• See RCA Application Note, ICAN-5296 "Application 
of the RCA-CA3018 Integrated-Circuit Transistor 
Array" for suggested applications. 

11-73 
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ABSOLUTE MAXIMUM RATINGS AT TA = 250 C CA3045 CA3045F. CA3046 

Each Total Each Total 

Power Dissipation: Transistor Package Transistor Package 

T A up to 550 e ....................... . 
TA> 550 e ......................... . 
T A up to 750 e .......... ; .......... : .. 
TA> 750 e .......................... . 

Coliector·to·Emitter Voltage. VeEO .......... . 

Collector·to-Base Voltage, VeBO ............ . 

Collector-to-Substrate Voltage, Velo' ........ . 

Emitter-to-Base Voltage, VEBO ............. . 

Temperature Range: 
Operating ............................ . 
Storage .............................. . 

Lead Temperature (During Soldering): 
At distance 1116 ±1/32" (1.59 ±O.79 mm) 
from case for 10 seconds max. . ........... . 

* The collector oC each transistor of the CA3045 and 
CA3046 is isolated from the substrate by an integral 
diode. The substrate (terminal 13) must be connected 

300 750 mW 

Derate at 6.67 mW/oe 

300 750 mW 

Derate at 8 mw/oe 

15 

20 

20 

5 

15 

20 

20 

5 

-55 to +125 -55 to +125 
-65 to +150 -65 to +150 

+265 +26c 

to the most negative point in the external circuit to 
maintain isolation between transistors and to provide 
for normal transistor action. 

V 

V 

V 

V 

°e 
°e 

°e 

ELECTRICAL CHARACTERISTICS, at T A = 25°C 

Characteristics apply for each transistor in the CA3045 and CA3046 as specified 

LIMITS 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS Type CA3045 UNITS 
Type CA3046 

MIN. TYP. MAX. 

STATIC CHARACTERISTICS 

Colleclor-Io-Base Breakdown Voliage V(BR1CRO Ie -10pA,IE = 0 20 60 V 

Colleclor-Io-Emiller Breakdown Voliage VrRR1r.EQ IC = I rnA, IB = 0 15 24 V 

Collector-to-Substrate Breakdown Voltage VIBRICIO IC = 10pA, ICI = 0 20 60 V 

Emitter-to-Base Breakdown Voltage VIBRIEBO IE = 10llA,IC =0 5 7 V 

Cotteclor-Cutoff Curren I ICBO VCB=IOV,IE=O 0.e02 40 nA 

Collector-Cutoff Current ICEQ VCE =-IOV.IB =0 See curve 0.5 pA 

Static Forward Current-Transfer Ratio fC = 10 rnA 100 

(Static Beta) hFE VCE = 3 V IC = I rnA 40 100 
IC = 10pA 54 

Input Offset Current for Matched Pair 
VCE ; 3 V, IC ; I rnA 0.3 2 pA 

QI and Q2' 11101 - 11021 . 

Base·tc-Emitter Voltage VBE V = 3 V fE ; I rnA 
CE IE = 10 rnA 

0.715 
0.800 

V 

Magnitude of Input Offset Voltage for Differ· 
ential Pair IVBEI - VBE21 VCE = 3V,IC = 1 rnA 0.45 5 mV 

Magnitude of Input Offset Voltage for Iso· 
lated Transistors 1VBE3 . VBE41, VCE =3V,IC :lmA 0.45 5 mV 
IVBE4 - VBE51,IvBE5 - VBE3 

Temperature Coefficient of lWBE 
VCE = 3 V,IC = I rnA -1.9 mV °c 

Base-to-Emitter Voltage 6'T 
Collector-to· Emitter Saturation Voltage VeES 19 = I rnA, Ie = 10 rnA 0.23 V 

Temperature Coefficient: It>Vlo 
VCE 3 V, IC I rnA 1.1 jJVoC 

Magnitude of Input-Offset Voltage ~ 
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ELECTRICAL CHARACTERISTICS, at T A = 25aC 

Characteristics apply lor each transistor in the CA3045 and CA3046 as specilied 

LIMITS 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS Type CA3045 
Type CA3046 

UNITS 

MIN. TYP. MAX. 

DYNAMIC CHARACTERISTICS 

Low-Frequency Noise Figure NF f= 1 kHz, VCE= 3V,IC= 100"A 
Source Resistance = 1 kn 

3.25 dB 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 

Forward Current-Transfer Ratio hfe 

1 
110 

Short-Circuit Input Impedance hie 3.5 Idl 

Open-Circuit Output Impedance hoe f = 1 kHz, VCE = 3 V, IC = 1 mA 15.6 "mho 
Open-Circuit Reverse hre I 1.8xl0-4 .-

Voltage-Transfer Ratio 

Admittance Characteristics: 

Forward Transfer Admittance Yfe I 31-j1.5 

Input Admittance Yie 0.3tjO.04 

Output Admittance Yoe 
f = 1 MHz,VCE = 3 V, IC = 1 mA 

0_001 tjO.03 

Reverse Transfer Admittance Yre I See curve 

Gain-Bandwidth Product fT VCE = 3 V, IC = 3 mA 300 550 

Emitter-to-Base Capacitance CEB VEB = 3 V, IE = 0 0.6 pF 

Collector-to-Base Capacitance CCB VCB =3V, IC =0 0.58 pF 

Collector-to-Substrate Capacitance CCI VCS = 3 V, IC = 0 2.8 pF 

STATIC CHARACTERISTICS 

103 8 BASE CURRENT IIe}"O 

4 

/, 2 

102 :!&-• 
" • 
I 

4 

~.;; '/., 
S 2 ,/} 
~ lOa ... 
;; 4 ~ 

il! 2 ::-'Y/ 
a I. d<tLL 
~ " • ~ 4 ~ ",b/ 2 

[!j U)"I o"V}' / 
~ . G 

2r-----~------~----~------+-----~ 
10-4 

o 25 50 75 100 125 

AMBIENT TEMPERATURE {fA I-·C 
92CS-15195 

Fig,2 - Typical collector-to-base cutoff current vs 
ambient temperature lor each transistor. 
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10" • /L 
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10- 3 

0 25 50 75 100 I 5 
AMBIENT TEMPERATURE (TAI-·C 

92C$-15194 

Fig,3 - Typica/collector-to-emitter.cutoll current vs 
ambient temperature 101 each transistor. 
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STATIC CHARACTERISTICS 

120 COLLECTOR-TO-EMITTER VQLTS(VCE).3 1.1 

AMBIENT TEMPERATURE (TA):25°C 

~ 110 
w 

Ib>' r--~ 

~ IDO- I 

vrl 
~ z_ I---:: I~IORI hFE21 -

0 
~ ~ 90 

V 
;:: 

a~ 
hFE2 hFEI ~ 

~ 

~~ 80 
V O.9i 

!~ 

Ii' 70-- -
u 

~ 
60 / 
~ O.B 

50 

0.01 2 . , , 2 . , , 0.1 I 2 . , , 10 

EMITTER MILLIAMPERES (lEI 
92C5-15182 

Fig.4 - Typical static forward current-transfer ratio and 
beta ratio for transistors Q, and 02 vs emitter current. 

o.a COLLECTOR - TO-EMITTER VOlTSIVCE)'3 
AMBIENT TEMPERATURE (TA1~25°C V 

V 
~ ~ 0.7 3 

~ V ~ 
~ 'J 'J ~ ~ ~ j 
~ 0.6 2 
~ " ~ ... 
~ ~ 
~ / 0 

05 I ... 
~ " ~ g 

~UT OFFSET VOLTAGE ./' z 

a .• II 0 
0.01 . 6 80.1 4 6 8 I . 6 8 10 

EMITTER MILLIAMPERES lIE I 
92CS-I:l217 

Fig.6· Typical static base-to-emitter voltage character
istic ancl input a((set voltage for cli((erential pair ancl 

paired isolated transistors vs emitter current. 

COLLECTOR-TO EMITTER VOLTS (VCE)~3 

~ 
'" i 
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-' 
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~ 0.75 

o 
~ 0.50 
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-75 ·50 -25 

t:.-. -f" .~ •• -- --- ••• -~ ... ---. 
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..;..~~--~ ~:.::: :::-. ~::.:-

25 50 75 roo 125 

AMBIENT TEMPERATURE ITA1-·C 
92C5-15218 

10, COLLECTOR-lO-EMITTER VOLTS {VCEJ%3 
6 AMBIENT TEMPERATURE (TAJ~25DC 

; · 
2 --vi ~ 

w 
~ I w 
~ 

, 
" 6 

~ · -- /' 

" ... 2 
w ,./ ~ 
~ 0.1 
~ , 
0 ... , 

...... " · ~ 

I-'" z )---H 

0.01 

0.01 
, , , 2 . , , 0.1 I 2 , , , 

COLLECTOR MILLIAMPERES (Ie) 

Fig.5 - Typical input offset current for matchecl 
transistor pa;, Q,Q2 vs collector current. 

w 

>'" 

0.9 

~ O.B 

~ 
~ 0.7 

~ 0.6 

~ 
~ 0.5 

0 .• 
-75 -50 

-+ 

-25 25 50 75 100 125 

AMBIENT TEMPERATURE ITA)--C 
92C5-15186 

10 

Fig.7 - Typical base· to-emitter voltage characteristic 
vs ambient temperature for each trons;stor. 

Fig.8 - Typical input offset voltage characteristics for 
c/illerentiai po;r and paired isolated transistors 

vs ambient temperature. 
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DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 

COL.LECTOR-lO-EMITTER VOLTS lVeE)-:! 

.. ~ SOURCE RESISTANCE OHMS IR51-1500 
AMBIENT TEMPERATURE IT,Al·2'·C 

20 
_. 

.;tV' 
~ 1!.? 
1 15 ,,",c, 

I ~" " ~ V 
~ 

10 <# ,/ 

~ V ./'" 
/ 

5 
~ ;;;:::;f-" ---.: 

~LLECTOR-TO-EMITTER VOLTS (VeE)-:! 
SOURCE RESISTANCE OHMS (Rsl'/OOO 
AMBIENT TEMPERATURE ITAI'2 "C 

lY 20 

---:~~ ~ 
I 15-~· -- --~ 

/ 
~ 

~@l 

~ V' 
~ 

10 

z /V~ /v 
5_ :- - t...-- ~ V -

0.01 6 e OJ 6 , I 001 4 6 8 OJ 4 6 • 

COLLECTOR MILLIAMPERES (Ie) COLLECTOR MILLIAMPERES (Iel 
92CS-15193 

Fig.9(a) - Typical noise figure vs collector current. Fig.9(b) - Typical noise figure vs collector current. 

~ 
" III 

" z 

30 COLLECTOR-TO-EMITTER YOLTSIVcEl=3 
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25 
AMBIENT TEMPERATURE ITA)=25"C 

\ ... ~/ 20 

~ ... ' ~~ 
15 

~, 
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-l-
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001 
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92CS-15189 

Fig.9(c) - Typical noise figure vs collector current. 

100 COLLECTOR-lO-EMITTER VOLTSIVCE)-3 , COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (TAl-2S"C 6 FREQUENCY If) =1 kHz 

4 AMBIENT TEMPERATURE ITA)- 25°C 

I I I II 
I 

COLLECTOR-TO-EMITTER VOL TS(VCE)-3 
COLLECTOR MILLIAMPERESUC)-' 

~ 4 '- 0,,"110. } ., - - -
t---.. hie=3.SKn 00, 

10. - hre=I.SSIIO-4 a"mA 

• ... hoe = 15.61'mho 
6 

4 r-:... I 

, , / 
I 

........ / -~..:: • -6 

-- ,,4-
4 

./' f- N· , 
/ 

I 0.1 

0.0.1 
2 4 6 4 8 0 .1 6 8 I 4 6 810 

COLLECTOR MILLIAMPERES (IC) 

92CS-15190 

Fig.l0 - Typical normalized forward current-transfer 
ratio, short-circuit input impedance, open-circuit 
output impedance, and open-circuit reverse volt

age-transfer rot;o vs collector current. 
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Fig.1I - Typical forward transfer admittance 
vs frequency. 
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DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 

0.1 
, 

I 10 
FREQUENCY (1)- MHz 

• 6' 
100 

Fig.12 • Typical input admittance vs frequency. 

AMBIENT TEMPERATUREITA):25D C 
COLLECTOR-TO-EMITTER VOLTS (VCE)=3 

COMMON-EMITTER C1RCUIT,8ASE INPUT. II 
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9re IS SMALL AT FREQUENCIES 
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Fig.J4 - Typical reverse trans/er admittance 
vs frequency. 
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Fig.13· Typical output admittance vs frequency. 

COLLECTOR MILLIAMPERES (Ie) 
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Fig.IS • Typical gain.bandwidth product vs 
collector current. 
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FileNo. 377 

ffilCI8LJD Linear Integrated Circuits 
Solid State 
Division 

The RCA CA3048 is a silicon monolithic integrated 
circuit consisting of four independent identical AC 
amplifiers which can operate from a single-ended power 
supply. 

The amplifiers include internal DC bias and feedback 
to provide temperature-stabilized operation. They may 
be used in a wide variety of AC applications in which 
operational amplifiers have previously been used. 

Each high gain amplifier has a high impedance non
inverting input, and a lower impedance inverting input 
for the application of feedback. Two power-supply 
terminals and two ground terminals are provided to re
duce internal and external coupling between amplifiers. 

The CA3048 is supplied in a 16-lead dual-ill-line 
plastic package. 

APPLICATIONS 

• Multi-channel or cascade operation 

• Low-level preamplifiers 

• Equalizers 

• Linear signal mixers 

• Tone generators 

• Multivibrators 

• AC integrators 

Amplifier Array 
Monolithic Silicon 

FOUR INDEPENDENT 
Ae AMPLIFIERS 
For Low-Noise and 
General Ae Ap_icatians 
In Industrial Service 

FEATURES 

CA3048 

CA3048 

• Four AC amplifiers on a common substrate 

• Independently accessible inputs and outputs 

• Operates from singl .... nd.d supply 

EACH AMPLIFIER 

• N.i •• figure .t 1 kH •....•....••...•.•..•••.••• 2 dB typo 

• High voltag. gain ..•..•........................ 53 dB min. 

• High input resistance •••.•••.••••.•••••••••••• 90 kO typo 

• Undistorted output voltag .................... 2 V rml min. 

• Output Impedance ...•.......................... 1 kfl typo 

• Open.I •• p bandwidth .••••.••••••.....•••.••.•. 300 kHz typo 

GIl. 
IID.I 

GIl. 
NO.2 

Fig.1 • BI.ck Jiagram lor CA3048. 

92CS-1!54lOR2 
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ABSOLUTE·MAXIMUM RATINGS at TA = 25°C: 

DISSIPATION: 
At TA = 55°C .•.......•..............•......•....... 750 mW 
Above TA = 55°C .•...•.........•....... Derate linearly at 7.7 mW/oC 

TEMPERATURE RANGE: 
Operating • • • • • • • • • • • • • • • . • • • • • • • • • • . • • • • • • •• , _40°C to +850 C 
Storage. • • • . • • • • • • . • • • • • • • • • • • • • • •• • • • • • • . • •• -65°C to + 150°C 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 ± 1/32 inch (1.59 ±0.79mm) 
from case for 10 seconds max. • ••...••..•••.•.•••••••.•• '.' ••••• +2650 C 

POWER SUPPLY VOLTAGE •..................•.....•.••••.. +16 V 
AC INPUT VOLTAGE. . . . . . . . . • • . . • . • . • . . . . . • . . . • . • . .• 0.5 V rms 

MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed hori~ontally. For example. the 
voltage range between vertical terminal 2 and horizontal terminal 4 Is +2to-3.6 volta. 

TERM-
1 2 3 4 INAL 5 6 7 8 9 

No. 

1 +16 
0 

. • . · • · · 
2 . +2 0 -3.6 · • t2 -3.6 -3.6 

3 +5 
-5 

. • · • · 
4 +3.6 · · • • -2 

5 0 • +2 +2 
-16 -3.6 -3.6 

6 · • · 
7 t5 

-5 · 
8 · 
9 

10 

11 

12 

13 

14 

15 

16 

* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if the 
specified limits between all other tenninals are not exceeded. 

10 11 12 13 

· · · · 
· • +16 

0 
t2 
-3.6 

· · • · 
• · • · 
· 0 t16 t2 

-16 0 -3.6 

· · · 0 
-16 

• · · • 

· · · · 
t5 
-5 · • • 

• · • 

• • 
0 

-16 

14 15 

· 0 
-16 

• t16 
0 

• · 
· • 

· +16 
0 

· • 

• · 
· • 

· 
· · 
• • 

• · 
+5 • -5 

· 

CA3048 

16 

• 
0 

-16 

· 
• 

· 
• 

· 
• 
;, 

• 

· 
• 

· 
· 

t16 
0 
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CA3048 File No. 377 
ELECTRICAL CHARACTERISTICS at T A = 25°C 

TEST TYPICAL 
LIMITS CHARAC· CIR-

CHARACTERISTICS SYMBOLS TEST CONDITIONS CUlT CA3048 UNITS TERISTICS 
CURVES 

FIG. MIN. TYP. MAX. FIG. 
STATIC 
CiJrrent drain per amplifier pair 112 or 115 VCC = +12V 3 9.5 13.5 17.5 rnA 4.5 
DC Vollage VI. V6. VCC = +12V 3 6_1 6.9 8.1 V at Output Terminals Vn. V16 
DC Vollage V3. V7. VCC =+12V 3 1.7 2.0 2.3 V -al Feedback Terminals VlO. V14 
DC Vollage V4. V8. VCC = +12V 3 2.2 2.5 2.8 V al Inpul Terminals V9. V13 

DYNAMIC (Characteristics given are for each amplifier with no AC feedback) 

Open·Loop Gain AOL VE1l~: ;~~ 6 53 58 - dB .1,8 
I = 10kHz 

Oulpul Vollage Swing VO(rms) 
VCC = +12V 

I = 1kHz 6 
THO = 5% 

2.0 2.~ - V -
Open-Loop -3dB Bandwidlh BW VCC -+12V 

EIN = 2mV 6 250 300 - kHz 9 

Total Harmonic Distortion THO 
VCC - +12V. I-1kHz 

6 EOUT = 2V rms - 0.65 - % 10 

OPEN LOOP 

Inpul Reslslance RIN 
Terminals 3, 7, 10, 
and 14 are by- -
passed to ground 

- 90 - kfl -
I = 1kHz 

Input Capacitance CIN 1= IMHz .- - 9 - pF -
Output Resistance ROUT 

Terminals 3, 7, 10 
and 14 are by- -passed to ground 

- I - kfl -
OUlpul Capacilance COllT 1= IMHz - - 18 - pF -
Feedback Capacilance 

VCC = +12V <0.1 (Oulpul 10 non- CFB - - - pF -
inverting Inpul) 1= IMHz 

Broad-Band Outp~1 
V~~ : ;01~!S. 

EN A = 40dB Noise Voltage Equivalent 
Noise BW = 50 kHz 

11 - 0.3 1 mV -
Oulpul Noise Vollage 

EN(WT) 12 - 0.5 2.2 mV -"Weighted" 
10Hz - - 10 - dB 

NF 
100Hz - - 5.8 - dB 

Noise Figure (RS= 5 k!1l I = 1kHz - - 2 - dB -
10kHz - - 1.1 - dB 

100 kHz - - 0.6 - dB 

Inter-Amplifier Audio VCC = +12V 
<-45 I = 1kHz 13 - - dB -Separation "Cross Talk" o dB = 0.78V 

Inter-Amplifier Capacitance VCC = +12V (Any ampillier oulpul to C I = IMHz any other amplifier input) 
- - <0.02 - pF -
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R" 
lOOK 

R2' 

" 

R27 

" 

Note: All resistor values are in ohms 

Fig.2 - Schematic diagram for CA3048. 

410 

tVee 
92CS-15413 

• CONNECT TO APPROPRIATE TERMINAL TO READ VOLTAGE 

Fig.3 - Test circuit lor measurement 01 collector 
supply voltage and currents. 

R'5 
lOOK 

R25 
I. 

R'2 
I. 

13 14 2 GND(2) 

92CM-15412 

DC SUPPLY VOLTS tVee) 
92CS~M59 

Fig.4 - Typical DC supt;'ly current vs supply voltage. 
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CA3048 

COLLECTOR SUPPLY VOLTS (VCC )"tl2 

IS 

~ 13 

! 12 

::J 
;; 
~ II 

~ 
g 10 

'50 so /00 

AMBIENT TEMPERATURE (TA}-OC 

ISO 

92CS-t5458 

Fig.S • Typical DC supply current vs ambient 
temperature. 

E, 
·SlG. 

GEN. 

10000 ,. "OUTPUT" TO VTVM HP40DD OR EQUIVALENT 

"INPUT"-

+ Vee 

• Sig Gen should be a low distortion type (0.2% THO or less) 
HP206A or equivalent. 

• Adjustment of Eg to 2 volts will make Es =2mV. 

Test Circuit shows Amplifier #1 under test, to test Amplifiers 2, 3, 
or 4; Connect terminals as shown in Table. 

AMPLIFIER 
TERMINALS 

OUTPUT INPUT BYPASS 

1 1 4 3 

2 6 8 7 

3 11 9 10 

4 16 13 14 

Fig.6 - Test circuit for measurement 01 clistortion, open .. 
loop gain ane/ bane/wie/th characteristics. 

270 

~ 60 

I 
::. 
o 
:! 

" ~ 40 

'" 

INPUT SIGNAL VOLTAGE (EIN'· ImV RMS 
OPERATING FREQUENCY 1fI~ I kHz 
AMBIENT TEMPERATURE (TAl-25°C 

10 

DC SUPPLY VOLTS (Veel 

File No. 377 

IS 20 

Fig.7 - Typical amplifier gain vs DC supply voltage. 

~ 60 

~ so 
% 

'" 

COLLECTOR SUPPLY VOLTS Vee) 11 + 12 
RillS INPUT SIGNAL MILLIVOLTS (E1NI = 1 
OPERlTlHG FREQUENCY (0 = 1 kH1 

-25 25 " 75 lOG 

AMBIENT TEMPERATURE (T AI-oC 
92CS-15467RI 

Fig.8 - Typical open-loop gain vs ambient temperature. 

COLLECTOR SUPPLY VOLTS (Vcc) " .. 12 

70 
AMBIENT TEMPERATURE (TAl: 25°C 

!:g 60 

g SO 
"-

'\ 
% 

~ 

1\ 
--- - f-- -

§ 40 

ili 
~ 30 

'" 
0 

10 100 1000 10,000 1011,000 

FREOUENCY {I)_kHz 

Fig.9 - Typical open-loop gain vs frequency. 
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-25 25 50 75 100 
AMBIENT TEMPERATURE ITAI-- C 

Fig. 10 • Typical total harmonic distortion 
vs ambient temperature. 

"INPUT" 
"OUTPUT" TO y.rVM 

16n 

HP 4000 
OR 

EQUIVALENT 

• RESISTORS ARE METALFllM TYPE,I"Io 
92CS-15465 

To test Amplifiers 1, 2, 3, or 4, connect terminals as shown in 
Table. 

AMPLIFIER 
TERMINALS 

OUTPUT INPUT BYPASS 
1 1 4 3 
2 6 8 7 
3 11 9 10 
4 16 13 14 

Fig.11 • Test circuit for measurement of broadband 
noise characteristic. 

CA3048 

• Ll ~2.5 millihenry inductor, de resistance 0.3 ohms Or less. 
'" Resistors metal film type, 1%. To test amplifiers, connect 

terminals as shown in Table. 

AMPLIFIER 
TERMINALS 

OUTPUT INPUT BYPASS 

1 1 4 3 
2 6 8 7 
3 11 9 10 

4 16 13 14 

Fig.12 - Test circuit for measurement 01 "weighted" 
output noise voltage characteristic . 
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V,T.V,M,

=~== 

File No. 377 

CO!.I.OCTOOSUPPCYVOLTSCycc'''']1 .1.1111 I III 
OPERAnNG FREQUENCY In • I kHz 0.0511F 

-~--"'.~, ~ .. .. -
..... r-.. + SlGHAL 1-'00 V.T.V.' GEN - IIF H.P TYPE 

f .. 1kHz 400D 

~ 
Rn (DR fOUIV.) 

" ,. 
r-- ..... , 

10 
'00 '001 10,000 100,000 

V.T,V,"· RESISTANCE IN FEEDBACK CIRCUIT (RFB) - OHMS 
92C8-15469 

92CS-I15471 

• V.T.V.M.· Hewlett·Packard Model 4000 or equivalent. 

Pro .. dure, 

Flg.14 . Typical amplifier gain vs feedback resistance. 

1. Adjust SllInal Generator for 0 dB output at reference terminal. 
2. Reid voltall" at other output terminals (Figure shows terminal #1 

used as reterencel. 

Fig. 13 • Te.t circuit for measurement of inter· amplifier 
audio separation "cross talk" characteristic. 
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OPERATING CONSIDERATIONS 

Economical Gain Control 

The CA3048 is designed to permit flexibility in the 
methods by which amplifier gain can be controlled. 
Fig.14 shows a curve of the gain of an amplifier when 
the internal resistive feedback of the device is used in 
conjunction with an" external resistor. Although meas
ured gain of various amplifiers will not be uniform, 
because of tolerances of internal resistances, this 
method is very economical and easy to apply. 

Stability 

The CA3048, as in other devices having high gain-band
width product, requires some attention to circuit layout, 
design, and constroction to achieve stability. 

Should the CA3048 be left unterminated, socket capaci
tance alone will provide sufficient feedback to cause 
high frequency oscillations; therefore, all test circuits 
in this data hulletin include loading networks that pro
vide stability under all conditions. 
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OO(]3LJ[J 
Solid State 
Division 

111-Lead OIP 
CA:3102E 

12·Le.d TO·S 

II 
CA3049T 

Linear Integrated Circuits 
Monolithic Silicon 

CA3049T CA3102E 

DUAL HIGH-FREQUENCY 
DIFFERENTIAL AMPLIFIERS 
For LQw·Power Applications at Frequencies 
up to 500 MHz 
Features: 
• Power Gain 23 dB (typ.' at 200 MHz 

• Noise Figure 4.6 dB (typ.) at 200 MHz 

• Two differential amplifiers on a common substrate 

• IndependentlY accessible inputs and outputs 

• Full military-temperature-range capability· (_55°C to + 125°C) 
for the CA3102E and for the CA3049T 

Applications 

• VHF amplifiers 

• VHF mixers 

RCA·CA3049T and CA3l02E* consist of two independent 
differential amplifiers with associated constant·current tran· 
sistors on a common monolithic substrate. The six transistors 
which comprise the amplifiers are general·purpose devices 
which exhibit low I/f noise and a value of iT in excess of 1 
GHz. These features make the CA3049T and CA3l02E use· 
ful from de to 500 MHz. Bias and load resistors have been 
omitted to provide maximum application flexibility. 

• Multifunction combinations - RF/Mixer/Osciliator; 

The monolithic construction of the CA3049T and CA3l02E 
provides close electrical and thermal matching of the ampli· 
fiers. This feature makes these devices particularly useful in 
dual·channel applications where matched performance of the 
two channels is required. 

The CA3l02E is like the CA3049T except that it has a 
separate substrate connection for greater design flexibility. 
The CA3049T is supplied in the l2·lead TO·5 package; the 
CA3l02E, in the l4·lead plastic dual·in·line package. 

-Formerlv Developmental No. TA6228. 

92CS-IS245 

Schematic Diagram for CA3049T 

1IJ.72 

Convener/I F 

• IF amplifiers (differential andlor cascade' 

• Product detectors 
• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 

• Cascade limiters 

• Synchronous detectors 

• Balanced mixers 

• Synthesizers 
• Balanced (push·pull, cascode amplifiers 

• Sense amplifiers 

92CS-20828 

Schematic Diagram for CA31 02E 
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CA3049T. CA3102E File No. 611 

ELECTRICAL CHARACTERISTICS at T A = 25"C 

TEST TYPICAL 
CIR· CA310ZE LIMITS CHARAC· 

CHARACTERISTICS SYMBOLS TEST CONDITIONS CUlT TERISTICS 
CURVES 

FIG. MIN. TYP. MAX. UNITS FIG. 

STATIC CHARACTERISTICS 
For Each Differential Am IIfler 

I "put Off Nt Voltage VIO 0.25 'mv -4 

I "put 01fl81: Current 110 13= Ig"=2mA 0.3 3 ,.A 

I "put BI •• Current liB 13.5 33 ,.A 

Temperatute Coefficient Meg- IAVIOI 
1.1 "VIDe 4 nltude of Input-Off.t Voltage AT 

For Each TransIstor 
DC Forward S ••• to-

VBE 
VeE = 6 V 674 774 B74 mV 6 Emitter Voltage IC"" mA 

Temperatur. Coefficient of AVBe 
VCE"" 6V,IC'"" 1mA -0.9 mV/DC Sa"-Ia-Emltter Volta. AT 6 

Collector-Cutoff Current leBO Ves - 10 V. Ie .. 0 0.0013 100 nA 
Collector-to-Emitter 

V(BR)CEO Ie = 1 mA, I B ~ 0 15 24 V Breakdown Voltage 
Collector-to-S ... 

V(BR)CBO 'C=10IJA,le=O 20 60 V Sr •• kdllwn Voltllge 
Collector-ta-Substrata 

VtBR)CIO Ie"" 10", .. , Is" D,le = 0 20 60 V Breakdown Voltage 
Emltter-to-S." Breakdown 

V(BR)EBO le=10",A,IC=O 5 V Voltega 
DYNAMIC 
CHARACTERISTICS 
"f Noise Figure (For 

NF 
1- 100 KH3' RS = 500" 1.5 dB 12 Single Transistor) IC'" 1 mA 

Gain-Bandwidth PrOduct 
IT VCE '" 6 V. IC I: 5 mA 1.35 GH z (For Slng'e TransistOr) II 

Collector·aa .. Capacitance CCB Ie'" 0 Vce = SV 
0.28 pF 
0.15 pF 8 

Collector-Substrate Capacitance CCI IC '" 0 VCI - SV 1.65 pF 8 
For Eech Differential 
Am!:)'ifier 

Common-Mode Rejection Retia CMR 13"" Ig-2mA 100 dB 
AGe Range, One Stage AGC Bias Voltage - -6V 75 dB 
Voltage Gain, Slngle·Ended 

A 
Bill Voltage" -4.2V 

18 22 dB 9.10 Ou!p~t f= 10MHz 
Insertion Powar Gain ~~- f- 200 MHz Cascade 23 dB 
Noi .. Figure VCC'" 12V Cascade 4.6 dB 

For Cascode 
Cascade 1.5 + j 2.45 14,16.18 

Input Adminance V" 
Configuration 

mmho 
13= 19=2mA Diff.Amp. 0.878 + j 1.3 15,17.19 

For Dift. 

Rever .. Transfer Admittance 
Amplifier Cascade 0- j O.ooa 

V,2 Configuration mmho 

13 = 19'" 4mA Diff.Amp. 0- j 0.013 

Forward Transfer Admittance V21 
(each Cascode 17.9 - i 30.7 mmho 26. 2B. 30 collector 
Ic:'2mA) Diff.Amp. -10.5+j13 27.29.31 

Output Admittance V22 
Cascade -O.B03-i 15 ",mho 20.22.24 
Dift.Amp. 0.071 + j 0.62 21.23.25 

-Terminal,1'" 14, or 7 If 8. ICA3102E) 1 & 12 or 6 If 7 (CA3049T) 
--Terminals 13.4. or 6 & 11. (CA3102E) 10 & 11 or 4 & 5ICA3049T) 
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FileNo. 611 _______________________ CA3049T, CA3102E 

ELECTRICAL CHARACTERISTICS at T A = 2SoC 

TEST TYPICAL 

CIR· CA3049T LIMITS CHARAC· 

CHARACTERISTICS SYMBOLS TEST CONDITIONS CUlT TERISTICS 
CURVES 

FIG. MIN. TYP. MAX. UNITS FIG. 

STATIC CHARACTERISTICS 
For Each Dlffarenti.r Am IIflar 

Input Offset Voltage V,o 0.25 mV -4 

Input Offset Currant "0 13"" 19 J:I 2 rnA 0.3 jlA 

Input BI •• Current "B 13.5 33 jlA 

Temperature Coefficient Mag· I.<loV'OI 1.1 IlV/oC 4 nitude of I "put· Offset Voltage .<loT 
For Each Transistor 

DC Forward 88S.tO-
VBe 

VeE - 6 V 774 mV 
Emitter Voltage le= 1 mA 

Temperature Coefficient of ~VBE 
mV/oC 

Base-ta-Emltter Voltage .<loT VeE c; 6 V. Ie '" 1 rnA -0.9 6 

Collector-Cutoff Current leBO Vcs=10V,le=O 0.0013 100 nA 
Collector-ta-Emltter 

V(BRICeO Ie;; 1 rnA, Is = 0 15 24 V 
Breakdown Voltage 

Collector-to-Sesa 
V(BRICBO Ie'" lOIJA,le '" 0 20 60 V 

Bre.kdl)wn Voltage 
CollectOI-tD-Subnrate 

V(BAICIO Ie::: 10 ",A, IS = 0, IE = 0 20 60 V 
Breakdown Voltage 

Emitter-ta-Base Breakdown 
V(BRIEBO IE= 10.uA • IC=0 V 

Voltage 
DVNAMIC 
CHARACTERISTICS 
1/f Noise Figure (For NF 

f::: 100 KH3' RS - 500 n 1.5 dB 12 
Single Transistor) IC::: 1 mA 
Gain-Bandwidth Product 

iT VeE::: 6 V. IC = 5 mA 1.35 GH, 11 (For Single Transistorl 

Collector-Base Capacitance CCB IC::: 0 VCB = 5V 
0.2B pF 
0.28 pF 

Collector-Substrate Capacitance CC' IC - 0 VC' 5V 1.65 pF B 
For Each Differential 
Amplifier 

Common·Mode Rejection Ratio CMR 13 - Ig = 2 mA 100 dB 
AGC Range. One Stage AGC Bias Voltage ·6V 75 dB 
Voltage Gain, Single· Ended A Bias Voltage - -4.2V 22 dB 9.10 
OutPut f= 10MHz 

I nl.rtion Power Gain ~~- f - 200 MHz Cascade 23 dB 
Noise Figure VCC = 12V Cascade 4.6 dB 

For Cascade Cascode 1.5 + j 2.45 14.16,18 
I nput Admittance VII 

Configuration mmho 
13=lg=2mA Diff.Amp. 0.87B + j 1.3 15.17,19 

For Oiff. 

Reverse Transfer Admittance 
Amplifier Casco de O-jO.OOB 

mmho V12 Configuration 
13 = 19::: 4mA Diff.Amp. a j 0.013 

Forward Transfer Admittance V21 
(eaCh Cascode 17.9 - j 30.7 mmho 26. 2B. 30 collector 
IC:::2mA) Oiff. Amp. - 10.5 + j 13 27,29.31 

Output Admittance V22 
Cascade -0.503-j 15 IT1mho 20,22,24 

Diff.Amp. 0.071 + j 0.62 21.23.25 

-Terminals 1 & 14, or 7 & 8_ ICA3102E) 1 & 12 or 6 & 7ICA3049T) 
--Terminals 13&4,or6& 11. (CA3102E) 10& 11 or4& 5 (CA3049TI 
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CA3049T, CA3102E 

MAXIMUM RATINGS,ABSOLUTE-MAXIMUM VALUES, 
ATTA =2ff'C 

Power Dissipation, P: CA3049T CA3102E 

Anyone transistor .. _ .. . 300 300 

Total package ......... . 600 750 
mW 

mW 

File No. 6n 

The following ratings apply for each transistor in the devices 

Collector-to-EmitterVoltage, VCEO • .• 0.0. 15 V 

Collector-to-Base Voltage, VCBO •• 0.0 ••• 0 20 V 

Collector-to-Substrate Voltage, V CIO . 20 V 

Emitter-to-Base Voltage, VEBO ••••• 0 •••• 5 V 
5 6_67mWfC Collector Current, IC •••••• 0 •• 0 ••••••• 50 mA For T A> 55DC Derate at: 

Temperature Range: 

Operating. . . . . . . . . . ... -55 to + 125 -55 to + 125 DC 

Storage . . . . . . . . . . . . .. -65 to + 150 -65 to + 150 DC 

·Tha collector of each transistor of the CA3049T and CA3102E Is 
isolated from the substrata by an Intearal diode. The subltrate 
(terminal 9) must be connected to the most negative point In the 
external circuit to maintain isolation between transistor. and to 
provide for normal transistor action. 

Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max ................................ +2650 C 
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V-(-6VI 
92CS-20795 

FIg. I-Static characteristics test circuit for CA3102E. 

[5(12ij y--=------7'" 

5.6pF 

INPUT r RQ=50n 

~ '"=" LI 

2.~ OUTPUT 

,J.. .... ·50A 

!.,t= 

,OO'12k 

+12V--.!------------.... ----t 
NOTE~: NUMeERS IN PARENTHESES REFER TO OTHER .001 .J; 

HALF OF THE CA3049T OR CA3102E 
2. BRACKETED NUMBERS REFER TO CA3102E; UNBRACKETEO 

NUMBERS REFER TO CA3049T 
92CS-20T93 

L1• L2 - Approx. 1/2 Turn #lS Tinned Copper Wire, SIS" Oia. 

C1, C2 - 15 pF Variable Capacitors (Hammarlund, MAC-IS: or' 

Equivalent) 

All Capacitors in p:F Unless Otherwise Indicated 

All Resistors in Ohms Unless Otherwise Indicated 

Fig.2-AGC range and voltage gain test circuit for CA3102E. Fig.3-200 MHz cascode power gain and noise filJUTe test circuit. 
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Typical Characteristics for CA3049T and CA3102E 
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Fig. 4-input offset voltage vs. emitter current 
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92CS-20791 

Fig. 5-lnput bias current VI. emitter cummt 

E IT )=_40·C 
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~ •• ·e -I--
I-

::; I--
';" .. 
~ 0.' .. .. . 2 . • • 01 I 10 

COLLECTOR ~RENT (Iel-rnA 
92CS-20798 

Fig. 6-BIISII-'to-emitter volt898 V8. col/ector current 
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Fig. 7-Collector-cutoff current vs. temperature. 

DC ElIAS VOLTAGE ON TERMINALS 2 AND lO-V ItCS-ZIHOI 

Fig. 9-Voltage gain VI'. de bi_ I/oltage. 
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Typical Characteristics for CA3049T and CA3102E (cont'dl 

AMBIENT TEMPERATURE (TAl. 2SD C 

~ 25 

I r-..... i 20 

z \. ~ I. 

'" 1\ '" ~ 10 
~ 1\ 

5 

0 
4 6 8100 0.01 2 4 6 aOJ 2 4 6 8 I 2 4 6 810 

FREQUENCY (1)- MHz 
92C5-20B0Z 

Fig. 10- Voltllf/e gaIn VI. frequency. 

AMBIENT TEMPERATURE (TAl = 2SOC 
RSOURCE • 500 n 

30 

~ 'ift.' <it> 
'!I ~ 
~ /'" 
i 20 

V , 
ii: V-; V /V' V ./ ...-

10V V )J1Y ,,/ 
~ I:=.. - _V' ;#' 

.........::::: :::::-r- -- f-- lOOK'U: -
0.01 6 80.1 6 • I 4 

COLLECTOR CURRENT Ucl-mA '2CS-Z0804 

Fig. 12-1 If noise figure vs. collector current. 
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COLLECTOR CURRENT (leI-rnA .. cs-..... 

Fig. It-Gain-bandwldth product v£ collllCtor current. 

AMBIENT TEMPERATURE (TA )-2SD C 1~~~~ V 
RSOURCE = I KQ 

30 
1<-0'" V 

V ~ ., 
.. V -a<~ z 

20 

'" /1-' '" V-a 
.,/ / l'l ii: 

'" V .. 
0 z /" ,~ lOr---

/' ~ ~ 
,0 

.....- IOOKHI~ 

0.01 2 . • 8 0.1 2 4 • 8 

COLLECTOR CURRENT (leI -mA 92CS;20805 

Fig. 13-1n noise figure vs. collector current. 
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Typical Input Admittance Characteristics for CA3049T and CA3102E 
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Typical Output Admittance Characteristics for CA3049T and CA3102E 
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Typical Forward Transfer Characteristics for CA3049T and CA3102E 
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OOClBLJD 
Solid State 
Division 

Linear Integrated Circuits 

CA3050 
CA3051 

Dual Differential Amplifiers 

The CA30S0 and CA30S1 each consists of two differ
ential amplifiers with associated constant current tran
sistors on a common substrate. Each amplifier is driven 
by Darlington-connected emitter follower inputs to pro
vide. high input impedance. low bias current, and low 
offset current. A string of diodes is included to provide 
temperature-compensated bias to the constant current 

transistors and a low impedance bias point for the inputs 
to the differential amplifiers when a single power supply 
is used. 

Fig.1 - Schematic diagram. 
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Monolithic Silicon 

TWO DARLINGTON· 
CONNECTED DIFFERENTIAL 
AMPLIFIERS WIlHi' 
DIODE BIAS STRING 

CA3050 14-Lead Oual·in·lino 

For Low·Power 
Applications at 
Frequencies from DC 
to 20 MHz 

FEATURES 

Ceramic Package 

CA3051 14-Load Dual·in·lino 
Plastic Package 

• Input offset current ........•...•. 70 nA max. 

• Input bios current ••...•.•.•..•• 500 nA max. 

• Input offset voltage • . . • . • . • . . . . .. 5 m V max. 

• Input impedance •••...••....•.. 460 kQ typo 

• Independently access ible inputs ond outputs 

APPLICA TlONS 

• Matched dual amplifiers 

• Dual sense amplifiers 

• Dual Schmitt triggers 

• Dual multivibrators 

• Doubly balanced detectors a·nd modulators 

• Balanced quadrature detectors 

• Synthesizer mixers 

• Product detectors 

11-73 
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MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT TA = 25°C 

CA3050 CA3051 
Power Dissipation. P: 

Anyone transistor ....... 150 150 mW 
Total package ......•... 900 750 mW 
For T A > 55°C. Derate at .. 6.67 mW/DC 

Temperature Range: 

Operating •••••..•.•.•••••• ·55 to +125 °c 
Storage .•••••..••.•.•••••• ·65 to +150 °c 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 ± 1/32 int:h (1.59 ± 0.79nlln) 
from case for 10 set:onds max .•••••••••..•••••• +265OC 

The following ratings apply for each transistor in the device: 

Collector-ta-Emitter Voltage, V CEO' . . • . . • . . .. 15 V 

Collector-ta-Base Voltage. V CBO • '*' . . . . . . . .. 20 V 

Collector-ta-Substrate Voltage. V CIa' . . . . • . . .. 20 V 

Emitter-ta-Base Voltage, V EBO' . • . • • . . . . • . . . V 

Collector CUrrent. Ie' . . . . . . . . . . . . . . . . . . .. SO mA 

* The collector of each transistor of the CA30S0· and CA30S1 
is isolated from the substrate by an integral diode. The 
substrate (terminaI14) must be more negative than all col
lectors to maintain isolation between transistors and to 
provide lor nonnal transistor action. 

MAXIMUM VOLTAGE RATINGS 
The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 3 is +5 to -2 volts. 

MAXIMUM 
CURRENT RATINGS 

TERM-
INAL 1 2 3 4 5 6 7 8 
No. 

1 - . . · · · .' · 
2 <5 · · · · · -2 

3 · · · · · 
4 · · · · 

+2.5 +2.5 +10 
5 -14 -14 

Note 1 Note 1 
-10 

+14 
6 · ·2.5 

Note 2 

+14 
7 -2.5 

Note 2 

8 

9 

10 

11 

12 

13 

14 

NOTE 1: This rating is important only when terminal 5 is more 
positive than terminal 8. 

NOTE 2: This rating is important only when terminal 8 is more 
positive than terminal 5. 

NOTE 3: This rating is important only when terminal 10 is more 
positive than terminal 11. 

TERM-
9 10 11 12 13 14 INAL liN lOUT 

No. mA mA 

· · · · · +1 1 .s 5 0.1 

· · · · · +1 
·1 

2 50 50 

· · · · · +3 3 
·1 

50 1 

+14 +14 +20 · -2.5 -2.5 · · Note 3 Note 4 
·1 4 50 1 

+1 +16 · · · · -20 -1 5 5 0.1 

+20 · · · · • ·1 6 50 1 

+20 · • · · · -1 7 50 1 

+1 · · · · +16 
20 -1 8 5 0.1 

+20 +20 · · +20 
-I -I -1 

9 50 1 

+10 +2.5 
+16 -14 · ·10 Note 3 -1 

10 5 0.1 

+2.5 
+16 -14 · Note 4 ·1 

11 5 0.1 

+20 
-I 

12 50 1 

+1 
.s 13 5 0.1 

Ref. 
Sub- 14 100 5 

strate 

NOTE 4: This rating is important only when terminal 11 is more 
positive than terminal 10. 

·Voltages are not normally applied between these terminals. Voltages appearing 
between these terminals will be safe if the specified limits between all other 
terminals are not exceeded. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 

TEST TYPICAL 

CIR- LIMITS CHARAG-

CHARACTERISTICS SYMBOLS TEST CONOITIONS CUlT CA3050/CA3051 UNITS TERISTICS 
CURVES 

FIG. , MIN. I TYP. MAX. FIG. 

STATIC 
Amplifier Characteristics 

Input Offset Voltage VIO - - 1.5, 5 mV 2a,b 

Input Offset Current 110 - - 7 70 nA 3a,b 

Input Bias Current 11& - - .200 500 nA 4a,b 
Quiescent Operating Current Ratio (14+ 112) - 0.9 1.00 1.13 - 5a,b 

or VCC=+ 6V,13=2rnA 
(lS+17) '--' 13 t··· .... - - 0.645 0.700 

DC Forward Base-ta-Emitter Voltage VBE VCE - 3 V !: - - 0.725 0.800 V 6 - - 0.760 0.850 
10 ~ - - 0.805 0.900 

Temperature Coefficient of Base-ta- LWBE 
VCE - 3 V, IC - 1 rnA -1.9 mV/oC 7 Emitter Voltage 6T - - -

Transistor Characteristics 

Collector-Cutoff ClIrent ICBO VCB=lOV,IE-O - - 0.002 100 nA 8 

Collector-ta-Emitter Breakdown Voltage V(BRlCEO IC - 1 rnA, IB - 0 - 15 24 - V -
Collector-ta-Base Breakdown Voltage V(BRlCBO IC - 10 pA, IE - 0 - 20 .60 - V -
Collector-ta-Substrate Breakdown Voltage V(BRlCIO Ir. = 10 pA, 1r.1 - 0 - 20 60 - V -
Emitter-ta-Base Breakdown voltage V(BR)EBO IE - 10 pA, IC = 0 - 5 7 - V -

DYNAMIC 
Trans istor Characteristics 

Emitter-ta-Base Capacitance CEB VEB - 3 V, IE = 0 - - 0.78 - pF 9 

Collector-ta-Base Capacitance CCB VCB - 3 V, Ir. - 0 - - 0.47 - pF 9 
Collector-ta-Substrate Capacitance CCI VCS = 3V, IC ~O - - 1.92 - pF 9 

. Amplifier Characteristics 

Gain-Bandwidth Product 
IT VCE - 5V, IC = 3 rnA - - 600 - MHz 10 

(For Single Transistor) , 

Forward Transadmittance IY2Ij (With single-ended input and output) 
VCC - 10V, 13 - 2mA 
f - 1 MHz 

11 7 9 11 mmho 11 

Bandwidth at -3 dB Point BW VCC - 10 V, 13 - 2 rnA 11 - 4.3 - MHz' 11 

Input Impedance ZI VCC - 10 V, 13 - 2 rnA 
I-1KHz 

12 - 460 - .kG 12 

Output Impedance Zn 13 - 2 rnA, I - 1 KHz 13 - 170 - kG 13 
Common-Mode Rejection Ratio CMR 13 - 2 rnA, I - 1 KHz - - 65 - dB -
AGC Range AGC 13 - 2 rnA, I - 1 KHz 11 - 60 - dB -

Terminal No.3 Grounded 
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DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 

VOLTS 92CS-15423 

Fig.9. Typical capacitance for each transistor. 
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DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 
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OO(]5L}[] Linear Integrated Circuits 

Solid State 
Division CA3052 

Special-Function Sub-System 
Stereo Preamplifier 

The RCA CA3052 is a silicon monolithic integrated 
circuit designed specifically for stereo preamplifier 
service. The circuit consists of four independent AC 
amplifiers which can operate from a singl~ended sup
ply. 

The CA3052 can operate as an equalizer amplifier 
in tape recorders, magnetic cartridge phonograph ap

plications, and tone control amplifiers. The CA3052 
can provide all of the amplification necessary for a 
full-function stereo preamplifier. 

The CA3052 is supplied in a 16-lead dual-in-line 
plastic package. 

APPLICATIONS 

• Full .. function stereo preamplifiers 

• Tope recorder and playback preamplifiers 

• Tone Generators 

RCA CA3048 Amplifier Array (File No.377) is schematically 
identical with the CA3052. Each amplifier of the CA3048 is 
tightly specified for equivalent output noise under a variety 
of test methods. The CA3052 is specified using RIAA test 
methods for equivalent input noise using one test method for 
amplifiers 1 and 4, and an appropriately different method for 
amplifiers 2 and 3. 

FOUR INDEPENDENT 
Ae AMPLIFIERS 

", For Stereo Preamplifiers, 
Magnetic Pickups, I) • 

T ape Heads, etc. 
CA3052 

FEATURES 

• Four AC amplifiers on a common substrate 

o Independently accessible inputs and outputs 

• Operates from single-ended supply 

EACH AMPLIFIER 

o High yoltage gain •••••••••••••• 53 dB min. 

• High input resistance ••••••••••• 90 k n typo 

• Undistorted output yoltage •••••••• 2 V rms min. 

• Output Impedance ••••••••••••• 1 k il typo 

• Open-loop bandwidth ••••••••••• 300 kHz typo 

Fig.1 - Block diagram of stereo preamplifier using CA3052. 

11-73 
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ABSOLUTE·MAXIMUM RATINGS at TA = 250(:: 

DISSIPATION: 

Up to TA= 55°C ••• 
Above T A = 55°C 

TEMPERATURE RANGE: 

• • • • •• 750mW 
Derate lineerlv at 7.7 mWI"C 

Operating. . . . . 
Storage. • • • • • 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16± 1/32 inch (1.69 ±0.79 mm) 
from case for 10 seconds max. 

POWER SUPPLY VOLTAGE • 
ACINPUTVOLTAGE ••• 

-400C to +860C 
~50C to +150oC 

+2650 C 

+16V 
0.5 V rms 

MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
'voltage range between vertical terminal 2 and horizontal terminal 4 is -12 to ·3.6 volts. 

1~:- 1 2 3 4 5 6 7 8 9 
No. 

1 +16 • * • * • • • 0 

2 +2 +2 +2 • -3.6 0 • • -3.6 -3.6 

3 +5 • • • • * -5 

4 +3.6 • • • • -2 '. 
5 0 • +2 +2 

-16 -3.6 -3.6 

6 • • • 

7 +5 · -5 

8 * 

9 

10 

11 

12 

13 

14 

15 

16 

• Voltages are not normally applied between these terminals. 
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Voltages appearina between these tenninals will be safe if the 
specified limits between all other terminals are not exceeded. 

10 11 12 13 

• • · • 
+16 +2 • • 0 -3.6 

• • • • 

• • • • 

• 0 +16 +2 
-16 0 -3.6 

• • · 0 
-16 

· • • • 

• • • • 
+5 • • · -5 

• • · 
• • 

0 
-16 

14 15 16 

• 0 • -16 

+16 0 • 0 -16 

• • • 

• • • 

• +16 
0 • 

· • • 

· • · 
• • • 

· • • 

• • • 

• • • 

· • • 
+5 • • -5 

• • 
+16 

0 
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ELECTRICAL CHARACTERISTICS at T A = 25° C 

TEST 
CIR· LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS CUlT CAJ052 

FIG. MIN. TYP. MAX. 

STATIC 

Current drain per amplifier pair IIZ-or 115 Vee=+IZV 3 9.5 13.5 17.5 

De Voltage 
at Output Terminals 

VI' V6, 
Vn , VI6 Vee=+IZV 3 6.1 6.9 8.1 

De Voltage 
at Feedback Terminals 

v3• V7r 
VIO' VI4 

Vee = +lZV 3 1.7 Z.O 2.3 

De Voltage 
at Input Terminals 

V4, V8, 
V9, VI3 Vee=+12V 3 Z.Z Z.5 2.8 

DYNAMIC each amplifier with no AC feedback unless otherwise noted-terminals 3, 7, 10, & 14 bypassed to ground 

Vee = +IZV 
Open·Loop Gain AoL EIN =ZmV 6 

f=IOkHz 

Open-Loop 
Vee=+IZV 

VO(rms) f = 1kHz 6 
Output Voltage Swing THO =5% 

Open-Loop ·3 dB Bandwidth BW 
Vee = +IZV 
EIN = ZmV 6 

Open·Loop THO Vee = +lZV, f = I kHz 6 
Total Harmonic Distortion EOUT = ZV rms 

Input Resistance RI Vee = +IZV, f = 1kHz -

Input eapacitance e l Vee=+IZV,f=IMHz -
Output Resistance Rd Vee = +IZV, f= 1kHz -
Feedback Capacitance 

Vee=+IZV 
(Output to non- e FB -
inverting Input) f = IMHz 

Equivalent Input Vec=+IOV 
Noise Voltage ENI * RS = 5k.o 12 
(Amplifiers I & 4), A =45dB 
He" Fi Iter at Output* 

Equwalent Input 
Vee = +IOV Noise Voltage 

EN2* RS = 5k.o n (Amplifiers 2 & 3) 
RIAA eompensated* 

A =64dB (1kHz) 

Inter-Amplifier Audio Vee = +12V 
Separation "Cross Talk" f = 1kHz 13 

OdB = 0.78 V 

Inter-Amplifier Capacitance 
Vee = +12V 

(Any amplifier output to e -
any other amplifier input) f = IMHz 

OPer IHF Standard Methods of Measurement for Audio Amplifiers IHF-A-20I, 1966 

* ac feedback included in test circuit 

53 58 -

Z.O Z.4 -

- 300 -

- 0.65 -

- 90 -
- 9 -
- I -

- <0.1 -

- 1.7 6.4 

- 4 15.0 

- <-45 -

- < 0.02 -

TYPICAL 
CHARAC' 

UNITS TERISTICS 
CURVES 

FIG. 

rnA 4,5 

V -

V -

V -

dB 7,8 

V -
kHz 9 

% 10 

k.o -
pF -
k.o -

pF -

J.LV -

J.LV -

dB -

pF -

291 



CA3052 File No. 387 

7 4 

RI3 R'4 R'5 
lOOK 250 lOOK 

R'7 

R23 R24 
30 K 

RI9 R25 R26 R22 
IK 7.5K 750 IK 7.5K 750 

12 10 

R27 R2B R31 Vee R32 R33 
IK 7.5K 750 IK 7.5K 

R29 
R37 30K R3B R39 
rOOK 250 lOOK 

II 

13 

NOTE' ALL RESISTOR VALUES ARE IN OHMS 92CM-15412 

Fig. 2. Schematic diagram for CA3052. 

ICUT 

• CONNECT TO APPROPRIATE TERMINAL TO READ VOLTAGE 
92CS-15413 

Figa 3· Test circuit for measurement of collector 
supply voltage and currents. 
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j 

" ~ 10 

~ 
g 5 

14 16 

DC SUPPLY VOLTS (Vee) 
9255-4120 

Fig. 4· Typical DC supply current vs supply voltage. 
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CA3052 

COLLECTOR SUPPLY VOLTS IVCC,·tI2 

.. 

'50 o '" 100 150 

AMBIENT TEMPERATURE ITA1--C 
9ZCS-15458 

Fig. 5· Typical DC supply current vs ambient 
temperature. 

E, 
·SIG. 
GEN. 

10000 

" 
··OUTPUT·· TO VTVM HP4DDO OR EQUIVAl.ENT 

··INPur·· 

.Vcc 92C5-15412 

• Sig. Gen. should be a low distortion type (0.2% THO or less) 
HP206A or equivalent. 

• Adjustment of Eg to 2 volts will make Es =2mV. 

Test Ciralit shows Amplifier #1 under test, to test Amplifiers 2, 3, 
or 4; Connect terminals as st)own in Table. 

AMPLIFIER 
TERMINALS 

OUTPUT INPUT BYPASS 

1 1 4 3 

2 6 8 7 

3 11 9 10 

4 16 13 14 

Fig. 6· Test circuit lor measurement 01 distortion, 
open./oop gain, and bandwidth characteristics. 

INPUT SIGNAL VOLTAGE IEIN). ImV RMS 
OPERAT"G FREQUENCY (II- I kHz 

~ 60 AMBIENT TEMPERATURE (TA)-25·C 

I 
-:. 
~ 
z 
~ 40 

'" 

10 

DC SUPPLY VOLTS (VCC1 

15 20 

92CS-t54fil 

Fig. 7· Typical amplilier gain vs DC supply voltage. 

1 60 

~ 50 
% 

§ 40 

ili 
~ 30 

-25 

COLLECTOR SUPPLY VOLTS (Vee)" +n 
AilS INPUT SIGNAL MILliVOLTS (EIN) .. 1 
OPERATING FREQUENCY "IIcHz 

25 so 75 100 

AMBIENT TEMPERATURE (T AI_oC 
9ZCS'"15467RI 

Fig. 8. Typical open./oop gain vs ambient temperature. 

COLLECTOR SUPPLY' VOLTS (Vecl .. + 12 

7D 
AMBIENT TEMPERATURE (T JJ .. 2Soe 

..... 
~ 

\ 

" 
10 

1 10 100 1000 10,000 100.000 

FREQUENCY' {f)-"H~ 
92CS-15468 

Fig. 9. Typical open./oop gain vs Irequency. 
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COLLECTOR SUPPLY VOLTS. + 12 
AMS OUTPUT VOLTS CEol -2 ,". 

~ 3 OPERATING FREOUENCY (f)aIItH 

~ 
~ 
~ 2 

rl 

-2' o 50· 75 100 
AMBIENT TEMPERATURE (TA)--C 

9ZCS -15462 

Fig. JO •• Typic,,1 tot,,1 ""rmonic distortion 
vs _bient temperature. 

o.~ 
1-1i:v .1-

1.8K ... 

·ee 

*Resistors are low noise precision (1%) Metal Film type. 

Fig. JJ. Test circuit lor equivalent input noise 
voltage measurement, RIAA compensated. 
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1500,F I 

100 

VTVM, HP.tOGD 
OR EQUIVALENT 

• Vee 92n-4IU 

.Resistors are low noise precision, (1%) Metal Film type. 
Resistor values are in ohms; capacitance values are 
in microfarads. unless otherwise specified. 
Fig. J 2· Test circuit for measurement of equivalent 
input noise voltage of amplifiers J and 4. 

V.T,V.M,- V.T.V,M-

r:S"IG"'N"'A:-L-::G=EN:::E:::R::AT=OR~ 0.0 F 
HP650 OR 
EQUIVALENT 

92CS'I5471 

.V.T.V~ •• Hewlett-Packard Model 4000 or equivalent. 
Procedure: 
1. Adjust Signal Generator for 0 dB output at reference terminal. 

2. Read voltage at other oulpul terminals (Figure shows lermlnal #1 
used as reference). 

Fig. J3· Test circuit for measurement of inter'amplifier 
audio separation "cross tal"" characteristic. 
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CHANNEL '"A'" 
MAGNETIC·PHONO INPUT 

lOOK 

47 

NOTES: 

560 

U Resistor values are in ohms. capacitance values are 
in microfarads, unless otherwise specified. 

270 

Vcc(12 TO 14 VOLTS) 

5 CHANNEL'" A'" 
15V OUTPUT 

TO 
1.5K POWER 

'-----.... -'I./V'\r.... AMPLIFIER 

0.005 
RI 

0.015 
22 

50 

22 
r- -"v"yA.,
I 

0.1 J_ 
IT 
=t 

TO 
TERMINAL 14 

(CHANNEL '"B'") 

BALANCE 
LINEAR TAPER 

92SS-412J 

3) RV' volume control potentiometer, 15000 ohms 
tap at 6000 ohms with logarithmic taper of- . 

2) Rl and R2 resistor values are selected for a 4) RBI bass control potentiometer, 25000 ohms. 
sensitivity of 3mV input at "l kHz. 5) RT• treble control potentiometer. 25000 ohms. 

Fig. 14 - Typical magnetic phono pre-amplifier 
using CA3052. 

Typical Performance Data/Channel 
For Stereo Preamplifier 

Magnetic-Phono Input 

Voltage Gain at f = 1 kHz •••••••••• 47 dB 

Noise and Hum:-
Full volume •••.•••••••••••••• ~60 dB below 40 W 
Zero volume •••••••••••••••••• -80 dB below 40 W 

Boost and Cut: 
Bass at f = 100Hz ••••••••••••• ± 10dB 
Treble at f = 10 kHz ••••••••••••• ± 10 dB 

Channel Separation at f = 1 kHz •••••• > 40 dB 

Input Equalization, RIAA •••••••••• ± 2 dB 

"'This control, (part No. 11782-JM. type Q-T4--2G) may be obtained 
by contacting CTS Asheville Inc., Mills Gap Rd., Skyland, N. C. 
28872. Guide for potentiometer manufacturers refer to Buyers'. 

*Measurement made with. preamplifier connected to 4().watt 
Quasi-Complementary Symmetry audio amplifier circuit. 
For circuit details Bee RCA publication, Form No. 2Ll11l. 
To construct channel B circuit, duplicate channel A com ... 
panent circuit values to the appropriate channel B terminal 
as shown in table. 

Channel B Channel A Circuit 
Terminal No. Terminal No. Description 

9 8 input 
10 7 feedback 
11 6 interstage output 
13 4 interstage input 
14 3 feedback 
16 1 output 

295 



CA3052 

" 

30 

20 

10 
I 

COLLECTORSUPPLYYOLT!(YCC)' '12~1 .J J III I III 
OPERATING FREQUENCY (0 " 1 kHI 005 !/oF 

--.~"".~, ~ 
I II 14 _ 16 

r--i' SIGNAL + 200 V.l Y M 
GEN f.F H.P TYPE 
f ~ UHI 400 D 

I'... RFB (OR EQUIV.) 

- = 
I i I , 

I' 
I K 

I 
i"-r--. 

10 100 1000 10,000 100,000 
RESISTANCE IN FEEDBACK CIRCUIT (RFBl _ OHMS 

Fig. 15 - Typical amplifier gain vs feeclbaclc resistance 
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OPERATING CONSIDERATIONS 

Economical Gain Control 

The CA3052 is designed to pennit flexibility in the 
methods by which amplifier gain can be controlled. 
Fig. 15 shows a curve of the gain of an amplifier when 
when the internal resistive feedback of the device is 
used in conjunction with an external resistor. Although 
measured gain of various amplifiers will not be uni
fonn, because of tolerances of intemal resistances, 
this method is very economical and easy to apply. 

Stability 

The CA3052, as in other devices having high gain
band-width product, requires some sttention to circuit 
layout, design, and construction to achieve stability. 

Should the CA3052 be left untenninated, socket cap
acitance alone will provide sufficient feedback to 
cause high frequency oscillations; therefore, all test 
circuits in this data bulletin include loading networks 
thst provide stability under all conditions. 
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OOctBLJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3058,CA3059,CA3079 

CA3058 

~ 
Zero-Voltage Switches 
For 50/60 and 400 Hz Thyristor Control Applications 

Features CA3058 ~ CA3079 
, . • 24V. 120V. 208/230V, 2nv at 50 6O,or 

14-Lead Dual·ln-Line 
Ceramic Package 

400 Hz operation •......•........••..• V V V 
• Differential Input .................... V V V 
• Low Balance Input Current (max.I·IlA ..... 2 

CA3059 
CA3079 • Built·in Protection Circuit for 

opened or shorted sensor (Term. 141 ..... V V 
• Sensor Range (Rxl - kn .............. 2toloo 2to 100 2to50 
• DC Mode (Term 121 . _ ................. V V 
Ii External Trigger (Term. 6) ..•••....••.•• V V 
• External Inhibit (Term. 11 .............. V V 

14-Lead Dual-In-Line 
Plastic Package • DC Supply Volts (max.1 ............... 14 14 10 

• Operating Temperature Range - DC .•.•.•. -55 to -40 to -40 to 

RCA CA3058, CA3059, and CA3079 zero-voltage switches 
are monolithic silicon integrated circuits designed to control 
a thyristor in a variety of AC power switching applications 
for AC input voltages of 24 V, 120 V, 208/230 V, and 
277 V at 50/60 and 400 Hz. Each of the zero-voltage switches 
incorporates 4 functional blocks (See Fig. 2) as follows: 

1. Limiter-Power Supply - - Permits operation directly from 
an AC line. 

2. Differential On/Off Sensing Amplifier . . Tests the 
condition of external sensors or command signals. Hyste' 
resis or proportional'control capability may easily be 
implemented in this section. 

3. Zero-Crossing Detector· - Synchronizes the output pulses 
of the circuit at the time when the AC cycle is at zero 
voltage point; thereby eliminating radio-frequency inter
ference (R F I) when used with resistive loads. 

4. Triac Gating Circuit - - Provides'high-current pulses to the 
gate of the power controlling thyristor. 

In addition, the CA3058 and CA3059 provide the following 
important auxiliary functions (See Fig. 2): 

1. A built-in protection circuit that may be actuated to 
remove drive from the triac if the sensor opens or shorts. 

2. Thyristor firing may be inhibited through the action of an 
internal diode gate connected to Terminal 1. 

3. High-power de comparator operation is provided byover
riding the action of the zero-crossing detector. This is 
accomplished by connecting Terminal 12 to Terminal 7. 
Gate current to the thyristor is continuous when Terminal 
13 is positive with respect to Terminal 9. 

For an explanation of these functions see Operating Con
siderations, page 8. For detailed application information, 
see companion Application Note ICAN·6182, "Features 
and Applications of RCA Integrated-Circuit Zero-Voltage 
Switches (CA3058, CA3059, and CA3079)". 
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125 85 85 

Applications 
• Relay control • Heater control _ Photosensitive control 
• Valve control _ Lamp control • Power one-shot control 

• Synchronous switching of flashing lights 
• On-off motor switching 
• Differential comparator with self-contained power supply 

for industrial applications 

MAXIMUM RATINGS. Absolute Maximum Values. at T A =2SOC 

DC Supply Voltage (between Terms. 2and 7): 

CA3D58. CA3059 ................. _ ... _ . . 14 V 
CA3079 . _ ...... _ . _ . . . . . . . . . . . . . . . . .. . . . 10 V 

DC Supply Voltage (between Terms. 2 and 8): 
CA3058. CA3059 . _ .. _ . _ .......... ____ . .. 14 V 
CA3079 _ ..... _ .... ___ . . . . . . . . . . . . . .. . . . 10 V 

Peak SupplV Current (Terms. 5 and 71 • • . • . . . • • . • • • ±.SO rnA 
Output Pulse Current (Term. 4). • • • • • • • • •• • • . • • •• 150 rnA 

Power 0 issipation: 

Up to T A • 750 C .. CA3058 ............... 700 mW 
Up to T A = 550 C - - CA3D59, CA3079 ...... _ 700 mW 
Above T A = 75DC • - CA3058 ••••••• Derate Linearly 8 mW/oC 
Above T A = 55°C· CA3059, CA3079 Derate linearly6.67 mW/OC 

Ambient Temperature Range: 

Operating ..•.•......•....... ~ ..•..... ·55 to +125 DC 

Storage .•..•....••••..•.••.......•. , .• ·65 to +150oC 

Lead Temperature (During Soldering) 
At distance 1/16 ± 1/32" 0,59 ± 0.79 mml 
from case for 10 seconds max. • •••••••••••• + 265°C 
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CA3058, CA3059, CA3079 ________________ , ___ _ 

At 
LIN[ 
INPUT 

I 

I 
I 
I 
i L ___________ _ 

ALL RESfSTMCE VALUES AR£ IN OHMS 

NOTE: CIRCUITRY,WITHIN SHADEO:AREAS, NOT INCLUDED IN CAlon 

.. Ie-INTERNAL CONNECTION - - DO NOT USE' TERMINAL 
RESTRICTION ApPt,IE$ ONLY TO CA5079 J 

File No .. 490 

Fig.1-Schematic diagram of zero-voltage switches CA3058. CA3059 and CA3079. For functional block diagram see Fig. 2. 

MAXIMUM VOLTAGE RATINGS .tTA = 25°C 

TERM-
INAL 1 2 3 4 ~;. 6 7 8 9 10 
NO. ote Not 

3 1 3· 

1 . . . · 15 10 · · · Note 3 0 -2 

0 0 2 0 O· O· 0 0 2 
-15 -15 -14 -14 -14 -14 -14 -14 

3 0 · . . · · · -15 

4 · 2 . · · · -10 

5 . 7 · · .' 
Note 1 ~7 

6 14 · · · Nota 3 0 

7 · 14 · 0 

8 10 · 0 

9 · 
10 

11 

12 
Note 3 

13 

14 
Note 3 
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11 12 13 14 
Note Not. 

3 23 

· , · · 
0 · 0 0 
-14 -14 -14 

· · · · 
· · · · 
· · · · 
· · · · 

20 2.5 14 6 
0 2.5 0 -6 

· · · · 
· · · · 
· · · · 
· · · 
· · 
· 

This chall gives theunge of voltages 
which can be applied to the terminals 
listed horizootally with respect to Ihe 
lerminals lisled vetlically. For example, 
the vollage range of horizonlal Terminal 6 
10 vertical Terminal 4 is 210 -10 volls. 

Note 1- Resislance should be inserled 
belween Term. 5 and extemal supply or 
line vollage for limiling currenl into 
Term. 5 10 less Ihan 50 mAo 

Nole 2·- Resislance should be inserled 
between Term. 14 and extemal supply 
for limiling currenl inlo Term. 14 10 
less than 2 mAo 

NOTE 3: For the CA3079 indicaled terminad 
is inlernally connected and lherefore, 
should nol be used. 

·For CA3079 (0 Io-IOY) 

"voltages are not normally applied between 
these terminals; however; voltages appear-
ing between lhese lemiinals are safe, if the 
specified voltage limils between all oIher 
terminals are nol exceeded. 

MAXIMUM 
CURRENT 
RATINGS 

liN lOUT 

rnA rnA 

10 0.1 

ISO 10 

--;-r-;-
- r--
0.1 150 

- r----
50 10 

--;-r-;-
- r--· · 
Q.j: ~ 
r-;- ---;-

r-:-~ 
f- -· · f- -

50 50 
- -· · - c---
2 2 
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NEGATIVE TEMPERATURE COEFFICIENT 

AC Input Voltage Input Series Dissipation Rating 
(50/60 or 400 Hz) Resistor (RS) 

VAC kn 

24 2 
120 10 
208/230 20 
277 25 

NOTE: 
Circuitry, within shaded areas, not included in 
CA3079 

• See chart above 

for RS 
W 

0.5 
2 
4 
5 

.. Ie = Internal Connection - - 00 NOT USE (Terminal Restriction" 
applies onlv to CA3079). 

Fig.2-Functional block diagrams of the zero·voltage switches CA3058, CA3059 and CA3079. For schematic diagram see Fig. 1. 

92$$.4255 

Fig.3a-DC supply voltage test circuit for CA3058, CA3059 
andCA3079. 

6.5 

;'6.0 

i 
i 
Ii 
"J 
m 
15 

u 

5.' 

'.5 

L, 
... 
• 

120 V us, SO/6O-H1 OPERAnO" 
AMBIENT TEIAPERATURE (TAt. 250 C 

" 
~ 

~ 

~ \ 
~ 

~ 
~ 

'i 
~ 

~ 

s. s 

,~ 

S\;~ 
~ 

'\ 

EXTERNAL LOAD o.tRREHT 'IL) _ .. A 

Fig.3c-DC supply voltage vs. external load current for 
CA3058, CA3059 and CA3079. 

., 
~ 6.75 

!:; 
~6.50 

iil 
g6.25 
-' .. z 
156.00 ... 
z 

•. 75 

120wy RMS, 50160,,", OPERATION 
INPUT RESISTANCE IRst-IO lin 
NO EXTERNAL LOAD 

4 ~ _ 0 ~ ~ 75 ~ ~ 

AMBIENT TEMPERATURE ITA )_·C 82CS·1I01S 

Fig.3b-DC supply voltage os. TA for CA3058, CA3059and 
CA3079. . 

GATE TRIGGER VOLTS (VGY) 

Fig.4-Gate trigger current vs. gate trigger voltage for 
CA3058. CA3059 and CA3079. 
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ELECTRICAL CHARACTERISTICS (For all typas. unloss indicatad otherwisel 
All voltages ar. m_ured with respoet to Terminal 7. 

TEST CONDITIONS 

TA=250 C 
(Unles. Indicated Otherwisel 

CHARACTERISTIC SYMBOL CIRCUIT 

Fig. No. 

For Operating at 120V rms, 50·60 Hz (AC Lina Voltagel-

DC Supply Voltage: 
Inhibit Mode 

At 50/60 H.z RS = 10 k n, I L = 0 
At 400 Hz RS = 10 k n, I L = 0 
At 50/60 Hz RS = 5 k n, IL = 2 rnA 

Pulse Mode 
At 50/60 Hz Vs 3a RS=10kn,IL=0 
At 400Hz RS - 10 k n. I L - 0 
At 50/60 Hz RS = 5 k n, I L = 2 mA 
At 50/60 Hi (CA305BI RS-l0k n, IL =0 

TA='S5to 12SoC 

Gate Trigger Current IGT(41 5a Terms 3 and 2 connected, VGT=IV 

Peak Output Current (Pulsedl: 
With Internal Power S~pply Term. 3 open, Gate Trigger Voltage 

(VGTI = 0 
IOM(4) 5a Terms.3 and 2 CO'1nected, Gate Trigger 

Voltage (VGTI = 0 

With External Power Supply Term. 3 open, V+ = 12V, VGT=O 
IOM(4) 6a Terms 3 and 2 connected V + = 12V, 

VGT =0 

Inhibit Input Ratio: 7a Voltage Ratio of Term. g"to 2 
All Types V9N 2 
CA305B TA-·5Sto 12SoC 

Total Gate Pulse Duration: 
. 

For positive dv/dt 
50·60 Hz tp Sa CeXT = 0 
400Hz tp CeXT - 0, ReXT - ~ 

for negative dv/dt 
50·60 Hz tN Sa CeXT = 0 
400Hz tN CeXT - 0, ReXT - ~ 

Pulse Duration After Zero 
Crossing (50·60HZ): 

. For positive dv/dt tpl Sa CeXT = 0 
For negative dv/dt tNl Sa ReXT = ~ 

Output Leakage Current 
Inhibit Mode: 

All Types 14 -
CA305B TA = ·55 to 1250 C 

I nput Bias Current: 
CA305B, CA3059, 11r- 10 
CA3079 

Common·Mode Input 
Voltage Range VCMR Terms. 9 and 13 connected 

Sensitivity *' 
(Pulse Model .:l.V13 5a Term. 12 open 

4Requlred voltage change at Term.13 to either turn OFF the tnac when ON or turn ON the triac when OFF. 

·Pulse duration in 50 Hz applications is approximately 15% longer than shown in Fig. 8b 

Typical 
Cha .... LIMITS UNITS 
teristics 

Curves 
Fig.No. Min. I Typ. I Max. 

3b 6.1 6.5 7 V 

- - 6.B - V 
3c - 6.4 - V 

3b 6 6.4 7 V 

- - 6.7 - V 

3c - 6.3 - V 

- S.S - 7.S V 

4 - lOS - mA 

Sb SO B4 - mA 

Sb 90 124 - mA 

Bb,c - 170 - mA 

6b,c - 240 - mA 

7b 0.46S 0.485 0.S20 -

0.450 - 0.520 

Bb 70 100 140 IJS 
Bd 12 I1S 

Bb 70 100 140 I1s 
Bd - 10 - IJS 

Be - 50 - I1S 
Be 60 IJS 

9 - 0.001 10 I1A 

20 !.!A 

- 220 1000 nA 

220 2000 nA 

- 1.5 to - V 
5 

12 - 6 - mV 

e-rhe values given in the Electrical Characteristics Chart at 120V also apply for operation at input voltages of 24V, 208/230V, and 277V., except for Pulse Duration. 
However, the series resistor (ASI must have the indicated value, shown in the chart in Fig. 2, for the specified input voltage. 
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CA3058, CA3059, CA3079 

ALL RESISTANCE VALUES ARE IN OHMS 92S$.126] 

Fig.5a-Peak output (pulsed) and gate trigger current with 
internal power supply test circuit for CA3058, 
CA3059 and CA3079. 

R, 
10k 

12DVRMS 
SOH, 

ALL RESISTANCE 
VALUES ARE 

y+ 

OSCILLOSCOPE 
T g WITH 

_1" ~~~t·"N 

I" OHMS SlSSoC26G 

Fig.6a-Peak output current (pulsed) with external power 
supply test circuit for CA3058 and CA3059. 

~ 
~ 
~ 

iii 

~ .. 
" I 
~ 

"" 
200 
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'00 

so 

120 V RM5. SO/6D·Ht OPERATICN 
""BIEHT TEMPERATURE (TAl = 25° C 
GATE TRIGGER VOLTAGE (VGT) = 0 v 

10 IS 

EXTERNAL POWER SUPPLY YOLTS (y+) 9ls:H264 

Fig.6b-IOM vs. external power supply voltage for CA3058 
andCA3059. 

l' 
o.!:iJ 
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"' -' 
" .. 
~150 

It 
:f 

~125 

:f 

~IOO 

!; 
075 
~ .. 
It 50 

120-V RMS~50/6()'Hl OPERATION 
GATE TRIGGER VOLTS (VGT'-O 

-75 -50 -25 0 25 so 75 100 125 
AMalENT TEMPERATURE (TAI""",,:,GC 

9ZCS-la068 

Fig.5b-IOM vs. TA for CA3058, CA3059 and CA3019. 

AMBIENT TEMPERATURE (TAI-GC 
92CM-18064 

Fig.6c-IOM with external power supply vs. TA for CA3058 
andCA3059. 
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CA3058. CA3059. CA3079 

Fig.7a-lnput inhibit ratio test circuit for CA3058, CA3059 
andCA3079. 

ALL RESISTANCE VALUES NDTE: CIRCUITRY WITHIN SHADED AREA 
ARE IN OHMS MDT INCLUDED IN CAlOn 92$S·42IQ 

Fig.Sa-Gate pulse duration test circuit with associaied wave. 
form for CA3058, CA3059 and CA3079. 

llOY RIS 50/60-Hz OPERATION 
AMBIENT TEMPERATURE (TAl. 2s- C 

.1 0.02 0.03 0.04 0.05 0.06 0.07 D.DB 0.09 0.1 
EXTERNAL CAPAOTANCE (c EXT )_ .. F .....,. 

Fig.Be-Pulse duration after zero crossing vs. external capa· 
citance for CA3058, CA3059 and CA3079. 
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File No. 490 

120-v RMS, 50-60 Hz OPERATION 

-50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE 11A)--C 92CS-18087 

Fig.7b-lnput inhibit voltage ratio vs. T A for CA3058, 
CA3059 and CA3079. 

120 V RMS, 50161HI:& OPERATION 
AMBIENT TEMPERATURE (TAl- 2S" C 

tp (pOSrnve tI,."tlt) 

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 

EXTERNAL CJ,p ACIT ANCE IC(EXT) I ""II F 

Fig.8b-Total gate pulse duration vs. external capacitance for 
CA3058, CA3059 and CA3079. 
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§ 

~ 
10 
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• '00 

EXTERNAL RESISTANCE IR.EXT 1_ 110 
ms-.Z8Z 

Fig.8d-Total gate pulse duration vs. external resistance for 
CA3058 and CA3059. 
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100. 120V RMS SO/60-Hz OPERATION 

~ 
!:! .. ., 
0: ., .. ,. .. 
0 
Z .. z ., .. .. 
" .. 
~ 
0-

" .. 
0-

" 0 

• INPUT RESISTANCE (RSJ -100 leA 
4 NO EXTERNAL LOAD 

I 2 

II 10 • • · I 

2 / 
I. / 
• 
4 ./ 

2 

0.1 - - - -80 60 40 20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE CTA)-- C 

92C5-18063 

Fig.9-0utput leakage current (inhibit mode) lIS. T A for 
CA3058, CA3059 and CA3079. 

220V RMS .1 I .1. I 
50/60-Hz OPERATION CURVE FREQUENCY 

300 INPUT RESISTANCE 'Rs,·,o,n A I 50 HI} 'pIFOR POS,T.VE 

E- B 60HE dv/dll 
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~ :~ ~~} t 1:~'d~rGAnVE Ii 

5 
~ 200 

~ -
'Oo.a 

~ ::::::-- ::::::--
~ 
~ :::::--

~ ~o 
1! 
I! 

0.02 0,04 0.06 0.08 D.' 
EXTERNAL CAPACITANCE-p.F 

600 220 V RM5, !5O/50-Hz OPERATION 
INPUTRESI5TANCE tRsl-'OkQ 

~":. 

~~ 400 • L--
5;;; 

..-::::: :::::: C:1: ~ ~~ --~~ t;:::::: ~::::::::;...- 0 

i~ f.::::::: -- I 
~z 200 g;;;: ~ CURVE FREQUENCY 
!;I~ ~ A I ~O HI} 'N,'FOR NEGA-,,'" S 60 Hz TIVE dv/dtl 

~ C !SO HZ} tpllFOR POSI-
o 60 Hz liVE dv/dtl 

Q02 ().()4 0.06 0.08 OJ 
EXTERNAL CAPACITANCE-,.F 92(;S-11I069 

CA3058. CA3059. CA3079 

Y+. 6Y 

....... 
Fig.IO-lnput bias current test circuit for CA3058, CA3059 

andCA3079. 

600 220 V RMS, SO/60-Hz OPERATION 

I I 
INPUT RESISTANCE I RS1. 20 k.n 

;.00 ~ 
f--I--I-- . -- 0_ 

~ - _I--f--- 0 -

~ p - -:::: 
w 200 CURVE I FREQUENCY'-
~ ~ ~ ~ A If "'} 'P {FOR POSl-~ B 60 Hz TIVE dv/dtl _ 
1! 
g ~ ~ ~:} 'N(~~:E ~;~:ti 

0.02 0.0 4 QOO 00. D.' 
EXTERNAL CAPACITANCE:-,..F 

92CS-18070 

220 V RMS 
50'iiO- Hz OPERATION 

600 INPUT RESISTANCE -j----t----+......",....:~ 
IRS}·20k.n 

0.02 

FREOUEP«:Y 

i&~} tNII~!',:t~GATIVE 

~g ~:} tpi IF~~:?SITlVE 

0.06 0.08 0.1 

EXTERNAL CAPACITANCE-"F 
SJ2CI-18071 

Fig. I I-Relative pulse width and location of zero·voltage crossing for 220-volt operation for CA3058, CA3059 and CA3079. 
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SENSOR RESISTAN'CE=5 k.Q 

18 c: 30 

~ ~ 
~ ~ TERMS. 7 AND 12 CONNECTED 56 P.NO Cp.3059\ 

'> 12:2 20~IDCIGAI'iElcluiRRIEINITjMIOiOEI\lcAl~l~i~~~~ ::! ~ 
~ z 
~ e 
en ~ ,('(9£5\ 
~ 6 a:: 10 TERM. 12 OPEN ~OE "p.\...\. 

g PULSED GATE CURRENT M 

~ 
<I 

-75 -SO -25 o 25 50 75 IDO 125 
AMBIENT TEMPERATURE (TA)-OC 

Fig. 12-Sensitiviry 1'$. TA. 92CS-180'12 

~ IIIIIIIIIIIIIIIIIIIIIIII! 
e 

i " ~I'RE' OF' NORI"Q+l++1 

I I. 
AMBIENT TEIIPERI.TURE _oC 

9~ZB3 

Fig . .13-0perating regions for built·in protection circuit for 
CA3058 and CA3059. 

OPERATING CONSIDERATIONS 

Power Supply Considerations for CA3058, CA3059 and CA3079 

The CA3058, CA3059 and CA3079 are intended for operation as 
self-powered circuits with the power supplied from an AC line 
through a dropping resistor. The internal supply is designed to 
allow for some current to be drawn by the auxiliary power '~ircuits. 
Typical power supply characteristics are given in Figs. 3b ~nd 3c. 

Power Supply Considerations for CA3058 and CA3059 

The output current available from the internal supply may not be 
adequate for higher power applications. In such applications an 
external power supply with a higher voltage should be used with a 
resulting increase in the output level. ISee Fig. 5 for the peak 
output current characteristics). When an external power supply is 
used, Terminal 5 should be connected to Terminal 7 and the 
synchronizing voltage applied to 'Terminal 12 as illustrated in Fig. 5a. 

Operation of Built-in Protection for the CA3058~ CA3059 

A special feature of the CA3058 and CA3059 is the inclusion of a 
protection circuit which, when connected, removes power from the 
load if the sensor either shorts or opens. The protection circuit is 
activated by connecting Terminal 14 to Terminal 13 as shown in Fig. 
2. To assure proper operation of the protection circuit the following 
conditions should be observed: 

1. Use the internal supply and limit the external load curr"nt to 
2mA with a 5k n dropping resistor. 

2. Set the value of Ap and sensor resistance (AX) between 2k n 
and 100k ll. 
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3. The ratio of RX to Rp. typically. should be greater than 0.33 
and less than 3. If either of these ratios is not met with an un
modified sensor over the entire anticipated temperature range. 
then either a series of shunt resistor must be added to avoid 
undesired activation of the circuit. 

If operation of the protection circuit is desired under conditions 
other than those specified above. then apply the data given in Fig. 13 .. 

External Inhibit Function for the CA3058 and CA3059 

A priority inhibit command may be applied to Terminal 1. The 
presence of at least + 1.2V at 10 IJA will remove drive from the 
thyristor. This required level is compatible With OTL or T2L logic. 
A logical 1 activates the inhibit function. 

DC Gate Current Mode for the CA3058 and CA3059 

Connecting Terminals 7 and 12 disables tha zero-crossing detector and 
permits the flow of gate current on demand from the differential 
sensing amplifier. This mode of operation is useful when comparator 
operation is desired or when inductive loads are switched. care 
must be exercised to avoid overloading the internal power supply 
when operating in this mode. A sensitive gate thyristor should be 
used with a resistor placed between Terminal 4 and the gate in order 
to limit the gate current. 

Companion Application Notes. ICAN-6168 and ICAN-6268 provide 
detailed descriptions of the circuit operation and include many useful 
control applications for the zero-voltage switches. 
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OO(]3LJD Linear Integrated Circuits 
Solid State 
Division 

16-LEAO DUAL·IN·LINE 

CERAMliiIICPACKAGE, . 

'1 
.' l 

: , I 
; Iw l 

CA3060AD 
CA3060D 

CA3060BD 
CA3060E 

Operational Transconductance 
Amplifier Arrays 
APPL/CA TlONS 
• For low power conventional operational amplifier applications 

• Active filters • Multiplexers 

• Comparators 
" Gyrators 

• Mixers 

• Modulators 

FEATURES 

• Multipliers 

.. Strobing and gating functions 

" Sample and hold functions 

16-LEAD DUAL·IN·LINE 
PLASTIC PACKAGE " Low power consumption - as low as lOOIlW per amplifier 

RCA·CA3060AD, CA3060BD, CA3060D, and CA3060E, 
monolithic integrated circuits, are arrays of three independ· 
ent Operational Transconductance Amplifiers. This type of 
amplifier is a new circuit concept that has the generic 
characteristics of an operational voltage amplifier with the 
exception that the forward gain characteristic is best 
described by transconductance rather than voltage gain 
(open·loop voltage gain is the product of the transcon· 
ductance and the load resistance, gmR L)' When operated into a 
suitable load resistor and with provisions for feedback, these 
amplifiers are well suited for a wide variety of operational· 
amplifier and related applications. I n addition, the extremely 
high output impedance makes these types particularly well 
suited for service in active filters. 

The three amplifiers in the CA3060 family are identical 
push·pull Class A types which can be independently biased to 
achiev/l a wide range of characteristics for specific applica' 
tions. The electrical characteristics of each amplifier are a 
function of the amplifier bias current (lABC)' This feature 
offers the system designer maximum flexibility with regard 
to output current capability, power consumption, slew rate, 
input resistance, input bias current, and input offset current. 
The linear variation of the parameters with respect to bias 
and the ability to maintain a constant dc level between input 
and output of each amplifier also makes the CA3060 suitable 
for a variety of non·linear applications such as mixers, 
multipl iers, and modulators. 

In addition; the types in the CA3060 family incorporate a 
unique Zener diode regulator system that permits current 
regulation below supply voltages normally associated with 
such systems. 

11-71 

• I ndependent biasing for each amplifier 

• High forward transconductance 

.. Programmable range of input characteristics 

" Low input bias and Input offset current 

" High input and output impedance 
II No effect on device under output short-circuit conditions 

" Zener diode bias regulator 

Generic applications of the OTA are described in ICAN-
6668, Applications of the CA3080 and CA3080A High
Performance Operational Transconductance Amplifiers. 

The CA3060AD, CA3060BD, and CA3060D are supplied in 
a hermetic 16-lead dual-in-line ceramic package which can be 
operated over the full military temperature range, -550 C to 
+1250 C. The CA3060E is supplied in a 16-lead dual-in·line 
plastic package and is operational from ·400C to +850 C. 

REGULATOR" OUT I 

REGULATOR IN 2 

NON-INV.INPUTNo.l 

INV. INPUT No.3 4 

NON-IN\/. INPUT No.3 5 

II NON-INV.1NPUT No.2 

OUTPUT No. 3 7 BIAS No.2 

9 OUTPUT No.2 

Fig.I-Functional block diagram for each type in the 
CA3060 family. 
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MAXIMUM RATINGS, _ute Maximum Values at TA - 2fiOC 

DC Supply Vol_ (between v+ and V· terminals): 
CA3060AD, CA3060BD, CA3060E •••••••••..••• 36V (±IBV) 
CA3060D •••.•••••••.•••.•••.••••••..•.•..•. 14 V (±7V) 

Differential Input Voltage teach amplifier~: 
CA3060AD, CA3060BD, CA3060E •••.•••...••..•••••. :!5V 
CA3060D ........................................ :!5V 

DC Input Voltage ................................. v+ to V-

Input Signal Current (each amplifier of each type): •.•...••. ±1 mA 

Amplifier Bias CUrrent (each amplifier of each type) .•••••••• 2 rnA 

Bias Regulator Input Current •••••••••••••••••.•.•••...• -5 rnA 

Output Short-Circuit Duration· ...........•...... No limitation 

·Short circuit may be applied to ground or to either supply. 

ZENER BIAS REGULATOR r--------, 
I 0. I 
I 2 I 
I I 
I I 
I I 
I I 
I ([1>--....... 14+--, L _______ .J 

Device Dissipation: 
Total Package of each type up to T A ... 760C ••.•••.••. 490 mW 
Above T A Z 7S·C ••••••••••••••• Deratelineerly 6.67 mW/oC' 

Temperature Range: 
Operating -
CA3060AD, CA3060BD, CA3060D •.•••.•.•..• ·55 to +12fiOC 
CA3060E ................................. -40 to +BfiOC 

Storage-
CA3060AD, CA3060BD, CA3060D, 
CA3060E ................................. -6S to +ISOOC 

Lead Temperature lOuring Soldering): 
At distance 1116 ±1132 in. 11.59 :1:0.79 mm) 

from case for 10. max ..•...............••..••. +3QOOC 

v+ 
• 

OUTPUT .. 

v
a 

A INVERTING INPUT OF AMPLIFIERS 1,2, AND31S ON TERMINAL 
Nos. 13, 12 AND 4, RESPECTIVELY 

o NON·INVERTING INPUT OF AMPLIFIERS I, 2, AND 3 IS 
TERMINAL Nos. 14,11, AND S, RESPECTIVELY 

• OUTPUT OF AMPLIFIERS I, 2,AND 31S0N TERMINAL Nos. 16,9, 
AND 7, RESPEC1WELY 

o AMPLIFIER BIAS CURRENT OF AMPLIFIERS 1,2, AND 3 IS ON 
TERMINAL Nos. IS, 10, AND 6, RESPECTIVELY 

NOTE: A complete schematic diagram of the OTA is shown on ~age6. 92CS-15860RI 

Fig.2-Simplified schematic diagram showing bias regulator and one operational transconductance amplifier for 
each type of the CA3060 family. 

2 SUPPLY VOLTAGE:V -6V.Y-a-6Y 
Y+aI5V,y-a-15V 

IDOOe AMBIENT TEMPERATURE (TA)a25-C 

l:i 
I 1.5 

" t 
~ /j'2SOC 
~ I 
g i~25·C 
~ 

-5S-C 

~ ~ r 
0 

2 • • • 10 
2 • •• 100 

2 • 1000 

AMPLIFIER BIAS CURRENT (.I.ABel -,.,.A '2Cs-u.eJ2 

Fig.3-lnput offtlet voltage lIS. amplifier bias current. 
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ELECTRICAL CHARACTERISTICS (CA306DD) 
For each amplifier at T A = 250 C. v+ = 6 V, V' = ·6 V 

TYPICAL LIMITS 

CHARACTER· Amplifiar Bias Current 
CHARACTERISTIC SYMBOL ISTICS 

CURVES IABC D 1/IA IABC -10/IA IABC - 100 /IA 

Fig. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

STATIC CHARACTERISTICS 

Input Ollset Voltage VIO 3 - 1 5 - 1 5 - 1 5 

Input Offset Current 110 4 - 3 14 - 30 100 - 250 1000 

Input Bias Current liB 5a.b - 33 70 - 300 550 - 2500 5000 

Peak Output Current 10M 6a.b 1.3 2.3 - 15 26 - 150 240 _. 
Peak Output Voltage: 

Positive VOM+ 4.6 5 - 4.5 4.8 - 4.5 4.7 -
Negative YOM' 

7 
5.8 5.95 5.8 5.95 5.7 5.9 - - -

Amplifier SupplV 

Current (each amplifier) IA Sa. b - 8.5 14 - 85 120 - 850 1200 

Power Consumption 
(each amplifier) P - - 0.10 0.17 - 1 1.45 - 10 14.5 

Input Offset-Voltage 

Sensitivity·: 
i!VloIi!V+ Positive - - 1.5 120 - 2 120 - 2 120 

Negative i!vloIi!V' - 20 120 - 20 120 - 30 120 

Amplifier Bias Voltage- VABC 9 - 0.54 - - 0.60 - - 0.66 -
DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise) 

Forward Transconductance 
Uarge signal) 921 lOa.b 0.3 1.55 - 3 18 - 30 102 -

Common-Mode Rejection 
Ratio CMRR - 70 110 - 70 110 - 70 90 -

Common·Mode I "put- 4.4 to -5.1 min. 4.3 to ·5 min. 4.3 to -5 min. 
Voltage Range VICR - 4.710 ·5.3 typo 4.6 to ·5.2 typo 4.6 to ·5.2 typo 

Slew Rate (Test ckt .• 
Fig. 13 SR - 0.1 - - 1 - - 8 -

Open·loop (921) 
Bandwidth BWOl 11 - 20 - - 45 - - 110 -

I nput Impedance 

Components: 

Resistance RI 12 800 1600 - 90 170 - 10 20 -
Capacitance at 1 MHz CI - - 2.7 - - 2.7 - - 2.7 -

Output Impedance 
Components: 

Resistance RO 14 - 200 - - 20 - - 2 -
Capacitance at 1 MHz Co - - 4.5 - - 4.5 - - 4.5 -

ZENER BIAS REGULATOR CHARACTERISTICS (at T A = 250 C, 12 = 0.1 mAl 

Voltage Vz 15 

Impedance Zz -

MIN. TYP. MAX. 

Temp. Coeff. "" 3 mV/oC 6.2 6.7 7.9 

200 300 

V+ is reduced to 5 volts for v+ sensitivity 
V· is reduced to ·5 volts for V- sensitivity 

UNITS 

mV 

nA 

nA 

/IA 

V 

/IA 

mW 

IlVN 

V 

mmho 

dB 

V 

VIp. 

kHz 

kn 
pF 

Mn 
pF 

V 

n 
Temperature..coefficient; .2.2 mV/o.C (at VABC "" 0.54 V. IABC "" 
1 /IA; ·2.1 mV/oC (at VABC = 0.060 V. IABC = 10 /lA); ·1.9 
mV/oC (at VABC = 0.66 V. IABC = 100 /IA) 

• Conditions. for Input Offset Voltage and Supply Sensitivity: 
(b) v+ sensitivity in JJ.V/V "" Voffset - Voffset f:r +15 V and -6 V supplies 

vot 
(a) Bias current derived from the regulator with an appropriate 

resistor connected from terminal No. 1 to the bias terminal on 
the amplifier under test -

V- sensitivity in IJ.V/V "" Voffset - Voffset f:~~t V and +6 V supplies 
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ELECTRICAL CHARACTERISTICS (CA3060AD. CA3060BD, CA3060E) 
For each amplifier at TA = 250 C, V+ = 15 V, V' = ·15 V 

TYPICAL IABC-lpA 
CHARACTER· MIN. TYP. MAX. 

CHARACTERISTIC SYMBOL ISTICS 

LIMITS 

Ampfifier Bias Current: 

I IABC -10pA 
MIN. TYP. MAX. 

CURVE CA3060BD 
Fig. 

STATIC CHARACTERISTICS 

Input Offset Voltage VIO 3 - 1 5 - 1 5 

Input Offset Current 110 4 - 3 14 - 30 100 

I "put Bias Current liB Sa,b - 33 70 - 300 550 

Peak Output Current 10M Sa.b 1.3 2.3 15 26 -
Peak Output Voltage: 

Positive VOM+ 12 13.6 - 12 13.6 -
7 Negative YOM' 12 14.7 - 12 14.7 -

Amplifier Supply 

Current (each amplifier) IA Sa.b - 8.5 14 - 85 120 

Power Consumption 
(each amplifier) P - - 0.26 0.42 - 2.6 3.6 

Input Offset-Voltage 

SensitivitV·: 
Positive AVIOIAv+ - 1.5 150 - 2 150 

Negative AVIO/AV' 
- - 20 150 - 20 150 

Amplifier Bias Voltage· VABC 9 - 0.54 - - 0.60 -
DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise) 

Forward Transconductance 
(large signal) 921 10a.b 0.3 1.55 - 3 18 -

Common-Mode Rejection 
Ratio CMRR - 70 110 - 70 110 -

Common-Mode Input 
+12to-12min. +12 to -12 min. 

Voltage Range VICR - +13 to -14 typo +13 to -14 typo 

Slew Rate (Test ckt .• 
Fig. 13 I SR - - 0.1 - - 1 -

Open-Loop {9211 
Bandwidth BWOl 11 - 20 - - 45 -

Input Impedance 
Components: 

Resistance RI 12 BOO 1 BOO - 90 170 -
Capacitance at 1 MHz CI - - 2.7 - - 2.7 -

Output Impedance 
Components: 

Resistance RO 14 - 200 - - 20 -

Capacitance at 1 MHz Co - - 4.5 - - 4.5 -
ZENER BIAS REGULATOR CHARACTERISTICS (atTA=250 C,12 - 0.1 mAl 

I MIN.\ TYP.\ MAX. 

Voltage Vz 15 Temp.Coeff. = 3mV/oC 6.2 6.7 7.9 

Impedance \ Z2 \ - I I 200 300 

IABC -100pA. 
MIN. TYP. MAX. 

CA306OAO 

CA3060BD 
CA3060E 

- 1 5 

- 250 1000 

- 2500 5000 

150 240 -
12 13.6 -
12 14.7 -

- 850 1200 

- 26 36 

- 2 150 

- 30 150 

- 0.66 -

30 102 -

70 90 -

+12 to -12 min. 
+13 to -14 typo 

- 8 -

- 110 -

10 20 -

- 2.7 -

- 2 -
- 4.5 -

v+ is reduced to 13 volts for V+ sensitivity 
V' is reduced to -13 volts for V- sensitivity 

UNITS 

mV 

nA 

nA 

pA 

V 

pA 

mW 

INN 

V 

mmho 

dB 

V 

Vlj./S 

k'1z 

kil 

pF 

Mil 

pF 

I 
V 

il 

Temperature-Coefficient; -2.2 mV/DC (at VASe = 0.54 V. 'ABC :::: 
1 jJA; ·2.1 mV/DC lat VABC • 0.060 V. IA8C • 10 JJAI; ·1.9 
mV/DC lat VABC' 0.66 V.IABe • 100 pAl + . ... . Vonset. Vaffset for +13 V and -15 V suppl 

(bl V senSitivity In IlV,V = 1 volt 
• Conditions for Input Offset Voltage and Supply Sensitivity: 

la) Bias current derived from the regulator with an appropriate 

resistor connected from terminal No. 1 to the bias terminal on 
the amplifier under test ..• 
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10. AMBIENT TEMPERATURE IT A)-2S-C 
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Fig. 13-Slew rate test circuit for amplifier No. 'of CA3060. 
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Fig. 14-0utput resistance lIS. amplifier bias current. Fig. 15-Bias regulator voltage lIS. bias regulator current. 

OPERATING CONSIDERATIONS 

The CA3060 consists of three operational amplifiers similar 
in form and application to conventional operational ampli· 
fiers but sufficiently different from the standard operational 
amplifier (op-amp) to justify some explanation of their 
characteristics. The amplifiers incorporated in the CA3060 
are best described by the term Operational Transconductance 
Amplifier (OTA). The characteristics of an ideal OTA are 
similar to those of an ideal op·amp excepuhat the OTA has 
an extremely high output impedance. Because of this 
inherent characteristic the output signal is best defined in 
terms of current which is proportional to the difference 
between the voltages of the two input terminals. Thus, the 
transfer characteristic is best described in terms of transcon· 
ductance rather than voltage gain. Other than the difference 
given above, the characteristics tabu lated on pages 3 and 4 of 
this data bulletin are similar to those of any typical op-amp. 

The OTA circuitry incorporated in the CA3060 (See Fig. 16) 
provides the equipment designer with a wider variety of 

circuit arrangements than does the standard op-amp; because 
as the curves in the data bulletin indicate, the user may select 
the optimum circuit conditions for a specific application 
simply by varying the bias conditions of each amplifier. If 
,low power consumption, low bias, and low offset current, or 
high input impedance are primary design requirements, then 
'low current operating conditions may be selected. On the 
other hand, if operation into a moderate load impedance is 
the primary consideration, then higher levels of bias may be 
used. 

Bias Considerations for Op-Amp Applications 

The operational transconductance amplifiers allow the circuit 
designer to select and control the operating conditions of the 
circuit merely by the adjustment of the input bias current 
IABC' This enables the designer to have complete control 
over transconductance, peak output current and total power 
consumption independent of supply voltage. 
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COMPLETE OTA CIRCUIT 

Fig. 16 - Complete schematic diagram showing one of the three operational uansconductance amplifiers. 

In addition, the high output impedance makes these 
amplifiers ideal for applications where current summing is 
involved. 

Thedesignofatypical operational amplifier circuit (See Fig. 
171 would proceed as follows: 

.6V 

RS 
INPUTO--"VV\'-<~'()-l~ 

'6V 

OF."S.T t 
<4MB t 

-6V 
-6V 

Fig. 17-2lH18 amplifier using the CA3060. 

Circuit Requirements 
Closed loop voltage gain = 10 (20 dB) 
Offset voltage adjustable to zero 
Current drain as low as possible 
Supply voltage = ±6 V 
Maximum input yoltage = ±50 mV 
I nput resistance = 20 kSl 
Load resistance = 20 kSl 
Device: CA3060 

Calculation 
1. Required transconductance 921. 

Assume that the open loop gain AoL must be at least ten 
times the closed loop gain. Therefore, the forward 
transconductance required is given by 

312 

g21 = AOL/RL 

= 100/18 kSl 

50! 5.5 mmho 

(RL = 20 kSl in parallel with 200 kSl 

50! 18kSl) 

2. Selection of suitable amplifier bias current. 
The amplifier bias current is selected from the minimum 
value curve of transconductance (Fig. lOa) to· assure that 
the amplifier will provide sufficient gain. For the required 
g21 of 5.5 mmho an amplifier bias current IABC of 20 p.A 
is suitable. 

3. Determination of Output Swing Capability. 
For a loop gain of 10 the output swing is ±0.5 V and the 
peak load current 25 /lA. However, the amplifier must· 
also supply the necessary current through the feedback 
resistor and for RS = 20 kSl than RF = 200 kSl if AOL = 
10. Therefore, the feedback loading = 0.5/200 kSl = 2.5p.A. 

The total amplifier current output requirements are, 
therefore; ±21.5 p.A. Referring to the deta given in Fig. 6a 
we see that for an amplifier bias current of 20 /lA the 
amplifier output current is ±40 p.A. This is obviously 
adequate and it is not necessary to change the amplifier 
bias current I A8C' 

4. Calculation of bias resistance. 
For minimum supply current drain the amplifier bias current 
I ABC should be fed directly from the supplies and not 
from the bias regulator. The value of the resistor RABC 
may be directly calculated using Ohm's law. 
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Vsup - VABC 

IABC 

12-0.63 
RABC = 20 x 10-6 

= 568.5 kil or :. 560 kil 

5. Calculation of offset adjustment circuit. 
In order to reduce the loading effect of the offset 
adjustment circuit on the power supplV, the offset control 
should be arranged to provide the necessary offset 
current. The source resistance of the non-inverting input is 
made equal to the source resistance of the inverting input. 

i.e. 20 x 200 x 106 ohms - 18 kil 
220 x 103 

Because the maximum offset voltage is 5 mV and an 
additional increment due to the offset current (Fig. 4) 
flowing through the source resistance 

(Le. 200 x 10-9 x 18 x 103 volts),therefore, 

the Offset Voltage Range = 5 mV + 3.6 mV = ±8.6 mV 

The current necessary to provide this offset is 

8.6 x 10-3 or 0.48/IA 
18 x 103 

With a supplV voltage of ±6 V, this current can be provided 
bva 10 Mil resistor. However. the stability of such a resistor 
is often questionable and a more realistic value of 2.2 Mil 
was used in the final circuit. 

OTHER CONSIDERATIONS 

Capacitance Effects 

The CA3060 is designed to operate at such low power levels 
that high impedance circuits must be emploVed. In designing 
such circuits, particularlv feedback amplifiers, stray circuit 
capacitance must always be considered because of its adverse 
effect on frequency response and stability. For example a 
10·kn load with a stray capacitance of 15 pF has a time 
constant of 1 MHz. Fig. 18 illustrates how a 10-kn 15-pF 
load modifies the frequency characteristic. 

o 

-oo~----+---~~----~----~ .. 
l' z 

~-40r------i-------+--~~~----~ 
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~ 
-60r------i-------+""--'----'k-------"t 

L-~-~~~O~O,~----~O.~,------~,------~,O~~--~,OO 
FREQUENCY(f)-MHl 

92CS-t5884RI 

Fig. 18-Effect of capacitive loading on frequency response. 

Capacitive loading also has an effect on slew rate; because the 
peak output current is established bV the amp lifier bias 
current, IABC (see Fig. Ga), the maximum slew rate i.limited 
to the maximum rate at which the capacitance can be 
charged bV the 10M. Therefore, 

SR = dV/dt = IOM/CL 

where CL is the total load capacitance including strays. This 
relationship is shown graphicallv in Fig. 19. When measuring 
slew rate for this data bulletin, care was taken to keep the 
total capacitive loading to 13 pF. 

Phase Compensation 

In many applications -phase compensation will not be 
required for the amplifiers of the CA3060. When needed, 
compensation may easilv be accomplished bV a simple RC 
network at the input of the amplifier as shown in Fig. 13. 
The values given in Fig. 13 provide stable operation for the 
critical unity gain condition, assuming that capacitive loading 
on the output is 13 pF or less. Input phase compensation is 
recommended in order to maintain the highest possible slew 
rate. 
I n applications such as integrators. two OT As may be 
cascaded to improve current gain. Compensation is best 
accomplished in this case with a shunt capacitor at the 
output of the first amplifier. The high gain following 
compensation assures a high slew rate. 

APPLICATIONS 

Having determined the operating points of the CA3060 
amplifiers, they can now function in the same manner as 
conventional op-amps, and thus, are well suited for most 
op-amp applications, including inverting and non-inverting 
amplifiers, integrators, differentiators, summing amplifiers 
etc. 

TRI-LEVEL COMPARATOR 

Tri-Ievel comparator circuits are an ideal application for the 
CA3060 since it contains the requisite three amplifiers. A 
tri-Ievel comparator has three adjustable limits. If either the 
upper or lower Ii mit is exceeded, the appropriate output is 
activated until the input signal returns to a selected 
intermediate limit. Tri-Ievel comparators are particularlv 
suited to many industrial control applications. 
~. • • 
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Fig. 19-Effect of load capacitance on slew rate. 
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Circuit Description 

Fig. 20 shows the block diagram of a tri·level comparetor 
using the CA3060. Two of the three amplifiers are used to 
compare the input signal with the upper·limit and lower· 

UPPER LIMIT 
REFERENCE VOLTAGE 

INPUT SIGNAL 

v+ 

v-

v+ 

92CS-19609 

Fig.20-Functional block diagram of a tri·level comparator. 

limit reference voltages. The third amplifier is used to 
compare the input signal with a selected value of inter· 
mediate-limit reference voltage. By appropriate selection or 
resistance retios this intermediate·limit may be set to any 
voltage between the upper·limit and lower·limit values. The 
output of the upper·limit and lower·limit comparator sets the 
corresponding upper or lower·limit flip·flop. The activated 
flip-flop retains its state until the third comparator (inter· 
mediate·limit) in the CA3060 initietes a reset function, 
thereby indicating that the signal voltage has returned to the 
intermediete·limit selected. The flip·flops employ two 
CA3086 transistor·array IC's, with circuitry to provide 
separate "SET" and "POSITIVE OUTPUT" terminals. 

INPUT SIGNAl( Es1 

EU 

EL 

, .. 
5.' k 

EU-EL -.-

LOWER- LIMIT 
REFERENCE 
VOLTAGE 

R, 
'Ok 

RESET 
WHEN INTERMEDIATE 
REFERENCE LIMIT 
IS REACHED 

SET 
WHEN LOWER UMIT 

IS EXCEEDED 

NOTE2:..ES >Eu·QI(ON),~ (OFF) 

ES< Eu;EL .Q,tOfFl,Q2(OFF) 

ES<EL '02 (ON1,Q,COFF) 

The circuit diagram of a tri·level comparator appears in Fig. 
21. Power is provided for the CA3060 via terminals 3 and 8 
by ±6-volt supplies and the built·in regulator provides 
amplifier·bias-current (I ABC) to the three amplifiers via 
terminal 1. Lower·limit and upper·limit reference voltages are 
selected by appropriete adjustment of potentiometers R 1 
and R2, respectively. When resistors R3 and R4 are equal in 
value (as shown), the intermediate·limit reference voltage is 
autometically established et a value midway between the 
lower·limit and upper·limit values. Appropriate variation of 
resistors R3 and R4 permits selection of other values of 
intermediete·limit voltages. Input signal (ES) is applied to the 
three comparetors via terminals 5, 12, and 14. The "SET" 
output lines trigger the appropriate flip·flop whenever the 
input. signal reaches a limit value. When the input signal 
returns to an intermediete-value, the common flip·flop 
"RESET" line is energized. The loads in the circuits, shown 
in Fig. 21 are 5-V, 25-mA lamps. 

Active Filters - Using the CA3060 as a Gyrator 

The high output impedance of the OTAs makes the CA3060 
ideally suited for use as a gyrator in active filter applications. 
Fig. 22 shows two OTAs of the CA3060 connected as a 
gyretor in an active filter circuit. The OTAs in this circuit can 
make a 3·pF capacitor function as a floating 10-kilohenry 
inductor across Terminals A and B. The measured Q of 13 (at 
a frequency of 1 Hz) of this inductor compares favorably 
with a calculated Q of 16. The 20·kilohm to 2·';'egohm 
ettenuetors in this circuit extend the dynamic range of the 
OT A by a factor of 100. The 100·kilohm potentiomater, 
across V+ and V·, tunes the inductor by varying the g21 of 
the OT As, thereby changing the gyration resistance. 

UPPER LIMIT 
FLIP-FLOP 

CA3086 

LOWER UMIT 
FLIP .. FLOP 

N aTE I: ITEMS IN SHADED AREAS ARE EXTERNAL 
TO THE CA3086 

RESISTANCE VALUES ARE IN OHMS 92CL-19622 

314 
Fig.21-Tri·level comparator circuit. 
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ALL RESIS'mNCE VALUES ARE IN OHMS 

92CS-15861RI 

Fig.22- Two operational transconductance amplifiers of the 
CA3060 connected as a gyrator in an active filter 
circuit 
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Fig.23- Three-channel multiplexer. 
THREE CHANNEL MULTIPLEXER 

Fig. 23 shows a schematic of a three channel multiplexer 
using a single CA3060 and a 3N13B MOS/FET as a buffer 
and !lOwer amplifier. 

When the CA3060 is connected as a high-input impedance 
voltage follower, and strobe "ON." each amplifier is 
activated and the output swings to the level of the input of 
that amplifier. The cascade arrangement of each CA3060 
amplifier with the MOS/FET provides an open loop voltage 
gain in excess of 100 dB, thus assuring excellent accuracy in 
the voltage follower mode with 100% feedback. 

Operation at ±6 volts is also possible with several minor 
changes. First, the resistance in series with ~mplifier bias 

current (I ABC) terminal of each amplifier should be 
decreased to maintain 100 /lA of strobe-"ON" current at 
this lower supply voltage. Second. the drain resistance for the 
MOS/FET should be decreased to maintain the same value of 
source current. The low cost dual-gate protected MOS/FET, 
RCA-40841. may be used when operating at the low supply 
voltage. 
The phase compensation network consists of a single 3900 
resistor and a l000-pF capacitor, located at the interface of 
the CA3060 output and the MOS/FET gate. The bandwidth 
of the system is 1.5 MHz and the slew rate is 0.3 voltsl/lsec. 
The system slew rate is directly proportional to the value of 
the phase compensation capacitor. Thus, with higher gain 
settings where lower values of phase compensation capacitors 
are possible, the slew rate is proportionally increased_ 

NON LINEAR APPLICATIONS 

AM Modulator (Two-Quadrant Multiplier) 

Fig. 24 shows Amplifier No_ 3 of the CA3060 used in an AM 
modulator or 2-quadrant multiplier circuit. When modulation 
is applied to the amplifier bias input, Terminal B. and the 
carrier frequency to the differential input. Terminal A, the 
waveform, shown in Fig. 24, is obtained. Fig. 24 is a result of 
adjusting the input offset control to balance the circuit so 
that no modulation can occur at the output without a carrier 
input. The linearity of the modulator is indicated by the 
solid trace of the superimposed modulating frequency. The 
maximum depth of modulation is determined by the ratio of 
the peak input modulating voltage to V.-: 
The two-quadrant multiplier characteristic of this modulator 
is easily seen if modulation and carrier are reversed as shown 
in Fig. 24_ The polarity of the output must follow that of the 
differential input; therefore, the output is positive only 
during, the positive half cycle of the modulation and negativo 
only in the second half cycle_ Note, that both the input and 
output signals are referenced to ground. The output signal is 
zero when either the differential input or 

Fig.24- Two-quadrant multiplier circuit using the CA3060 
with associated waveforms. 
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Four·Quadrant Multiplier 

The CA3060 is also useful as a four-quadrant multiplier. A 
block diagram of such a multiplier. utilizing Amplifier Nos. 
1, 2, and 3. is shown in Fig. 25 and a typical circuit is shown 
in Fig. 26. The multiplier consists of a single CA3060 and, as 
in the two-quadrant multiplier, exhibits no level shift 
between input and output. In Fig. 25, Amplifier No. 1 is 
connected as an inverting amplifier for the X-input signal. 
The output current of Amplifier No. 1 is calculated as 
follows: 

iO(l) = [-Vxl [921(1)) (Eq.3) 

Ampl. No.2 is a non-inverting amplifier so that 

10(2) = [+VX1 [921(2)) (Eq.4) 

Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, for an output 
voltage 

VO=VXRL [g21(2) -g21(l)) (Eq.5) 

The' transconductance is approximately proportional to the 
amplifier bias current; therefore, by varying the bias current 
the g21 is also controlled. Amplifier No. 2 bias 'current is 
proportional to the V-input signal and is expressed as 

(V·)+Vy 
IABC(2) "'--R-l-

Hence, 

g21 (2) '" k [ IV-) + Vy I. 

(Eq.6) 

IEq.7) 

Bias for Amplifier No. 1 is derived from the output of 
Amplifier No.3 which is connected as a unity·gain inverting 
amplifier. IABCll), therefore, varies inversely with Vy. 
And by the same reasoning as above 

g2,(1) '" k IIV·) - Vyl. IEq.8) 

Combining equation 5, 7, and 8 yields: 

Vo"'Vx' k' RdIlV-) + Vyl . [(V·)- Vyl\ or 

Va'" 2 k RL Vx Vy 

Fig. 26 shows the actual circuit including all the adjustments 
associated with differential input and an adjustment for 
equalizing the gains of Amplifiers No. 1 and No.2. 
Adjustment of the circuit is quite simple. With both the X 
and Y voltages at zero, connect Terminal 10 to Terminal 8. 
This procedure disables Amplifier No. 2 and permits 
adjusting'the offset voltage of Amplifier No.1 to zero. by 
means oftha l00-kn potentiometer~ Next, remove the short 
between Terminals 10 and 8 and connect Terminal 15 to 
Terminal 8. This step disables Amplifier No.1 and permits 
Amplifier No.2 to be zeroed with the other potentiometer. 
With AC ,signals on both the X and Y input, R3 and Rll are 
adjusted for symmetrical output signals. Fig. 27 shows the 
output waveform with the multiplier adjusted. The voltage 

+-~-€) •• Y 

Fig.25-Four-quadrant multiplier using the CA3060. 

Figures 27b and 27c, respectively, show the' squaring of a 
triangular wave and a sine wave. Notice that in both cases the 
outputs are always positive and return to zero after each 
cycle. 

LIM 

ALL RESISTANCE 
VALUES ARE IN 
OHMS 

-=- 270 92CS-15887R1 

Fio.26-Tvoical four-auadrant multiplier circuit. 
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" ~ '\LV ~-:sJ ·v 

waveform in Fig. 27a shows suppressed carrier modulation of Fig.27- Voltage waveforms of four-quadrant multiplier 
1·kH7 r.arrier with a triangular wave. ,circuit. 
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OOCIDLJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3062 

Approx. 2* times actual size 

Modified l2-lead TO-5 style package 

Photo Detector and 
Power Amplifier 
For Photoelectric Control Applications 

Features 

• 100 rnA output·current capability - can drive a relay or thyristor directly 
.5 to 15 volt dc supply voltage 
• Compact - complete system in a TO-5 style package 

The CA3062* is an integrated circuit consisting of a 
photosensitive section, an amplifier, and a pair of high· 
current output transistors on a single monolithic chip. 

Applications 

• Counters o Intrusion alarms 
• Position sensor • Sorting 

• Level controls • Edge monitoring 

• Inspection • Isolators 
The photosensitive section consists of Darlington pairs and 
affords high sensitivity. The power amplifier has a differ· 
ential configuration which provides complementing outputs 
in response to a light input - normally "ON" and normally 
"OFF". The separate photodetector, amplifier, and high· 
current switch provide flexibility of circuit arrangement. This 
feature plus the high current capability of the output section, 
can now provide the user with a complete system particularly 
useful in photoelectric control applications utilizing I Remit· 
ters and visible·light sources. 

• See ICAN·6538, "Applications of the RCA-CA3062 IC 
Photodetector and Power Amplifier in Switching Circuits" 

*Formerly developmental type TA5371 B. 

3-70 

I PHOTOSENSITIVE I 
I SECTION I 
I +v I 
I I 
I I 

AMPLIFIER 
SECTION 

+v 

Fig. 1 . Light operated relay using CA3062. 

+v 

92CS-16043 
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ABSOLUTE·MAXIMUM RATINGS 

DISSIPATION: 
Up to T A = 55°C . . . . . . . 
Above T A = 55°C . . . . . . . 
At Case Temperature (T C)~ 55°C 
AboveTC=55°C ... 

TEMPERATURE RANGE: 
Operating ...... . 
Storage ...... .. 

LEAD TEMPERATURE (During soldering): 
At distance,21/32 in (3.17 mm) from 

· ......... 700mW 
· Derate linearly 5.6 mWfC 
· ..........• 1.5W 
· Derate linearly 16 mWfC 

. ·55°C to +125°C 

. -65°C to +150°C 

seating plane for lOs max ...... . ................... +300°C 

Maximum Voltage Ratings 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the voltage 
range between vertical terminal 2 and horizontal terminal 3 is +15 to 0 volts. 

TERM· 
INAL 10 11 12 1 2 3 4 
No. 

0 +2 . · · · · 9 ·9 ·5 
+9 +9 · · · · 10 0 0 

+5 · · · · 11 ·2 

· · · * 12 

· · · 1 
+15 · 2 0 

· 3 

4 

5 

6 

7 

8 Reference Substrate and Case 

• Voltages are not normally applied between these terminals. 

318 

Voltages appearing between these terminals will ba safe if 
the. specified limits between all other terminals are not 
exceeded. 

5 6 7 8 

· · · . 
· · +15 · 0 

· · · . 
· · · * 

* · +5 +3 
·5 ·3 

· · · +15 
0 

· · · +5 
0 

· * · +9 
0 

0 · +5 
·15 0 

· +15 
0 

+3 
·3 

Maximum Current Ratings 

TERM· 
liN lOUT INAL mA mA 

No. 

9 1 0.1 

10 5 0.1 

11 0.1 5 

12 1 0.1 

1 1 0.1 

2 100 0.1 

3 0.1 100 

4 10 1 

5 0.1 100 

6 100 0.1 

7 1 0.1 

8 1 10 
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.ELECTRICAL CHARACTERISTICS at T A = 25°C 

MEASURE· 
MENT 

CHARACTERISTICS SYMBOLS TEST CONDITIONS TERMINAL 
Nos. 

STATIC CHARACTERISTICS 

Photo Darlington Section: E = 0 lumens/ft2 

Collector-to-Emitter 
"cBRICEO IC= 1 rnA 10-11 Breakdown Voltage 

Emitter-to-Base 
V(BRIEBO IE=O.lmA. E=O 

9-11 
Breakdown Voltage 12-11 

Dark Current IDARK VCE=7.5V, E=O 10 

Photo Current Ip 
VCE=7.5V 

E = B lumenslft? 10 

Wavelength of A max. Max. Sensitivity 

Relative Angular Sensitivity 

Area of Each. 
Photo Transistor 

Amplifier Section 
Output Transistor: 
Collector-to-Emitter VCBR)CEO 6 

IC= 1 rnA 2-3 
Breakdown Voltage V(BR)CEO 7 6-5 

Emitter-to·Base \iBAJEBO 6 IE= 1 rnA 
3-B 

Breakdown Voltage V(BRIEBO 7 6-B 

DC Supply Current 
ISUPPLY V4=7.5V 4 

Sensitivity: 
Illumination, 

EON 
Set light input for 

ForNormal"OFF"Output 16= 70mA 6 

Set light input for For Normal "ON" Output Eo •• 2 
12 = 5 rnA 

DYNAMIC CHARACTERIST)CS 

Overall Response Time: 
Turn-On Time tan 

Rise Time tr E = 700 p.W/cm2 --
Turn-Off Time taff 

at A = 930nm 

Fall Time tf 

NOTES 

(1) Tungsten filament light source at a color temperature of 2854K. 
(2) One (1) nanometer = 10 Angstrom units. 
(3) A radiant flux density of 7.5 IJ.W/cm2 at 725 nm produces the 

same photocurrent as 1 lumen/ft2 from a tungsten filament 
lamp at a color temperature of 2854K. 

TEST 
CIR· 
CUlT LIMITS UNITS 

. FIG. MIN . TYP·IMAX. 

- 10 - - V 

- 10 - - V 

- 0.1 30 IlA 

3 - 60 - IlA 

- 725 - Note2 
--;;m 

- - - - -
- 1.3 x 10.4 cm2 

- 15 - - V 

- 5 - - V 

- - 5.5 10 rnA 

7,15, Notes 
- B 70 1.3 

lumens 
17 per ft2 - 10 -

- 38 - jJS 

12 - 125 - p.s 

- 43 - jJS 

- 20 - jJS 
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v+ 

RIO 3k 

10 

D4 

ALL RESISTANCE VALUES ARE IN OHMS 
92CM -15 574RI 

Fig. 2· Schematic diagram of CA3062. 
• DC SUPPLY VOLTS (+V)-+7.5 
6 AMBIENT TEMPERATURE 'T~frc 
.. LEAD No·11 DI$CO,..ECTED LEAD No·1 "/ 

:3 • 
~'OOi 
~ • • /' .. 
~ • /' I log 
0-

~ • · V !§ • t 'g ./ .. · 4 

• 
92CS-15581RI I .. I 8 to .. 6 8'00 .. 8 8'000 

ILLUMINATION-LUMENS PER SQUARE rooT (COLOR TEMPERATURE-2854Kl 
Fig. 3 - Test circuit for photocurrent and typical spectral 
response of photosensitive Darlington unit. 
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""\ 

'-5000 6000 1000 

IRRADIANCE (RADIANT FLUX DENSITY) AT ~. 725 nm - po W/cml: 
92CS-15i587R1 

Fig. 4 - Photoc,!"ent as a function of radiant flux. 
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Fig. 5 - Typical spectral response of photosensitive Darling
ton unit. 
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ANGLE FROM PERPEf<I)ICULAR-DEGREES 

Fig. 6 . Relative angular sensitivity. 

AMBIENT TEMPERATURE ITA'.~·C,.! 
100roOt~A~:~ 2RESISTOR CONNEfTEi 

100 
~/PLY VOLTSI+V)"9 

~ BO B 

" 7.~~ ~ 3 7~ 
5i 60 
I m N 

H 
;: 40 z 

.~ ~ a 
20 

51 r\ 9 
0 

2 4 • • • 6 • I 10 100 
ILLUMINATION - LUMENS PER SQUARE FOOT ICOLOR TEMPERATURE-2B54K'1 

il!!!1 i!1 
10 30 100 800 
IRRADIANCE (RADIANT FLUX DENSITY) AT l-725 nm-~W/cmz 

92CS-I~~88RI 

Fig. 8 . Load current (12' vs. illumination as a function of 
supply volts. 

DC SUPPLY VOLTS (+V)- +7.5 
laO-OHM LOAD RESI.STOR 
CONNECTED TO LEAD No·2 

BO I I~ 

i CASE TEr.FERATURE \\ \ ;-40"C (TC)-+~·C 

" 60 .. 
~+~ \ 

/,Jc ~ 
" ~ 40 

~ ~ O"C\-.\ 
!'"c 

II! .. a 
" 

20 .. 
~ \1\ ~ 9 

0 

0.1 2 4 6 8 I 2 4 6 I 10 4 6 1 100 
ILLUMINAnON-lUMENS PER SQUARE FOOT ICOLOR TEMPERATURE"2B54K) 

I I 11111111111 "I 
2488 Z 488 2 48 

I 10 30 100 800 
IRRADIANCE (RAWANT FLUX DENSITY) AT l- 725nm-~W/cmz 

92CS-IS579RI 

Fig. 10· Load current (12' lIS. illumination as a function of 
case temperature. 

0.001 
.F 

+7.5 V ,.,------t 
100D. 

Fig. 7 . Test circuit for sensitivity and dc current measure
ment. 

~~~I~:~ ~:;~:~~~RI~I~~~~~EJ 
TO LEAD No.6 
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f!!£..!UPPLV VOLTS '+VI.~ ::J 

~ BO 

1/ ~;., '" .. 
j 'I, 
:i 60 

I 

I ~ 
;: 40 

~ IIJ a 
20 

51 jr! 9 i 0 
4 I 68 10 68 100 

ILLUMINATION - LUMENS PER SQUARE FOOT (COLOR TEMPERATURE"2Ee4KI 

I I I I I I' I I I 
2 468 2 46 

10 30 100 BOO 

IRRADIANCE IRADIANT FLUX DENSITY) AT l"725nm-I£W/cmz 

92CS-I~~86RI 

Fig. 9 . Load current (I tjI vs. illumination as a function of 
supply volts. 

I~O=~~:L~O:L;!l~~~~ + ciiNNE~TE~ 
TO LEAD No.6 

80 CASE TEMPERATURE 

~ 
(Tcl"+75"C 

6 
\( / (( 

" /.1, .. 
3 /--,1-' 

+25"C 

" I-- o·c 1- 40 
H 

II 7 
-25-C 

~ ...-
II! ;.40·C 

a 20 

1/ Vv ~ ./ ./ ./ // 0 
·4 • • • • • 2 

I 10 100 
ILLUMINATION- LUMENS PER SQUARE FOOT (COLOR TEMPERATURE"2854K) 

! ill!!I·~ l!.1 
10 30 100 800 
IRRADIANCE (RADIANT FLUX DENSITY) AT l,,725 ~m-~W/cmz 

92CS-15!18!1RI 

Fig. 11· Load current (ItjI lIS. illumination as a function of 
t:ase temperature. 
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0.001 
.F 

92CS-15S",RI 

Fig. 12· Response time test circuit. 

DC SUPPLY VOLTS C+V)-+7.5 
AMBIENT TEMPERATURE (TA)=25·C 
LOAD RESISTOR (TO PIN No.6oo1OOll 
RADIANT ENERGY PULSE SDURCE-

100. 
GaAa OIODE,A-930 nm 

• 
1 

7 
"-

tOFF 

• ..!. , / 
.:: '\ ." ... • .. / ~ ;:: · / 

'\ " 2 
\ !\tON 

p" \ IFAt1: 

10 I \~~ISE 
200 400 600 800 1000 

IRRADIANCE (RADIANT FLUX DENSITYI-"W/cm2 
92CS-16049 

Fig. 14· Response time as a function of radiant flux density. 
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Fig. 13· Waveforms for measurement of response time. 

+7.5V 

92CS-I5582RI 

Fig. 15 . Circuit diagram for "ON-OFF" photoelectric 
control applications. 
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OPERATING CONSIDERATIONS 

Switching Service 
The CA3062 is primarily intended to prov'ide "ON·OFF·' 
output in response to a light signal. Optimum performance of 
this device is achieved when the output transistors are 
operated at values of load current sufficient to saturate the 
device in the "ON" state. Operation of the CA3062 at values 
of load current between the condition of no load current and 
saturation will cause substantial power to be dissipated in the 
silicon chip. This condition of operation is therefore not 
recommended because the heat rise in the silicon chip 
induced by the increased power dissipation causes the load 
current to shift in the same direction as though additional 
illumination were applied to the CA3062, a condition which 
will substantially alter the switching' characteristics of the 
device. 

The signal voltages at the input terminals (terminal No.1 and 
No.7) must not exceed 3 volts, because any increase in the 
signal voltage beyond the value specified will cause both 
output transistors to be turned "ON". In the circuit shown in 
Fig. 7, this condition will occur. for values of illumination 
greater than 60 lumenslft 2.This adverse operating condition 
can be avoided by either limiting the maximum illumination 
or by clamping the input so that the voltage does not exceed 
3 volts. 

Linear Service 
The CA3062 can be connected as shown in Fig. 16 to give a 
linear output. The value of the load resistor should be greater 

92CS-155S3RI 

Fig. 16 . Circuit diagram for linear output photoelectric 
applications. 

than 1000 ohms in order to limit the power dissipation and 
thus minimize the heating effects. Because of the many 
possible variations in circuit configurations, the CA3062 has 
not been characterized for linear service applications. A 
guide-line circuit for this class of service is shown in Fig. 16. 

Specific inquiries for use of the CA3062 in this type of 
service should be addressed to your local RCA Field 
Technical Representative. 

Precautions 
Because of the high amplification of the CA3062, care 
should be taken, when wiring, to keep all lead lengths as 
short as possible. A recommended breadboard layout is 
shown in Fig. 17. 

If the CA3062 is operated with an inductive load impedance, 
such as a relay, it is recommended that a diode be connected 
across the load to absorb the energy of the pulse voltages 
generated during switching. 

Many of the graphs are shown with two sets of abscissa 
values for light en"ergy input, one expressed in illumination 
values (lum'ens/sq. ft.) and the other in irradiance values 
(IlW/sq. cm.) 

Correlation between these two sets of abscissa values is 
accomplished by having the light source operating at the 
maximum sensitivity wavelength of the CA3062. See Notes 
on page three. 

Fig. 17· Breadboard layout of test circuit, shown in Fig. 7 
for the CA3062. 
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OOCD3LJD Linear Integrated Circuits 

Solid State 
Division 

Monolithic Silicon 

CA3064 
CA3064E 

TV Automatic Fine Tuning Circuit 

Features: 
• Cascode type high·gain amplifier (18 mV input for rated output) 
• Internal voltage regulator 
• Differential detector 
• For use with either color or monochrome 
• Differential amplifier 
II Bipolar outputs 
• Wide operating-temperature range; -55 to +1250 C 

IO·Formed·Load 
TO-6StyIa_1IO H·1661 

RCA·CA3064 and CA3064E represent the third generation of 
integrated circuits designed primarily for AFC (Automatic· 
Frequency·Control) applications. They provide all of the 
signal·processing components needed (with the exception of 
the tuned·phase·detector transformer) to derive the AFT cor· 
rection signals from the output of the video·if amplifier. The 
CA3064 is supplied in the IO-formed·lead T0-5 stylepack· 
age, and the CA3064E in the 14-lead dual·in·line plastic 
package. Both types operate over the temperature range of 
-55 to +1 250 C. 

The CA3064 and CA3064E are functionally similar to the 
CA3044 and CA3044VI but embody a higher·gain input 
amplifier which provides a 200dB improvement in sensi
tivity. The increased sensitivity extends the application of 
a proven AFT system to the low·level if·amplifier stages 
in TV receivers. 
Because the CA3064 and CA3064E are functionally similar to 
the CA3044 and CA3044VI, refer to Application Note 
ICAN·5B3I, "Application of the RCA CA3044-and CA3044VI 
Integrated Circuits in Automatic Fine-Tuning Systems" for 
general application information. 

IOkn-3W 
.-..... ----1r------'w'v-- ... 140 V 

CORRECTION VOLTAGE 
TO VHF' AND lIiF 
TUNERS 

"SEE FIG.-4 (bl FOR COil DATA 
TERMINAL NUMBERS IN PARENTHESES ARE 
FOR 14-LEAD DUAL-IN":'LlNE PLASTIC 
PACKAGE 

12CII-1"IORI 

Fig.' - Block dillf/r8m of typical operating circuit utilizing the CA30B4 and CA3064E. 
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CA3064E 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DEVICE DISSIPATION: 
UptoTA=250C •••••• 

Above T A = 25°C. • • • • • 
AMBIENT TEMPERATURE RANGE: 

Operating . • • • • • . • 
Storage. . . . . . . . . 

LEAD TEMPERATURE lOuring Soldering): 
At distance 1/16" ± 1/32" 

11.59mm±0.79mm) 
from case for 10 5 max.. . . . . . 

700 mW 

derate linearly 5.6 mW/DC 

-55 to +1250C 
-65 to +1500C 

MAXIMUM VOLTAGE RATINGS atTA = 250 C 

(a' CA3064 

Y+REG I 

DETECTOR 
INPUT A 

IFOUlPUT , 

(bl CA3064E 

Fig.2 - Terminalass;gnment diagrams. 

92CS-22471 

The following chart gives the range of voltages which can be applied to the terminals listed 
vertically with respect to the terminals listed horizontally. For example, the voltage range 
between vertical terminal 2 (3) and horizontal terminal 6 (9) is +20 to 0 volts. Terminal 
nos. in parentheses are for the 14·lead dual·in·line plastic package. 

MAXIMUM 
CURRENT RATINGS 

TERM· 916.7. 10 1 2 3 4 5 INAL 10.11. 
ND. 13) (1) (2) 131 (4) (5) (8) 

916.7,6 
10,11. 

NO INTERNAL CONNECTION 13) 

10 +12 +10 +12 +12 +12 
II) 0 -10 0 0 0 

1 . +10 · · (2) -10 

2 . · · (3) 

3 
(4) · · 
4 

(5) · 
5 
(8) 

6 
(9) 

7 
(12) 

8 
(14) 

... Terminal number 10 tll may be connected to any positive voltage 
source greater thun the Internal zener regulating voltage through a 
suitable dropping resistor - provided the dissipation rati~g is not 
exceeded. 

• This terminal should be connected to the most negative potential of 
the complete circuit. 

6 7 B 
(9) (12) (14) 

TERM- liN lOUT 
INAL 
No. mA mA 

9(6,7, 
10.11. 
13) 

+10 +20 ... 
0 0 

10 50 50 
(1) 

+5 · +5 
-5 -6 

1 
(2) 1 0,1 

+20 · +20 
0 0 

2 
(3) 20 20 

+5 • +5 
-6 -6 

3 
(4) 1 0.1 

4 

• · +12 
0 

(5) 
5 5 

+12 • • 0 

5 
(8) 5 5 

+5 +2 
-2 0 

6 
(9) 5 5 

7 
+2 
-10 

(12) 1 1 

REF.SUB 8 
STRATE 
& CASE" 

(14) 
50 50 

* Voltages are not normally applied between thesa terminals. Voltages 
ap~earlng between these terminals will be safe If the specified limits 
between all other terminals are not exceeded. 

6 It is recommended that unused terminals 6.7.10.11. and 13 on the 
14-lead dual·in·lin&-plastlc package and terminal 9 on the T0-5 
package be grounded to act as shields. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C. Unless Otherwise Specified 

TEST LIMITS CHARAC-

CIRCUITS TEST CA3064. CA3064E TERISTIC 
CHARACTERISTICS SYMBOLS CONDITIONS UNITS CURVES 

FIG. MIN. TYP. MAX. FIG. 

STATIC CHARACTERISTICS 

~ 135 150 
V+= -25 0C 

30V 
Device Dissipation Po 4 +250C 130 140 150 mW 

RS= 
l.5k.O 

+85 0C 145 150 

Current Drain at 10.5 Volts 'T 4 Vl0(1l = 10.5 V 4 6.5 9.5 mA 
Zener Regulated Voltege - DC 

VIO(1I 4 

I 
10.9 11.8 12.8 V 

Supply Voltage at terminal 10(11' 
auiescent Operating Current into 

12(3) 4 I 2 4 .mA Terminal 2(3) 

auie.cent Operating Voltage at V4(S) V+=30V 5 6.9 8 V 
Terminal 4(5) AS = 1.5 kSl 

auie.cent Operating Voltage at V5(8) 

I 
5 6.9 8 V 

Terminal5Ul) 

Output Off.et Voltage between V4-5 -I 0 1 V 
Terminal. 4 and 5(5 and 8) (5-8) 

DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER IN TO-5 STYLE PACKAGE) 

Input Voltage Sensitivity sens¥tlvity 
5 V+ =+30 V Correction Voltage Output 

V, =18 mV as shown in table below. 

Input Admittance Y11 0.41 + jl.O mmho 

Reverse Transfer Admittance YI2 I =45.75 MHz 0+j3.4 JdIlho 
V+=30V 

Forward Transfer Admittance Y21 RS=1.5kSl 24.5 - j29 mmho 

Output Admittance Y22 0.04 + jO.9 mmho 

OUTPUT vs FREQUENCY DEVIATION - AFC 

V+ =+30 V %of %01 V,=18mVRMS 
fo = MHza. Vl0 Vl0 

indicated (11 (1) 

V 45.750 - 0.030 85 V 
6,7 Correction·Control Voltage at 

Terminal 4(5) corr. 5 45.150 + 0.030 25 V 

4(5) 45.750 - 0.900 80 V 

45.750 + 0.900 35 V 
7 

45.750 - 1.500 80 V 

45.750 + 1.500 35 V 

45.750 - 0.030 25 V 6,7 
45.750 + 0.030 85 V 

Correction·Control Voltage at V 45.750 • 0.900 35 V 
Terminal 5(8) corr. 5 

45.750 + 0.900 V 5(8) 80 
7 

45.750 • 1.500 35 V 

45.750 + 1.500 80 V 

* Terminal numbers in parentheses are lor 14·leed duaHn~ine plastic package. 

326 



FileNo. 396 __________________________ _ CA3064 
CA3064E 

(l4) 

ALL RESISTANCE VAL.UES ARE IN 
OHMS 

TERMINAL NUMBERS IN PAREN
THESES ARE FOR 14-LEAD 
DUAL-IN-LINE PLASTIC PACK
AGE. 

'" 

"9 

1.5 K 

Fig.3 - Schematic diagram for CA3064 and CA3064E. 

Circuit Description 

The CA3064 and CA3064E integrated circuits can be con
sidered as five functional block~; an if amplifier-limiter, a 
balanced detector, a differential de amplifier, an internally 
used AGC amplifier, and a zener voltage regulator_ The 
45-MHz amplifier limiter combination consists of emitter
follower input stage Q2 followed by a cascade-type amplifier 
Ql, Q3_ The emitter-follower input stage Q2 is internally 
biased, therefore, capacitor coupling must be provided to the 
input at pin 7 (12) . The external load is connected to pin 2 
(3) and should present a load impedance of about 1800 ohms 
at 45.75 MHz. The detector inputs at pins 1 (2) and 3 (4) 

from the external transformer are biased through the tertiary 
winding connected to pin 6 (9), which must be bypassed. The 
balanced detector is a high-efficiency type consisting of 
Q7/Cl and Q13/C2, which are internally biased by matching 
transistors Q8 and Q12. The de amplifier consists of the 
differential.amplifier Q9, Ql0, Q11, and 04. 

The amplifier detector system provides the sharply defined 
pull-in characteristics shown in figures 5 and 6. The AGC 
amplifier Q6 senses the detected signals at the collector of 
Al0 and adjusts the gain to compensate for signal changes 
such as airplane flutter conditions. Diodes 01, 02, and 03 
provide the internal voltage regulation. 

+30V 

TERMINAL NUMBERS IN 
PARENTHESES ARE FOR 
14-LEAD DUAL-IN-LINE 
PLASTIC PACKAGE 

92CS-22408 

Fig.4 - Test setup: Measurement of total device dissipation, zener regulating voltage" 
quiescent operating current at terminal 2 f3}. 
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CA3064E 

"I 0.001 ". "&-A 3' ,F Ion 
1.5kQ 

"2 -:: VIC "7 REF. C 
" 

t---'V\I\r-----+30Y 

·3 
REF. D 9. 

"0 
REF. B 2K 

". 'K 

CONTROL VOLTAGE OUTPUT 
ALL RESISTORS ARE 1% TOLERANCE AND ARE IN OHMS. 
TERMINAL NUMBERS IN PARENTHESES ARE FOR 14-LEAD 
DUAL-IN-LINE PLASTIC PACKAGE 

.8 
pF 

92CS ""'.58_3RI 

liiS ALIGNED FOR SYMMETRICAL BANDWIDTH ON ~ 
EITHER smE OF 45.750 Mft. 

LZ TERTIARY WINDING WOUND ON LI COIL FCRM * 
L)IS ALIGNED FOR ZERO DIFFERENTIAL OUTPUT 

BETWEEN TERMINALS 4 "MO 5 AT '0" 45.750 1lH:r. 
• FOR COIL CONSTRUCTION DATA, sn PlG.,f(Io}. 

REFERENCE VOLTAGE PERCENTAGES 
R.I. A 

Ref. 8 

Ref.C 

Ref. 0 

85%ofVIO(11 

25% of VIO(I) 

80% of VIO(I) 

35% 01 Vl0(1} 

RCA Distributor Part No. 

122213 

122203 

Fig.5 fa} - Correction ~/tIIge test circuit for CA3064 and CA3064E. 

The CA3064 and CA3064E are specifically intended for use in 
the AFT system of color television receivers. These devices are 
tested so that the control voltages generated by the circuit meet 
the critical requirements of the system. Figure 5 (a) is the 
schematic diagram of the test circuit. 
Figures 5, 6, and 7 show the control voltages generated at 
terminals 4(5) and 5(8) of the Integrated Circuit as a function 
of the frequency' deviation from the nominal center frequency. 
Figure 6 shows the region within 30 kHz of the center fre
quency while Figure.7 covers the entire bandwidth of the sys
tem. The horizontal reference lines on the figures are 
generated by a voltage divider connected between the power 
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COIL DATA FOR DISCRIMINATOR WINDINGS 

Ll - Discriminator Primary: 3-1/6 turns; #20 Enamel-cov· 
ered wire - close-wound, at bottom of coil form. Inductance 
of Ll = 0.165jLH; 0 0 = 120 at fa = 45.75 MHz. 
Start winding at terminal #6; finish at Terminal #1. See Notes 
below. 

L2 - Teniary Windings: 2·1/6 turns; #20 Enamel·covered 
wire - close wound over bottom end of Ll. Start winding at 
Terminal #3; finish at Terminal #4. See Notes below. 

L3 - Di_iminator Secondary: 3-1/2 turns; center-tapped, 
space wound at bottom of coil form. 
Inductance of L3 = 0.180 jLH; 0 0 = 150 at fa = 45.75 MHz. 
Stan winding at Terminal #2; finish at Terminal #6; connect 
center tap to Terminal #7. See Notes below. 

Notes: 1. Coil Forms; Cylindrical; -0.30" Dia. max. 
2. Tuning Core: 0.250" Dia. x 0.37" Length. 

: Material: Carbinal J or equivalent 
3. Coil Form Base: See drawing below. 
4. End of coil nearest terminal board to be designated 

the winding start end. 

Flg.5 fbi Coli form bose termlfUll dMgram. 

supply voltage on terminal 10(1) and ground. The dynamic 
oontrol voltages are compared with these references accord· 
ing to the Output vs Frequency Deviation Table. For ex· 
ample: when the frequency deviation is -30 kHz the control 
voltage at terminal 4(5) is greater than the reference A volt· 
age; the control voltage at terminal 5(8) is less than the 
reference 8 Voltage. 
The shape of the correction voltage characteristics is depen· 
dent to a large degree upon transformer characteristics and 
the parts layout. I n order to closely duplicate the curves 
shown, the printed circuit boards shown in Figures 8 and 10 
and the pans layouts shown in Figures 9 and 11 should be 
followed as closely as possible. 
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INPUT FREOUENCY DEVIATION-MHz INPUT FREQUENCY DEVIATION-Uta: 
92CS-I!lBI2RI 

CA3064 
CA3064E 

92CS-15811RI 

Fig.6 - Typical narrow-band dynamic control tlo/tage characteristics. Fig.7 - Typical wide-band dynamic control voltage characteristics. 

330n 

+24V 

r-"NIr-<t---1H ..... ....-W"v---.-v' YAHACTOR 

NOTE: TERMINAL NUMBERS SHOWN IN PARENTHESES ARE 
FOR 14-LEAD DUAL-IN-LINE PLASTIC PACKAGE. 

92CS-22409 

Fig.8 - Typical appliCiltion of CA3064 and CA3064E AFT Ie. 
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CA3064 
CA3064E 

(a) Top view fbJ Bottom "jew 

330 

Fig.9 - Printed circuit board for test circuit, 
(for TO·5 styls packagel. 

FIg.11 - Printed circuit boMd fOf rest circuit. 
(for 14-1eBd duIIl-In-/ine pt.stic ptlCk6f/B). 

FileNo. 396 

Fig. 10 - Top view of wired te,t board (for TCJ.5 style package). 

Fig.12 - Top view of wired test bOllrd (fo, 14·/ead 
dual-in-linB plllStic package' 
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OOCIBLJD Linear Integrated Circuits 

Solid State 
Division 

The RCA CA,1065 Television Sound System is a 
monolithic integrated circuit which combines a multi
stage IF amplifier limiter, an FM detector, an electronic 
attenuator, a zener diode regulated power supply, and 
an audio amplifier-driver that is designed to directly 
drive an npn power transistor or high-transconductance 
tube. Because the circuit is so inclusive, a minimum 
number of external components is required. A block 
diagram of the integrated circuit television sound sys
tem is shown in Fig, l. 

The CA3065 with its advanced circuit desigu pro
vides a high-performance multistage subsystem for the 
sound system of a television receiver. A particular fea
ture of the CA3065 is the electronic attenuator which 
performs the conventional volume control function. Vol
ume control is accomplished when the bias levels in the 
attenuator are changed by me ans of a variable resistor 
connected between Terminal 6 and ground (attenuation in 
excess of 60 dB is attained). Because no audio sigual is 
present in this control, hum or noise pickup can be by
passed. In most cases, only a single unshielded wire is 
required between the IF board and the variable resistor 
(volume controll. 

The CA3065 utilizes a 14-lead dual-in-line plastic 
package with leads specially formed to facilitate auto
matic insertion of the device into suitably punched printed
circuit boards. 

-L,"16,.H NOMINAL, 

Q!UM..OADELW 65 TO 85 

Vee 1140 VOLTS) 

·s 
3.9K 
5W 

08" 

ALL RESISTANCE VALUES ARE IN OHMS 

11·73 

., 
D.C. 
IIOLUME 
CONTROL 

CA3065 

IF AMPLIFIER· 
LIMITER, 

fM DETECTOR 
ELECTRONIC ATTENUATOR, 
AUDIO DRIVER 
F or Television Sound- System Applications 

FEATURES: 
• Electronic attenuatar- replaces conventional 

volume control 
o Differential peak detector-requires one single 

tuned coil 
o Internal Zener diode regulated supply 
o Inherent high stability 

• Excellent AM rejection -50 dB typo at 4.5MHz 
• Low harmonic distortion 
• High sensitivity-200 /-LV limiting (knee) at 4.5MHz 

• Audio drive capability-6mA POp 

• Undistorted audio output voltage· 7 V POp 

Fig. 1- Block diagram of 
CA3065 in a typical 
circuit application. 
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MAXIMUM RATINGS, Absolute Maximum Values, at T A = 25° C 

Input Signal Voltage (between Tenninals 1 and 2) •.•• 
Power Supply Current (Tenninal 5) ••••••••••••• 

Power Dissipation: 

±3 
50 

V 
rnA 

Up to TA = 25°C.. • • . •• •• • •• • • ••• • • • • • • ,850 
Above T A = 25° C ••••••••••••••••••••••• Derate linearly 6.67 

mW 
mW/oC 

Ambient Temperature Range: 
Operating ••••••.•••••••.••••••••••••• 
Storage ••••••••••••••••••••••••••••• 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds max, ••••••••.•••••••• 

MAXIMUM VOLTAGE RATINGS at T A = 25° C 

-40to+85 
- 65 to + 1,50 

+265 

The following chart gives the range of voltages which can be applied to the tenninals 
listed vertically with respect to the tenninals listed horizontally. For example, the 
wltage range of the vertical tenninal 9 with respect to tenninal 3 is 0 to + 4 volts. 

,', - . - -
TERM-
INAL 4 5 6 7 8 9 10 11 12 13 14 1 2 
No. 

4 SUBSTRATE CONNECTION - ALWAYS CONNECT TO TERMINAL 3 

+13 +13 +13 
5 0 0 0 · · 
6 . . · · 
7 +1 · · -4 

8 · · 
9 · 
10 

11 

12 

13 

14 

1 

2 

3 

. Note 1: Terminal NO.5 may be connected to any ·posltive 
wltage through a suitable resistor provided that 
the current and dissipation ratings of the CA3065 
are not exceeded. 

'Voltages are not normally applied between these terminals. 

z 
0 
j:: 

" UJ UJ 
z '" z::l 
01-
"0 
.J Z 

~g 
0: 
UJ 
l-
!!: 

Voltages appearing between these terminals will be safe if 
specified limits between all other terminals are not exceeded. 
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+13 +13 
0 0 · · · 
· · · · · 
· · · · · 
· · · · · 
· · · · · 
· · · · · 

INTERNAL CONNECTION 

DO NOT USE 

+4 · · · -1 

· · · 
· · 

+S 
-S 

3 

NOTE 
1 

+13 
-S 

+13 
0 

· 
+4 
0 

+4 
-S 

· 
· 
+3 
-S 

+S 
-S 

+4 
_5 

MAXIMUM 
CURRENT RATINGS 

TERM-
"N 'OUT 

INAL 
No. 

rnA rnA 

SUBSTRATE: 
4 CONNECT TO 

TERMINAL 3 

5 SO 1 

6 1 1 

7 1 1 

8 O.S 6 

9 1 1 

10 1 0.1 

11 
INT. CONN. 

DO NOT USE 

12 O.S 6 

13 1 2 

14 1 0.1 

1 1 0,1 

2 1 0.1 

3 0.1 SO 
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I;LECTRICAL CHARACTERISTICS at T A = 250 C, VCC = + 140 V applied to Terminal 5 through 

RS = 3.9 k Q, and DC Volume Con trol (Rxi = 0 unless otherwise indicated. 

LIMITS 
CHARACTERISTIC SYMBOL SPECIAL TEST CONDITIONS 

Min. Typ. Max. 

Static Characteri stic s 

Zener Regu lati ng Voltage 
V5 10.3 11.2 12.2 Terminal No.5 

Current into Terminal 5 15 Connect Terminal 5 to +9 V 10 16 24 

Total Device Dissipation PT 343 370 400 

Terminal Voltages: I VI - 2 -

6 V6 - 4.8 -
7 V7 - 6.1 -

9 V9 - 3.7 -
12 VI2 4 5.1 5.8 

Dynamic Characteristics 

IF AMPLIFIER fo ·4.5 MHz. fm • 400 Hz, 
Input Limiting Voltage Vi(lim) Deviation = t25 kHz, - 200 400 

(at -3 dB point) 

AM Relection AMR Amplitude Modulation· 30', 
f =4.5MHz 

40 50 -

Transconductance 
IGml (IF) 

f·4.5MHz 
500 

Magnitude IF Input Terminals: 2, I 
- -

Phase Angle ,)(1 F) IF Output Terminals: 9,3 - 46 -

Feedback Capacitance Cfb f = I MHz; Terminals 2 and 9 - <0.02 -
Input Impedance Components, 

Ri(IF) 
Measured between 

17 Parallel Input ReSistance Terminal Nos. 1 and 2 - -

Parallel Input Capacitance Ci(IF) f = 4.5 MHz - 4 -

Output Impedance Components' 
Ro(lF) 

Measured between 
3.25 Parallel Output Resistance Terminal No.9 and gnd - -

Parallel Output Capacitance Co(lF) f =4.5MHz - 7.5 -

DETECTOR 
Vo(af) 

f = 4.5 MHz; VI= 100 mV 
0.5 0.75 . 

Recovered AF Voltage :·1· ±25 kHz -

Total HarmOniC Distortion THO 1m = 400 Hz - 0.9 2 

Output Resi stance: 
Terminal 7 Ro - 7.5 -
Terminal 8 - 300 -

ATTENUATOR See Fig. 7 

Max. Attenuation - RX = '" 60 80 -

Max. "l'fay·througli''VOrtage* - RX .CD - 0.075 1 

AUDIO AMPLIFIER 

Voltage Gain A(al) VI = 0.1 V(rms), I ·400 Hz 17.5 20 -
Total Harmonic Distortion THO Vo ·2 V(rms), I = 400 Hz - 1.5 -

Undi storted Output Voltage - THO = 5',,! = 400 HL 2 2.5 -

Input Resistance Ri (af) I = 400 Hz - 70 -
Output Resi stance Ro(al) 1=400Hz - 270 -

UNITS 

V 

mA 

mW 

V 

p.V 

dB 

mmho 

degrees 

pF 

kD 

pF 

kD 

pF 

V(rms) 

% 

kD 
fl 

dB 
mV 

dB 

% 

V(rms) 

kfl 

fl 

*UPlaythrough" voltage is the unwanted signal, measured at Terminal 8, when the volume control is set for minimum output. 
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All resistance values are in ohms, all 
capacitance values are In picofarads. 

921»I5IDRI 

Fig. 2 - Schematic diagram of CA3065 

The resistance values included on the schematic diagram have been 
supplied as a convenience to assist Equipment Manufacturers in 
optimizing the selection of "outboard" components of equipment 
designs. The values shown may vary as much as ±30%. 

BOONTON 
TYPE 202H 

AM-FM 
GENERATOR 

OR EQUIVALENT 
"pF 

ALL RESISTANCE VALUES ARE IN OHMS 

~12PF 

LI -16 ~H NOMINAL 
Q(uNLOADED) -65 TO 85 TERMINALS II, 12, 13.14 NO CONNECTION 

92CM-I$815 
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Fig. 3 • Input limiting voltage, AM rejection, reo 
covered audio, total harmonic distortion, maxi. 
mum attenuation, maximum "p/oy .. through" 
test circuit._ 

RCA reserves the right to make any changes in the Resistance 
Values provided such changes do not adversely affect the published 
performance characteristics of the device. 

AUDIO 
OSCILLATOR 
HEWLETT

PACKARD 
TYPE200cD 

OR 
EQUIVALENT 

vee 
140V 

RS 
3.9K 
~w 

TERMINALS 7,8,11,13 NO CONNECTION 
ALL RESISTANCE VALUES ARE IN OHMS 

92CS-ISSI6 

Fig. 4 • Audio voltage gain (undistorted output) 
test circuit. 
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VIDEO SWEEP 
GENERA.TOR 
(KAY VIDEO 100 
MARKASWEEP 
MODEL 154 A OR 
EQUIVALENT) 

Ein = IIJOP.V r.m.S. 

(a) Test circuit 

1.9Ul __ --A,,..A-J"I·14DV 

TO DIODE 
DETECTOR & 
OSCILLOSCOPE 

m , 
'" ~ 
~ 
~ 
;:! 

~ 
~ 

;;; 
~ 

~ 

7D 

60 

SO 

" 
30 

20 

10 

0.1 
FREQUENCY (() _ ""HI: 

(b) Response curve 

-
I\, 

,\ 

10 

Fig. 5 - Frequency re~ponse of IF-amplifier section of CA3065 

100 0 
g~ 
"I 
~~ 80 

"' .. 1;11 
~~ 60 

~~ 
0:: 
~::i 40 
-2 

~~ 
~LL 

20 

Uk.ll 2S 

Ein· 100 ",V 
0.01 0,1 10 100 

FREQUENCY - MH.I. 

(a) Test circuit (b) Response curve' US5-44JI 

Fig. 6 - Frequency resporse of af-amplifier section of CA3065 

AMBIENT TEMPERATURE (TA) .. 25-C 

I---

V 
/ 

/ 
I 

V 
V 

, 4 •• , 4 •• IK 10K lOOK 
, 

RESISTANCE (RXI FROM TERMINAL 6 TO GND-OHMS 

Fig. 7 - Gain reduction vs. resistance 
(terminal 6 to gncl) 

4 .. 
!MEG· 

OPERATING CONSIDERATIONS 

The CA3065 may be used to drive a video output 
transistor or a high-transconductance output tube. 

As in all TV receivers, precaution should be 
taken to prevent destruction of the CA3065 in the event 
of cascade arcs originatirlg in the picture tube or in the 
output tube. In the case of arcing in the output tube a 
resistor of 150 k in' series with terminal No. 12 and the 
grid of the tube is usually sufficient protection. 

To prevent damage from picture tube arcs, a careful 
analysis of board layout and coupling modes (electro
static or magnetic) may be necessary to suggest alter
nate layouts or appropriate locations for the placement 
of spark gaps to absorb the high energy discharge. 
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(a) Printed circuit board - bottom view* 
V2SS-4488 

(b) Ports layout - top view* 

Fig. 8 - Recommended ports layout lor TV receiver 

sound strip using CA3065. 

* A 200 mil'square grid was used in the layout of passive components on the 
printed circuit board. The Quad·in·line formed leads conform to a standard 
grid spacing of 100 mil centers. 
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OOCI§lJ1] 
Solid State 
Division 

Linear Integrated Circuits 
Monolithic Silicon 

CA3066 
CA3067 

Television Chroma System 

16-lead Quad·in-lina plastic package 

CA3066 - CA3067 

H-1706 

CA3066 
CHROMA SIGNAL PROCESSOR 

II Complete Color Sync Circuit 

II Blanked Chroma Amplifier 

• Chroma Band·Pass Amplifier 

• Low Output Impedance Chroma Driver 

• ACC Detector·Amplifier 
.. Killer Detector·Amplifier 

.. DC Chroma Gain Control 

The RCA CA3066 and CA3067 are monolithic silicon 
integrated circuits that constitute a complete chroma system 
for color television receivers. The CA3066 provides 
subcarrier regeneration and total chroma signal processing 
prior to demodulation; the CA3067 performs the 
demodulation and tint control functions. Each device utilizes 
a l6-lead quad·in·line plastic package. 

System Features 
CA3067 

CHROMA DEMODULATOR 

" Balanced Chroma Demodulators 
a Color Difference Matrix 

• DC Tint Control 

II Three Low Output Impedance Drivers for Direct Coupling 

.. Reference Sub carrier Limiter 

.. Zener Diode for Regulated Voltage Reference 

.. Internal RF Filtering 

• Zener Diode for Regulated Voltage Reference 

• Short·Circuit Protection on All Terminals 

12·70 

I 

TINT 
CONTROL 

2 

i @Ll_i--
'j..--+---t----t--='-{.--:=....JH~·)--' 4 16 II 

CHROMA 
GAIN CONTROL 

KILLER 
ADJ 

OSCILLATOR 
OUTPUT 

Fig. 7 • TV chroma system functional block diagram. 

92CM-1751T 
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27K 

ALL RESISTANCE 'O'..,LUES ARE IN OHMS 

UNLESS OTHERWISE INDICATED. AL.L CAPACITANCE 'lALU'ES: 
LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 

ALL COILS HAVE 1.°00>30 TO TO 
+1I.2.V +1I.2Y 

8 .. 

+1I.2V 

CH ..... 
'""PUT 

OSCILLATOR 
OUTPUT 

Fig. 2 - Functional diagiam of CA30li6. 

The CA3066 contairis substantially all the color processing 
circuitry exclusive of the tint control and demodulating 
circuits. The chroma amplifier sections of the CA3066 
consist of the chroma and bandpasS amplifiers_ The chroma 
amplifier receives the chroma input signal at terminal No.1. 
This amplifier is gain controlled by the automatic chroma 
control (ACC) detector-amplifier. The chroma signal is 
internally coupled from the output of the chroma amplifier 
to the input of the chroma bandpass amplifier and burst 
separator amplifier. The horizontal keying pulse (+8V) is 
used to gate the burst portion of the chroma signal from the 
input of the bandpass amplifier to the input of the burst 
separator amplifier. The bandpass amplifier is gain controlled 
by the de chroma gain control and can also be controlled by 
the killer detector-amplifier. The bandpass amplifier output 
is internally coupled to the chroma output amplifier stage of 
the CA3066. The coils of the chroma amplifier and the 
bandpass amplifier are stagger-tuned to provide a combined 
typical bandpass of 3.08 to 4.08 MHz. 'The burst separator 
amplifier injects the burst signal into the 3.58 MHz oscillator. 
The oscillator amplitude is dependent on the terminal No.9 
impedance to ground and is also responsive to the burst 
signal amplitude at terminal No. 11. The ACC detector and 
killer detector sense the burst level or absence of burst, 
respectively, by monitoring the oscillators response to the 
burst injection level. The thresholds for the ACC and killer 
are independently adjusted by resistors R2 and Rl at 
terminals No.9 and No.4, respectively. The chroma output 
is at terminal No. 14 and the oscillator output is at terminal 
No.8. Terminal No.6 is a zener diode for use as a regulated 
voltage reference at 11.9 volts. When the zener reference 
element is not used, the power supply voltage should be 
maintained at 11.2 ± 0.5 volts. 
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MAXIMUM RATINGS,Absolute-Maximum Values at 
TA = 25"C 
Supply Voltages and Currents (see charts below) 
Device Dissipation: 

Up to T A = 700 C ............ 600 mW 
Above TA = 700 C .... derate linearly 7.7. mWfJC 

Ambient Temperature Range: 
Operating ....... . -40 to +85 uc 
Storage ............... -65 to +150 °c 

Lead Temperature (During soldering for 
lOs max. at not less than 1/32" from package) ... +265 °c 

Voltage with respect to 
Terminal N 5 o. 

Terminal Vmin. 
No. (voltsl 

Vmax. 
Ivoltsl 

6 See Note Nl 
7 - -
8 
9 - -

10 -5.0 N2 
11 0.0 18.0 
12 0.0 12.0 
13 0.0 15.0 
14 - -
15 0.0 N2 
16 0.0 15.0 
1 -5.0 5.0 
2 - -
3 - -
4 - -

Current 

Terminal II 10 
No. mA mA 

6 20 0.1 
7 5 0.1 
8 1 2 
9 0.1 2 

10 1 0.1 
11 10 1 
12 50 1 
13 10 1 
14 0.1 6 
15 3 1 
16 6 1 
1 1 0.1 
2 0.1 2 
3 0.1 20 
4 1 1 

Nl Terminal No. 6 is connected to a. zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
terminal No.6. 

N2 The upper voltage limit cannot exceed the power 
supply input voltage at terminal 12. 
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ELECTRICAL CHARACTERISTICS T 2SoC d V+ 11 2 V at 'A = an = 
CHARACTERISTICS SYMBOL 

Slatic Characteristics 

Voltages: 
ACC Reference V2 
Burst-Chroma Ampl. Bias Current Term. V3 
Killer Reference V4 
Zener Reg. Reference V6 
Oscillator Input V7 
Oscillator Output V8 
Balance (ACC Control) V9 
Chroma Output V14 

Currents: 
Total Supply IS 
Burst Separator Output 111 
Band·Pass Ampl. Output 13 
Chroma Ampl. Output 116 

Dynamic Characteristics 

Oscillator Output v8 

Chroma Output: 
100% v14 
Killed 

ACC Detector Output v2 
Small·Signallnput Resistance (Term. No.1) r; 
Small·Si nal Input CaDacilance Term. No.1) Ci 
Small·Signal Output Impedance (Term. No.14 ro 

NOTE: 016 THROUGH 028 ARE EMITTER FOLLOWERS 

ALL RESISTANCE VALUES ARE IN OHMS 

TEST CONDITIONS 

SI Closed 

vI = 0 vp.p 
VI = 1.25 vp.p 

vI = 1.25 vp.p 
vI = 0.025 vp.p 

vI - 1.25 vp.p 

Fig. 3· CA3066 schematic diagram. 

LIMITS UNITS TEST FIG. 
MIN. TYP., MAX. ANO 

CURVES 

- 0.5 --
- 2.9 -
- 1.0 

10.6 11.9 12.6 
V - 1.4 - 4 

- 2.35 
- 1.65 -

4.0 

14 24 33 
- 6.5 - rnA 

4.8 
1.27 

0.8 1.2 -
6 

- 2.5 3.5 
vp.p 

0.5 1.0 - vpop 6,5 
- - 12 

- 0.9 - V 6 

- 50 - kU 
- 2..4 - pF -
- 250 - n 
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,-....,--""""1P-..... - ..... ---....----- +11.2 V 

20 
.n 

•• n 

~~~r--+--.+20V 

92CS-17S0J 

Fig. 4 . Static characteristics test circuit. 

27. 

.01 

CH~ 
INPUT 

0\. •• 

ALL RESISTANCE VALUES ARE IN OHMS 

UHLESS OTHERWISE INDICATED, 
AlL CAPACITANCE VALUES: 

LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 

AU. COILS HAVE A Dou >30 

TO 
+1I.2V 

CHROMA INPUT-PERCENT 92CS-171102 

Fig. 5· Typical ACC characteristic of chroma output vs 
chroma input. 

+11.2 V 

•. 2 

+1I.2V 

CHROMA 
OUTPUT 

OSCILLATOR 
OUTPUT 

92CM-17042RI 

Fig. 6 . Dynamic characteristics test circuit. 

DYNAMIC CHARACTERISTICS TEST PROCEDURE 

Steps 1, 2, and 3 are performed with no Chroma input 
(111 = O) 

1. Adjust ACC potentiometer for V2 = +D.65V. 
2. Adjust Killer potentiometer for V 4 = +1.2V. 
3. Adjust capacitor Cx (crystal trimmer) so that 

frequency of oscillator is 3.579545 MHz. 
4. Unless otherwise noted, the chroma gain control is at 

maximum gain (fully clockwise). 
5. The chroma input test signal is a 52.5 j.ls "line" at 

subcarrier frequency, and 10 cycles of burst at 46.5% 
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6. 

7. 

of the "line" amplitude. The chroma input (Vl) is in 
peak·to·peak volts of "line" amplitude. 
The chroma output (v14) is the same as the chroma 
input (Vl) except that the burst is removed and keying 
overshoot occurs in the retrace period. The chroma 
output is in peak·to·peak volts of "line" amplitude. 
The oscillator output (va) is the CW output at terminal 
No. a and is in peak·to·peak volts. Some modulation 
of oscillation dampening between burst injection is 
visible. 
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CA3067 Chroma Demodulator 

25 K TO v+ 

ALL RE!oISTAMCE VALUES ARE IN OHMS 

UMLESSOTHERWISE: INDICATED, ALL CAPACITANCE VALUES 
LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 

10 

-r,--"u,-,r-u R-Y OUTPUT 

G-Y OUTPUT 

a-v OUTPUT 

92CM-17046RI 

Fig. 7· Functional diagram of CA3067. 

The CA3067 contains the separate functional systems of a 
de tint control and a demodulator. The phase shift of the tint 
amplifier system is accomplished by functional control of the 
fixed phase signal from the CA3066 oscillator output. This 
~egenerated reference subcarrier is applied to terminal No.3 
and driven differentiallY into phase shift circuits. The tint 
adjustment controls the. vector addition of phase shifted 
signals after which a limiting amplifier removes any remain· 
ing amplitude modulation. The output of the tint amplifier 
at terminal No. 1 is phase separated for the required 
reference subcarrier phase at terminal No.6 and No. 12 
(terminal No. 12 lags terminal No.6 by approximately 760 ). 

These terminals are inputs to the demodulator drive amp· 
lifiers. The demodulators consist of two sets of balanced 
detectors which receive their reference subcarrier from the 

demodulator drive amplifiers. The chroma signal input from 
the CA3066 is applied to terminal No. 14. The chroma signal 
differentially drives the demodulators. The demodulation 
components are matrixed and dc-shifted in voltage to give 
R-Y. G-Y. and 8-Y color difference components with 
close de balance and proper amplitude ratios. The output 
amplifiers of the CA3067 are specially designed to meet the 
low·impedance driving source requirements of the high-level 
color output amplifiers. A special feature of the CA3067 is 
R-C filtering of high frequency demodulation components. 
Terminal No.4 is a zener diode for use as a regulated voltage 
reference at 11.9V. When the zener reference element is·not 
used, the power supply should be maintained at +11.2 to.5 
volts. 
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MAXIMUM RATINGS, Absolute·Maximum Values at 
TA = 25"C 
Supply Voltages anQ Currents (see charts below) 
Device Dissipation: 

Up to T A = 700 C ... . . . . . . . . . 600 mW 
Above T A = 700 C .... derate linearly 7.7 mWfOC 

Ambient Temperature Range: 
Operating ...... . 
Storage ....... . 

Lead Temperature (During soldering for 

. -40 to +85 °c 

. -65 to +150 °c 

lOs max. at not less than 1/32" from package) ... +265 °c 

Nl Terminal No. 4 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
terminal No.4. 

N2 The upper voltage limit cannot exceed the power 
supply input voltage at terminal 13. 

N3 Terminal No. 16 should be bypassed for normal 
operation. 

", .. , 

,. 
NOTE: Q37 THROUGH QSI-ARE EMITTER FOLLOWERS 

Voltage with respect to 
Terminal No.5 

Terminal 
No. 

6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 

C, 
'4 

1 
2 
3 
4 

Vmin. 
(volts) 

" 
"39 
2.7K 

"43 3. 

0 
0 
0 
0 
0 
0 
0 
0 

-3 
0 

N3 
0 
0 
0 

Nl 

ALL RESISTANCE VALUES ARE IN OHMS 
ALL CAPACITANCE VALUES ARE IN pF 

Fig. 8 - CA3067l1Chematic diagram. 
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Current 

Vmax. Terminal Ii 10 
(volts! No. (rnA) (mA) 

N2 6 3 3 
N2 7 3 3 
N2 8 20 20 
N2 9 20 20 
N2 10 20 20 
N2 11 3 3 
N2 12 3 3 
12 13 50 1 
N2 14 1 0.1 
N2 15 6 2 
N3 16 N3 N3 
15 1 3 3 
N2 2 3 0.1 

5 3 3 3 
4 20 0.1 
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ELECTRICAL CHARACTERISTICS at TA = 25°C and v+ = 11.2 V 

LIMITS 
TEST 

CHARACTERISTIC SYMBOL TEST CONDITIONS UNITS FIG. AND 
MIN. TVP. MAX. CURVES 

Static Characteristics 

Voltages: 

Tint Control Input V2 12 = 0.25 mA - 3.5 -
Reference Subcarrier V3 - 2.1 -

.Zener Regulator Ref. V4 10.6 11.9 12·6 V 9 

B-V, R-V Oscillator Ref. Inputs V6, V12 - 5.7 -
Balance (B V, R V) V7, VII - 5.0 -
B-V, G-V, R-V Outputs V8,9,10 4.2 5.0 5.8 9,11,12 

Difference Outputs' 
AV8,AV9. 

AVlO -0.3 - 0.3 

Chroma Inputs V14, V15 - 3.0 -
Tint Amp!. Balance 

9 
V16 - 4.7 -

Currents: 

Tint Ampl. Output (min.) 11 (min.) V16 = 8 V 0.16 0.37 - mA 

Total Supply 11 + 113 15 24 33 

Dynamic Characteristics 

Tint Amplifier Output 

Sensitivity V3 = 7 mV (RMS) 160 250 - mV 

Limiting Knee VI V3 - 35mV (RMS) - 300 - (RMS) 

Limiting V3 - 350mV (RMS) - - 380 

Tint Amp!. Phase Ref.· </J6 V3 = 70mV (RMS) 185 220 235 deg. 

Tint Ampl. Phase Shiff!: l!.</J6 V3 = 70mV (RMS) 90 105 - deg. 

Demodulated Chroma Output: 

R-V VlO 
V3 = 70mV (RMS) 

150 250 -
RatioofG-Vto R-V V9/Vl0 0.28 0.36 0.44 V(RMS) 

Ratio of B-V to R-V V8/VlO 
V14 = 35mV (RMS) 

1.0 1.2 1.4 

Color Difference Output 
10 

BWDiff. 450 550. - kHz 
BW at 3.3dB 

Color Difference Outputs (max. input signals): 

R-V vl0 - 3.0 -
G-V Vg 

V3 = 70mV (RMS) 
1.1 -

V14 = 212mV (RMS) - vp.p 

B-V v8 - 3.6 -
Small Signal Input Resistance 

Terminal No.3 fj - 550 - n 
Terminal Nos. 6 & 12 - 22 -

Small Signal Output R ~istance 

Terminal Nos. 8, 9, & 10 ro - 5 -

*6Va ~ Va {a+ v; +Vl~'AV9_ Vg {a +V~ +Vl~AV10= Vl0 {a+vg3+ VI' 

• Terminal No.3 is phase reference * read phase shift as tint control is·varied 

343 



CA3066,CA30~--------------------------------------------- File No. 466 

)-'------+ +11.2 V 

~-----JVV~---++20V 
92CS~17S03 

Fig. 9· Static characteristics test circuit. 

DYNAMIC CHARACTERISTICS TEST PROCEDURE 
1. The reference subcarrier input (v3) is a 3.58 MHz CW 

signal from a 50n source. 
2. The chroma input (V14) is a 3.53 MHz CW signal from 

a 50n source. 
3. 

4. 

5. 

Phase and amplitude at terminal Nos. 1. 3, 6 and 12 
are measured with a vector voltmeter (HP8405A or 
equivalent) . 
Signals at terminal Nos. 8, 9, and 10 are measured with 
an ac voltmeter (HP400E or equivalent) or an oscillo· 
scope. 
Unless otherwise ncited the Tint control is at max· 
imum resistance. 

25K TO v· 10 
rfr;."'Y'o/lr-"T'-'I/I/Ir-~---~--+1I·2V 

CHROMA 
INPUT 

o---j I • 
. 0' 620 
~H 

" 
.D! 

CIRCUIT 
ONo. 

ALL RESISTANCE VALUES ARE IN CHiNS 

UNLfSSOTHERlrlSE INDICATED. AlL CAPACITANCE VALUES. 
LESS TtlAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 

R-Y OUTPUT 

G-Y OUTPUT 

........ .I-.r·''---''B_V OUTPUT 

92CM-17046RI 

Fig. 10 - Dynamic characteristics test circuit. 

D.C. SUPPLY VOLTS (vl3) 
12CS-I1S04 

Fig. 11 - DC volrage at color-difference outputs VB supply 
volrage. 
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AY81 ENT TEMPERATURE _·C 

HCS-17505 

Fig. 12 - Temperature drift of DC volrage at color-difference 
outputs. 
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Application Information 
TYPICAL CHROMA SYSTEM UTILIZING THE CA3066 AND THE CA3067 

CA3066 

A typical circuit using the CA3066 is shown in Fig. 13. This 
circuit is designed for a peak·to·peak chroma input level (VI) 

of 1.25 volts, a horizontal keying pulse amplitude (V 10) of 
+8 peak volts, and a regulated supply votlage (V12) of +11.2 
volts. The chroma signal should be derived from the 1st or 
2nd video amplifier and the luminance should be filtered out 
before the signal is applied to the CA3066 chroma input at 
terminal No.1. For proper switching, the horizontal keying 
pulse (Vl0) should be at least +7.5 peak volts but must not 
exceed the de supply voltage level (V12) which should be 
maintained at the recommended value of +11.2V. The de 
supply can be externally regulated or the regulation circuit 
shown in Fig. 13 may be used. An RCA 2N3053 (or 
equivalent) transistor in an emitter follower configuration is 
used as a basic regulator in the circuits shown in Figs. 13 or 
17. The zener diodes (connected to terminal No.6 in the 
CA3066 or terminal No.4 in the CA3067) are intended as 
reference·voltage sources for this· circuit and may be used 
separately. 

If either the CA3066 or CA3067 can be separately removed 
from the operating circuit, paralleling the zeners (to establish 
a regulator reference) is recommended to avoid excessive 
voltage on the remaining unit. For best voltage tracking and 
bias stability the zener diode reference element of the 
CA3066 should be used for the CA3066 supply voltage 
regulator circuit. The setup adjustments for the circuit of 

HORIZONTAL 
KEY 
PULSE 

CHROMA 
INPUT 

10K 

o--l 
.01 

S.6K 

S.6K 

27 K 20K 

+ 
IOOJLF 

LI- 10-30 ~H 
Q,-12-54 

3.9K 

0.1 39K 

ALL RESISTANce VALUES ARE IN OHMS 

1.2 = 15-40 p.H 
Q2 I::: 55 

UNLESS OTHERWISE INDICATED, ALL CAPACITANCE VALUES: 
LESS THAN 1.0 ARE IN 14ICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 

ALL COILS HAVE It. DOU>lO 

Fig. 13 are the killer (Rl), automatic chroma control (R2), 
and oscillator frequency (cx). The chroma gain control 15 a 
dc adjustment that controls the color drive level to the 
demodulator circuit and is normally a front panel adjust
ment. The killer and ACC adjustments are initial setup 
controls to optimize performance. The killer control (Rl) 
setting adjusts the threshold level at which the chroma 
bandpass amplifier will be cutoff. This threshold level is 
normally set at +1.2 V at terminal No.4. The ACC 
adjustment (R2) controls the oscillator loop gain and sets the 
ACC threshold level at which the chroma output signal ceases 
to increase linearly with increases in the chroma·input·signal 
level. When R2 is properly adjusted, the voltage at terminal 
No.2 is +0.6 to +0.7 volts (normally set at +0.65 volts). 

The Ll coil in Fig. 13 has two slugs, one for setting the 
frequency and another which serves as a Q "spoiler." In this 
way it is possible to control the tilt of the chroma bandpass 
frequency response and to compensate for overall·system 
phase errors. Coils L 1 and L2 are single·tuned; the trans· 
former T, is fix·tuned. The secondary of Tl provides the 
reverse phase signal to neutralize the 3.58 MHz crystal and, 
with the series 12 pF capacitor, provides the correct 
compensation to terminal No.7. An adjustable trimmer 
capacitor in series with the crystal is set for a free·running 
frequency of 3.579545 MHz ±10 Hz and will, for the typical 
circuit shown, stay within a nominal drift variation of 30 Hz 
during warm up. 

1200 82 

TI (PRIM) -24 JLH 

(SECI·8,... 

TO CA3067 

CHROMA 
OUTPUT 

OSCILLATOR 
OUTPUT 

+30V 

(+ 24 V FOR CA3(72) 

Fig. 13· CA3066 chroma amplifier-oscillator circuit. 92CM-I7S06 
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System performance curves for the CA3066 are· shown in 
Fig. 14. The chroma and oscillator outputs and the killer and 
ACC reflll'ence voltage are plotted as a function of the input 
chroma signal. Because the killer threshold is a function of 
the killer reference voltage, a typical curve for the threshold 
variation is shown in Fig. 15. This curve was generated for 

CHROMA INPUT (v.l-VOLTSlP_Pl 

Fig. . 14 - Typical chroma system parameters vs NTSC chroma 
input signal for CA3066. 

Fig. 168 tIIru 16 k 
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various settings of R 1 (killer reference points) with no signal 
applied to terminal No.1. At each satting a signal was 
applied and reduced in magnitude until the bandpass 
amplifier was cutoff by the killer amplifier. Oscilloscope 
photographs of the terminal voltage signals and frequency 
response curves are shown in Fig. 16. 

AMBIENT TEMPERATURE (TA) • 25·C 

1.1 1.2 1.3 1.4 
KILLER REFERENCE VOLTS (SET AT NO SIGNAL INPUT) 

92CS-17510 

Fig. 15 - Typical killer threshold of chroma input vs killer 
reference voltage (V 4) using NTSC signal_ 

(a) Terminal No.1. 
One horizontal line 

1.25 vp_p of NTSC signal at chroma input (v1 = 1.25 vp_p). 

(b) Terminal No. 16. 
One horizontal line 
0.2 vp-p of chroma amplifier output (v1 = 1.25 vp-p). 

(c) Terminal No. 13. 
One horizontal line 
1.0 vp_p bandpass amplifier output (v1 = 1.25 vp_p). 
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(d) Terminal No. 14. 
One horizontal line 
1.0 vp.p of chroma output (v 1 = 1.25 vp.p)' 

(e) Terminal No. H. 
One horizontal line 

2.3 vp-p of separated burst (V1 = 1.25 vp.p)' 

(f) Terminal No. B. 
One horizontal line 
1.2 vp.p of oscillator output with no input signal (V1 = 0). 

(g) Terminal No. B. 
One horizontal line 
2.5 vp.p of oscillator output (v 1 = 1.25 vp.p). 

(h) Terminal No. 16. 
Frequency response sweep 0.5 MHz/horizontal division 
peak response at 4.0B MHz (Terminal No.4 connected 
through 24 k n to +H.2V). 

(i) Terminal No. 13. 
Frequency response sweep 0.5 MHz/horizonral division 
(terminal No.4 connected through 24 kG to +".2V). 
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CA3067 

The Tint Amplifier·Demodulator. CA3067 is shown in Fig. 
17. The oscillator output from Terminal No. 8 of the 
CA3066 is buffer-<:annected through a 4.7 Kn resistor to the 
reference subcarrier input, Terminal No.3. The chroma 
output from the CA3066, available on Terminal No. 14, is 
connected through a series tuned circuit consisting of a 150 
pF capacitor, a 560n resistor, and a 47 JJH coil to terminal 
Nos. 14 and 15. Terminal Nos. 14 and 15 are biased through 
an interconnected choke network to provide a balanced bias 
to the chroma demodulator drivers 013 and 014. If desired, 
the phase polarity of the output of the CA3067 circuit can 
be reversed by rev .... sing the input connections at terminal 
Nos. 14 and 15. The regulated 11.2 V dc supply voltage for 
the CA3067 is obtained from Terminal No. 12 of the 
CA3066. 

CHROMA 
INPUT 
~I~---~~---o 

U50pF 

6.8.K 

REFERENCE 

TINT 
25 K 

.60 

56 

4.7 K 

.ri:""";; 
1"~40 
I Q~~5 
L_ 

iWpJr'RIER +----+-----' 
~I~----~----~~ 

10 

.01 HI-..... -----------' 
-= .0082 

ALL RESISTORS IN OHMS 

+11.2V REG. 

(SEE FIG.I!) 

R-Y 
OOTPUT 

ALL CAPACITORS, UNLESS OTH.ERWISE INDICATED, AR,E IN J-LF 

Fig. 17· CA3067 tint control-chroma demodulator circuit. 
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(j) Terminal No. 14. 
Frequency response sweep 0.5 MHz!horizontal division 
(terminal No.4 connected through 24 kn to +".2V). 

(k) Terminal No. 11. 
Frequency response sweep 0.5 MHz/horizontal division 
Terminal No. 4 connected through 24 kn to +".2V 
Terminal No.7 connected through 4.7 kn to +".2V 
Terminal No. 10 connected through 10 kn to +11.2V 

In Table I the amplitude and phase values are given with the 
00 phase reference at terminal No.3 and the tint amplifier 
adjusted to a B-V signal reference which can be recognized 
by the waveform on terminal No.8. Typical terminal voltage 
values are given for the CA3066 and CA3067 in Table II. 

TABLE I .- Typical Voltage and Phase Relationships for the 
CA3067 Tint-Control Amplifier. 

TERMINAL NO. AC VOL TAGE·mv PHASE ANGLE 

3 70 00 
1 200 - 9JO 
6 1.5 - 670 

12 2.5 -1430 

Referenca Condition: Tint" control centered on B-V phase 
at terminal No.8. 

TABLE II - Typical DC Terminal Voltages with no Input 
Signals for CA3066 and CA3067. 

TERMINAL NO. 
DC VOLTS 

CA3066 CA3067 
1 1.75 11.2 
2 0.68 3.5 
3 2.8 2.1 
4 1.25 11.9 
5 0 0 
6 11.9 5.7 
7 1.4 5.0 
8 2.2 5.0 
9 1.9 5.0 

10 0 5.0 
11 11.2 5.0 
12 11.2 5.7 
13 11.2 11.2 
14 4.6 3.0 
15 4.4 3.0 
16 11.2 4.8 
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The demodulation angles are determined by the phase of the 
reference subcarrier signals at terminal Nos. 6 and 12. These 
signals are amplified and applied to the demodulators such 
that their respective demodulated signals are present at 
terminal Nos. 8 and 10. The phase shift network from 
terminal No. 1 resolves the signal into two components that 
are phase separated by 760 • Relative to the terminal No.6. 
phase, which is directly represented by the B:"Y phase, the 
terminal No. 12 phase is shifted 1800 and the demodulation 

Fig. 18 a thru 18 e. 

-- - ~ - ---.-- .--

)100- - ... 

- -. --

,-- , ' 
---"-\'----' ~-r-., 

angle at terminal No. 10 is 1800 minus 760 or typically 
1040 • While the output signals at terminals Nos. 8, 9, and 10 
are given as B-Y, G-Y, and R-Y respectively, it is obvious 
that the phase angles as recognized by the waveforms in the 
oscilloscope photographs of Fig. 18 are not precisely the 
NTSC standard representation of color difference signals. 
The latest developments in color TV picture tubes, such as 
the 18VANP22, require some phase shift for color correc· 
tion. 

(a) Terminal No. 14; 
One horizon tal line 
0.2 vp.p chroma input to demodulator. 

(b) Terminal No.3. 
One horizontal line 
0.25 vp.p oscillator injection input to tint control amplifier. 

(c) Terminal No. B. 
One horizontal line 
1.0 vp-p at 8-Y output. 

(d) Terminal No. 10. 
One horizontal line 
1.2 vp-p at R-Y ouyput. 

(e) Terminal No.9. 
One horizon tal line 
0.4 vp-p at G-Y output. 
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The tint amplifier of the CA3067 is unique in that all phase 
shift requirements are satisfied by dc bias control to terminal 
No.2. Resistor R 1 and capacitor Cl of Fig. 8 provide the 
basic requirements for a phase shifting of the tint·controlled 
signal. The reference subcarrier signal at terminal No.3 is 
separated 1800 by the differential amplifier 02 and 03. The 
output of 02 is shifted in phase by the R 1, ci time constant. 
The output of 03 is directed to a recombination adder 
junction at the collector of 04. The tint control determines 
the 04 output signal by ""ecting more or less signal to ac 
ground through diode, 02. The tint·controlled signal is then 
passed through an amplifier·limiter circuit to terminal No.1. 

The output amplifiers of the CA3067 are very·low· 
impedance followers that allow for direct coupling to high· 
level amplifiers. As shown in Figs. 11 and 12, the difference 
outputs vary linearly with voltage and temperature. 
Typically, the red and blue difference outputs have a 3-volt 
peak-to·peak maximum voltage·swing capability with a 5 k n 
load. 

CA3072 Alternate Demodulator Circuit 

The circuit shown in Fig. 19 represents an alternate tint 
amplifier·chroma demodulator. This circuit provides greater 

REFERENCE 
SUBCARRIER 
INPUT 

CHROMA 
INPUT 

S-12 
I£H 

color·difference output levels than the CA3067. When the 
CA3072·2N3933 demodulator and tint amplifier circuit is 
used in conjunction with the CA3066, +24 volts should be 
used to provide the proper V+ for the CA3072. Both the 
2N3053 and 2N3933 are typical of the type of transistors 
that may be used with the CA3066, CA3067, and CA3072 
integrated circuits. For complete data information on the 
RCA types 2N3053, 2N3933, and CA3072, refer to their 
respective Technical Bulletins. 

Construction Information 
Fig. 20 is a photograph and template of a circuit board 
layout for the CA3066 and CA3067 combination. Particular 
information for most of the components is given in Figs. 13 
and 17. Special· attention must be given to bypassing at 
terminal Nos. 2 and 15 in the CA3066. Terminal No. 2 
requires a high·O capacitor (0.1 ).IF) in parallel with the 100 
).IF electrolytic bypass. Terminal No. 15 requires bypassing to 
the power supply lines for best results. To assure complete 
cutoff at the minimum chroma'gain-control setting, the 
power supply side of L2 must be well bypassed to ground, 
and preferably to a common ground point that also includes 
the 1500-ohm resistor at terminal No. 14 and the CA3067 
terminal No. 15 bypass. 

+24V 

a-y 
OUTPUT 

41". 

R-V 
OUTPUT 

47 pF 

8-V 
OUTPUT 

O~---------~----~ 47,F 
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ALL RESISTORS IN OHMS 
ALL CAPACITORS. UNLESS OTHERWISE INDICATED. ARE IN JLF 

*- VALUE MAY VARY WITH STRAY CAPACITANCE AT INPUT 

Fig. 19 . CA3072 chroma demodulator with 2N3933 tint control amplifier circiJit. 
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Fig. 20 a . Circuir board lavour. 

Fig. 20 b . Templare fo, circuir board lavour 
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OOcn3LJD 
Solid State 
Division 

2O-Iead quad-in·line 
plastic package 

H·1704 

Linear Integrated Circuits 
Monolithic Silicon 

CA3068 

Television Video IF System 
FEATURES: 
• High-gain wide·band I F amplifier: 75 dB typo at 45 MHz 
• Gain reduction with excellent stability: 50 dB typo at 45 MHz 
• Video ·detector with linear characteristics 
• Video amplifier: 12 dB gain 
• Impulse noise limiter 
• Keyed AGC with noise immunity circuits 
• Delayed AGC for tuner 
• Buffered A FT output 
• Separate ·sound IF intercarrier 

amplification 
• Sound carrier detector 
• 4.5 MHz sound Carrier amplifier 

• Isolated zener reference diode for 
regulated voltage supply 

• See ICAN-6303, "A Single IC for 
the Complete PIX·IF System in 
TV Receivers" 

RCA·CA3068* is a monolithic integrated circuit that in· 
corporates an entire video TV·I F subsystem on a single chip. 
Innovations in integrated circuit design, in addition to the 
many active devices and closely matched components uti· 
lized in the circuit, make the CA3068 ideally suited for use 
in color and black-and-white TV receivers. 

noise immunity and minimal airplane flutter. An isolated 
zener reference diode, incorporated in the IC, provides a 
convenient and economical means for controlling the regu· 
lated voltage supply. The inherent wide bandwidth capability 
(10·70 MHz) and high overall gain (87 dB) make the CA3068 
suitable for other AM IF applications whose frequencies 
range within this bandwidth. The primary functions performed by the I F subsystem are 

video IF amplification, linear detection, video output ampli· 
fication, AGC from a keyed supply, AGC delay for tuner, 
sound carder detection, sound carrier amplification, and a 
buffered AFT output. The advanced circu it design of the 
CA3068 also includes secondary functions for improved 
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AG' 
TO 

TUNER 

IF 
FROM 
TUNER 

The CA3068 utilizes a unique 20·lead quad·in·line plastic 
package. This package also includes a wrap·around shield 
that serves to minimize interlead capacitances. 

* Formerly Developmental No, TA5914 

2 

4.~MHt 
SOUNO 
OUTPUT 

VIDEO 
OUTPUT 

KEYING 
PUt..SE 

Fig. 1 Functional block diagram of the CA3068. 
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MAXIMUM RATINGS, Absolute Maximum Values, at TA = 25' c 
DC Supply Voltage: 

Between Terminals 15 and 5" ....................................•................. 
Terminal 7 (Collector to ground) ................................................... . 
Terminal 9 (Collector to ground) .................................................. . 

DC Current (into Terminal 18) ...................................................... . 

Device Dissipation: 

11.3 
20 
20 
2 

V 
V 
V 

mA 

Upto TA = 60°C................................................................ 600 mW 

Above T A = 60°C .............................................................. derate linearly 6.7 mwtC 

Ambient Temperature Range: 
Operating ..................................................................... -40 to +85 
Storage ...................................................................... - 65 to + 150 

Lead Temperature (During soldering): 
At distance not less than 1/32" (0.79 mm) from case for 10 seconds max. 

* This rating does not apply when using the internal zener reference in 
conjunction with the pass transistor. 

I 
I 
I TUNER 

I (O:~'rI 
I 

" 

+265 

"r -----1'-';----i 
I ZI i 
I zz I 

: ZENER REG. I 
~ ___ ~E~R~C~_---i 
I 

R26 Z5 

Fig. 2· CA3068 - Simplified schematic diagram. 

°c 
°c 

°c 
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ELECTRICAL CHARACTERISTICS at T A = 2SoC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
CIRCUIT 

UNITS 

Fig. No. Min. Typ. Max. 

Static (DC) Characteristics 

Quiescent Circuit Current 115 - 3 15 - 45 mA 

DC Voltages: . 
Terminal 2 (Sound) V2 - 5 - 6 - V 

Terminal 3 (Keying Input) V3 - 3 6.4 - 10 V 

Terminal 7 (1) (AGC) V7 - 3 16 - 21 V 

Terminal 7 (2) (AGC) V7 - 4 - 1 - V 

Terminal 8 (AGC Delay) V8 - 4 - 4 - V 

Terminal 9 (Cascade Collector) V9 - 3 - 8.5 - V 

Terminal 16 (Bias) V16 - 3 1.1 - 2.3 V 

Terminal 18 (Zener) V18 V5 = V17 = 0 V. 118 = 1 mA - 10.6 11.9 13.2 V 

Terminal 19 (White Level) V19 - 5 6 - 10 V 

Dynamic Characteristics 

Video Sensitivity el fa = 45.75 MHz. Mod. (AM) = 85% 40 100 200 IN 
at 400 Hz; Adjust el for 4 Vp.p at 6 

Term. 19 

Sync. Tip Level Voltage V19 fa = 45.75 MHz. el(CW) = 10 mV 6 0.4 0.8 1.6 V 

Automatic Fine Tuning (AFT) V14 6 - 15 - mV 
Drive Level Voltage 

Delay Bias Voltage: V7 
Atel = 10mV fa = 45.75 MHz. el(CW) = 20 mY; 

16 - - V 

Atel=30mV Adjust R1 for V7 = 14 V 
6 

0.5 - 2 V 

3.58 MHz Chroma Output V19 fa = 45.75 MHz. el(step mod.) = 
Voltage 10mV; 

6 0.5 0.8 -
f1 = 42.17 MHz. el(step mod.) = V 

3.33mV 

4.5·MHz Sound Output Voltage V2 fo = 45.75 MHz. el(step mod.) = 
10mV; 

f2 = 41.25 MHz. el (step mod.) = 
6 50 200 - mV 

2.5mV 

Parallel Input Impedance: 
Resistance;=lt Term. 6 RI-6 7 4 - - kl1 
Capacitance at Term. 6 CI-6 - 2 - pF 

Resistance at Term. 12 RI-12 
fo = 45.75 MHz 

kl1 7 - 4.5 -
Capacitance at Term. 12 CI-12 I mpedance and Admittance - 4 - pF 

Resistance at Term. 13 RI·13 
measured at bias conditions - 5 - kl1 

Capacitance at Term. 13 CI-13 
as developed by circuit 7 

pF 
shown in Fig. 7 

- 4 -

Parallel Output Impedance: 

Resistance at Term. 9 RO-9 7 30 - - kl1 
Capacitance at Term. 9 CO-9 - 3 - pF 

Cascade Transfer Characteristics: 

Magnitude of Forward IWI 7 - 50 - mmho 

Transadmittance 

Reverse Transfer Capacitance Cr 7 - 0.001 - pF 
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CA3068 

27" 22 68 13 

" " " ~--------------~ __ ~--~ __ +30V 
ALL RESISTANCE VALUES ARE IN OHMS 

Fig. 3 - Test circuit for measurement of quiescent current 
(115), keying terminal voltage (V3), bias voltage (V16), AGC 
terminal voltage 1 (Vl), and cascade collector voltage (Vy) 

ALL RESISTANCE VALUES 
ARE IN OHMS 

V+.1I.3V 

CA30se 

92C$-11542 

Fig. 4 - Test circuit for measurement of AGC terminal 
voltage 2 (Vl) and terminal a voltage (Va). 

CA30SB 

92CS-17543 

Fig. 5 - Test circuit for measurement of white level (V1Y) and terminal 2 voltage (V2)· 
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·1~1'~O_O .... 'VIM""''''''~9-l 
'"<=" .005 

R,"'50 Ktl POTENTIOMETER 
L,"'Z.2pH:AD.JUST No. OF TURNS FOR ALIGNMENT 
Lz"'1.5 p.H:ADJUST No· OF TURNS FOR ALIGNMENT 
C '5 I pF: ADJUST FOR PROPER ALIGNMENT 

ALL RESISTANCE VALUES ARE IN OHMS 

UNLESS OTHERWISE INDICATED. ALL CAPACITANCE VALUES: 
LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 

yt·28Y 

92.CS-17537RI 

File No. 467 

(a) Test setup for measurement of video sensitivity. sync. tip level, delay bias, AFT drive voltage. 
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ALL RESISTANCE VALUES ARE IN OHMS 

I ~ ADJUST LEVEL wo"'l0 GIVE 
6dB ATIENUATION OF MI)(ER 

2 ~ ADJUST LEVEL "'b"' so THAT 
THE STEP (o-b) AT VIDEO 
OUTPUT TERM. IS :3 VOLTS .. 
APPLY ONLY 45.75 MHz TO 
ADJUST STEP WAVEFORM. 

92eS-ITS3S 

(b) Test setup for measurement of sound and chroma outputs. 

Fig. 6 - Typical dynamic test circuit diagrams. 
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FROM 
TUNER 8.2pF 

ALL RESISTANCE VALUES ARE IN OHMS. 
ALL CAPACITANCE VALUES ARE IN MICROFARADS 

UNLESS OTHERWISE SPECIFIED. 

lOOK 

GAIN 
ADJUST 

Fig. 7a - Color TV·IF amplifier test. circuit. 

92CS-17549 

Fig. 7b - Color TV·IF amplifier with associated waveform 
and test circuit. 

CA3068 

.9K 

9ZCL-I754D 

Alignment of the I F Amplifier 

1. Apply a 2 to 4 mV signal from a sweep generator, Telonic 
SV13 or equivalent to the input of the IF amplifier. 

2. Apply a negative DC supply voltage, to the Gain Adjust 
Terminal. 

3. Set the gain supply voltage to provide a peak·to-peak 
output of 6 volts. 

4. The overall response curve should conform to the 
waveform shown in Fig. 7b. 
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A TYPICAL COLOR-TV VIDEO SYSTEM 

Fig. 8 - Block diagram of a typical color TV receiver utilizing the CA3068. 

Applicatio n Information 
A block diagram of a typical color TV application of the 
CA3068 is shown in Fig. 8. The input from the TV tuner is 
applied to the IF cascode amplifier of the IC. The cascode 
amplifier has a gain reduction of 50 dB typo and a gain of 35 
dB typo The cascode output is coupled to succeeding stages 
via the IC lead interconnections. Associated with the cascode 
amplifier is an AGC delay network that provides gain control 
for the RF amplifier. This arrangement enables the circuit 
designer to introduce the desired bandpass·shaping circuitry 
between the cascode input stages and the remaining IF 
stages. These I F stages provide an additional gain of 40 dB 
typo The output, taken from the emitter of the second IF 
stage, also provides a buffered AFT signal that is designed to 
drive the RCA·CA3064 TV Automatic Fine·Tuning IC. 

The IF detector circuit provides an extremely linear output 
signal that is DC coupled to the first video amplifier. The 
first video amplifier has a voltage gain of 12 dB typo The 
detector and video amplifier circuits provide a signal which 
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has in addition to its linear output an extremely sharp 
limiting characteristic. The maximum video output level is 
approximately 7 volts peak·to·peak. The sharp limiting action 
of this circuit clips any signal (e.g. impulse noise) that 
exceeds this 7-volt value. 

The video amplifier also provides a signal which drives a 
keyed AGC signal. The unique keyed AGC circuits utilize 
active devices that virtually eliminate noise from interfering 
with the action of the AGC. A separate sound section 
provides amplification at intercarrier frequencies, sound 
carrier detection, and sound carrier amplification. This sound 
Section is designed to drive the RCA·CA3065 TV Sound 
System IC. 

A color IF circuit with associated performance data is shown 
in Fig. 7. For a more detailed description of the CA3068 and 
related performance and IF printed circuit construction 
information, refer to the RCA Application Note ICAN-6544. 
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OOcn5L}[] 
Solid State 
Division 

16-Lead Dual-In-Lina 

Linear Integrated Circuits 
Monolithic Silicon 

CA3070,CA3071 
CA3072 

Television Chroma System 

SYSTEM FEATURES 

CA3070 CA3071 

"~-., -, 
• Voltage Controlled Oscillator 

• Keyed APC & ACC Detectors 

• DC Hue Control 

• Shunt Regulator 

• ACC Controlled Chroma Amplifier 

• DC Chroma Gain Control 

• Color Killer 

• Amplifier Short·Circuit Protection 

CA3072 

14-Lead Dual-In-Line CA3072 
Plastic Package 

KILLER 
ADJUST 

CHROMA 
GAIN 

CONTROL 

• Synchronous Detector with Color Difference Matrix 

• Emitter-Follower Output Amplifiers with Short-Circuit Protection 

The RCA CA3070. CA3071, and CA3072 are monolithic 
silicon integrated circuits that constitute a complete chroma 
system for color television receivers. The CA3070 is a 
complete subcarrier regeneration system featuring a new 
concept of phase control applied to the oscillator circuit. The 
CA3071 is a chroma amplifier system and the CA3072 
performs the demodulation function. 

The CA3070 utilizes the l6-lead plastic dual-in-line package; 
the CA3071 and CA3072 are supplied l4:lead plastic 
dual-in-line packages. 

OSCILLATOR I 
OUTPUT I 

I 
I 
I 
I 
L_~ _____ _ 

I 
I 
I 
I 

14 -cbJ)1-~ 
92CL.-17574RI 

Fig_ 1 - Simplified block diagram of TV chroma system. 
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CA3070 Chroma Signal Processor 

AU. IESISTAMCE VaLUES ARE IN '"'" 

1.IILEU00000WlY; INDICATED, ALL Cll'AClToUfC!: VA1..U6: 
LEB THAN 1.0 ARE IN .ICRO'AIWIS 
I.OORGtlEATER AIlE IN PKOFARADS 

Fig. 2 - Functional diagram of RCA~3070. 

The CA3070 is a oomplete subcarrier regeneration system 
with automatic phase oontrol applied to the oscillator. An 
amplified chroma; signal from the CA3071 is applied to 
terminals No. 13 and No. 14, which are the automatic phase 
control (APCI and the automatic chroma oontrol (ACCI in· 
puts. APC and ACC datection is keyed by the horizontal 
pulse which also inhibits the oscillator output amplifier 
during the burst interval. 

Tha ACC system uses a synchronous detector to develop a 
correction voltage at the differential output terminal Nos. 15 
& 16. This oontrol signal is applied to the input terminal Nos. 
1 & 14 of the CA3071. The APC system also uses a synchro· 
nous detector: The APC error voltage is internally ooupled to 
the 3.58 MHz oscillator at balance; the phase of the signal at 
terminal No. 13 is in quadrature with the oscillator. 

To acoomplish phasing requirements, an RC phase shift 
network is used between the chroma input and terminal Nos. 
13 and 14. The feedback loop of the oscillator is from 
terminal Nos. 7 and 8 back to No.6. The same oscillator 
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signal is available at terminal Nos. 7 and 8, but the dc output 
of the APC detector oontrols the relative signal levels at 
terminal Nos. 7 or 8. Because the output at terminal No.8 
is shifted in phase compared to the output at terminal No.7, 
which is applied directly to the crystal circuit, oontrol of the 
relative amplitudes at termin2\1 Nos. 7 and 8 alters the phase 
in the feedback loop, thereby changing the frequency of the 
crystal oscillator, Balance adjustments of dc offsets are 
provided to establish an initial no·signal offset oontrol in the 
ACC output, and a no·signal, on·frequency adjustment 
through the APC detector-amplifier circuit which controls 
the oscillator frequency. The oscillator output stage is 
differentially controlled at terminal Nos. 2 and 3 by the hue 
oontrol input to terminal No.1. The hue phase shift is 
accomplished by the external R, L, and C components that 
couple the oscillator output to the demodulator input 
terminals. The CA3070 includes a shunt regulator to establish 
a 12·volt de supply. 
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MAXIMUM RATINGS, Aba1lute Maximum·Valuesat TA = 25"C 

DC Supply Voltage and Current ........ See Charts Below MaximumVoltage and Current Ratings at T A = +25·C 
Device Dissipation: 

UptoTA=+70·C ................ 530 mW 
Above TA = +70·C •.• Derate Linearly at 6.7 mWfC 

Ambient Temperature Range: 
Operating .................... -40 to +85 ·C 
Storage ..•................... -65 to +150 ·C 

Lead Temperature (During Soldering): 
At distance 1/32 in. (3.17 mm) from seating plane 

for 105 max. ......... . . . +265·C 

... With respect to terminal 
No.5 and with terminal 
No. 10 connected through 
470n to +24 V. 

N 1 Regulated voltage at termi· 
nal No. 10. 

N2 Controlled by max. input 
current 

N3.Limited by dissipation. 

" 
z, 

ALL RESISTANCE VALUES ARE IN OHMS 

Volta .... 

Terminal Min. 

No. Volts 

1 0 
2 0 

3 0 

4 -5 

6 ~ 

7 -
8 -
10 0 

11 0 

12 0 

13 0 

14 0 

15 0 

16 0 

Fig. 3 - Schematic diagram CA30lO. 

Max. Terminal 

Volts No. . 1 
+16 2 

+1.6 3 

N2 4 

- 10 

- 11 

- 12 

N3 13 

Nl 14 

Nl 

Nl 

Nl 

+16 

+16 

Current 

II 
mA 

20 

-
-
20 

N3 

-
-
20 

20 

.2' 
'90 

10 
mA 

1 

-
-
1 

1 

-
-
1 

1 
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ELECTRICAL CHARACTERISTICS, at TA = 25°C and V+ = +24 V unless otherwise specified 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS 
LIMITS 

CA3070 

MIN. I TYP.I MAX. 
.. StatIC CharacterIstIcs 

Voltage: 
Hue Control VI 5witch in position 2 6.9 7.7 8.6 

Oscillator Input V6 - 2.8 -
APC Input V13 - 6.5 -
Regulator Vl0 V+= 21 V 11 12.3 13.5 

Regulator Change Vl0 V+= 27 V -0.2 - +0.2 

Horizontal Key Input V4 14=-10j.tA 5 - -
Currents: 

Oscillator Output 12 - 5.8 -
APCOutput 1",112 - 1.45 -
ACCOutput 115,116 - 1.45 -

Dynamic Characteristics 

Oscillator Outputs: 

Terminal No.2 V2 51 in position 1 0.75 1.0 -
Terminal No.3 V3 51 in position 2 0.75 1.0 -

ACC Detected Output V16"';V15 51 in position 1 115 150 -
Oscillator Pull.·ln Range - - ±400 -

12KD 

(bl 92CS-17576 

Fig. 4 - Static characteristics test circuits. 
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UNITS 

V 

mA 

vp.p 

mV 

Hz 

12KA 

92C5-17571 

TEST 
CIRCUITS 

FIG. 

4c 

4a 

4c 

4b 

5 

5 

5 

--, 
I 
I 
I 
I 
I 
I 
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4.5~S +4V 
PEAK PULSE 
DELAY ADJ. TO 
CENTER PULSE 
ON THE BURST 

43 K 

IK 

~'VI'OOI'v-""'} ACC OUTPUT 

100 

62K 

62 K 

-Ace ADJ-
20K 

1.2 M 

-l00 pF 

1.8M 

20K 
-APe ADJ.-

L-------------------------------~----JV~-----+ +24V 

NOTES: 

I~ ALL RESISTANCES IN OHMS. 

2. UNLESS OTHERWISE SPECIFIED ALL CAPACITANCES 
ARE IN MICROFARADS. 

3. Yz a V3 MEAS' 0 WITH LOW-CAPACITY SCOPE 
PROBE:S 20 pF. 

4TO 

92CN-17578RI 

Fig. 5 - CA3010 Dynamic test circuit. 

Dynamic Test Initial Adjustments 

1. APC ADJUST: With S2 in "OFF" position adjust the 
"APC.ADJ" potentiometer to set osciilator frequency at 
3.579545 MHz ±25 Hz. With Sl in position 1 measure 
frequency at terminal No. 2 output, using crystal probe 
shown in Fig. 6. 

2. ACe ADJUST: With S2 in "OFF" position adjust "ACC 
ADJ" potentiometer to give an ACC output reading of 
O±2 mV. 

92CS-17579 

Procedure to Pull·in Range Measurement 

1. Set Sl in position 1 and connect the crystal probe to 
terminal No.2. 

2. Turn S2 to "OF F" and set" APC ADJ." arm to ground. 

3. Turn S2 to "ON" and gradually adjust "APC ADJ" until 
oscillator "locks" as witnessed by a sharp increase in ACC 
output voltage between terminal Nos. 15 and 16. 

4. Turn S2 to ·OFF" and adjust capacitor Cp of crystal 
probe for maximum deflection on Ballantine Meter. 

5. Switch Ballantine meter to "Amplifier" position and read 
oscillator frequency on counter. 

6. Repeat steps 2 - 5 with "APC ADJ" arm set to terminal 
No.l0 instead of to ground. 

Fig. 6 - Crystal probe for frequency measurement>. 
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CA3071 Chroma Amplifier 

ALL RESISTANCE VALUES ARE IN OHMS 

UHLESSOTHERWISE INDICATED, ALL CAPACITANCE VALues, 
LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS Fig. 7 - Functional diagram of RCA·CA3071. 

92CM-rr044 RI 

The CA3071 is a combined two·stage chroma amplifier and 
functional control circuit. The input signal is received from 
the video amplifier and applied to terminal No.2 of the 
input amplifier stage. The first amplifier stage is part of the 
ACC system and is controlled by differential adjustment 
from the ACC input terminal Nos. 1 and 14. The output of 
the 1 st amplifier is directed to terminal No. 6 from where 
the· signal may be applied to the ACC detection system of 
the CA3070 or an equivalent circuit. The output at terminal 
No. 6 is also applied to terminal No. 7 which is the input to 
the 2nd amplifier stage. Another output of the 1st amplifier 
at terminal No. 13 is directed to the killer adjustment circuit. 

The dc voltage level at terminal No. 13 rises as the ACC 
differential voltage decreases with a reduction in the burst 
amplitude. At a pre·set condition determined by the killer 
adjustment resistor the killer circuit is activated and causes 
the 2nd chroma amplifier stage to be cut off. The 2nd 
chroma amplifier stage is also gain controlled by the 
adjustment of dc voltage at terminal No. 10. The output of 
the 2nd chroma amplifier stage is available at terminal No.9. 
The typical output termination circuit that is shown, 
provides differential chroma drive signal to the demodulator 
circuit. Both amplifier outputs utilize emitter·followers with 
short·circuit protection. . 

MAXIMUM RATINGS, Absolute Maximum· Values at T A = 2!f'C 

DC Supply Voltage (Terminal 8 

to Terminal 4} 30 VDC 
Device Dissipation: 

Up to TA= +70°C ................ 530 mW 
Above T A = +70°C .... Derate Linearly at 6.7 mWfC 

Ambient Temperature Range: 
Operating . . . . . . . . . .. . . . . . -40 to +85 ° C 
Storage .............. . . . . . -65 to +150 °c 

Lead Temperature (During Soldering): 
At distance li32 in (3.17 mm) 

from seating plane for 10 s max. . . . . .. +265 °c 
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Maximum Voltage and Current Ratings @TA = +25°C 
Current Voltage* 

Terminal II 10 
No. mA mA 

1 5 1.0 

2 5 1.0 

3 10 10 

.6 1.0 20 

7 5 1.0 

9 1.0 20 

12 1.0 5 

14 5 1.0 

• W,th reference to 
terminal No.4 and 
with + 24 V on terminal 
No.8 except for the 
rating given for terminal 

No.8. 

Terminal MIN 
No. VOLTS 

1 -5 

2 -5 

3 0 

6 0 

7 -5 

8 0 

9 0 

10 0 

1) 0 

12 0 

13 0 

14 -5 

MAX 
VOLTS 

+15 

+5 

+2 

+24 

+5 

+30 

+24 

+24 

+24 

+20 

+20 

+15 
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ELECTRICAL CHARACTERISTICS, at TA = 250 C 

LIMITS 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS CA3071 

(Measure) MIN. I TYP. I MAX. 
. . Static Charactenstlcs 

Voltages: 
Bias Reference Terminal V12 51 Open. 52 Open -
Ampl. No.1 Chroma 

V2 51 Open. 52 Open -
Input 

Ampl. No. t,;hroma 
Output Balanced Vs 51 Open. 52 Open -

Unbalanced .V6 51 Open. 52 Closed -

Ampl. No.2 Chroma 
V7 51 Open. 52 Open -

Input 

Ampl. No.2 Chroma 
Vg 51 Closed. 52 Open -

Output 

Supply Current IT S1 Open, 52 Open 17 

Dynamic Characteristics 

Amplifier No.1 Voltage Gain AVI Eg = 30mVRM5 Measure v6 14 

Amplifier No.2 Voltage 
Gain 

AV2 Vg = 1.0 V IRM5) Measure V7 -
Max. Chroma Output 

Voltage "9 -

10% Chroma Gain Control Eg = 50 mVRM5. adjust Chroma 
Reference Voltage VB-V l0 Gain Control to Change vg to 2.1 

10% of Maximum Chroma 
Output 

Output Voltage, Killer Off S 1 in Position 2 

"9 
~g = 50 mVRM5. adjust "Killer -Adjust" for an abrupt decrease 

in Vg 

Output Voltage. Chroma Off "9 Eg - 50 m VRM5. adjust Ch,oma -control to min. Chroma Output 

Bandwidth: 
Amplifier No.1 -

8W 
Amplifier No.2 -

Ampl. No.1 Input 
ri l -

Impedance cil -

Ampl. No.1 Output 
'01 -Impedance 

Ampl. No.2 Input rj2 -
Impedance cj2 -

Amp!. No.2 Output 
'02 -Impedance 

3.3KSl 

+27V 

usa 
Kn 

Fig. 8 - Static characteristics test circuit-CA3071. 

17.3 -
1.75 -

20 -
13.5 -
1.5 -

20.6 -
24.5 31 

- -
14 -

2 -

3.B 6.B 

- 12 

- 12 

12 -
30 -
2 -
4 -

85 -
2.1 -
3.5 -

85 -

92CS-175BORI 

CURVES 

UNITS 
80 TEST 

CIRCUITS 

FIG . 

V 8 

mA 

dB 
9 

dB 

VRM5 13 

V 

9 
mV 
RMS 

mV 
I'IMS 

MHz 11.12 

kll 

pF 

n 

kll 9 

pF 

II 
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•• 

366 

.3 .0 

R'3 ,. 

3 

+24 V 
33 

•• 
KILLER AD.tIUST .... CHROMA 

GA,N 

S-76K 

NOTES: 
I. SWITCH 51 IN POSITION I UNLESS OTHERWISE NOTED 

IN TABLE OF DVNAMIC CHARACTERISTICS 

2. CHROMA GAIN CONTROL SET TO GROUND UNLESS OTHERWISE 
NOTED IN TABLE OF DYNAMIC CHARACTERISTICS 

3. ALL RESISTANCES IN. OHMS 

4. ALL CAPACITANCES ARE IN MICROFARADS UNLESS OTHERWISE 
SPECIFIED 

Fig. 9 - Dynamic characteristics circuit-CA30n • 

Ifr 
:S.6 K 

R,. 

•• 

R'7 
9.3K 

• 0 

DO 

Re 
2.4K 

•• 
Rg 

3 • 

RO' 5. 

RO' •• 
ROO 
10. 

ALL RESISTANCE VALUES ARE IN OHMS 

Fig.10-Schematic diagram for CA30n. 

....0. 

92ctIl-l7581 

R.O 
3.9K 

R .. 
'·3K 

R07 
OK 

Z, 

D. 

RII 
1.2K 

R.O 
3.7K 

Roe 
7.5K 

U<:L-IT45I1RI 

File No. 468 
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'" • -10 ',,,,, 

Fig. 11 - CA3071 Wideband amplifier 
circuit. 

Fig. 12 - Frequency response for 
wideband amplifier CA3071. 

Fig. 13 - Typical CA3071 wideband 
amplifier linearity 

CA3072 Chroma Demodulator 

Fig. 14 - Functional diagram of RCA·CA3072. 

The CA3072 has two sets of synchronous detectors with 
matrix circuits to achieve the R-V, G-Y, and B-Y color 
difference output signals. The chroma input signal is applied 
to terminal Nos. 3 and 4 while the oscillator injection signal 
is applied to terminal Nos. 6 and 7. The color difference 
signals, after matrix, have a fixed relationship of amplitude 

and phase nominally equal dc voltage levels. The outputs 
of the CA3072 are suitable for driving high level color 
difference or R, G, B output amplifiers. Emitter·follower 
output stages used to drive the high level color amplifiers 
have short·circuit protection. 
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ELECTRICAL CHARACTERISTICS, at T A = 250 C and V+ .. +24 V unless otherwise specified 

LIMITS TEST 
CHARACTER ISTICS SYMBOLS SPECIAL TEST CONDITIONS CA3072 UNITS CIRCUITS 

MIN. I TYP·IMAX. FIG. 

Static Characteristics 

Supply Current 
With Output Loads IT SI Closed 16.5 - 26.5 

mA 
With No Output Loads S1 0 pen - 9 

G·Y. R·Y. B·Y Outputs V9. Vl1. V13 SI Closed 13.2 14.7 15.8 
15 

Chroma Inputs V3. V4 S1 0 pen - 3.3 - V 

Reference Subcarrier V6. V7 S1 0 pen - 6.2 -

Dynamic Characteristics 

Demodulator Unbalance "V9.vl1.11;3 V3 = V4 = 0 - - 0.8 
vp _p 

Maximum eo:or Difference 
v13 8.0 - -

Output Voltage v11 V3 = V4 = 0.6 Vp.p 5.5 - -
\/g 1.2 - -
v3 0.2 0.35 

vp.p 
-Chroma Input !iensitivity 

Relative R· Y Output v11 
Adjust "c for 5.0 vp.p @ term 

3.5 4.2 No. 13 (B·YI 

Relative G·Y Output vg 

IV91-IVl1l 
VDC D ifferenee Between 

IV91-IV131 "c = 0 
any two Output Terminals 

IVlll-IVI31 

Input Impedance ri6• 7 
Reference Subcarrier Inputs 

Ci6.7 

I nput I mpedance at ri3• 4 

Chroma Inputs Ci3• 4 

r0 9. roll. 
Output Resistance 

ro13 

MAXIMUM RATINGS. Absolute Maximum· Values at T A - 2!P C 

DC Supply Voltage (TerminalS to Terminal 14) ••...•.•.. 27 V 
Reference Input Voltage ..••....•.••••••..•.......••. 5 vp-p 
Chroma I nput Voltage. . .. . . . . . . . . . . . . . . . . • . • . . . . . . .. 5 "pop 
Device Dissipation: 

Up to T A = + 700 C. . . . . • . .. . . . . . . . . . . . . . . . . . . .. 530 rrMI 
AboveTA = +700c .........• Derate Linearly at 6.7 mWfOC 

Ambient Temperature Range: 
Operating ..•.•........................ 40 to +850 C 
Storage ......•. . . . . . . . . . . . . . . . . . . . . . . .66 to +150oC 

Lead Temperature (During Soldering): 

At tlistance 1/32 in (3.11 mm) from seating plane 
for 10 s max ...•..•.•..••.•...•..•.....• +266oC 

·With reference to terminal No. 14 and 
With the voltage between terminal No. 8 
and terminal No. 14 at +24 V except as 
given in rating for terminal No.8. 
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-

0.75 - 1.25 

16 
- - 0.6 V 

- 1.7 - kn 
- 6 - pF 

- 0.95 - kn 
- 6 - pF 

- 180 - n 

MaKimum Voltage and Current Ratings 

atTA =+25oC 

Voltage· Current 
Terminal MIN MAX Terminal II 10 

No. VOLTS VOLTS No. mA mA 

3 0 +5 

4 0 +5 4 

6 0 +12 6 

7 0 +12 

8 0 +27 

9 0 +20 1.0 20 

11 0 +20 11 1.0 20 

13 0 +20 13 1.0 20 
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+24V 

NOTE; 

e-y 
OUTPUT 

ALL CAPACITORS GIVEN IN ,f 
UNLESS O'Ilt!RWISE NOTED. 
ALL RESISTANCES IN OHMS. 

Fig. 15· - Static characteristics test circuit-CA3072. Fig. 16 - Dynamic characteristics test circuit for CA3072. 

Z, 

", 
'7K 

",. "11 ",e eoo 2.3K e, ".7 

". "" ",. " .. 3.91( 

6·8K '2K 

~~~----~------~--------~~~~-O,. , 
1-1 

CHROMA 

Fig. 17-Schematic diagram for CA3072. 

ALL RESISTORS IN OHMS 
ALL CAPACITORS IN pF 

" B-Y 

".y 

G·Y 

(., 
CHROMA 

92CL-17455RI 
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Application Information 
TYPICAL APPLICATION CIRCUIT FOR THE CHROMA 
SYSTEM 

The circuit of Fig. 1 B is a complete signal processing system 
for color TV. The RCA types CA3070. CA3071 and CA3072 
monolithic integrated circuits are respectively used as the 
subcarrier regenerator. chroma amplifier. and chroma 
demodulator. 

The input to the system is the chroma signal which may be 
taken from the first or second video stage and is coupled into 
the CA3071 chroma amplifier through a bandpass filter. The 
outputs from the system are the color differenoe signals 
which are intended to drive high level amplifiers.· Luminance 
mixing may be external to the picture tube or, the differenoe 
signals may be amplified and applied to the picture tube grid 
or cathode, where they are internally mixed with the 
luminanoe signal. 

2UK 
-APC 
AD" 

IK 

HORlZ.KEY PULSE 
+4V.4.5,11 S 

INPUT 

!OLLER tolC 
AD.t· 

Other input requirements to the system ·are the power supply 
voltage of +24 volts and the horizontal keying pulse. The 
power supply voltage should be maintained within ±3 volts 
of the recommended value of +24 volts. The total current for 
the system is approximately 70 milliamperes. The horizontal 
keying pulse input to the subcarrier regenerator is approxi· 
mately +4 volts peak and centered on the burst as seen at 
terminal Nos. 13 and 14 of the CA3070. The pulse width 
should be maintained as close as possible to the recom· 
mended value of 4.5 microseconds. 

CA3070 Circuit Operation 

The CA3070 circuit as shown in Fig. 3, consists of an 
oscillator, automatic phase control (APC) detector, auto· 
matic chroma control (ACC) detector, gated oscillator 
output amplifier and a shunt regulator. The shunt regulator 
provides the neoessary bias stability for the 3.579545 MHz 
oscillator, as well as the bias to ali functions of the CA3070 
circuit. The regulation voltage is nominally +12 volts as 
measured at terminal No. 10. 

UNIVERSAL WINDING,No.3' WIRE, 
62 TURNS WITH TAP AT a FROM GRD· 
VIS.' "H,o-ao 

T2 ~:~~:~~~~~L~lt::H~~rt.E40 
SECONDARY:M TURHS.CT.L.~"H.Q.20 

ALL.IESiSTAMtEYALIlESAItEIMOIIMS 

UJlLESSDTllOWl5EIMDlCATEP.ALLCAPA(ITANt'EYALIJES, 
LDSTlUHI.oAlll!INM1CROI'IJWIS 
1.0IlltOIlEATElAltEINPICOPARADS 

'ZCL-11071 

Fig. 18 - Typical chroma system for color· TV receivers utilizing RCA·CA3010, CA30n, and CA3072. 
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The APC and ACC detectors are synchronous detectors 
which are keyed by the horizontal input pulse. This form of 
detection eliminates the need for a burst separator as ~n 
individual amplifier stage. When a positive pulse is present at 
terminal No.4, the oscillator output is cutoff and the 
oscillator drive signal is diverted to the APC and ACC 
detectors. Referring to Fig. 3, the APC detector (09 & 010) 
and the ACC detector (05 & 06) are emitter driven from the 
oscillator transistor {0171. when the'oscillator output ampli· 
fier transistors (02 & 03) are cutoff. The chroma signal is 
applied to term inal Nos. 13 and 14. There is oscillator 
current drive to the APC and ACC detectors during the 
keying interval; burst separation is effectively accomplished 
by the gating action of the detectors. A further advantage of 
the keying action is the high gain made possible as a result of 
the low average current flow of the APC and ACC detectors. 
High resistor values of 62 kilohms at the detector output 
terminals provide proper detector bias consi~nt ,with the 
duty factor of the keying pulse. For a wider keying pulse, it 
is necessary that smaller values of detector load resistors be 
used. 

In the absence of the keying pulse (line period), the resistor, 
R20, biases the oscillator's output amplifier transistors (02 & 
03) on by keeping their emitters at a higher potential than 
the base bias voltages of 05, 06, 09, and 010. The 3.58 
MHz signal is now present at terminal Nos. 2 & 3. 
Photographs of oscilloscope traces for one line period at the 
terminal Nos. 1,2, and 3 are shown in Fig. 19 The effect of 
the keying pulse is shown in Fig. 19a, and the cutoff of the 
oscillator output amplifier is shown in Fig. 19b and 19c. 

The oscillator section of the CA3070 consists of the loop 
formed by 018 and the emitter driven differential pair, 013 
& 0,4. The signal output from terminal Nos. 7 & 8 is 
coupled through the series tuned crystal circuit back through 
terminal No.6 to 016 & 017. The collector of 017 drives 
the oscillator output amplifier and the APC & ACC de· 
tectors. 017 is emitter coupled to transistor 01'8. The 
oscillator frequency and IIhase control is accomplished by 
the differential drive from the APC detector to transistors 
012 & 015 which control the balance of 013 & 014. The 
resulting phase of the feedback loop is determined by the 
relative amplitudes of the osCillator output signal at terminal 
Nos. 7 and a: The 65 pF capacitor between terminal No.7 
and 8 provides the phase shifting component as the balance 
of 013 and 014 is varied. In this way the APC detector 
controls the crystal frequency at which -the phase shift is 
cancelled in the feedback loop. 

The controls for the CA3070 subcarrier regenerator circuit 
are the APC balance, the ACC balance, and the hue control. 
The hue control is a dc balance adjustment of ' the oscillator 
output amplifier transistors 02 & 03. A phase delay network 
between the output terminals Nos. 2 & 3 determines the 
range of the hue control, which for the value shown in Fig. 
18, is approximately 900

• 

The ACC adjustment sets the initial balance of the ACC drive 
to the input of the CA3071 in Fig. 18 (terminal Nos. 1 and 

Fig. 19(a)· CA3070 terminal No.1 
7.5 V oscillator "gate off" pulse. 

- ----- -
,....... -

-- ,---------~ --

Fig. 19(b) - CA3070 terminal No.2, 3.5 Vp _p oscillator 
output; one horizontal line, (gated off during burst). 

Fig. 19(c) - CA3070 terminal No_ 3, 2.0 Vp-p oscillator 
output; one horizontal line, (gated off during burst). 

14 of the CA3071). The APC is a frequency adjustment of 
the oscillator through the balance control of the APC 
detector. 

As a setup adjustment, for both the ACC and APC, switch Sl 
is opened and S2 is closed. The chroma input to the system is 
removed and the dc voltage at terminal No.6 of the CA3071 
is noted. The switch S2 is then opened and the ACC adjusted 
to set the voltage' at terminal No.6 to that previously noted. 
Alternatively, the differential de voltage at terminal Nos. 15 
& 16 of the CA3070 may be set to 0 mV {±2 mVI when Sl 
and S2 are open, and the CA3071 is removed from the 
circuit. 
With the chroma signal still removed, the APC adjustment 
sets the frequency of the oscillator to 3.579545 MHz. Due to 
the gated off interval, a counter will not accurately record 
the frequency at the oscillator output amplifier terminals. 
Two simple and accurate methods are as follows: (11 a 
buffered crystal filter circuit, connected to the oscillator 
output amplifier terminals will continue to ring and fill 
the gated off window providing the proper interface to a 
counter; (2) the other method involves monitoring the 
demodulated output at the color difference output terminals 
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of the CAJ072. A zero beat signal, at the color difference 
outputs may be seen on an oscilloscope. 

When these adjustments are made, similar oscilloscope traces 
should be seen as shown in Fig. 20. 

Fig. 2O(a) • CA3070 terminal No.6, oscillator waveform 
1.1 Vp-p 3.58MHz. 

Fig. 2O(b) • CA3070 terminal No.7, ,oscillator waveform 
1.4 Vp-p 3.58 MHz. 

Fig. 20(c) " CA3070 terminal No.8, oscillator waveform 
1.6 Vp_p 3.5ftMHz. 

CA3071 CIRCtJIT OPERATION 

The CA307r !l!'the basic amplifier and control circuit of the 
chroma S'lstem: It contains the gain control functions of the 
ACC loop, 'the 'color killer, and the dc chroma gain control. 
The CA3071 is 'a wide band amplifier having two stages of 
voltage gain, turves of frequency·response and linearity are 
shown in Figs. 12 & 13 for the wideband circuits shown in 
Fig, 11. This is the same basic amplifier as the one in the 
system .~'Fig. 18 except for the omission of the tuned 
circuits iI1t/f,JJi,e:~CC loop connection, The amplifiers have 
bandwidpi~'~'{!reater than 10M Hz. and are usable well 
beyond '3&;MHi. The signal swing of the wide band amplifier 
is in ex~,~o'f'5 Vp.p., even with the typical load coupling as 
shown in fig, 18. Fig. ,21 (a, band cl show the oscilloscope 
traces for an NTSC signal at the chroma input. The overall 
frequen~'response curves are shown in Fig. 22, 
CA3071 operation is as follows (Refer to Figs. 10 & 18~ The 
input chroma signal is applied to terminal No.2. This signal 
is amplified in a cascode differential circuit from 010 to'012 
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Fig. 21(a) - CA3071 chroma input 1.25 Vp-p;onehorizontal 
line of NTSC input signal. 

Fig. 21 (b) - CA3071 terminal No.6, amplifier No. 1 chroma 
output 2.3 Vp_p; one horizontal line for 1.25 Vp-p chroma 
input 

Fig. 21 (c) - CA3071 terminal No.9, amplifier No.2 chroma 
output 5.5 Vp_p; one horizontal line for 1.25Vp_p chroma 
input 

Fig. 22(a) . Frequency response sweep curve between 
terminal Nos. 2 & 6 for CA3071. f = 250 KHz/div. 

Fig. 22(b) - Frequency response sweep curve between 
terminal No. 2 of CA3071 and terminal No. 3 of CA3072. 
f = 250 KHz/div. 
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and the output is an emitter follower. 014 (Terminal No. 
6.) The signal is divided in the Os & 012 differential 
amplifier. depending on the applied ACC error signal ampli· 
tude at terminal Nos. 1 & 14. The ACC error signal is de· 
rived from terminal Nos. 15 & 16 of the CA3070 and after 
filtering. is applied to terminal Nos. 1 & 14 of the CA3071. 

At low signal dri,ve. the 390 kilohm resistor at switch S 1 
(normally closed) unbalances the differential amplifier for 
high signal gain through 012. As the burst level at the 
chroma input increases. the ACC drive changes differentially 
in a positive direction at terminal No., 1.4 and a negative 
diraction at ,terminal No. 14 and a negative direction 
at terminal No.1. At strong signal levels the gain is 
reduced by diverting the balance of ac current 'in the 
differential amplifier from 012 to 09. which is shunted to 
ac ground at terminal Nos. 12 and 13. The ACC loop is 
completed through the chroma signal at terminal No.6 of 
the CA3071 to terminal No. 14 (input) of the CA3070. A 
typical ACC characteristic is shown in Fig. 23. 

The chroma signal is buffer connected from terminal No.6 
to terminal No.7 of the CA3071 and is amplified in the 2nd 

-: AMBIENT TEMPERATURE (TAl -25·C 

~1500 17 

g 
~ 

~1250 I. 
~ :0 

" g rlOOO " II 

* '. .. 
700 v. 

" 
~ 

It -' .. .. z 
~500 

" = ;J ~ 
==250 

~ 
12 

. 0 250 500 7!W 1000 1250 1500 
NTSe CHROMA INPlIT SIGNAL-mVp-p 

Fig. 23 • Typical ACC characteristics for chroma system 
" of Fig. 18 

stage of voltage gain. Both the color killer adjustment and the 
de chroma gain control are applied to the 2nd stage to 
control the chroma output at terminal No.9. The color killer 
section of the CA3071 is a Schmitt trigger & amplifier circuit 
consiSting of transistors a", 02 and, 03. Under maximum 
chroma output conditions. the diode 02 is reversed biased. 
and the signal path is through 015. 04 and 05 to terminal 
No. '9. When the color killer circuit Is actuated. or the 
chroma gain control is adjusted to a higher positive voltage at 
terminal No. to. the anode voltage of diode 02 is increased 
to draw current from the signal path at the emitter of 04. 
This decreases the chroma gain as the potential at terminal 
No. 10 is increased. When the potential ,at terminal No. 10 
is the same as terminal No. B. the chroma output at terminal 
9 is cutoff. 

The color killer circuit provides an abrupt voltage swing at 
the anode of 02 to cutoff the chroma output when the 
Schmitt trigger circuit is forward biased at terminal No. 13. 
In the circuit of Fig. 1 B. the color killer adjustment is a 
resistance divider circuit which establishes the threshold of 
burst level at which the killer operates the chroma amplifier. 

CA3072 CIRCUIT OPERATION 

The CA30n is a chroma demodulator having full color 
difference signal demodulation capability. The chroma signal 
is applied to terminal Nos. 3 & 4 and the reference subcarrier 
signal is applied to terminals Nos. 6 & 7 of the CA3072. 
The output color difference signals are B· Y at terminal 
No. 13. R· Y at terminal No. 11. and G· Y at terminal No.9. 
Th. typical level of differential chroma drive required at 
terminal Nos. 3 & 4 is 400 mVp.p. The amplitude of 
chroma at terminal No. 6 & 7 is approximately 1.0 volt at 
104° relative phase difference which results in a B·Youtput 
amplitude of 5Vp.p. The voltages of the R·Y & G·Y outputs 
are at 3.B and 1.0 V p.p respectively. when there is 5V p.p 
output at B·Y. These comparative signals are based upon a 
complete phase rotation of the chroma relative to the 
subcarrier signal reference. The relative demodulation phase 
and amplitude ratios of the Fig. lB circuit are shown in the 
oscilloscope trace photographs of Fig. 24. Using the hue 
control setting for B· Y phase at the B· Y output. the G· Y 
color·difference signal is approximately _104° and the R·Y 
color·difference signal is approximately +106°. Since the 
amplitude ratios are a function of the applied signal phase 
relationship. the NTSC color difference output signals are 
shown here primarily for phase reference conditions. 

Fig. 24(a) . CA3072 • terminal No. 3 or 4, chroma input 
signal.220 mVp-p.one horizontal line 

Fig. 24(b) . CA3072 • terminal No. 6 or 7, reference sub
carrier 1.2 Vp-p.one horizontal line 
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Fig. 24(c) • CA3072 terminal No. 13. 4.8 vp.p B-Y outpu~ 
one horizoritalline 

~---- ~-- -,,-.." " ~ ,- ~ --~~ "-
Fig. 24(d) - CA3072 - terminal No.9, 1.2 vp_p G-Y output, 
one horizontal line 

Fig. 24(e) - CA3072 - terminal No. tt, 5_2 vp-p R-Youtpu~ 
one horizontal line 

CHROMA SYSTEM CONSTRUCTION 

Fig. 25 shows the complete CA3070, CAJ071 and CAJ072 
chroma system in the Fig. 18 circuit. Table I lists the dc 
terminal voltages for the system. The chroma gain and hue 
controls, as well as the switches SI and S2 are removed. The 
template circuit board layout is also shown for duplication 
purposes. It should be noted that a few component values are 
modified in Fig. 18 from the dynamic circuit values of the 
data sheet. These are necessary for system matching and 
overall filter requirements. 

TABLE 1 TYPICAL CHROMA SYSTEM TERMINAL 

DC VOLTAGES INOSIGNAL INPUT) 

TERMINAL No. 1-CA307---":""-l'VO"'L,,~S'--A,.,=,-I-CA307---I2 

7.' 73 

11.5 1.7 

11.5 3.3 

1.7 33 .• 
2.' 11.4 5.' 
11.2 I.' 5.' 
11.2 23.0 24 •• 

VARIABLE 14.7 

I. 12.0 VARIABLE 

II 7.' VARIABLE 14.7 

12 7.' 15.0 

Fig. 25 (a) - Circuit layout and template (printed circuit board) for 
TV chroma system CA3070, CA3071, and CAJ072. 

13 

I. 
15 

a7 

ao 
7.3 

VARIABLE 14.7 

7.1 

" 7.1 

FULL SIZE 

(b) - Printed circuit board template. 
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OUOBLJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3075 

~ ~ ~ . I 

FM IF Amplifier· Limiter, 
Detector,. and Audio Preamplifier 
For FM IF Amplifier Applications Up To 20 MHz In 
Communications Receivers And High-Fidelity Receivers 

Features: 
• Good sensitivity:· Input limiting voltage (knee) = 250 fL V typo at 10.7 MHz 
• Excellent two rejection: 55 dB typo at 10.7 MHz 
• Internal Zener diode regulation for the IF amplifier section 

14-leod dual-in-line plastic pack. 
age, leads in quad-formed arrange-

• Low harmonic distortion 

ment. 
H-1596 

• Differential peak detection: Permits simplified single-coil tuning 
.Audio preamplifier voltage gain: 21 dB typo 
• Minimum number of external parts required 

RCA CA3075 is an integrated circuit which provides, 
in a single monolithic chip, an FM IF subsystem for 
Communications and High-Fidelity Receivers, This de
vice, shown in the schematic diagram (Fig. 2), con
sists of a multistage IF amplifiel'-limiter section with 
a Zener regulated power supply, an FM detector stage, 
and an AF preamplifier section. A typical application 
of the CA3075, in FM receiver circuits, is shown in the 
block diagr.am (Fig_ ll. 

The three-stage, emittel'-followel'-Coupled IF amplifier 
section provides a 6Q-dB typo voltage gain at an operat
ing frequency of 10.7 MHz and features, because of its 

transistor constant-current sink, an output stage with 
exceptionally good limiting characteristics. 

The FM detector section, which utilizes a differential
peak-detection circuit, requires only a single coil in the 
associated outboard detector circuit; hence, tuning the 
detector circuit is a simple procedure. 

The audio preamplifier circuit provides a 21-dB voltage 
gain with low impedance output for driving subsequent 
audio amplifier stages. 

The CA3075 utilizes a 14-leOO dual-in-line plastic pack
age with leads in a special quad-formed arrangement. 

Fig. J - Block diagram al typical FM receiver utilizing the CA3075 
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MAXIMUM RATINGS, Abso/ute·Maximum Values at T A = 25°C 

DC Supply Voltage [between Terminals 5 (V+J sud 3 (V-)] 
DC Current (into Terminal 5). • • • • • • • • • • • • • • • • • • 

Device Dissipation: 

12.5 

30 

760 Up to TA =50o C ••••••••••••••••••••••••• 

Above TA = 50°C ••••••••••••••••••••••••• derate linearly 7.6 

Ambient Temperature Range: 

Operating •••••••••••••••••••••••••••••• 

Storage •••••••••••••••••••••••••••••••• 

Lead Temperature <During soldering for 10 s max.) ••••• 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Static Characteristics 

DC Voltage: 
At Terminal 7 V7 
At Terminal 8 V8 V' = H.2V 

At Terminal 12 VI2 

DC Current (into Terminal 5): 
At V' =8.5V 
At V' = 1l.2V 15 -
At V' = 12.5 V 

Dynamic Characteristics at V+ = JJ.2 

IF AMPLIFIER 'a = 10.7 MHz 

Input Limiting Voltage VI (lim) '(Modulation) = 400Hz 
(knee, - 3dB point) Deviation = ±75 kHz 

'a = 10.7 MHz 

AM Rejection AMR 
!(Modulation) = 400 Hz 
FM: Deviation = ±75 kHz 
AM: Modulation = 30% 

Input Impedance Components: 
Parallel Resistance RI !O = 10.7 MHz 
Parallel Capacitance CI VIN = 10mV RMS 

DETECTOR 
~F Voltage (at '0 = 10.7 MHz 

Terminal 12) VO(AF) !(Modulation) = 400 Hz 
Total Harmonic Distortion THO Deviation = ± 75 kHz 

AUDIO PREAMPLIFIER 

Voltage Gain A(AF) VIN = loomV, 'a = 400 Hz 

Total Harmonic Distortion THO Your 2 V, '0 = 400 Hz 

-55 to+ 125 
-65 to + 150 

+265 

LIMITS 

MIN. TYP. 

- 6.1 
- 5.4 
- 5.2 

8.5 15 
- 17.5 
- 19 

- 250 

- 55 

- 4.5 
- 4.5 

- 1.5 
- I 

- 21 

- 1.5 

V 
mA 

mW 
mW/DC 

DC 

DC 

DC 

MAX. 

-
-
-

-
-
29 

600 

-

-
-

-
2 

-
5 

UNITS 

V 
V 
V 

mA 
mA 
mA 

/-LV 

dB 

kO 
pF 

V 
% 

dB 

% 

File No. 429 

TEST 
CIRCUIT 
FIG. NO. 

6 

6 

3 

5 

-

3 

4 
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RI3 
5.7k 

ALL RESISTANCE VALUES ARE IN OHMS 
ALL CAPACITANCE VALUES ARE IN pF 

Fig. 2·Schemafic Jiagram 01 CA3075 

.... ILLER CSOS OR EIlJIYALENT 
oRa Jun DR SUCH YALUE TO 

ADJUST Q OF C~IL TO SS 

L'_ 

J)pF 

IOO,l=r 

I.e VTV/It 
BALLANTINE 

>-(ii),...,-~--1~~UI:LENT 

DISTORTION 

'--.... -----l=:~~~~~ 
"'0 

"'''0 

PACKARD 
UOB OR 
EOUIVALENT 

Fig.3 - Test Circuit for input limiting voltage, recovered 
AF voltage, and total harmonic distortion 

92CL~16084 

V+ 

CA3075 
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UNIYERTER 
HEwI.ETT· 
PACKARD 
"'fOR 
EQUIYALENT 

FM SIGNAL 
GENERATOR 
HEWLETT· 
PACKARD 
202H OR 
EQUIVALENT 

AUD'O 
GENERATOR 
NEWlfn· 
PACKARD 

OR 
EQuiVALENT 

At VTV. 
BALLANTINE 
]14 OR 
EQUIYALENT 

n5T PROCEDURE 
VOLTAGE GAIN; 

1. SET AUDIO GENERATOR FOR V •• 100",y AMS 
Z.READ YO 
3. GAIN. 20 lOGIO YOPI 

At VTVM 
BALUNTINE 
3.4 OR 

~r--1r-...... ---1 EIlUIVALENT 

DISTORTION, 

DISTORTION 
ANALYZER 

HEWLETT· 
PACKARD 
n08 OR 
EOUIVALENT 

1. SET AUDIO GENERATOR FOR Va • 2V RMS 
2. READ DISTORTION IN" 

Fig.4 - Test circuit for audio preamplifier voltage gain 
and total harmonic distortion 

Li-

J3pF 

·LIMILlER .505 DR EQUIVALENT 

-R;- ]3~n OR SUCH VALUE TO 
ADJUST Q OF Call TO 55 

TEST PROCEDURE 
1. CONNECT FM GfNERATOR. FREQUENCY COUNTER. AND 

UNIVERTER TO INPUT OF CAlO7S 
2. 5ET I • 10.7 MHz, VI Z 100 ",Y, 

iI"DDUlATlON) • 400HI, IIDEYIATICINI • t 75k". 
]. TUNE W"VE ANAL YlEA FOR PEAl( READING AT ~ HI 
4. RECORD Fill YolAFI 

6.8 kQ 5. DISCONNECT FM GENERATOR 
6. CONNECT AM GENERATOR TO INPUT OF CA3075 
7. SET I. 10.7MH_, VI_ IOOmV. 

IIMODUlATlON} z "ODHI WlTH]Q'C: MOOUlATION 
8. TUME WAVE ANAlYlER FOR PEAK READING AT .DOH_ 
9. RECORD AM VOIAFI 

AM REJECTION· ZO LOOIO ::::0:::: 

Fig.5 - Test circuit for AM rejection 

Fig. 6· rest circuit lor static characteristics 
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oornoo 
Solid State 
Division 

8.Lead TO.S 

Linear Integrated Circuits 

High-Gain Wide-Band 
IF Amplifier-Limiter 
For FM I F Amplifier Applications 
in Communications Receivers 

Features: 

CA3076 

• exceptionally good sensitivity: input limiting voltage (knee) = 50p. V 
typo at 10.7MHz 

• high gain: BOdS with 2-kilohm load 
• internal voltage supply regulator 
• wide frequency capability: > 20 MHz 

RCA CA3076. monolithic integrated circuit. i:s a high
gain wide-band amplifier-limiter for use in the IF sec
tionsofCommunications and High-Fidelity FM Receivers. 
The CA3076. shown in the schematic diagram (Fig. 2). 
consists of a four stage IF amplifier-limiter section 
with a voltage regulator section. A typical application 
of the CA3076 in FM receiver circuits is shown in the 
block diagram (Fig. n. 

The four-stage emitter-follower-coupled IF amplifier 
section provides an 8o-dB voltage gain with a 2-kilohm 
load at a frequency of 10.7 MHz. The output stage has 
exceptionally good limiting characteristics because of 
its transistor constant-current sink. The mltage re
gulator section provides zener-regulated. decoupled volt
ages for the IF amplifier. 

The CA3076 utilizes an hennetically-sealed 8-lead TO-5 
package. 

4-70 

IF AMPLIFI ER· 
LIMITER. 
DETECTOR~ 
PREAMPLIFIER AUDIO 

OUTPUT 

·Rr. R2 SELECTED FOR PROPER FILTER MATCHING 

'RECOMMENDED IC IF AMPLIFIER·LlMITER. 
DETECTOR. PREAM.PLIFIER IS THE RCA CAJ075 

Fig. 1 - Block diagram of typical FM receiver utilizing the CA3076. 
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MAXIMUM RATINGS. Absolute Maximum-Values at T A = 250 C 

DC Supply Voltage [between Terminals 7 (V~ ~d 3 (VI] 
DC Current (into Terminal 7) • • • • • • ••••••••••••• 

Device Dissipation: 

Up to T A = 500 C •••••••• ' •••••••••••••••• 

Above TA = 500 C •••••••••••••••••••••••• 

Ambient Temperature Range: 

Operating ••••••••••••••••••••••••••••• 

Storage •••••••••••••••••••••••••••••• 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) from seating plane 
for 10 s max •••••••••••••••••••••••••••• 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

TEST LIMITS 
CHARACTERISTIC SYMBOL 

15 

35 
V 

rnA 

500 mW 

derate linearly 5 mW/oC 

-55 to +125 

-65 to + 150 

+265 

TEST 
UNITS CIRCUIT CONDITIONS 

MIN. TYP. MAX. FIG. NO. 

Static Characteristics - V+ = 8.5 V ;,. 

DC Current (into Term. 7) 17 - 10 15 24 mA 3 

Quiescent Operating Current 
(into Term. 4) 14 - - 0.65 - mA 3 

Dynamic Characteristics - V+ = 8.5 V. '0 = 10.7 MHz 

Input Limiting Voltage (knee, 
- 3dB point) VI (lim.) - - 50 200 /-LV -

Output Voltage Vo VI = 2Of-LV 4 12 - mV 5 

Output Noise Voltage VN VI =0 - 1 - mV 5 

Forward Transfer Admittance: 
Magnitude IV211 VI= - 6 - mho 4 Phase e21 l0f-LV - 80 - degrees 

Reverse Transfer Admittance: 
Magnitude IVI21 - 0.1 - f-L mho 
Phase - -

el2 - -90 - degrees 

Input-Impedance Components: 
Parallel Resistance RI - 7.5 - krl - -Parallel Capacitance CI - 4 - pF 

Output-Impedance Components: 
Parallel Resistance RO 50 - - krl 
Parallel Capacitance Co - L7 pF -- -
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RS Rg RI2 
2K 500 ZK 

V. 
7 

CA3076 

Notes: 

Terminal No.5 wire-connected to the case. 

Terminals No.3 and 6 which Ofe connected to the substrate
should be connected to the most negotive point in the circuit. 

The resistance values included on the schematic diagram 
have been supplied as a convenience to assist Equipment 
Manufacturer's in optimizing the selection of "outboard" 
components of equipment designs. The values shown may 
vary as much as !.30%. 

RCA reserves the right to make any changes in the Resist
ance Values provided such changes do not adversely affect 
the published performance characteristics of the device. 

v
'~~~---r--A-~~~~--~--+-~~~-+--~ CASE 

RZ3 @r;'\ 
~----------r----------R~24----~5~KAr--~--~~----------~JL~ 

10K 9255-4568 

Fig. 2 -Schematic cliagram 01 CA3076. 

Fig. 3· Test circuit lor DC current (Terminal 7) 
ancl operating current (Terminal 4). 

RF GENERATOR 
{lO.7MHd 
HEWLETT. 
PACKARD 
60BC OR 
EQUIVALENT 

REFERENCE INPUT VECTOR +-------___ ..c::==:::,:.::.:::'-________ -l VOLTMETER 

V· " B.S V HEWLETT. 
•• y 

ATTENUATDR 
(40d8) 

KAY 10·0 
432C OR 
EQUIVALENT 

PACKARD 
8405ADR 
EQUIVALENT 

.Fig. 4 - Forwarcl transler aclmittance (Y27) 
test circuit 

381 



CA3076 __ ~ ____________________________________________ ___ 

382 

ATTENUATOR 
(60dS OR o dB) 
KAY 30·0 
,uze OR 
EQUIVALENT 

RF GENERATOR 
(10.7MHa) 

HEWLETT
PACKARD 
6DBe OR 
EQUIVALENT 

OUTPUT YOL TAGE: 
I. SET ATTfNUATOR TO OdS 
2. SET RF GENERATOR TO lOpV CW 
l. READ Vo IN mY 

OUTPUT NOISE VOLT AGE: 
1. SET A TTENUATOR TO 60 dB 
2. READ YO IN mV 

MURATA FILTER 
TYPICAL VALUES 

R,,~ '" ROUT. 330 n 
INSERTION LOSS. 6dB TYP. 
BANDWIDTH (AT -leiS) ~ 240 kHz 

92SSotSII 

Fig. 5· 10.7 MHz. voltage gain anJ noise test circuit 
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OO(]5LJI] Linear Integrated Circuits 

Solid State 
Division CA3078S 

CA3078AS 

Monolithic Silicon 

CA3078T 
CA3078AT 

Micropower Operational Amplifier 
Features: v' 

• Low standby power: as low as 700 nW COMPENSATION I 

• Wide supply voltage range: ±0.75 to ±15 V 
• High peak output current: 6.5 mA min. 
• Adjustable quiescent current 
• Output short-circuit protection 

8-LEAO TO·5 
with Dual-In-Line 
Formed leads 
("S"Suffixl 

H-1787 

8-LEAOTO·5 
("T"Suffixl 

H·1528 

Applications: 

• Portable electronics 
• Medical electronics 
• Instrumentation 
• Telemetry 

The RCA CA3078T* and CA3078AT'" are high'gain 
monolithic operational amplifiers which can deliver milli
amperes of current yet only consume microwatts of standby 
power. Their operating points are externally adjustable and 
frequency compensation may be accomplished with one 
external capacitor. The CA3078T and CA3078AT provide 
the designer with the opportunity to tailor the frequency 
response and improve the slew rate without sacrificing 
power. Operation with a single 1.5·volt battery is a practical 
realitv with these devices. 

* Formerly developmental type TA5807 
'" Formerly developmental type TA5807X 

02 03 05 

NOTE: PIN a IS INDICATED BY THE CASE INDEX TAB 
92CS-t7552RI 

Fig. 1 - Functional diagram of the CA3078T 
and CA3078A T. 

The CA3078AT is a premium device having a supply voltage 
range of V± = O.75V to V± = 15V· and an operating 
temperature range of -550 C to +1250 C. The CA3078T has 
the same lower supply voltage limit but the upper limit is V+ 
= +6V and V-=-6V. The operating temperature range is from 
OOC to + 700 C. 

The CA3078 and CA3078A are supplied in either the 
standard 8·lead TO·5 package ("T" suffix), or in the 
8·lead dual·in·line formed·lead "OIL·CAN" package ("S" 
suffix). 

v+ 

son 

COMPENSATION 92CS-175!5IRI 

Fig.2·Schematic diagram of the CA3078T and CA3078A T. 
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ELECTRICAL CHARACTERISTICS 
For Equipment Design 

TEST CA3078AT LIMITS 

CHARACTERISTICS SYMBOLS CONDITIONS RSET =5.1 Mil.la =20"A U 
y+ 

So RS 
V' Kil 

Input Offset Voltage VIO 

1 

';;;;10 

T nput OffietCurrent 110 -
Input Bias Current liB -
Open·Loop Diff. Voltage Gain AOL -
Total Ouiescent Current 10 -
Device Dissipation "D -
Maximum Output Voltage YOM 6 -

Common·Mode Input Voltage V ICR ';;;;10 

Range 

Common·Mode Rejection Ratio CMRR ';;;;10 

Maximum Output Current 10M+orIOM' -

Input Offset Voltage Sensitivity: 

Positive t:NIO/!J.V+ 

';;;;10 
Negative !J.VIOI!J.V· 

Input Offset Voltage V IO t ';;;;10 
Open· Loop Dif!. Voltage Gain AOL 
Total Quiescent Current 10 15 -
Device Dissipation Po 

j 
-

Maximum Output Voltage YOM -
Common·Mode Rejection Ratio CMRR ';;;;10 
Input Bias Current liB -
Input Offset Current 110 -

MAXIMUM RATINGS. Absolute Maximum Values at TA = 2tf'C 

DC Supply Voltage (between V+ and V' terminal •••••••••••••• 
Differential Input Voltage •••.••••••••••••••••••••••• 
DC Input Voltage •.••••• • ••••••••••••••••••••••• 
Input Signal Current ••••••••.••••••••••••••••••••• 
Output Short-Circuit Duration * 
Device Dissipation •.•••.•••.••••••••••••••••••••• 
Temperature Range: 

Operating ••••••••••••••••••••••••••••••••••• 
Storage ••••••••.••••••••••••••••••••••••••• 

Lead Temperature (During Soldering): 
At distimce 1116 ±1I32 in. (1.59 ±o.79 mm) 

TA =-55 to N 

RL TA = 25°C 125°C 
I 

T 
Kil MIN TVP MAX MIN MAX S 

- - 0.70 3.5 - 4.5 mV 

- 0.50 2.5 - 5.0 nA 

- -' 7 12 - 50 nA 

~O 92 100 - 90 - dB 

- - 20 25 - 45 "A 
- - 240 300 - 540 "W 
~O ±5.1 ±5.3 - ±5 - V 

-5.5 -5 

- - to - to - V 

+5.8 +5 

- 80 115 - - - dB 

- - 12 - 6.5 30 mA 

- 76 105 - - -
V/V 

- 76 105 - - -

RSET = 13 Mr!. 10 = 20 "A 

- - 1.4 
;;;"0 92 100 

- - 20 

- - 600 

~O ±13.7 ±14.1 

- 80 106 

- - 7 

- - 0.50 

CA3078AT 

36V 
±6v 

V+ to V' 
0.1 mA 

No Limitation 
50 mW (up to 125°C) 

·55 to +1250 C 
-65 to +15o"C 

3.5 

-
30 

750 

-
14 

2.7 

- 4.5 mV 

88 - cH3 

- 50 fJA 
- 1350 !N'J 

±13.5 - V 

- - dB 

- 55 nA 

- 5.5 nA 

CA3078T 

No limitation 

14V 
±6v 

v+to V· 
0.1 mA 

500 mW (up to 70°C) 

o to +7o"C 
-65 to +l50oC 

from case for lOs max. • •••••••••••••••••••••••• ' 

·Short circuit may be applied to ground or to either supply. 
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ELECTRICAL CHARACTERISTICS 
For Equipment Design 

TEST CA3078T LIMITS 

CHARACTERISTICS SYMBOLS CONDITIONS RSET = 1 Mil. 10 = 100J.lA U 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Open-Loop Diff _ Voltage Gain 

Total Quiescent Current 

Device Dissipation 

Maximum Output Voltage 

Common-Mode Input Voltage 

Range 

Common-Mode Rejection Ratio 

Maximum Output Current 

Input Offset Voltage Sensitivity: 

Positive 

Negative 

Input Offset Voltage 

Open-Loop Dill. Voltage Gain 

Total Quiescent Current 

Device Dissipation 

Maximum Output Voltage 

Common-Mode Rejection Ratio 

Input Bias Current 

Input Offset Current 

f 
~ 
o 
> 
j 
:i ... 
w 

SUPPLY VOLTS Y+=+6, Y-.-6 
AMBIENT TEMPERATURE (TA )- 2~·C 
SOURCE RESISTANCE (RS) :510 Kn 

V+ 

& 
V-

Via 

1 
110 

liB 

AOL 

IQ 
PD 

VOM 6 

V ICR 

CMRR 

IOM+Or 10M 

!:J.V 101 !:J.V+ 

6.VIO/!:J.V-

V IO t AOL 
IQ 15 

PD 

I VOM 
CMRR 

liB 

110 

~ 2.41--,1--l-H+-+--+-+-H--+-+-++-I 
o ... '.8 

CA307BT 

~ 1.2 
CA307BAT 

0.6-

468 468 4 •• 
10 100 1000 

TOTAL QUIESCENT MICROAMPERES (10) 

92CS-19632 

Fig.3 - Input offset voltage VS. total quiescent current. 

TA = Oto N 

RS RL TA =2SoC 700 C 
I 

T 
Kil Kil MIN TYP MAX MIN MAX S 

';;;;10 - - 1.3 4_S - S mV 

- - - 6 32 - 40 nA 

- - - 60 170 - 200 nA 

- ~O 88 92 - 86 - dB 
- - - 100 130 - lS0 I'A 

- - - 1200 lS60 - 1800 I'W 

- ~O ±5_1 ±5.3 - ±5 - V 

-5_S -S 
';;;;10 - - to - to - V. 

+5.8 +5 
';;;;10 - 80 110 - - - dB 

- - - 12 - 6.? 30 mA 

- 76 93 - - -

';;;;10 
I'V/V 

- 76 93 - - -

';;;;10 - - - - - - mV 

;"0 - - - - - dB 

- - - - - - - J.lA 
- - .- - - - - !N'J 
- ~O - - - - - V 

';;;;10 .- - - - - - dB 

.- - - - - - - nA 

- - - - - - - nA 

SUPPLY VOLTS V+"+6. y-", 6 I 
AMBIENT TEMPERATURE IT A)·25./fbAq...j-I--+-I+I--+-

~ 10: 
~ 4 

~ 2 

" ~ '. ~ • 

2J-+-+~-4--~++-+-+44+-+-+~--H 
0.01 

2 468 2 4 68 2 468 2 468 2 
10 100 1000 10000 

TOTAL QUIESCENT MICROAMPERES (101 
92CS-19631 

Fig.4 - Input offset current vs. total quiescent current. 
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ELECTRICAL CHARACTERISTICS, at TA = 250 C 

Typical Values Intended Only for Design Guidance 

TYPICAL VALUES 
CA3078AT CA3078T 

CHARACTERISTICS V+ = +1.3V. V+ = +0.7SV. V+ = +1.3V. V+ =0.7SV. 

SYMBOLS V-=-1.3V V-=-0.7SV V-=-1.3V V-=-0.7SV 
RSET = 2Mr! RSET = 10MQ RSET = 2MQ RSET = 10MQ 
le=10!lA la= 1!lA IQ= IO !lA I.a = 1 !lA 

V IO 0.7 0.9 1.3 1.5 

110 U.J U.UM .1 O.S 

IB 3.7 0.45 9 1.3 

AOL 84 65 80 60 

IQ lU IV 

PD 26 I.S .6 1.5 

VOPP 1.4 0.3 1.4 0.3 

-0.8 -0.2 -0.8 -0.2 
VICR to to to to 

+1.1 +0.5 +1.1 +O.S 

CMRR 100 90 100 90 

IOMi 12 0.5 12 O.S 

I!NIO/{j.V± 20 SO 20 50 

Typical Values Intended Only for Design Guidance at TA = 250C and V+ = +6 V, V- = 6 V 

CA3078AT CA3078T 
TEST 

CHARACTERISTICS SYMBOLS CONDITIONS RSET =S.1 MQ RSET = 1 MQ RSET = 1 MQ 
Ie = 20!lA Ie = l00!lA IQ = l00!lA 

Input Offset Voltage Drift {j.VIQ/{j.TA RS ":10 KQ S 6 6 
I nput Offset Current Drift AVIO/ATA RS ":10 KH 6.3 70 70 

I Open·Loop Bandwidth BWOL JdB pt. U.J 2 • 
I :>Iew Rate: 

Unity Gain 
SR See Figs. 0.027 0.04 0.04 

Comparator 20.21 0.5 1.5 1.5 
10% to 90% 

Transient Response Rise Time 3 2.5 2.S 
Input Resistance R.- 7.4 1.7 0.87 
Output Resistance Ro 1 0.8 0.8 
Equiv. Input Noise Voltage eNOOHzl RS - a 40 - 25 

Equiv. Input Noise Current iN (10Hzl RS = 1 MS! 0.25 - 1 
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UNITS 

mV 
nA 
nA 

dB 

!lA 
JJ.W 

V 

V 

dB 
rnA 

JJ.V/v 

UNITS 

JJ.V/oC 
pA/oC 

kHz 

V//J.S 

./J.S 
MQ 
KH 

nV/yHz 

pA/yHi 
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SUPPLY VOLTS V+o+6.V-"-6 
2 AMBIENT TEMPERATURE 

V _ lOR 
ITA)a25 DC 

e: • 
CA3078T 

~ 4 V' CA307BAT 
or 2 

V' ~ 
:> 10 
<'l • z • 
;! 4 

~ 
2 / .. 

iD / / 

i I • • 
4 

2 

0.1 
2 468 2468 2468 2468 

10 100 1000 10000 

TOTAL QUIESC~NT MICROAMPERES (101 
92CS-19636 

Fig.5 - Input bias current VS'. total quiescent current. 

1000 AMBIENT TEMPERATURE(lA,)-25 DC 

c: 2 RSET CONNECTED BETWEEN !i~~INAL 5 AND v+ 

i 100 II 1.1'1 
.- : SUPPLY VOLTS V,:!:II+15 
~ 4 V "-15 7~~~ 

or 2 w I 

~ I08'~~~~~~et~~li-i'l=~~~~~~~~ ;! 6~ 

~ :.~+-~~~~~~+_H++-+_H++-+_H++_+_H+ 

I!:~~~fit~~~~~~~~at~~~~~~ 

o.O,2H.!'I-+--H++-+-H++-+-H++-+-H++-+-H++-+-1-H 
864 2 864 2 864 2 864 2 864 2 864 2 8 

1000 100 10 I 0.1 0.01 0.001 

TOTAL QUIESCENT MICROAMPERES (10) 92CS-19637 

Fig.7 - Bills·setting resistance .,s. total quiescent current. 

~ 

~ 1.5 g 
I 

} 
;; 
z 1.0 

~ 

o 

OAD RESISTANCE (RL1"SO Kn 

\OKn 

.~ .. ~~ 
\ 

SUPPLY vOLTS V+" +I.~. V-:'~1.3 ! 
AMBIENT TEMPERATURE ITA I :.25"C, 

M ~ ~ W 
TOTAL QUIESCENT MICROAMPERES tICI 

92C5-19627 

Fig.9 - Output voltage swing vs. total quiescent current. 

AMBIENT TEMPERATURE (TA1=25DC 

r ~ ~ ~ 3e--+--~~~--+--4-+~~~--+-+4~5 

z 

~ 126i---+--+-+-I+--+--+-+-H--+--t-t-H'26 
~ 10e LOAD RESISTANCE tRLI:.1 Mn 106 

~ 90 10 K.(l 90 

~ 12L~ 72 

~ 54 :: 

o 36i---+--+-+-I+--t--+-+~--+--t-t-H 
18 i---+--+-+-I+--+--+--t~--+--t-t-H 18 
o 

468 468 468 
10 100 1000 

TOTAL CUIESCENT MICROAMPERES tIC) 
92C5-19629 

Fig.6 - Open-loop voltage gain vs. total quiescent current. 

0.1 
468 468 468 

10 100 1000 

TOTAL QUIESCENT MICROAMPERES (IQ) 
92CS-19630 

Fig.S - M8lIimum output current vs. total quiescent current. 

120't----t-----t----i----+---+----I----i 

FREQUENCY {fl-HZ' 

Fig.l0·- Open·loop voltage gain vs. frequency 
for IQ - 100 pA - CA3078T. 

92C5-19594 
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IOU. TOTAL QUIESCENT CIIRRENTCIcI-20 po" 
4 AMBIENT TEMPERATURE (TA)-25·C 

2 

10 ~ 
• • VICR • 

'/, /VOM .. 2 

/ V !:i 
S1 I 

I • • .. 4 ::: 
",2: 

2 :P~ 
~~O.l 
.... '" 2 ••• 2 ••• 2 • •• 2 ••• g~+o.1 +1 +10 +100 
!;~-O.I SUPPL.~ VOLTS (~:) -10 

-100 

~S1 
O!;O.l 

!~ .. ", 
8 
'" 

i-' -VieR ~OM 
'I 

-10 

~ 

9ZCS-19&'S5 

Fig.lt - Output and common·mode voltage vs. supplV voltage. 
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SUPPLY VOLTS: V • +6. Y-·-6 

AT 
.20p.A 

3078T 
I -100".. 

-75 -50 -25 0 25 50 75 
AMBIENT TEMPERATURE(TAJ--c 

Fig. 14 -Input offset cummt vs. temptlr8ture. 

92CS-l9625 

1201--+--+-~--!---+-_+-__I 

z g 
'" .ol--+--"'d'...-'''''"",,~ "' .. .. ~ 
i~401--+--+-~ 

100 ~ 
'-k--PI<--I 'I 

gE 20 CA3078AT 
oJ SUPPLY VOLTS=Y+"6,V-"-6 

~ ~~~~~Ts~~:~:~ ~b=k~O pA 
o a AMBIENT TEMPERATURE (TA)-2S0C 

CI~BETWEEN TERMINALS I a B 
- 0 

OJ 10 103 104 105 106 

~ 
'" .... 
'" z .. 
~ 
it 

FREQUENCY (n-Hz 
9ZCS-19593 

Fig. '2 - Open4oop voltage gain V$. frequency 
for IQ - 20 I/A - CA307BAT. 

1.75 SUPPLY VOLTS: V+. +6, V-,,-6 

1.5 

S 
2: 1.25 .. 
!:i 
g 
:l 
'" 
~ 0.75 

::: 
? O.S 
!; 
~ 

0.25 

o 

CA307BAT 
'0- 20 po" 

-75 -SO -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE(TAI-GC 

92CS-19628 

Fig~ 13 -Input offset voltage vs. temperature. 

~ 
SUPPLY VOLTS :V+ .+6. V-·-6 

§ 
15 

I 12.5 

1: 

F 
.-75 -so -25 0 25 SO 75 100 125 

AMBIENT TEMPERATURE (TA) _·C 
92CS-I9623 

Fig.1S -Inputbilll current w. tempsrature. 
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m 110 

i 
~105 .. 
Z 
~ 100 .. 
'" ;! 95 
~ 
is 90 

1 z 
2: .. 

eo 

SUPPLY YOLTS:Y+· +6, V-·-6 

CA3078AT 
10 -20 I'A 

CA3078T 
IQ-1001£4 

-15 -50 -25 0 2!5 so 75 100 125 
AMBIENT TEMPERATURECTA) _·C 

92CS-1962;4 

Fig. 16 - Open-loop voltage gain vs. temperature. 

~ 
100 SUPPLY VOLTAGE: V·.6V, V-·-6V 

AMBIENT TEMPERATURE tT,AJ-2S-C 

'i : WLY C~RRjNT' JJI'2~A 
~ 
:g ,I--. 1',001-
~ 
g 
ill 10 

~ 
, 
• t-

~ • 
!i; 
~ , 
II 
5 
S 0 

10 • 4 6 8 102 , • 6' • 4 68, • 4 181ri' 
FREQUENCY (U-Hz 92CS-20261 

Fig. 18 - Equill8lent input noise voltage VI. frequency. 

-- -,.-t_. -+---+--- - c----: ~~= 
-~.- - --. 

f--: -..::-1--:--' :.:= 
I., _, -t-

---RESISTOR-CAPACITOR 

t 1.25 ~~~~t~~~T'::EN k I ;~}E~""I~~LS I ~ 81 

!!l .. 
:0.75 .. --~-

----I-fr--_-_-~-t+'---
,.- SUPPLYVDlT$: ""-+6,.V---& 

~ 0.5 

0.2. 

o 
o 

--'(+-< aulESCENT CURRENT IIQI' l00l'A 
. AMBIENT TEMPERATURE ITAI-25 C 

.. LOAD IMPEDANCE: RL" 10 KII, CL" 1011 pF 
FEEDliACK RESISTANCE IRF.-o.l Mil 

-f---H OUll'UTVOLTAGE (VOPPI-l0V 
AI DETERMINED FOR TRANSIENT 
RESPONSE WITH 1ft. OVERSHOOT 
ON A 100 mV OUTPUT SIGNAL 
IR, • C, ~ Z.5. 10-61 

10 203040 506070 
CLOSED-LOOP NON-INVERTING VOLTAGE GAIN- dB 
06 19J 2i740 50 60 70 

CLOSED-LOOP INVERTING VOLTAGE GAIN - dB 

Fig.20 - Slew rate VI. closed-loop gain 
for 10 - 100 jlA - CA3078T. 

80 90 

80 90 
92CS-t9592. 

suppLY VOLTS: V+ .+6 1 Y-·-6 

~ 10 

i:! 0 
-75 -50 -25 a 25 50 75 100 

AMBIENT TEMPERATURE (T A) _·C 
92CS-1962.6 

Fig. 11.- Total quiescent current VI. tempBfBture. 

~ 
I SUPPLY VOLTAGE: v" ·6 VI Y-· -6 Y : '\ AMSIENT TEMPERATURE (TA1·~·C 

~ · "-
III I I 

.... JII II t-

ffi " 0: -Sl./PPl'r CLRRENT IIQ)-IOo,aA a i'-... 
ill 0.1 

~o~~ 6 • z • t-

~ • 
t-

~ • 
~ 
S 0.11 

10 • . •• , , • 6 • 10 ~ 
, ••• • ••• 

FREQUENCY til-Hz 92CS-20260 

Fig. 19 - Equivalent input noise current V$. frequency. 

0.6 

_ 0.5 

-!-I RESlSTD.R-CAPACrroR 
.- tl4 COMPENSATION 

CAPACITOR Hi IRI -CI BETWEEN 
:; TERMINALS 1&8) 

tiM 
f~:T=T~RMI~ALS I a e*t+P± 

0: 

~ 
SUPPLY VOLTS: Y+"+8.V-·-S 
OUIESCENT CURRENT 1101. ZO"A 

~ Q2 
AMBIENT TEMPERATURE ITA'· 25 C 
LOAD IMPEDANCE: RL" 10 xu. CL" 100 pF 
FEE08Atx RESISTANCE IRFI· 0.1 Mll 
OUTPUT VOLTAGE (Vowl· lOY 

0.1 R, DETERMINED FOR TRANSIENT 
RESPONSE WITH 10'l10 OVERSHOOt 
ON A 100 mV OUTPUT SIGNAL 

o IR,.C,.,Z.,cr81 

0102030405060709090 
CLOSED-LOOP NON-INVERTING VOLTAGE GAIN- dB 
6 6 I9J 2907 40 50 60 70 80 90 

CLOSED-LOOP INVERTING VOLTAGE GAIN - dB 

Fig.21 - Slew rate V.L closed·loop gain 
for 10 - 20 jlA - CA3078A T. 

92.CS-19591 
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v+ 

IOOkJl 

RSET 

V'N 

., I OPTIONAL 
R2-C2 COMP, 

51kn 

92CS~17556RI 

Fig.22 - Transient response and slew-rate, 
unity gain (inverting) test circuit. 

~ W ~ ~ ~ w ro 00 00 
CLOSED-LOOP NONINVERTING VOLTAGE GAIN-dB 
06 ~ _ ~ ~ w ro _ ~ 

., I OPTIONAL 
R~2 COMP. 

V+ 

92CS-17554RI 

Fig.23 - Slew, rate, unity gain (non4nverting) test circuit. 

'0 20 30 40 50 60 70 00 90 
CLOSED-LOOP NONINVERTING VOLTAGE GAIN - dB 

b6 ~ _ ~ ~ w ro 00 00 

CLOSED-LOOP INVERTING VOLTAGE - dB 92CS-19595 CLOSED-LOOP INVERTING VOLTAGE - dB 92CS-I9590 

Fig.24 - Phase compensation capacitance 
n. closed.foop gain - CA3078T. 

Fig.25 - Phase compensation capacitance 
V$. closed.foop gain - CA3078A T. 

Tabla I • Unityllllin slaw rate VI. compensation - CA3078T and CA307IIAT 

SUPPLY VOLTS: v+ • 6, V- • -6 TRANSIENT RESPONSE: 10% OVERSHOOT FOR AN OUTPUT 
VOLTAGE of 100 mV 

OUTPUT VOLTAGE IVOI -:!SV AMBIENT TEMPERATURE ITAI-:ZSOC 
LOAD RESISTANCE IRLI - 10 k!l 

UNITY GAIN UNVERTINGI Fig. 22 UNITY GAIN INON~NVERTINGI Fig. 23 
COMPENSATION 

SLEW SLEW TECHNIQUE R1 C1 R2 C2 
RATE 

R1 C1 R2 C2 
RATE 

CA3078T - I Q = 100 IIA k!l pF k!l IE V/jlJ k!l pF k!l IE V1jlJ 

Single Capacitor 0 750 00 0 0.0085 0 1500 00 0 0.0095 
Resistor & Caoacitor 3.5 350 00 0 0.04 5.3 SOIl 00 0 0024 
I;;;;-u, 00 0 025 0306 Q.R7 00 n 0.311 0.45 OR7 
CA3078AT - I Q = 20 IIA 
Single Capacitor 0 300 00 0 0.0095 0 800 00 0 0.003 
Resistor & Capacitor 14 I 100 T 00 T oT 0.027 34 I 125 I 00 T o I 0.02 
InOOt 00 0 0.644 0.156 0.29 00 0 0.77 0.4 0.4 
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File No. 535 ______________________ CA3078, CA3078A 

OPERATING CONSIDERATIONS 

Compensation Techniques 

The CA3078AT and CA3078T can be phase-compensated 
with one or two external components depending upon the 
closed·loop gain, power consumption. and speed desired. The 
recommended compensation is a resistor in series with a 
capacitor connected from terminal 1 to terminal 8. Values of 
the resistor and capacitor required for compensation as a 
function of closed loop gain are shown in Figs. 24 and 25. 
These CUNes represent the compensation necessary at 
quiescent currents of 20 p.A and 100 p.A, respectively, for a 
transient response with 10% overshoot. Figs. 21 and 22 show 
the slew rates that can be obtained with the two different 
compensation techniques. Higher speeds can be achieved 
with input compensation, but this increases noise output. 

RF 

Value of RS req,..ired to have a 
nuliadjustmanlrangElof!7.5mV 

RS" ;.;~+10-J 
assuming RS > > AI 

92CS-20BI3R1 

Compensation can also be accomplished with a single 
capacitor connected from terminal 1 to terminal 8, with 
speed being sacrificed for simplicity. Table 1 gives an 
indication of slew rates that can be obtained with various 
compensation techniques at quiescent currents of 20 p.A and 
100p.A. 

Single Supply Operation 

The CA3078AT and CA3078T can operate from a single 
supply with a minimum total supply voltage of 1.5 volts. 
Figs. 27 and 28 show the CA3078AT or CA3078T in 
inverting and non·inverting 20-<18 amplifier configurations 
utilizing a 1.5·volt type" AA" cell for a supply. The total 
power consumption for either circuit is approximately 675 
nanowatts. The output voltage swing in this configuration is 
300 mV p.p with a 20 k!l load. 

NON-INVERTING 

v+ 

I MEG ">00-""''11\ .... -(: 

v-

RI ValulofRarequinldtohavea 
null adjuSlmenl ran", of t7.5 mV 

°RS "llI~~~i'.511 10=3 

aS$Uming RS> >~ 

92CS-20812RI 

Fig.26 - Offset voltage null circuits. 

IMD 5.IMD. 

1.5 V 
"AA· CELL _ 

+5 

"F 

92CS-17555R2 

Fig.27 -Inverting 2o-dB amplifier circuit. 

r--~-~--+---. 

EJ
'A~;5C~LL : 

."F 
RL 

= 
92CS-17551R2 

Fig.28 - Non-inverting 2().dB amplifier circuit. 
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OOCIBOD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA30SO,CA3080ATypes 

(="~~ 
iAj- ~ 

Operational Transconductance 
Amplifiers (OTA's) 

CA3080S 
CA3080AS 
B-LEAD TO-5 

r I ~\\\ Gateable·Gain Blocks 

I II 
Features: Applications: with Dual-In-line 

Formed Leads 

"DIL-CAN"H_1787 

CA3080 
CA3080A 
8·LEAD TO-5 • Slew rate (unity gain, compensated): 50 v/".. • Sample and hold 

H-1S28 • Adjustable power consumption: 10".W to 30 mW • Multiplex 
CA3080E 
8·LEAD Dual· 

• Flexible supply voltage range: ± 2 V to ± 15 V • Voltege follower 

In-Line ~Iastic 
Package ·'MINI.[)IP" 

• Fully adjustable gain: 0 to gmR L limit • Multiplier 

• Tight um spread: CA3080 (2:1), CA3080A (1.6:1) • Comparator 
H-1817 • Extended Um linearity: 3 decades 

The RCA·CA3080 and CA3080A are Gateable·Gain 810cks 
which utilize the unique Operational Transconductance Ampli· 
fier (OTA) concept described in Application Note ICAN·6668, 
"Applications of the CA3080 and CA3080A High-Performance 
Operational Transconductance Amplifiers". 

The CA3080 an.d CA3080A have differential input and a 
single-ended, push·pull, class A output. In addition, these types 
have an amplifier bias input which may be used either for 
gating or for linear gain control. These types also have a high 
output impedance and their transconductance (gm) is directly 
proportional to the amplifier bias current (lABC). 

The CA3080 and CA3080A are notable for their excellent 
slew rate (50 Vips), which makes them. especially useful for 
multiplex and fast unity-gain voltage followers. These .types 
are especially applicable for multiplex applications· because
power is consumed only when the devices are in the "ON" 
channel state. 

INV. 
INPUT 

V-
NOTE: PIN 4 IS CONNECTED TO CASE 

9ZCS-Z4770 

TO-5 Style Package 

The CA3OBOA is rated for operation over the full military· 
temperature range· (-55 to +1250 C) and its characteristics 
are specifically controlled for applications such as sample· 
hold, gain·control, multiplex, etc. Operational transconduc
tance amplifiers are also useful in programmable power-switch 
applications, e.g., as described in Application Note ICAN·6048, 
"Some Applications of a Programmable Power Switch/Ampli
fier" (CA3094, CA3094A, CA3094B). 

These types are supplied in the B-Iead TO-5 style package 
(CA3080, CA3080A) , and in the a·lead TO·5 style package with 
dual·in·line formed leads ("01 L·CAN ", CA308OS, CA3080AS). 
The CA3080E is also supplied in the 8·lead dual·in·line 
plastic ("MINI·DIP") package (CA3080E), and in chip form 
(CA3080H). 

INV. 
INPUT 

NO~Nj!~~ (,l3!)-j--;;;r 

TOP VIEW 

5 AMPLIFIER 
BIAS INPUT 

92C8-24771 

Plastic Package (CA30110E) 
Fig. i-Functional dlagt1Ims. 
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File No. 476 _______________________ CA3080. CA3080A 

ELECTRICAL CHARACTERISTICS 
For Equipment Design 

CHARACTERISTICS 

I nput Offset Voltage 

Input Offset Current 

Input Bias Current 

Forward Transconductance 
(large signal) 

Peak Output Current 

Peak Output Voltage: 
Positive 

Negative 

Amplifier Supply Current 

Device Dissipation 
Input Offset Voltage Sensitivity: 

Positive . 
Negative 

Common·Mode Rejection Ratio 

Common·Mode Input·Voltage Range 

Input Resistance 

ELECTRICAL CHARACTERISTICS 

SYMBOLS 

VIO 

110 

II 

gm 

110M I 

V+OM 

V OM 

IA 

Po 

6.VIO/6.V+ 

6.VI O/6.V 

CMRR 

VICR 

RI 

Typical Values Intended Only for Design Guidance 

Input Offset Voltage VIO 

Input Offset Voltage Change I6.Vlol 

Peak Output Current 10M 

Peak Output Voltage: 
PQsitive V+OM 
Negative V OM 

Magnitude of leakage Current 

Differential Input Current 

Amplifier Bias Voltage VABC 
Slew Rate: 

Maximum (uncompensatedl 
SR 

Unity Gain (compensated I 
Open·loop Bandwidth BWOl 
I nput Capacitance CI 

Output Capacitance Co 
Output Resistance RO 
Input·to-Output Capacitance CI.() 

TEST CONDITION 
Cir· v+ = 15 V. V- = -15 V Typical 
cuit IABC=500pA Chara.,. 

TA=25oC teristics 

Fi; (unless indicated Curves 
otherwise I Fig. 

- 3 
TA=Ot0700C 

- 4 

5 -
TA = Oto 700C 

-
TA = Oto 700C 

14 

RL = 0 - RL - O. TA - Ot0700C 6 

- RL =00 7 

- B 

- 9 

- -
- -
- -

- 7 

- 15 

- IABC = 5pA 3 

Change in VIO between 
- IABC = 500pA -

and IABC = 511A 

- IABC = 5pA 6 

- IABC = 5pA 7 

IABC - O. VTP - 0 
10 

IABC = 0, VTP = 36 V 
11 

12 IABC = 0, VDIFF = 4 V 13 

- 16 

23 -

- -
- f- 1 MHz 17 

- 1-1 MHz 17 

- lB 

19 1="1 MHz 20 

CA3080 

LIMITS UNITS 

Min. Typ. Max. 

- 0.4 5 mV 
- - 6 

- 0.12 0.6 pA 

- 2 5 
pA 

7 - -
6700 9600 13000 
5400 - - pmho 

350 500 650 
300 - - pA 

12 13.5 -
V 

-12 -14.4 -
O.B 1 1.2 rnA 

24 30 36 mW 

- - 150 

150 
pV/V 

- -
BO 110 - dB 

12 to 13.6 to 
V 

-12 -14.6 
-

10 26 - kSl 

CA30BO 

0.3 mV 

0.2 mV 

5 pA 

13.B 
-14.5 

V 

O.OB 
nA 

0.3 

O.OOB nA 

0.71 V 

75 
Vips 

50 
2 MHz 

3.6 pF 

5.6 pF 

15 MSl 

0.024 pF 
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CA308O. CA308OA~ ______________________ FileNo. 475 

ELECTRICAL CHARACTERISTICS 
For ............ Delign 

CHARACTERISTICS 

Input Offset Voltage 

Input Offset Voltage Change 

Input Offset Current 

Input Bias Current 

Forward Transconductance 
lIarge signal) 

Peak Output Current 

Peak Output Voltage: 
Positive 

Negative 

Positive 

Negative 

Amplifier Supply Current 

Device Dissipation 
I nput Offset Voltage Sensitivity: 

Positive 

Negative 

Magnitude of leakage Current 

Differential Input Current 

Common-Mode Rejection Ratio 

. Common-Mode Input-Voltage Range 

I nput Resistance 

ELECTRICAL CHARACTERISTICS 

SYMBOLS 

VIO 

16Vl01 

110 

II 

gm 

Ii0MI 

V+OM 

V OM 
V+OM 

V OM 

IA 

Po 

6V10/6V+ 

6VI0/6V 

CMRR 

VICR 

RI 

Typical Values Intended Only For Design Guidance 

Amplifier Bias Voltage VABC 
Slew Rate: 

Maximum luncompensated) 
SR Unity Gain {compensatedl 

Open-loop Bandwidth BWOl 
Input Capacitance CI 
Output Capacitance Co 
Output Resistance RO 
I nput-to-OutpUt Capacitance CI-O 

394 

TEST CONOITIONS 
Cir· v+= 15V. V =-15V Typical 
cuit IABC= 500pA Charac-

TA=25OC teristics 

F;g:-
(unless indicated Curves 

otherwisel Fig. 

IABC=5pA 

- 3 
TA = -55 to+ 1250 C 

Change in VIO 
- between IABC = 500/lA 3 

and IABC = 5 pA 

- 4 

- TA - -55 to+125 5 

-
TA=-55to+ 1250 C 

14 

IABC = 5 /lA, Rl = 0 

Rl =0 6 

Rl - 0, TA - -55 to +125° 

- IABC= 5/lA 
Rl =00 

7 

- Rl =00 

- 8 

- 9 

- -

10 
IABC - 0, VTP - 0 

IABC = 0, VTP - 36 V 
11 

12 IABC - 0, VDlFF = 4 V 13 

- -
- 7 

- 15 

- 16 

i"2J -
- - -
- f = 1 MHz 17 

- f = 1 MHz 17 

- 18 

19 f-l MHz 20 

CA3080A 

LIMITS UNITS 

Min. Typ. Max. 
- 0.3 2 

0.4 2 mV 
- - 5 

- 0.1 3 mV 

- 0.12 0.6 pA 

- 2 5 
- - B 

pA 

7700 9600 12000 
4000 

/lmho - -
3 5 7 

350 500 650 pA 

300 - -

12 13.8 -
-12 -14.5 - V 
12 13.5 -

-12 -14.4 -
0.8 1 1.2 mA 

24 30 36 mW 

- - 150 
/lVN - - 150 

- 0.08 5 
nA - 0.3 5 

- 0.008 5 nA 

80 110 - dB 
12 to 13.6 to 

V 
-12 -14.6 

-
10 26 - kSl 

CA3080A 

0.71 V 

75 
VI/lS 50 

2 MHz 
3.6 pF 

5.6 pF 

15 MSl 

0.024 pF 



File No. 475;...' ______________________ CA3080. CA3080A 

MAXIMUM RATINGS. Absolute-Maximum Values at 
TA =2f1'C 

DC SUPPLY VOLTAGE (between V+ and V-terminelsl . 

DIFFERENTIAL INPUT VOLTAGE 

DC INPUT VOLTAGE. • • 

INPUT SIGNAL CURRENT • • • 

AMPLIFIER BIAS CURRENT. • • 

OUTPUT SHORT·CIRCUIT DURATION" 

DEVICE DISSIPATION 

TEMPERATURE RANGE: 

Operating 

CA3080 • 

36V 

±SV 
V+toV

lmA 

2mA 

Indefinite 

• 125mW 

CA30BOA -55 to + 125 °c 
Storage. . 

LEAD TEMPERATURE lOuring Soldering): 

At distance 1/16 ± 1/32 in. 11.59 ±O.79 mm) 
from case for 10 5 maK.. . • • • • • 

-55 to + 150 °c 

+265 DC 

• Short circuit may be applied to ground or to either supply. 92CS-J7581 

Fig.2 - Schematic diagram for CA30BO and CA308OA. 

TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS FOR THE CA3080 AND CA3080A 

~ 
2: 

~ 

~ 
i 
:;; 
~ 
0 .. 
::> .. 
~ 

4~S-U,pp-L~yTV~OL~T~Sr:V--·r+-I·~·-V-T·T-T'5--~~~+_~~~~I~ 
+12!5 0 C 

I -55-C 
II +70 

0 

_1~90 V +2' 
-55°C +7 

+2. 
-" 
-3 

-4 / 
+12!5°C -. 

-6 

)1 
468 468 468 

0.1 I to 100 1000 
AMPLIFIER BIAS MICROAMPERES (lABel 

92CS-17588 

Fig.3 -Input offset voltage vs. amplifier bias current. 

IO~ SUPPLY VOLTS: V+"+15, V-=-15 

468 468 468 468 
0.1 I to 100 1000 

AMPLIFIER BIAS MICROAMPERES ClABe' 
S2CS·17:i90 

Flg.6 - Input bias current v.r. amplifier billS current. 

1036 SUPPLY VOLTS: V+· ... 15. V-=-15 

0.01 

0.1 
" 68 " 68 

I 10 100 1000 
AMPLIFIER BIAS MICROAMPERES ('IABCI 

92CS·17589 

FigA - Input offset current vs. amplifier bias current. 

4 •• 2 "6 B 2 "68 2 "68 
I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES (ZABe' 
92CS·17591 

Fig.6 - Peak output current lIS'. amplifier bias current .. 
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TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS lCont'dl 

SUPPLY VOLTS: v-.+le. Y-·-15 

14.5 AMBIENT TEMPERATURE' (TA)=2SoC 
LOAD RESISTANCE (RLI- CD 

.·l"A II" 14 11:1 .... 
• -11.15 

V"OAI II"' !:; 
.. ~ 15 

Uo 
~": ~ 1-14 

·~OIL ~14.5 

-15 
V-CMR 

• . .. 2 ... 2 . .. 2 ... 
0.1 1 10 100 1000 

2: 4.81 2 4 •• 2: 408 
0.1 I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES (lABe' 
92eS·11592 

AMPLIFIER ~IAS MICROAMPERES U:ABC) 
t2eS-lnn 

Fit/.7 - _ output votlJlglJ w...lllTlpliflBr bJtu current. Fig.8 - AmplifiBr $Upply current V£ "",pli'_ blM CUTTBII'. 

: AMBIENT TEMPERATURE (TAl "'25·C 

I 10 100 1000 
AMPLIFIER BIAS MICROAMPERES (ZABel 

SlCS-17S14 
9te5-17595 

FIg.9 - Total po_ diaipKion ... lIITIpIifier blu curreM. Fit/. to - L-1IfIII current tnt cJrcul~ 

OJ: SUPPLY VOLTS:v+"15, Y- • .. 15 

c • /' i 2 .. 
I / 

i5 .. • .. • " /' ./ ... 
iii 2 

~'? 
,/ i I .. • ."". "" "' ~ • .""~ 0 

l!I 2 ..... 
" /' /' 
t: 
5 • ;I • V V 2 

/' ./ "'" - - o 25 100 

AMBIENT TEMPERATURE (TAl-C· 92eS-17591 
92C5-175'1 

Fig. t2 - DifftNentMI input current rat cJn:ul~ 
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File No. 475 _______________________ CA3080. CA3080A 

TYPICAL CHARACTERISTIC CURVES AND TEST CIRCUITS IConl'dl 

SUPPLY VOLTS : v .... +J~.y·. -I~. 10'6 SUPPLY VOLTS:V+"+15,V-.-15 

lil '0 ! • 
Ii! :~ , 

o I 2 3 4 
INPUT DIFFERENTIAL VOLTS 

92CS-17598 

0.' 
468 468 468 468 

I 10 100 1000 
AMPLIFIER BIAS MICROAMPERES (.IAUC) 

92CS-17599 

Fig.'3 -Input current vs. Input differenria/llOltage. Fig.'4 - Transconductance v.. amplifier billS current. 

SUPPLY VOLTS: V+"fI5, V-:-15 SUPPLY YOLTS:V+ .... 15. Y-=-15 
AMBIENT TEMPERATURE (rA) =25 D C 

.. '00 

'" 0 
I : ....... H 

!!> 
'0 tl • 

~ · • : , 
a: • 
~ • • ~ 

0.' 

900 

-5~.Q " ! 800 --~ 700 

~ 0 
== 600 ::.-.;..-oj 
i 500 

~ .... ;s-
iii 400 

'" --ii: 300 --::; 
~ 200 

0 .. 
• '00 

• QO' 
0.' 

468 468 468 468 
I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES CIABC) 
S2CS-lllao 

0 
•• 0 • ••• 2 •• 0 2 •• 0 

0.1 I 10 100 1000 
AMPLIFIER BIAS MICROAMPERES (rABe) 

9ZCS-11601 

Fig. 15 -Input resist.nce vs. amplifier bias cummt. Fig., 16 - Amplifier biBs voltage VI. amplifier bi .. current. 

... 7 SUPPLY VOLTS:V+.+l5,V-.-15 

i 
'MBIENT TEMPERATURE tTA)· 2S·C 

• FREQUENCY tit -'MHz 

J> / .. 
~ • 
~ I 
j!! 4 
il I' If I <l 3 

~ ~ ...... ,....-I 
ex-

0 2 
0 

~ 

,0'. SUPPLY VOLTS:Y·· ... 15. Y-·-15 

== • ....... 
AMBIENT TEMPERATUREITA'-ZS-C 

2 

q 004 
'" • I 4 ....... " 2 !!> 

~ 
,0' 
• 

~ • , 
; • 

00> 

~ 
• · 2 

10 
.... , • 
~ 

0 

• • , 
• ... 2 4 •• 2 ... 2 4 .0 

0.' 10 100 ,000 • • .0 • • • 0 • ••• • •• 0 
10 '00 1000 

AMPLIFIER 81AS MICROAMPERES (IABe) 
92CS-17602 

AMPLIFIER BIAS MICROAMPERES IIABC) 
9ZCS-11&03 

FIg..'7 - Input and output capacitlltJCB VL .mplifier bhu current. FIg. 18 - Output "';rtsnt:e VI. amplifier bia. cummt. 
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TYPICAL CHARAC;:TERISTICS CURVES AND TEST CIRCUITS ICont'dl 

5111 

y+ 

l.o'I£F 

y-

92CS-11604 

FIg. 19 -lnput-to.oQutput capacirance test circuit. 

v+ ~ 15V 

'o ... .n 

.OOI~' 

LOAD 
ISCOPE PROBE I 

92CS-17664 

~ AMBIENT TEMPERATURE (TA1.Z5·C .r 0.06 FREQUENCY (f) '" I MHz 

9 
is 
-0.05 

~ 
~ 
,,0.04 

§ 
I- 0.03 

~O~ 
2 
i 0.01 
;!; 

4 10 
SUPPLY VOLTS-(V~ V-I 

12 14 I. 
92CS-1760~ 

Flg.20 -Input-to-output ClIpscltance vs. supply IIO/tap. 

T 
OUTPUT 
IV/DIV. 

~ 
~ 

INPUT 
5V!OIV. 

--r 

Y+=J5V, V-:-15V 

TIME-O.lp.s/DIV. 

9ZC5-Z4034 

FIg.21 - Schematic diagram of the CA3080 and CA3080A in /I unity"1/lIln vo/rage follower configuf'lltion IMd lI$Soclllted wawlform. 

SAMPLE OY1J 
HOLD -15V 

398 

2.0K 

..,011 

V"·15Y 

Y-·-15V 

9IeS-I7S0' 

SLEW RATE"N SAMPLE MODEJ-'.! VI".. 
ACQUISITION TIME*.3p.1 

• TIME REQUIRED F'OR OUTPUT TO SETTLE 
WITHIN ±3mV OF A 4- VOLT STEP 

Fig.22 - Schemllt/c d'-m of the CA3Il8IlA 
in /I $IImp/fl-hold configuT8tlon. 

I. 



File No. 480 

DDJ]5L7D 
Solid State 
Division 

16-Laad Dual-In-Line 
Frit-5eal (Hermetic) 

-. -
16-Lead Dual-In-Line 
Plastic Package 

H-1807 

H-1622 

Linear Integrated Circuits 
Monolithic Silicon 

CA30S1, CA30S1F 
CA30S-2', CA30S2F 

General-Purpose High-Current 
N-P-N Transistor Arrays 
CA3081-Common·Emitter Array CA3082-Common·Coliector Array 
Directly Drive 7·Segment Incandescent Displays 
and Light·Emitting·Diode (LED) Displays 
Features 
• 7 transistors permit a wide range of applications in either a common-emitter 

(CA30S1) or common-collector (CA3082) configuration 
- High IC: 100 mA max. - Low VCE sat (at 50 mAl: 0.4 V typo 
Applications 
- Drivers for: 

- Incandescent display devices (e.g. RCA NUMITRON DR2000 Series and lamps) 
- LED (e.g. RCA·SG1002 GaAs High·Efficiency Emitting Diode) 
- Relay control - Thyristor firing 

RCA·CA3081· and CA3082' consist of seven high-current 
(to 100 mAl silicon n·p-n transistors on a common mono
lithic substrate. The CA3081 is connected in a common
emitter configuration and the CA3082 is connected in a 
common·collector configuration. 

(LED) displays. These types are also well-suited far a variety 
of other driver applications, including relay control and 
thyristor firing. 
The CA3081 and CA3082 are supplied in a 16·lead dual-in
line plastic package, and the CA3081 F and CA3082F in a 
16·lead dual·in·line frit-seal ceramic package, which includes 
a separate substrate connection for maximum flexibility in 
circuit design. 

The CA3081 and CA3082 are capable of directly driving 
seven-segment displays, such as the RCA NUMITRON 
devices (DR20oo and DR2010), and light-emitting diode 

(01 

COMMON-EMITTER CONFIGURATION 
9ZCS-17958 

* Formerly developmental types TA5858 and TA6033. respectivelv. 

( bl 
COMMON-COLLECTOR CONFIGURATION 

92CS-17957 

Fig.l-Funcrional diagrams of types CA3081 and CA3082. 
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CA3081, CA3081F, CA3082, CA3082F _______________ _ 

MAXIMUM RATINGS, Absolute-Maximum Values at T A = 250 C 

Power Dissipation: 

Anyone transistor ...•...........•............•...... _ . . . . . 500 
Total package ......•......••.... _ . . . . . . • . . . . . . . . . . . . . . . . . . 750 
Above 550 C .. _ ..........•.......................... Derate linearly 6.67 

Ambient Temperature Range: 

Operating ......•...•.................................•... -55 to +125 
Storage .. _ ..... _ ........ _ ..........•................... : . -65 to + 150 

Lead Temperature (During Soldering): 

At distance 1/16" ±1/32" (1.59 mm ±0.79 mm) 

from case for 10 seconds max. 
The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage (V CEO) ............. - ............. . 

Collector-to-Base Voltage (V CBO) ..........•.................... 

Coliector-to·Substrate Voltage (V CIO) - ....... - .... - ............. . 

Emitter-to-Base Voltage (V EBO) ............................... . 

Collector Current (lcl ....................................... . 
Base Current (I B) .........•..............................•... 

265 

16 

20 

20 

5 

100 

20 

mW 
mW 

mWtDC 

V 

V 

V 

V 

mA 

mA 

File No. 480 

• The collector of each transistor of the CA3081 and CA3082 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to a voltage'which is more"negative than any collector 
voltage in order to maintain isolation between transistors and 

provide normal transistor action. To avoid undesired coupling 
between transistors. the substrate terminal (5) should be maintained 
at either DC or signal (AC) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 

ELECTRICAL CHARACTERISTICS at TA = 250 C 
For Equipment Design 

CHARACTERISTIC SYMBOL 

Collector-to-Base Breakdown Voltage V(BR)CES 

Collector-to-Substrate Breakdown Voltage V(BR)CIO 

Collector-to-Emitter Breakdown Voltage V(BR)CEO 
Emitter-to-Base Breakdown Voltage V(BR)EBO 

DC Forward-Current Transfer Ratio hFE 

Base-to-Emitter Saturation Voltage VBE sat 

Coliector-to·Emitter Saturation Voltage: 

CA3081, CA3082 
VCE sat 

CA3081 

CA3OB2 

Collector·Cutoff·Current ICED 

Collector-Cutoff Current ICBO 

400 

TEST CONDITIONS 

Typ. 
Char. 

Curve 
Fig. No. 

IC= 500pA, IE=O -

ICI- 500pA, IE = 0, IB = 0 -
Ic-lmA,IB-O -
IC = 500 pA -
VCE = 0.5 V, IC = 30 mA -
VCE = 0.8 V, IC - 50 mA -
IC = 30 mA, IB = 1 mA 3 

IC = 30 mA, IB = 1 mA -
IC = 50 mA, IB = 5 mA 4 

Ic=50mA,IB=5mA 4 

VCE=10V,IB=0 -
VCB=10V,IE=0 -

LIMITS 

UNITS 

Min. Typ. Max. 

20 60 - V 

20 60 - V 

16 24 - V 

5 6.9 - V 

30 68 -
40 70 -

- 0.87 1.0 V 

- 0.27 0.5 
V 

- 0.4 0.7 

- 0.4 0.8 

- - 10 pA 

- - 1 pA 
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TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR OF TYPES CA3081 AND CA3082 
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DECODER 

I SEGMENT OF 
INCANDESCENT DISPLAY 
(RCA-DR2000 SERIES 
OR EQUIVALENT) 

'/7 CA3081 
(COMMON EMITTER) 

Fig.6-Schematic diagram showing one transistor of 
the CA3081 driving one segment of an incan· 
descent display. 
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Fig.7-Schematic diagram showing one transistor· of 
the CA3082 driving a light-emitting diode 
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[]Q(]5LlD 
Solid State 
Division 

16-Lead Dual-tn-Line 
Frit-Seal (Hermetic) 

16-Lead Dual-In-Line 
Plastic Package 

H-1B07 

H-,622 

Linear Integrated Circuits 
Monolithic Silicon 

CA3083,CA3083F 

General-Purpose High-Current 
N-P-N Transistor Array 

Applications 

• Signal processing and switching systems operating from DC to VHF 

• Lamp and relay driver 

• Differential amplifier 

• Temperature·compensated amplifier 

• Thyristor firing 

• See RCA Application Note, ICAN·5296 "Application of the RCA-CA3018 
Circuit Transistor Array" for suggested applications 

RCA-CA3083 is a versatile array of five high-current (to 
100mA) n-p-n transistors on a common monolithic substrate. 
In addition, two of these transistors (01 and 02) are 
matched at low currents (Le. 1 rnA) for applications in which 
offset parameters are of special importance. 

Features 

• High IC: 100mA max. 

• LowVCEsat (at50mAI: O.7Vmax. 

• Matched pair (01 and 02)-

VIO (VSE matched I: ± 5 mV max. 

110 (at 1 mAl: 2.51lA max. 

Independent connections for each transistor plus a separate 
terminal for the substrate permit maximum flexibility in 
circuit design_ The CA3083 is supplied in a 16-lead dual-in
line plastic package. and the CA3083F in a 16-lead dual-in
line frit-seal ceramic package. 

• 5 independent transistors plus separate substrate connection 

0.1 
92CS-17762. 

Fig. I-Functional diagcam of the CA3083. 

402 

TYPICAL STATIC CHARACTERISTICS 

FOR EACH TRANSISTOR 

468,2468,0 

COLLECTOR M I LUAMPERES (Ie) 
4 6 8'00 

92CS-I7763 
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MAXIMUM RATINGS, Absolute·Maximum Values at T A = 250 C 

Power Dissipation: 

Anv one transistor ........................................ , 500 
Total package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750 
Above 550 C ........................................ Derate linearly 6.67 

Ambient Temperature Range: 

mW 
mW 

mWf'C 

Operating ................................................ -55 to + 125 °c 
Storage .................................................. -65 to + 150 °c 

Lead Temperature (During Soldering): 

At distance 1/16" ±1/32" (1.59 mm ±0.79 mm) 

from case for 10 seconds max. . .................... . 

The following ratings apply for each transistor in the device: 

Coliector·to·Emitter Voltage (V CEO) ........................... . 

Coliector·to·Base Voltage (V CBO) .............................. . 

Coliector·to·Substrate Voltage (V cia) - ........................... " 

Emitter·to·Base Voltage (V EBO) ............................... . 

Collector Current (Ie! ....................................... . 
Base Current (lB)' ................. : ........................ . 

265 

15 

20 

20 

5 

100 

20 

V 

V 

V 

V 

mA 

mA 

• The collector of each transistor of the CA3083 is isolated from the substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any collector voltage in order to maintain isolation 
between transistors and provide normal transistor action. To avoid undesired coupling between transistors. the 
substrate terminal (51 should be maintained at either DC or signal lAC) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 

ELECTRICAL CHARACTERISTICS at T A = 250 C 
For Equipment Design 

TEST CONDITIONS 

CHARACTERISTICS SYMBOL 
Typ. 
Char. 
Curve 
Fig. No. 

For Each Transistor: 

Collector-to·Base 
V(BR)CBO IC= 100l'A, IE = 0 -

Breakdown Voltage 

Collector-to-Emitter 
V(BR)CEO IC= lmA,I B = 0 -

Breakdown Voltage 

Collector·to-Substrate 
V(BR)CIO 

ICI = 100l'A,IB = 0, 
Breakdown Voltage -

IE= 0 

Emitter-to-Base 
V(BR)EBO IE = 500l'A, IC = 0 -

Breakdown Voltage 

Collector-Cutoff-Current ICEO VCE = 10V,IB = 0 -
Collector-Cutoff-Current ICBO VCB = 10V, IE = 0 -

DC Forward-Current IC= 10mA 
hFE VCE = 3V 2 

Transfer Ratio IC= 50mA 

Base-to-Emitter Voltage VBE VCE = 3V, IC= 10mA 3 

Collector-to-t:.mitter 
VCE,at IC = 50mA, IB = 5mA 4 

Saturation Voltage 

For Transistors 01 and 02 (As a Differential Amplifier): 

Absolute Input Offset 
IVlol 7 

Voltage 
VCE = 3V, IC = lmA 

Absolute Input Offset 
11101 8 

Current 

LIMITS 

UNITS 
Min. Typ. Max. 

20 60 - V 

15 24 - V 

20 60 - V 

5 6.9 - V 

- - 10 I'A 

- - 1 I'A 

40 76 -
40 75 -

0.65 0.74 0.85 V 

- 0.40 0.70 V 

- 1.2 5 mV 

- 0.7 2.5 IlA 
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TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR 
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OOCIBLJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3084 

14-Laad Dual-In-Lina 
Plastic Package 

General-Purpose P-N-P 
Transistor Array 

FEATURES 

• Matched transistor pair (Qt and 02) 

VIO (VBE matched): ± 6mV max. 

110 (at tDDIlA): ± D.6IlA 

• Wide operating current range 

• Low noise figure· • 3.2 dB typo at t kHz 

APPLICA TlONS RCA-CA3D84' is a general-purpose silicon p-n-p transistor 
array incorporating two independent transistors. a Darlington 
circuit, and a current-mirror pair with a shared diode. • General use in signal processing systems having low-power 

The two independent transistors in the array may be used in 
a variety of circuit applications. The Darlington pair may be 
employed as the equivalent of a single high-beta transistor_ 
The current-mirror pair is well suited for constant-current 
applications and can also be used as the active loads in a 
differential amplifier which uses n-p-n transistors_ 

The total array is especially useful for a wide range of 
applications in systems having low-power and low-frequency 
requirements. Although the transistors may be used as 
discrete units in conventional circuits. they offer the 
advantages inherent in integrated-circuit construction, that is, 
to provide close electrical and thermal matching_ 

The CA3D84 utilizes the 14-lead dual-in-line plastic package_ 

• Formerly developmental type TA5799A. 

11-73 

and low-frequency requirements 

" Differential amplifiers 

• Temperature compensated amplifiers 

• Active loads for differential amplifiers using 
n-p-n transistors 

• Complementary uses with RCA n-p-n transistor arrays 

SUBSTRATE 

92CS-1796S 

Fig_l- Functional diagram of the CA3084_ 

405 



CA3084 

ELECTRICAL C;:HARACTERISTICS at T A ~ 25"c 
For Equipment Design 

CHARACTERISTICS SYMBOL 

For Each Transistor: 

Collector·Cutoff Current ICBO 

Collector·Cutoff Current ICED 

Collector·to·Emitter Breakdown Voltage V(BRICED 

Collector·to·Base Breakdown Voltage V(BRICBO 

Emitter·to·Base Breakdown Voltage V(BRIEBO 

Emitter·to·Substrate Breakdown Voltage V(BRIEIO 

Collector·ta-Emitter Saturation Voltage VCEsat 

Base·to·Emitter Voltage VBE 

DC Forward-Current Transfer Ratio hFE 

For Transistors 01 and 02 (As a Differential Amplifierl: 

Magnitude of Input Offset Voltage I Viol 

I nput Offset Current 110 

For Transistors Q3 and Q4 (Current-Mirror Configuration): 

Collector Current (Normalized) lelI5 

Magnitude of Collector Current Ratio IIC(0311IC(0411 

For Transistors 05 and 06 (Darlington Configurationl: 

Collector·Cutoff Current ICEO 

Base·to·Emitter Voltage VBE 

DC Forward·Current Transfer Ratio hFE 

ELECTRICAL CHARACTERISTICS at T A • 25°C 
Typical Values Intended Only For Design Guidance 

Magnitude of Temperature Coefficient: -_. ---_. __ .. __ ._._--_.-
I t.VB E/t.T I VBE (for each transistorl 

__ ·w _ ••• ___ " __ .'--
VID (as a differential amplifier) It.VIOIt.TI 

~~ 

VBE (Darlington configurationl 1~~~/t.TI . ._ ...... _ .... _.--_ .. __ ._---
For Each Transistor: 
~-------

Input Resistance RI 

Output ResiStance RO 

Forward Transconductance gm 

Collector·to·Base Capacitance CCBO -_._---_._------1--"'"-
Collector-ta-Emitter Capacitance CCED -------_ •. _---_.--
Base-to·Substrate Capacitance CaIO 

406 

TEST CONDITIONS 

VCB = -10V, IE = 0 

VCE = -10V, IB = 0 

ICE = -100"A, IB = 0 

ICB = -loo"A, IE = 0 

IEB - -loo"A, IC = 0 

lEI = 100"A 

IE = lmA, IB = 100"A 

IE = loo"A, VeE = -10V 

IE = 100"A,VCE = -10V 

VCE = -5V, VelD = -5V, 

Term. 13 = Gnd. 
15 = -100/LA, 

VCE = -10V, 16 = 0 

IE = 100/LA, VCE = -10V 

IE = loo"A, 

VCE = -10V 

f = 1kHz, VCE = -10V, 

IC =-100"A 

ICB = 0 

ICE= 0 

ICIO = 0 

File No. 482 

Typ. 
Charac· LIMITS UNITS teristics 

~ Min. Typ. MaJI'. 
Fig. No. 

2 - -0.055 -100 nA 

3 - -0.12 -100 nA 

- -40 -70 - V 

- -40 -80 - V 

- -40 -100 - V 

- -40 -100 - V 

4 - -0.125 -0.25 V 

5 -0.50 -0.59 -0.68 V 

7 15 40 -

8 - 0.422 6 mV 

- -0.6 0 0.6 "A 

10 0.85 1.00 1.15 

11 0.90 1.00 1.10 

- - - -1.0 "A 

13 0.92 1.07 1.20 V 

15 100 1230 -

6 -1.7B mV~C 

9 0.54 IJ.V~C 

14 -3.7 mV~C 

19 9 kG 

20 600 kG 

22 3 mmho 

23 3.3 pF 

23 2.5 pF 

23 4.5 pF 
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MAXIMUM RATINGS, Absolute·Maximum Values at T A = 250 C 

Dissipation: 

Anyone transistor .................................................. . 

Total package .................... , ................................. . 

Above T A = 550 C .................................................. . 

Ambient Temperature Range: 

Operating ......... , ............................................... . 

Storage .......................................................... . 

Lead Temperature (During Soldering)':' 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max ...•...••.••.•..•.....•................... 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage (V CEO) ..................................... . 

Collector-to-Base Voltage (V CBO' ....................................... . 

Base-to-Substrate Voltage (VBIO)- ....................................... . 

Emitter-to-Base Voltage (V EBO) ......................................... . 

Collector Current (I C) ................................................ . 

200 

750 

derate linearly6.67 

-55 to +125 

-65 to +150 

+265 

-40 

-40 

-40 

-40 

-10 

CA3084 

V 

V 

V 

V 

rnA 

"The base of each tran~istor of the CA3084 is isolated from the substrate by an integral diode. The substrate must be connected to a voltage 
which is more negative than any base voltage in order to maintain isolation between transistors and provide normal transistor action. To avoid 
undesired coupling between transistors, the substrate terminal (4) should be maintained at either DC or signal (AC) ground. A suitable bypass 
capacitor can be used to establish a signal ground. 

STATIC CHARACTERISTICS FOR EACH TRANSISTOR 
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STATIC CHARACTERISTICS FOR EACH TRANSISTOR 
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STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER 
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STATIC CHARACTERISTICS FOR CURRENT-MIRROR CONFIGURATION 

Q 

~ 1.0 

! 
0.9 

AT TA"ZS·C AND 'bE- IOV: 
Is .. 3 pA. 112 .. 3.1S I£A 
r, -IO",A, Ir2-JO.S",A 
IS-IOOp.A. Irz-IOOp.A 

-." -50 -25 a 25 50 7S 100 125 

408 

AMBIENT TEMPERATURE (TA)--"C t2CS-'1I86 

Flg.l0-Normalized Ie vs TA (transis· 
tors 03 and 04 in a current· 
mirror configuration. 

"'" . a 

3> 
€ I.' 

d: 
0 

1.1 

~ 
l- I 
ffi 
0: 
0: 
=> 0.9 u 
0: 

I'! 

~ 0 •• 

'0 
u 0.7 

COLLECTOR-TO-EMITTER VOLTS (VCE)- -IOV 
AMBIENT TEMPERATURE (TA) - 25·C 

:--.. r--.. MAX. 

MIN. 

,,/ 
,-

I 
•• 4 2 •• 4 2 •• 4 2 

10' 6 4 I 0.1 0.01 0.001 

CURRENT AT TERMINAL S (Is)- mA 92C$-'7172 

Fig.11-IC ratio vs 15 (transistors 03 
and 04 in a current·mirror con· 
figuration. 



File No. 482 
________________________________________________ ~CA3084 

STATIC CHARACTERISTICS FOR CURRENT· 
MIRROR CONFIGURATION 
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Fig. 12 -Ie vs 15 (transistors 03 and 04 in a 
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darlington configuration). 

STATIC CHARACTERISTICS FOR DARLINGTON 
CONFIGURATION 

AMBIENT. TEMPERATURE (TAl .25·C 
COLLECTOR-TO-EMITTER VOLTS evCE)· -10 v 

I.' 
V '" ~ 

~ / ~ 1.3 

V ~S 
~ .. 
~::1.2 

:~ V I" 
~g 1.1 
:J 

'" g V 1.0 
,/ 

0.' ./' 
0.01 

2 • • 8 2 • 8 8 
0.1 I 

2 • • 
EMITTER MILLIAMPERES ttEl 

9ZCS-17974 

Fig. 13- VSE vs IE (transistors 05 and 06 in a 
darlingtron configuration). 
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Fig. 15 -hFE vs. IE (transistors 05 and 06 in a 
darlington configuration). 

DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 

COLLECTOR-TO-EMITTER YOLTS {YCE 1 - -lOy 
SOURCE RESISTANCE (RS) - 500 n 

1 20 

AMBIENT TEMPERATURE (TAl - 25 -C .. 

I I ... 
!O 
~ .. 
~ 
;;: 
I:! 
<; 
z 

<,'00Hz 
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10 ~ 
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92CS-17976 

Fig. 16 - NF vs leat RS = 500 n 
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Fig. 17-NF bsleat RS= 1 kn 
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DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR (Cont'd) 

COLLECTOR-TO-EMITTER VOLTS ("ce:)OIO Y 
SOURCE RESISTANCE (RS)-IO kn 

.0. 
AMBIENT TEMPERATURE (TA)· 25·C 
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Fig.1S-NFvslcatRS= 10kn 
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Fig.20- RO lIS f 
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Fig.22- gm lIS f 
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Fig. 19- R,llS f 
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Fig.21- Normalized R,and·RO lIS iC -
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OOm3LJD Linear Integrated Circuits 

Solid State 
Division CA3085,CA3085A,CA3085B 

Types 

H·1787 H-1528 

Positive Voltage Regulators 
For Regulated Voltages from 1.7V to 46V 
at Currents up to 100mA 

Applications 

• Shunt voltage regulator 
Features • Current regulator 
• Upto 100mAoutput current • Switching voltage regulator 
• Input and output short·circuit protection _ High.current voltage regulator 

~4'--
• Load and line regulation: 0.025% • Combination positive and negative 

B-Laad Dual-tn-Lina Plastic 
IMINI·DIPI 

H-1S17 
• Pin compatible with LM100 Series voltage regulator 

• Adjustable output voltage • Dual tracking regulator 

R CA·CA30B5. CA3085A. and CA30B5B are silicon 
monolithic integrated circuits designed specifically for service 
as voltage regulators at output voltages ranging from 1.7 to 
46 volts at currents up to 100 milliamperes. 

A block diagram of the CA30B5 Series is shown in Fig. 1. 
The diagram shows the connecting terminals that provide 
access to the regulator circuit components. The voltage reo 
gulators provide important features such as: frequency 
compensation. short-circuit protection, temperature
compensated reference voltage. current limiting. and booster 
input. These devices are useful in a wide range of applications 
for regulating high·current, switching, shunt, and positive and 
negative voltages. They are also applicable for current and 
dual·tracking regulation. 

The CA30B5A and CA3085B have output curreflt 
capabilities up to 100 mA and the CA30B5 up to 12 mA 
without the use of external pass transistors. However, all the 
devices can provide voltage regulation at load currents greater 
than 100 rnA with the use of suitable external pass 
transistors. The CA3085 Series has an unregulated input 
voltage ranging from 7.5 to 30 V (CA30B5i. 7.5 to 40 V 
(CA3085A), and 7.5 to 50 V (CA30B5B) and a minimum reo 
gulated output voltage of 26 V (CA3085), 36 V (CA30B5A), 
and 46 V (CA30B5B). 

The CA3085A is unilaterallv interchangeable with the 
CA3055. 

These types are supplied in the B·lead TO·5 style package 
(CA3085, CA30B5A, CA30B5B, and the 8·lead TO·5 with 
dual·in·line formed leads ("DI L-CAN", CA30B5S, CA30B5AS, 
CA30B5BS). The CA30B5 is also supplied in the B·lead dual· 
in·line plastic package ("MINI·DIP", CA3OB5E), and in chip 
form (CA30B5H). 

'8·74 

I 
I 
I 
I 

. 

VIN VOUT Max. Max. Load 
Type Range Range lOUT Regulation 

V V mA %VOUT 

CA3085 7.5 to 30 1.8 to 26 12' 0.1 

CA3085A 7.5t040 1.7 to 36 100 0.15 

CA30858 7.5 to 50 1.7 to 46 100 0.15 

ThiS value may be extended to l00mA; however. 
regulation IS not specified beyond 12mA. 

COMPENUTIDN AND 
EXTERNAL INHIBIT 

L __ _ 
SUBSTRATE 

y- • 

Fig.1-Block diagram of CA3085 Series. 
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CA3085,CA3085A,CA3085B 

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES .. T A • aOe 
POWER DISSIPATION: WITHOUT HEAT SINK WITH HEAT SINK (TOOS ONLY) 

uptoTA- 5SoC ............... 630mW 

above TA = 5SoC derate linearly @6.67 mWfC 

TEMPERATURE RANGE: 
Operating ................ -55 to +12SoC 
Storage .................. -65 to +lS00C 

UNREGULATED INPUT VOLTAGE: 

CA3085 ...................... JOV 
CA3085A ........ .. .. .. .. .. ... 40 V 

CA30858 ..................... 50 V 

up to TC ... 55°C .... 1.6W 

above TC - SsOC ••.• derate linearly at 
16.7mWf'C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59:!: O.79mml 
from case for 10 seconds mill(. • • • • • • •• t2650C 

Maximum Voltage Ratings 
The.following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally, For example. the 
voltage range between vertical Terminal No.1 and horizontal Terminal No.1 is +3 to -10 volts. 

MAXIMUM VOLTAGE RATINGS 

TERM· 
INAL 6 
No. 

6 

4 

+5 
-5 

+3 +3 
-10 -10 

+5 
1 

+10 0 

-t -+ 
0 

4 

+10 • Voltages are not normally 

0 appl ied between these 
terminals; however, volt_ges 
appearing between these 

+t terminals are safe. if the 

0 specified voltage limits 
between all other terminals 
are not exceeded. 

+t pO V for CA3085 
0 40 V for CA3085A 

+t 50 V for CA30858 
0 

+t 
0 

Substrate 
& Case 

V+IN~---r--~--~---,--~--------~ 
UNAEGULATE 
INPUT 

MAXIMUM 
CURRENT RATINGS 

J~:~ liN lOUT 
No • mA mA 

5 10 1.0 

6 1.0 -0.1 

7 1.0 -1.0 

8 0.1 10 

1 20 150 

2 150 60 

3 150 60 

4 - -

Fig.2-Schematic diagram of CA3085 Series. 
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File No. 491 CA3085, CA3085A, CA3085B, 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

Test TAo .... C CA308S CA3085A 
CHARACTERISTICS SYMBOL Circuit 

~i •. No. 
[Unless indicated otherwise] MIN. TYP. MAX. MIN. TYP. MAX. 

Reference Voltage VREF V+IN'" 15V 1.4 1.6 1.8 1.5 1.6 1.1 

V+IN'" JOV 3.3 4.5 
Quiescent Regulator 

Iquiescent V+IN - 40V 3.65 Current 
V+IN = SOV 

Input Voltage Range VIN(rangel 7.5 30 7.5 40 

Maximum Output 
Volmax.' 

V"'IN'" 3O.40.5DV#;RL=365n; 
Voltage Term. No.6 to Gnd. 

26 27 36 37 

Minimum Output Volmin.1 V+IN;; lOV 
Voltage 

1.6 1.8 1.6 1.1 

Input·Output Voltage VIN-VOUr 
Differential 

28 38 

limiting Current ILIM V+IN;; 16V, V+OUT '" IOV 96 120 96 120 
RSCp· '" an 
IL:: '10 lOOmA, RSCp= 0 0.025 0.15 

~ Regulation-
IL - 1 to lOOmA, RSCP = 0 

0.035 0.6 
TA= OOCto+70oC 

IL'" 1 to 12mA, RSCp '" 0 0.003 0.1 

tl= lmA,Rscp= 0 0.025 0.1 0.025 0,075 

line Regulation" IL;; .mA. RSCp = 0 
0.04 0.15 0.1 

T A'" OOC to +70oC 
0.04 

Equivalent Noise V+IN = 25V 
CREF· 0 0.5 0.5 

VNOISE 11 
Output Voltage CREF "'" O.22J.1F 0.3 0.3 

V+IN:: 25V CREF:: 0 50 50 
Ripple Rejection 12 

f:: 1kHz CREF = 2IJ. F 56 56 

Output Resistance '0 12 V+'N= 25V,t::: 1kHz 0.075 1.1 0.075 0.3 

Temperature Coe', 
lWREF. 

ficient of Reference Il" 0, VREF = 1.6V 0.0035 0.0035 
and Qutput Voltages 

l!No 

Load Transient 
Recoverv Time: 

Turn On '0N V+IN'" 25V, +50mA Step 
16 

V+IN'" 25V, -SOmA Step TurnOff tOFF 

Line Transient 
Recovery Time: 

Turn On tON 
V+IN= 25V,f= lkHz.2VS,tep 

0.8 0.8 

TurnOff 'OFF 0.4 0.4 

# lOV (CA3D851. 40V(CA3085AI. 5OVICA.308581 
• Load Regulation .. 

6VOUT 
X 100% .... Line Regulation· 

• RSCP: Short·circuit protection resistance VourUnitialJ 

VOUT~ 1.5Vto20V(OTQ9DmA) 

REGULATION· O.:m (LIME AND LOAD) 
RIPPLE < D,5mV AT FULL LOAD 

'.2 .n 

10 
.n. 

un 

Fig.3-Application of the CA3085 Series in a typical power 
supply. 

Your 

'.F 
3SV 

CA308SB 

MIN. TYP. MAX. 
UNITS 

1.5 1.6 1.7 V 

mA. 

4.05 

7.5 .50 V 

46 47 

1.6 1.7 

3.5 48 

96 120 mA. 

0.025 0.15 

0.035 0.6 %VOUT 

0.025 0.04 

0.04 0,08 %N 

0.5 

0.3 
mVp·p 

45 50 
d8 

50 56 

0.015 0.3 n 

0.0035 %J"C 

"' 
"' 

0.8 "' 0.4 "' 
(AVQ!,UI 

(VOUTlinitialil (AV IN' 
X 100% 
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CA3085, CA3085A, CA30858 ____________________ File No. 491 

TEST CIRCUITS AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES 

IQUIESCENT 

CONNECT 
~n~S~T __ ~~.L~~VI~.~n~.= •. ~.O~··~~I~~ 

VREF. +1.6 OPEN OPEN 

VOUT 

'QUIESCENT .. 40 OPEN OPEN 
Your 'MAX.) 165n .. .to GROUND CLOSED 

92CS-18094 

VOUT'MIN.l 10 k .. 30 TERM. NO. 1 OPEN 

Fig.4-Test circuit for VREF, Iquiescent, VOUT(max.J, 
VOUT(min.J. 

20 30 40 
INPUT VOLTS IvlNI 

Fig.5-lquiescent ..... vtN' 

1.1 

",0 

~5 
c::> " .. ~~o.9 
z 

0.8 

NORMALIZED CURVE GENERATED FROM 
.IQUIESCENT VI V+INCURVE WITH fA"2S·C", 

92CS-IB095 

~ _ _ 0 ~ ~ ~ ~ ~ 

AMBIENT TEMPERATURE CTA)--C 
92eS-180H 

Fig.6-Normalized lqulescent ..... T A. 

414 

'THE LIMITING CURRENT IS 
INVERSELY PROPORTIONAL TO 
RSCp (SHORT -CIRCUIT PROTECTION" RESISTANCE) 

Your" IOV 

----1. 

Fig.7-Test circuit for limiting current 

-75 -50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE" ITA)-"C 

Fig.8-iLIM ..... TA. 

LOAD CURRENT tI.LI- mA 

Fig.9-Load regulation characteristics. 



File No. 491 ____________________ CA3085, CA3085A, CA3085B 

TEST CIRCUITS AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES 

~O.04 

~ 
~O.03 

~o.02 

0.01 

± INPUT VOLTS I Y+IN). 20 
~ OUTPUT VOLTS IV"'OUT)"10 

25 50 75 lao 125 
AMBIENT TEMPERATURE (TA l-·C 

92C5'17345 

Fig. 10-Line regulation temperature characteristics .. 

E1 

.J] 
11. 12 ~ STANCDR 

TP·' 
IDOpF 

loon 

E,
?, ____________ ..:'::::LA:::C::.,K TZ GREEN -=-

o ~II E,.4V.M' 
-------------::',-LA'"'C,.,JK _RED 

& YELLDW-
92CS-19000 

Fig. 12-Test circuit for ripple rejection and output resistance. 

0.1 
. ,. 

1 
.. 68 468 46' 

10 100 1000 
FREQUENCY 1f1-IIH:r 92CS-I1350 

Fig. 13-ro 1IS. f. 

~ 

~ 
~ 
~ .. 
~ 
II 
c ... 
N 

! 

1.3 

1.2 

1.1 

.. n 

820n 

lDDpf 
loon 

92CS-18099 

Fig. 1 1-Test circuit for noise voltage. 

TEST PROCEOURES FOR TEST CIRCUIT FOR 
RIPPLE REJECTION ANO OUTPUT RESISTANCE 

Output Resistance 
Conditions: 

1, VIN- +25V.CREF .. a,Sharlf, 
2. Set E52 al 1 kHz so that E2 - .. V rml 

3. Read "'OUT on a YTVM.luch as a Hewlett.packard. 
HP40DD or equivalent 

4. Calculate ROUT from ROUT" "'OUT IIAL/E2 I 

Ripple Rejection - 1 
Conditions: 

1. VIN· +25V. CREF ,. 0, Short E2 

2. Set E51 at 1 kHz so that E, • 3V rms 

3. Read VaUT on a VTVM. such as a Hewlett-Packard. HP400D 
or equivalenl 

4_ Calculatll Ripple Rejection from 20 log IE1IVOUTI 

Ripple Rejection - II 
Condilions: 

1. Repeal Ripple Rejeclion I w;(h CREf • 2 "F 

INPUT VOLTS Ivt-IN '-27V 
FREQUENCY tn-I kHz 

OUTPUI~:~~~~,\N_~i Iro )-0. 0"t5 n 

~ 0.9 

0.0 
~ _ ~ 0 ~ ~ ~ ~ ~ 

AMBIENT TEMPERATURE ITA'--C 

IZCS-IU4, 

Fig. 14-Nortn8lized ro 1m. T A. 
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CA3085, CA3085A, CA3085B __________________ _ 

~~ 0 

~il 
Z%_O.I .... 
"'''' zz 
~~ 

is 15-0.2 
<l<l 

-0.3 

TEST CIRCUIT AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES 

REFERENCE VOLTS IVREF} a+I.6V IAT TA"2~·Cl 
LOAD CURRENT (ILI-O 

-75 -50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE ITA }--C 

92CS-I7346 

File No. 491 

92CS-19002 

Fig. 15-Temperature coefficient of VREF and VOUT. Fig.17-Dissipation limitation (VIN-VOUT .... lOUT), 

416 

100llF 

QUIESCENT OUTPUT 
CURRENT;: 1.5 mA 

VOUT 

VPUL5E 
GEN •. 

}'\N\rIO----.... --{)VOUT '15V 

300n ~ IL 

rTt,(Off) 

mY/em 

_ t lJ.1.s/cm 92CS-19001 

Fig. 16-Tum-on and tum-off recovery time test circuit with 
associated waveforms. 
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TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES 

Fig. 18-Typical high-current voltage regulator circuit. 

O.OOl~F 

100"A:!1t. ~2A 

01 ANY H·P·H SILICON TRANSISTOR 
THAT CAN HANDLE A 2A 
LOAD CURRENT ~UCH AS 

R I RCA·2N3772 OR EQUIVALENT 

92C5-19004 

Fig. 19-Typical current regulator circuit. 

0, 

0.001 ~F 

ALL RESISTANCE VALUES ARE IN OHAtS 

01: RCA·1H176JA OR EOUIVALENT 

01: RCA·2NS322 OR eQUIVALENT 

·RI ~ O.7/IL (MAX.) 

0, 

Fig. 20-Typical switching regulator circuit. 

:I2~(50~LL RESISTANCE VALUES 
=- ARE IN OHMS 

ALL RES.HANCE VALUES ARE IN OHMS 

01 RCA·2HZ!O] OR EQUIVALENT 

02· ANY P·N·P SILICON TRANSISTOR 
(RCA·2NS322 OR EQUIVALENT) 

Q3· ANY H·P·'" SILICON TRANSISTOR THAT CAN 
HANDLE THE DESIRED LOAD CURRENT 
(RCA·2N3772 OR EQUIVALENT) 

VOUT 

Your 

.VOUT" ~Rl;IR2) 
*RSCp: SHORT·CIRCUIT 

PROTECTION RESISTANce 

Fig.21-Combination positive and negative voltage regulator 
circuit. 
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File No. 483 

OO(]5LJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3086 CA3086F 

14-lead Dual-In-Line 
Frit-Seal IHermetic) Package 

General-Purpose N-P-N 
Transistor Array 

H-1806 

Three Isolated Transistors and One Differentially~ 
Connected Transistor Pair 

For Low-Power Applications from DC to 120MHz 
14-Lead Dual-In-Line 
Plastic Package Applications 

• General-purpose use in signal processing systems operating 
in the DC to 121).MHz range 

•. Temperature compensated amplifiers 
H-1517 • See RCA Application Note, ICAN·5296 "Application of the RCA-CA3018 

Integrated-Circuit Transistor Array" for suggested applications. 

RCA-CA3086 consists of five general-purpose silicon n-p-n 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a 
differentially-connected pair. 

The transistors of the CA3086 are well suited to a wide 
variety of applications in low-power systems at frequencies 
from DC to 120 MHz .. They may be used as discrete 
transistors in conventional circuits. However, they also 
provide the very significant inherent adYantages unique to 
integrated circuits, such as compactness, ~ase of physical 
handling and thermal matching. 

The CA3086 is supplied in a 14-lead dual-in line plastic 
package_ The CA3086F is supplied in a 14-lead dual-in-line 
hermetic (frit-seal) ceramic package. 

MAXIMUM RATINGS, Absolute-Maximum Volues.t T A • 25°C 

DISSIPATION: 
Anyone transistor .......•...........•.••.... 

Total package up to T A::: 55°C .•.•.....•....• 

AboveTA =550C ...................... _ ... 

AMBIENT TEMPERATURE RANGE: 

Operating .•..••......•....•..•.•.....•••••.•. 

Storage ...•..•.•..•.•••..•..•.........•..... 

LEAD TEMPERATURE (During solderingt: 

At distance 1/16 ± 1/32 inch (1.59 ±O.79mm) 
From case for 10 seconds max •••••..••••..•••••••• 

The following ratings apply for each transistor in the device: 

COLLECTOR-TO-EMITTER VOLTAGE. VCEO ....•. 

COLLECTOR-TO-BASE VOLTAGE, VCBO .• ' _ ....• 

COLLECTOR-TO-SUBSTRATE VOLTAGE, VCIO*- .• 

EMITTER-TO-BASE VOLTAGE. VEBO ......••.... 

COLLECTOR CURRENT. IC .................. .. 

Fig. 1 - Functional diagram of the CA3oB6. 

300 mW 

750 mW 

derate linearly 6.67 mW/oC 

-55 to + 125 °c 
-65'0+ 150 °c 

+265 °c 

15 V 

20 V 

20 V 

5 V 

50 mA 

• The collector of each transistor in the CA3086 is isolated from the substrate by an Integral diode. The substrate 
(terminal 13) must be connected to the most negative point in the external circuit to maintain isolation between 
transistors and to provide for normal transistor action. To avoid undesirable coupling between transistors, the sub
strate (terminal 13) should be maintained at either DC or signal (Ae) SJ1)und. A suitable bypass capacitor can be 
used to establish a signal ground. 
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ELECTRICAL CHARACTERISTICS at T A = 250 C 
For Equipment Design 

CHARACTERISTICS SYMBOLS 

Collector-to-Base Breakdown Voltage V(BR)CBO 

Co)lector-to-Emitter Breakdowl) Voltage V(BR)CEO 

Collector-to-Substrate Breakdown Voltage V(BR)CIO 

Emitter-to-Base Breakdown Voltage V(BR)EBO 

Collector-Cutoff Current ICBO 

Collector-Cutoff Current ICEO 

DC Forward-Current Transfer Ratio hFE 

TEST CONDITIONS 

Typ. 
Charac· 
teristic 
Curves 
Fig. No. 

IC= 10jolA,I E = 0 -
Ic= lmA,IB = 0 -
IC= 101lA,ICI = 0 -
IE= 101lA,IC = 0 -

VCB = 10V, IE = 0 2 

VCE = 10V, IB = 0 3 

VCE = 3V,IC= lmA 4 

CA3086 

LIMITS UNITS 

Min. Typ. Max. 

20 60 - V 

15 24 - V 

20 60 - V 

5 7 - V 

- 0.002 100 nA 

- See 5 IlA Curve 

40 100 -

TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR 

10 2 EMITTER CURRENT IIE)-O 103 6 • BASE CURRENT (1:e 1-0 

4 

• /, 

10 // 
-0 2 ~~ .. 

4 " . .!-' ~r; 'l'A 
~ • ... ~ '/ 
~ I. ",0"" ., • ","-
~ 

4 

0'''-'''/'/'/ .. • 1./"/ '/ z 10-

~ I 
,,0 
c. 

a 4 
c.d'/,/,/ • 

~ 10.2 /.'/ 
~ ~ 
::I 4 

/'/ 8 • 
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ELECTRICAL CHARACTERISTICS at T A = 250 C 
Typical Values Intend'" Only for Design Guidanca 

CHARACTERISTICS SYMBOL 

DC Forward·Current 
Transfer Ratio 

hFE 

Base·to·Emitter Voltage VBE 

VBE Temperature Coefficient avBE,aT 

Coliector·to·Emitter VCEsat 
Saturation Voltage 

Noise Figure (low frequency) NF 

Low·Frequency, Small·Signal 
Equivalent·Circuit Characteristics: 

Forward Current·Transfer Ratio hte 

Short·Circuit Input Impedance hie 

Open·Circuit Output Impedance hoe 

Open·Circuit Reverse-Voltage hre 
Transfer Ratio 

Admittance Characteristics: 

Forward Transfer Admittance Vfe 

Input Admittance Vie 

Output Admittance yoe 

Reverse Transfer Admittance Yre 

Gain·Bandwidth Product fT 

Emitter·to·Base Capacitance CEBO 

Coliector·to·Base Capacitance CCBO 

Coliector·to·Substrate Capacitance CCIO 

420 

TEST CONDITIONS 

VCE = 3V IC= 10mA 

IC - 10ILA 

VCE =3V IE= lmA 

IE= 10mA 

VCE = 3V,IC= lmA 

IB = lmA, IC= 10mA 

f= 1 kHz, VCE = 3V, 

IC= l00ILA,RS = lkn 

f = 1kHz, VCE = 3V,IC = lmA 

f= lMHz,VCE = 3V,IC= lmA 

VCE = 3V,IC = 3mA 

VEB = 3V, IE = 0 

VCB = 3V,IC= 0 

VCI = 3V,IC= 0 

Typ. 
Chara· TYPICAL 
teristics VALUES UNITS 
Curves 
Fig.No. 

4 100 

4 54 

-5 0.715 V 

5 0.800 V 

6 -1.9 mVjDC 

- 0.23 V 

- 3.25 dB 

7 100 -
7 3.5 kn 

7 15.6 /lmho 

7 1.BX 10-4 -

B 31 -jl.5 mmho 

9 0.3+ jO.04 mmho 

10 0.001 + jO.03 mmho 

11 See Curve -
12 550 MHz 

- 0.6 pF 

- 0.5B pF 

- 2.8 pF 
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TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR 
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OO(]3LJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3088E 

AM Receiver Subsystem 
Includes: AM Converter, I F Amplifiers, Detector and Audio Preamplifier 

For Applications in a Variety of AM Broadcast and Communications 
Receivers and Applications Requiring an Array of Amplifiers 

16-Lead Dual-In-Line 
Plastic Package 

Features: 
- Excellent overload characteristics - Low harmonic distortion (THD) 
_ AGC for I F amplifier - Delayed AGC for R F amplifier 
- Buffered output signal for tuning _ Terminals for optional inclusion 

meter of tone control 
- Internal Zener diode provides voltage regulation 
- Two I F amplifier stages 
- Low-noise converter and first I F amplifier 

RCA-CA3088E*, a monolithic integrated circuit. is an AM 
subsystem that provides the converter, IF amplifier, detector, 
and audio preamplifier stages for an AM receiver. 

- Operates from wide range of power supplies: V+ = 6 to 

The CA3088E also provides internal AGC for the first IF 
amplifier stage, delayed AGC for an optional external RF 
amplifier, a buffer stage to drive a tuning meter, and 
terminal.s facilitating the optional use of a tone control. 

Fig. 2 is a functional diagram of the CA3088E. The signal 
from the low-noise converter is applied to the first IF 
amplifier and is then coupled to the second I F amplifier. 
This I F signal is then detected and externally filtered. The 
resultant audio signal is applied to an audio preamplifier. 
Optionally, a tone control circuit may be connected at the 
iunction of the detector circuit and the audio preamplifier. 
The gain of the first I F amplifier stage is controlled by an 
internal AGC circuit. The CA3088E supplies a delayed 
AGC signal output for use with an external R F amplifier. A 
buffered output signal is also available for driving a tuning 
meter. A DC voltage, internally regulated by a Zener diode, 

16 volts 
_ Optional AC and/or DC feedback on wide·band amplifier 
_ Array of amplifiers for general·purpose applications 
• Suitable for use with optional external RF stage, either 

MOS or bipolar 

supplies the second I F amplifier, the AGC and tuning meter 
circuits and may also be used with any other stage. 

The CA3088E features four independent transistor amp· 
lifiers, each incorporating internal biasing for temperature 
tracking. These amplifiers are particularly useful in general· 
purpose amplifier, oscillator. and detector applications in a 
wide variety of equipment designs. 

*Formerly Developmental Type TA5842. 

MAXIMUM RATINGS. Absolute Maximum Values, at TA = 2SOC 

DC SUPPLY VOLTA.GE: 
Across Term. 5 and Terms. 3,6,13,16, respectively .... ..................... . 16 

OCCURRENT: 
At Terms. 3, 6, 13. 16. respectively ...................................... 10 
At Term. 10 ......................... . . . . . .. . . . . . . ... . . . . ... . . . . . . . .. 30 

DEVICE DISSIPATION: 
UptoTA=500C ____ ..................................... .......... 760 
Above T A = sooe .......................................... derate linearly 7.6 

AMBIENT TEMPERATURE RANGE: 
Operating ................................................. . -55 to +125 
Storage ................................................. . -65 to +150 

LEAD TEMPERATURE (During solderingl: 
At distance not less than 1/32" (0.79 mm) from case for 10 seconds max. +265 

8-72 

v 

rnA 
rnA 

rnW 
rnW/oC 

oc 
OC 

oc 

423 



C~88E ______________________________________________ __ 
File No. 560 

TYPICAL ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL TA-250C TEST TYPICAL UNITS 
V+-12V CIRCUIT VALUES 

FIG. NO. 

~atic (DC) Characteristics 

DC Voltages: 

Terms. 1.4.9,11 VI,4,9,l1 0.7 V 

Terms. 2, 7,8 V2,7,8 1.4 V 

Term. 10 VIO 1 
5.6 V 

Term. 12 VI2 0 V 

Term. 15 VI5 3.5 V 

DC Current: 
Term. 3 13 0.35 mA 

Term. 6 16 1.0 mA 

Term. 10 110 1 
20 mA 

Term. 13 113 0 mA 

Term. 16 116 1.2 mA 

Dynamic Characteristics 

Detector Output 30% Modulation 4 75 mVRMS 

Audio Amplifier Gain AAF f - 1 kHz 4 30 dB 

Audio 0 istortion VOUT= lOOmV 4 0.2 % 

Sensitivity : fiN = 1 MHz 
At Converter Stage Input Signal·to·Noise Ratio (SIN) = 20 dB 2 200 p.V!m 

At R F Stage Input 4 100 p.V/m 

Total Harmonic Distortion THO 30% Modulation 4 1.0 % 

Input Resistance: RI 
At Transistor Ql 3500 n 
At Transistor Q5 

NoAGC, 
2000 n 

Input Capacitance: CI 
At Transistor Ql Input signal frequency 12 pF 

At Transistor Q5 (fiN) = I MHz 17 pF 

Feedback Capacitance: CFB 
At Transistor Q 1 1.5 pF 

At Transistor Q5 1.5 pF 

The typical characteristics for the CA30BBE are intended for gUIdance purposes on evaluatIng this devIce for equipment design. 

Fig. 1-Test circuit for DC characteristics. 

92tS-lto68 
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MAY BE SHUNTED FROM 
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Fig.2-Functional block diagram of the CA3088E. 
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Fig.3-Schematic diagram of the CA3088E. 
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CSC. 
TUNING 

Q. RCA-4D841 I DUAL GATE-PROTECTED MOS/FET! 
ALL RESISTANCE VALUES ARE IN OHMS 
ALL CAPACITANCE VALUES ARE IN MICROFARADS '2CS-I9015Rl 

Fig.4- Typical AM broadcast receiver using the CA3088E with optional R F amplifier stage. 
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DDJJBm 
Solid State 
Division 

Linear Integrated Circuits 
Monolithic Silicon 

CA3089E 

FM IF System 
Includes---IF Amplifier, Quadrature Detector, 
AF Preamplifier, and Specific Circuits for AGC, 
AFC, Muting (Squelch). and Tuning Meter 

For FM IF Amplifier Applications in High-Fidelity, Automotive, 
and Communications Receivers 

l6-Lead Dual-in-Line 
Plastic Package 

Features: 
• Exceptional limiting sensitivity: 

12 JlV typo at -3 dB point 
• Low distortion: 0.1% typo 

(with double·tuned coill 
• Single-coil tuning capabi!itv 

• High recovered audio: 
400 mVtyp. 

• Provides specific signal for 
control of interchannel muting 
(squelch) 

• Provides specific signal for 
direct drive of • tuning meter 

• Provides delayed AGC voltage for R F amplifier 
• Provides a specific circuit for flexible AFC 
• Internal supply-voltage regulators 

RCA·CA3089E· is a monolithic integrated circuit that provides 
all the functions of a comprehensive FM·I F system. Fig. 1 is 
a block diagram showing the CA3089E features, which include 
a three·stage FM·IF amplifier/limiter configuration with level 
detectors for each stage, a doubly-balanced quadrature FM 
detector and an audio amplifier that features the optional use 
of a muting (squelch) circuit. 
The advanced circuit design of the I F system includes 
desirable deluxe features such as delayed AGC for the R F 
tuner, an AFC drive circuit, and an output signal to drive a 
tuning meter and/or provide stereo switching logic. In 
addition, internal power supply regulators maintain a nearly 
constant current drain over the voltage supply range of +8.5 
to +16 volts. 

The CA3089E is ideal for high·fidelity operation. Distortion 
in a CA3089E FM·I F System is primarily a function of the 
phase linearity characteristic of the uutboard detector coil. 

Al.L. RESISTANCE VALUES· ARE IN OHMS 

.. l TUNES WITH 100 pF Ie) AT 10.7 MHZ' 

00 S 75 {G.I. EX22741 OR EQUIVALENT., 

8·72 

* Formerly Oewlopmental Type No. TA5628. 

Fig.f·B/ock diagram of the CA3089E. 

TO STEREO 
THRESHOLD 
L.OGIC CIRCUITS 
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Fig.2·Schematic diagram of the CA30B9E. 



'File,No. 561 --------------..,..------------ CA3089E 

"c· 

R6' 
.OK 

II v+ 

"E" AFC AMPLIFIER 

I FRAME ~ SUBSTRATE 

"F" 
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Fig.2·.schematic diagram of the CA3089E. 
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MAXIMUM RATINGS,Absolute Maximum Values,at TA = 2!PC 
DC Supply Voltage: 

Between Terminals 11 and 4 . 
Between Terminals 11 and 14 • 

DC Current (out of Terminal 15) 

Device Dissipation: 
Up to TA = 600 C ..... 
Above TA = SOOc 

AmbientTemperature Range: 

. ~. 

Operating. . . . . . . . . . ........................... . 
Storege .......................................... . 

lead Temperature (During Soldering): 
. At distance not less than 1/32" (0.79mm). froJn c;ase for 10 secQnds mal( ......... . 

ELECTRICAL CHARACTERISTICS, at TA = 25OC, V+ = 12Volts 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 

Static (DC) Characteristics 

Quiescent Circuit Current 111 
DC Voltages: 

Terminal 1 (IF Input) Vl 
. Terminal 2 (AC Return to Input) V2 No signal input, 
Terminal 3 (DC Bias to Input) V3 Non muted 

Terminal 6 (Audio Output) 'itS 
Terminal 10 (DC Reference) VlO 

Dynamic Characteristics 

Input Limiting Voltage (·3 dB point) VI (lim) -
AM Rejection (Term. 6) AMR VIN-O.1V 

AM' Mod. = 30'; fO = 10.7 MHz, 
Recovered AF Voltage (Term. 6) VO(AF) 

Total Harmonic Distortion:' 

Single Tuned (Term. 6) THO VIN=O.lV 
fmod. = 400 Hz, 

Double Tuned (Term. S) THO Deviation = 

Signal plus Noise to Noise Ratio (Term. 6) S+NIN 
±75 kHz 

16 
16 

2 

V 
V 

mA 

600 mW 
derate linearly 6.7 mWfC 

-55to+125 
-65 to +150 

+265 

LIMITS 

Circuit Min. Typ. Max. UNITS 

Fig. No 

16 23 30 rnA 

1.2 1.9 2.4 V 

3,4 1.2 1.9 2.4 V 

1.2 1.9 2.4 V 

5.0 5.6 6.0 V 
5.0 5.6 6.0 V 

12 25 JJV 
3,4 4& 55 - dB 

300 400 500 mV 

3 - 0.5 1.0 % 

4 - 0.1 - % 

3,4 60 67 - dB 

• THO characteristics are essentially a function of the phase characteristics of the netvvork connected between terminals 8, 9, and 10. 
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ALL RESISTANCE VALUES ARE IN OHMS 
*L TUNES WITH IOOpF Ie) AT 10.7 MHz 

A><ID-'IM~-AI:(DIO 
OUTPUT 

00IUNLOADEO)1I75 (G.I. AUTOMATIC MFG. DIV. EX22741 OR EQUIVALENT) 

92CM-I9040AI 

Fig.3· Test circuit for CA3089E using a single·tuned detector 
coil. 

100 

ALL RESISTANCE VALUES ARE IN OHMS 
• WALLER 4SN3F1C OR EQUIVALENT 
•• foI..RATA SFG 10.7 MA OR EQUIVALENT 
• L Tur£SWlTHIOOpF(CIAT IOJ'MHz 

00 UNLOADEOI 7, (G.! EX22741 OR EQUIVALENn 

Performance data at fo = 98 MHz. fMOD 3 400 Hz. 
Deviation = ±J5 kHz: 

·3dB Limiting Sensitivity . . 2p.V IAntenna Leven 
20dB Quieting Sensitivity .. 11lV IAntenna Levell 
30dB Qu~eting Sensitivity • 1.5IlV IAntenna Leven 

Fig.5· Typical FM tuner using the CA3089E with asingle·tuned 
detector coil. 

r--, 
1 OK I 
1,00", I 

~:6l-'W __ AUOIO 

OUTPUT 

ALL RESISTANCE VI<.LUES ARE IN OHMS 

*T: PRI.-QoIUNlOADED)1I7!5(TUNES WITH 100 pF (ell 20t OF 34. ON 7/32" OIA. FORM 
SEC.-Qo(UNLOADED)1I75ITUNES WITH IOOpFIC2) 201 OF34e ON 7/32"01A FORM 
kQIPERCENT OF CRITICAL COUPLING) II 70 "Ie 

(ADJUSTED FOR COIL VOLTAGE VC).ISO mY 

ABOVE VALUES PERMIT PROPER OPERATION OF MUTE (SQUELCH) QRCUIT 
-E- TYPE SLUGS,SPACING 4mm 

92CM-I90"'IRI 

Fig.4· Test cireuit for CA3089E using a double·tuned detector 
coil. 
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Fig.6-Muting action, tuner AGel and tuning meter output as a 
function of input signal voltage. 
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-100 -50 0 50 100 
CHANGE IN FREOUENCY (df)-kHz 

92CS-tt043 

Fig.7·AFC characteristics (current at Term. 7 as a function of 
change in frequency). 

B) Bottom view of printed-circuit board. 

b) Component side - top view. 

Fig.8·Actual size photographs of the CA3089E and outboard 
components mounted on a printed-circuit board. 
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OOCrBLJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3090AQ 

Stereo Multiplex Decoder 
For FM Stereo Multiplex Systems 

Features: 

• Requires the use of only one low-inductance tuning coil 

• Automatic stereo switching 

• Directly drives a stereo indicator lamp up to 100 rnA 

• Includes driver for stereo-lamp indicator 

• Operates from a wide range of power supplies: 10 to 16 volts 

16-Lead quad-in-line plastic package • Requires only one adjustment for alignment 

H·1706 
II Switching from monaural to stereo and stereo to monaural produces 

no audible thumps 

RCA·CA3090AO*, a monolithic silicon integrated circuit, is a 
'stereo multiplex decoder intended for FM mUltiplex systems. 

The CA3090AO is the successor to the CA30900; it offers 
three major advantages over the CA30900 as follows: 
1. Can directly drive a stereo indicator lamp with a current 

drain of up to 100 rnA. 

2. Stereo Defeat/Enable control-voltage specifications. 

3. Capable of operation with lower distortion. 

This stereo multiplex decoder requires only one low-inductance 
tuning coil (requires only one adjustment for complete 
alignment), provides automatic stereo switching, energizes a 
stereo indicator lamp, and operates from a wide range of 
voltage supplies. 

Figure 1 shows the block diagram for the CA3090AO. The 
input signal from the detector is amplified by a low
distortion preamplifier and simultaneously applied to both 
the 19·kHz and 38·kHz synchronous detectors. A 76·kHz 
signal, generated by a local voltage-controlled oscillator 
(VCO), is counted down by two frequency dividers to a 
38·kHz signal and to two 19·kHz signals in phase quadrature. 
The 19·kHz pilot·tone supplied by the FM detector is 
compared to the locally generated 19·kHz signal in a 
synchronous detector. The resultant signal controls the 
voltage controlled oscillator (VCOI so that it produces 
an output signal to phase-lock the stereo decoder with the 
pilot tone. A second synchronous detector compares the 
locally generated 19·kHz signal with the 19·kHz pilot tone. If 
the pilot tone exceeds an externally adjustable threshold 
voltage, a Schmitt trigger circuit is energized. The signal from 
the Schmitt trigger lights the stereo indicator, enables the 
38-kHz synchronous detector, and automatically switches 

10·73 

• low distortion: under 0.22"10 (typ.1 

II Separate dc input permits stereo defeat or enable 

a High signal output: directly drives audio amplifiers 

• Excellent SCA (storecastl rejection: 55 dB typo 

" High audio channel separation: 40 dB typo 

the CA3090AO from monaural to stereo operation. The 
output signal from the 38-kHz detector and the composite 
signal from the preamplifier are applied to a matrixing circuit 
from which emerge the resultant left and right channel audio 
signals. These signals are applied to their respective left and 
right post amplifiers for amplification to a level sufficient to 
drive most audio amplifiers. 

The CA3090AO may be used without the stereo defeatlenable 
function (see Fig. 6) if "a control voltage for this function is not 
readily available. In this case, Terminal 4 shouldbe grounded. 

The CA3090AO utilizes the 16·lead quad·in·line plastic pack· 
age and operates over the ambient temperature range of 
_55°C to +125°C. 

* Formerly Developmental Type No. TA6262G. 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 2~C 
DCSUPPLYVOLTAGE .. .. .. 16V 
CURRENT AT TERM. 12. . . . . . 
INPUT SIGNAL VOLTAGE (COMPOSITE)
AMBIENT TEMPERATURE RANGE: 

Operating . . • . . . . . . . 
Storage _ . . • . . . . . _ . 

LEAO TEMPERATURE (DURING SOLOERING): 
At distance not less than 1/32" (0.79 mm) 

IOOmA 
400mV 

-55 to +1250 C 
-65 to +150o C 

from case for 10 s max. . • . . . . . . . . . +2650 C 

• For stereo operation, a minimum input signal voltage (composite) of 
40 mV is required. 
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Toose. { 
TUNING 
CIRCUIT 
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NOTE I 
THE BVPASS CAPACITOR MAY"BE OMITTED WITH AN 
APPROXIMATE LOSS OF ONLY I dB IN GAIN 

NOTE 2 
IF TERMINAL 3 IS FLOATING OR GROUNDED, THE 
CIRCUIT WILL FUNCTION IN STEREO REGARDLESS 
OF" THE VOLTAGE ON TERMINAL 4. IF TERMINAL 3 
IS CONNECTED TO TERMINAL 6 (THROUGH A 
41,000 OHMS RESISTOR), THE CIRCUIT CAN THEN 
DEFEAT OR ENABLE THE STEREO FUNCTION 
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ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

SIdic ChorllClerirtics 

Total Current (Terms. 9, 10, 111 

DC Voltage: 
Term. 1 

Term. 6 (Indicator Lamp OFFI 

Terms. 9 and 10 

Term. 12 (Indicator Lamp OFFI 

Voltage Differential (Term. 2-Term. 11 

Current at Term. 12 (In actual use external circuit 
resistance (e.g. lamp should limit Term. 12 to the 

maximum rated value of 100 rnA.) 

Dyllllmic "Characteristics 

Input Impedance 

Channel Separation (L + R Referencel· 

Channel Balance (Monaurall 

Monaural Gain 

Stereo/Monaural Gain Ratio· 
Indicator Lamp - Turn-ON Voltage 
Capture Range (Deviation from 76-kHz center 

frequencyl 

Distortion (75.I's de-emphasisl: 
2nd Harmonic 

3rd, 4th, and 5th Harmonic 
19-kHz Rejection 

38·kHz Rejection 
SCA (storecastl Rejection 

Stereo Defeat Voltage (V 41 

StOreo Enable Voltage (V 41 

* For stereo operation. test conditions require a composite 
stereo input signal (modulated at 1 kHz) including a 
19-kHz (18 mV) pilot-tone signal. 
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TERMINAL 
MEASURED 

AND 
SYMBOL 

~total 

VI 

V6 

V9 &10 

V12 

V2 -V l 

ZIN 

TEST CONDITIONS LIMITS 

TA ·26°C 
V+ = 12 V (unless 
specified otherwisel Min. Typ. 

Lamp OFF - 22 

1.6 2.3 

- 2.1 

4.7 6.4 

V+=16V 12.7 -

- 0 

VIN (at f = 19 kHzl = 18 mV 75 100 

- 50k 

25 40 

0.3 

VIN = 180mV 3 6 

jO.3 

19·kHz pilot-tone @ Term. 1 - 4 

190kHz pilot-tone 
voltage = 18 mV :16.6 ±10 

- 0.2 
VIN = 240 mV 

- <0.1 

I~" 
- 48 

- 70 

- 1.2 

>1.6 1.2 

File No. 684 

Max. UNITS 

27 rnA 

3.1 V 

3.6 V 

8.4 V 

- V 

0.1 V 

- rnA 

- n 
dB 

3 dB 

9 dB 

±:l dB 

- mV 

- % 

- % 

- % 

<iR 

- dB 
dB 

<0.9 V 

- V 
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ST[RItODEF[A" 
[NABLE 

"o-T-------~r_t_1 

.J; 001~I'F 

" 

ICI STEAEOCiATINCiSIGNAl 
101 DIFFERENCE SIGNAL 
L ol2V,IOO I~A LAMP 
C"C2PROYIDEPIIoRTlALDE-EMPIl.A$15 

LEFT 
OUTPUT 

AIGHT 
OUTPUT 

AUISTAltCE_UESARE'f,lOHMS Fig.2 - Functional block diagram of the CA309OAQ. 

3900 0.05 
PF~ ~~F 

92CS-22550 

Fig. 3 - Test circuit for DC characteristics. 

DC SUPPLY VOLTAGE (Y+)-IIY 
INPUT SIGNAL VOLTAGE IVIN I AT t -19kHz -18 mY 
AMBIENT TEMPERATURE IT A I" 25·C 

10 15 

Fig. 4 - Indicator lamp characteristics (lew. VeE)' 

20 

92CS'22551 

V4 > 1.6 V TO ACTIVATE STEREO 
y4< 0.9 v TO DEACTIVATE STEREO 

92CS-22552 

Fig. 5 - Test circuit for use with stereo defeat/enable. 

92CS-22553 

Fig. 6 - Test circuit for use without stereo dBfBllt/enabie. 
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3900. 

poF 0.
471 

39001 pF 

v+ 

2mH" 

10k.o. 

LEFT 
OUTPUT 

STERO 

GE~~~e~OR~~1~2~2~.~r-~r--t~!--{D~-1~~~--~~~--~----~ RIGHT 
OUTPUT 

I 0.001 
I poF 

I L __ 

TEST NETWORK,TO 
SIMULATE IdB 
ROLLOFF AT 38 kHz 
DUE TO FM DETECTOR 

470 k 

Fig. 7 - Test circuit for measurement of dynamic characteristics. 

~ u n ~ ~ ~ ~ 

VOLTAGE-CONTROLLEO OSCILLATOR (VCO) FREQUENCY 
(NO P.lLDT TONE APPLIED)-kHz 82CS-180S8 

RESISTANCE VALUES 
ARE IN OHMS 

92CM-22554 

File No. 684 

Fig. 8 - Pilot-tone voltage level vs. VCO frequency with no 
pilot-tone applied. 

Fig. 9 - Filter capacitance vs. VCO frequency with no 
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pilot-tone applied. " 

B-Component side. 

Fig. to - Photographs of the CA3090AQ and outboard components mounted on a 2 X 2Y,,-inch 
printed-circuit board to constitute a complete stereo multiplex decoder. 
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[Rl(ELJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA30910 

Four-Quadrant Multiplier 

Applications: 
• Multiplier • Divider • Squarer • Square Rooter 

• Power-series approximator 

• Full·wave rectifier 
• Automatic level controller 

• RMS converter 
14-Lead Dual-In-Line 
Ceramic Package • Frequency discriminator 

• Voltage-controlled filters and oscillators 

RCA·CA3091 D~ a monolithic silicon integrated circuit. is a 
four·quadrant multiplier that provides an output voltage that 
is the product of two input (x and y) voltages. 

This device functions as a multiplier, divider, squarer, square 
rooter, and power·series approximator. In addition, this 
device is useful in applications such as ideal full·wave 
rectifiers, automatic level controllers, RMS converters, fre· 
quency discriminators, and voltage-controlled filters and 
oscillators. 

The CA3091 D comprises five basic circuits (See Fig. 1 ), 
including: a multiplier block, two linearity compensators, a 
current converter. a current source for biasing, and a 
regulator (reference voltage). A brief description of the 
operation, functio,]s and typical applications is given in the 
section "Operating Considerations". In addition there is a 
separate section on "Symbols, Terms, and Definitions" that 
defines the terms and symbols used throughout the data 
bulletin. 

The CA3091 D is supplied in 14·lead dual·in·line ceramic 
package and operates over the full military temperature range 
of-550 C to +1250 C. 

* Formerly Developmental Type TA5855A. 

11·71 

Features:-
• "Accuracy": ±4% (max.) 

• "Linearity": 3.0% (max.) 

• Feedthrough: 9 mV pop (typ.) 

• 3-db bandwidth: 4.4 MHz 
• Low power operation capability: ±6.0 V, 4 mW drain 

• Low power·supply sensitivity: 36 mV/V typo 

• Smooth overload characteristics - no foldback if full· 
scale input signal is exceeded 

• Negligible warm·up drift 

• Broadband operation capability (flat to 1 MHz) - both 
inputs have similar characteristics for reduced high
frequency phase shift between the inputs 

• Low·level linearity correction circuitry minimizes low· 
level feedthrough for improved small·signal accuracy 

• All mUltiplication is performed with wideband circuitry -
this permits two signals of frequencies much higher than 
the -3 db frequency of the multiplier to produce a differ· 
ence frequency that is within the multiplier~ bandwidth 

• High immunity to parasitic oscillation 

• Essentially free from excess peaking - provides improved 
frequency response 

• Requires no level shifting at the output - current·source 
operation at the output permits output signal to be refer· 
enced to ground or other levels within the output voltage 
swing capabilities of the multiplier 

• I nternal bias regulator 
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MAXIMUM RATINGS; Absolute-Maximum Valuesat T A = 250 C 
DC Supply Voltages: 

Between Terms. 12 and 1 .......................................................... . 
Between Terms. 4 and 1 .......................................................... . 

DC Supply Currents: 
At Term. 12 with DC Supl>ly Voltage = +15 V .......................................... . 
At Term. 4 with DC Supply Voltage = -15 V .......................................... . 

Bias Current (At Term. 31 .................................................... , .. , ..... . 
* Input Current ..................................................................... . 

Output Short·Circuit Duration ........................................................ . 
Voltage Reference Current ........................................................... . 
Linearity Correction Currents: 

+18 V 
-18 V 

4 mA 
16 mA 

mA 
±1 mA 

No limitation 
10 mA 

At Terminals 7 and 8 ... . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 mA 
Device Dissipation (Up to 1250 CI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 200 mW 
Ambient Temperature Range: 

Operating. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55 to +125 DC 
Storage .................................................................... -65 to +150 DC 

Lead Temperature (during soldering): 
At distance not less than 1/32 inch (0.79 mm) from case for 10 seconds max ................... +265 oC 

* External resistance is required to limit the current to the indicated ±1 rnA value. 

ELECTRICAL CHARACTERISTICS, For Equipment Design 

. TEST CONDITIONS LIMITS 

CHARACTERISTICS SYMBOL TA-25OC.IIB-O.5mA Circuit UNITS and/or Min. Typ. Max. v+ -15 V. V- = -15 V Ch .... 
Curve 

STATIC CHARACTERISTICS 

INPUT CIRCUIT 

Input Balance (Correction~ Currents: 

Atx Input .·0 - -20 -2.1 +20 uA 
IIC 

-20 -8.7 +20 UA Atv Input V'O -
Feedthrough Linearity Balance 

loe - -34 -2.9 +34 pA 
(Correction) Current 

OUTPUT CIRCUIT 

Output Offset Current 100 • & y = O. - -10 -0.23 +10 pA 

Output Offset Voltage VOO 100 thru RL - 33kn - -0.330 -0.0076 +0.330 V 

Output Peak Current Swing 1101 Thru RL = 24kn 3 0.41 0.45 - mA 

Output Peak Voltage Swing Ivai Acrass RL = 33kn 4 12 12.9 - V 

DC SUPPLIES & BIASING 

Current Drain (Idling): 

At Term. 4 V---15V - - 2.9 4.5 mA 

At Term. 12 V+=+15V - - 2.0 3.0 mA 

Rafer.nee Voltage Vref Measured aeron Terms. - 5.5 6.1 6.7 V 

6&4atl=lmA 

DYNAMIC CHARACTERISTICS 

OUtput Current 10 With I = O.2mA at each - - 0.21 0.32 mA 

input 

Normalized k Factor(kN = t) 11 0.69 1.0 1.7 

Accuracy - 2.6 4.0 %of 
Wont coso at 250C - - 10V Linearitv 1.7 3.0 

Feedthrough Voltage: 

Aty -·2OV P-P.' - 0 - - 9 20 mV 

At x· 20V P-P. V· 0 - - 9 20 p-p 
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ELECTRICAL CHARACTERISTICS. Typical Values Intended Only for Design Guidance 

TEST CONDITIONS 

CHARACTERISTICS SYMBOL TA = 25OC. liB = 0.5 mA 
Circuit TYPICAL 
and/or UNITS 

V+= 15 V. V-=-15 V Char. VALUES 
Curve 

STATIC CHARACTERISTICS 

INPUT CIRCUIT 

Input Resistance: 

At x Input 
RI 

hxl s; 0.2 mA 1.3 .0 

At y Input Ily lS;0.2mA 
5 

0.5 HI 
I nput Capacitance: 

At x Input 5.B pF 
CI at 1 MHz -

At V Input 5.B pF 

OUTPUT CIRCUIT 

Output Resistance RO 6 1.0 M!l 
Output Capacitance: Co at 1 MHz 4.0 pF 

DC SupplV Voltage Sensitivity: 

At Term. 4 I!NO 26 mV/V 
!:J.V-

11 
At Term. 12 !:J.VO 36 mV/v !:J.V+ 

DYNAMIC CHARACTERISTICS 

Bandwidth (At -JdB point): 

Through x Input 
BW 

B.l0 4.B MHz 

Through V Input B.9 4.4 MHz 

3D Error Frequency: 

Through x Input 360 kHz -Through V Input 310 kHz 

Maximum Slew Rate SR 7pF in parallel with 10 M!l load 7 27 V//lS 

Temperature Coefficients: 
J 

Output Offset Current !:J.IOO/!:J.T x&V=O - -0.021 /lA/oC 
x·lnput Balance Current 

!:J.IIC/!:J.T 
x=O - -0.063 /lAfOC 

v-Input Balance Current V=O - -0.063 /lA/OC 

Normalized k Factor(kN = ~r I kN - -0.76 %/%fOC 

Accuracv - 0.11 %fOC 
Linearity - 0.06 %fOC 

Feedthrough: 

Atx=O 5.6 mVfOC -
AtV=O 5.7 mVfOC 
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ZERO 
OUTPUT 
ADJUST 

LINEARITY 
(LD« LEVEL) 

Y BALANCE 

V .... '5V Y-.-Iev 

680k 

• FROM IS-VOLT 
REGULATED SUPPLY 

• F'ROM-15-'JDLT 
REGULATED SU!PLY 

• II ADJUST IS PERFORMED BY 
VARYING THIS RESISTOR 

RESISTANCE VALUES ARE 
IN OHMS 

92CM-19532 

Fig.1-Functional block diagram of CA3091D with typical multiplieroutboard(Peripheral)circuitry. 

RESISTANCE VALUES ARE IN OHMS 

Fig.2-Schematic diagram of the CA3091 D. 
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Fig.3-Test circuit for measurement of output current swing 
capability. 

7 Ioe 

,..J:::::...L:!_L.:!!!!...l.:....-..L::....-L.:!!w..~ RX..I50~:~:b~-VOI. 

RI)'.150:;~::-Vorl 
5, AND 52 CLOSED 
FOR MEASUREMENT 
OF VoAND VbAND 

L,.-~-~~_~_~~.J Z~~~ ~~~:ASURE-

slIC 

.... -----vo 

F;g.5-Test circuit for measurement of input resistance. 

Fig.7-Test circuit for measurement of maximum slew rate. 

Fig.4- Test circuit for measurement of output voltage swing 
capability. 

9.IUI 

1011.(1 
5011,(11% 

TEST PROCEDURE 
.-J._J....:'-L...:O...J.._.L......JL-....1.., I. OPEN "s~ ADJUST VI 

TO SET VO.'IV 

2 CLOSE .$. ADJUST Rb 
TO SET Yo" zv. 
RECORD Rb 

3 DERIVE RO FROM 

L.--'--T"7"'T'--.--r---r.J RO ,un.)- 11:~b 

Y+.15Y Ra IOMO 

YJ. DC I,.. TEKTRONIX 10-'.1 ,l; I SEE TEST OSCILLOSCOPE PROBE _ 
- PROCEDURE) -

Fig.6- Test circuit for measurement of output resistance. 

Fig.8-Test circuit for measurement of frequency response. 
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6 AMBI£NT TEMPERATURE ITA)'2'·11.Ll~ 
. I I \"~\'''\l. 

TOTAL LOAD RESISTANCE 

o ~ ~ .. 
-6 

I":: .... ~'" r\ 
i V1~ [\.\ '" '", 

~ -12 

'" 1\:\ > 
!i 
~ -I. 

-2' 

-'0 
10K .. 6alOOK o4681M 4.81OM 

FREQUENCY (f) - Hz 92CS-"541 

Fig.9- y-input frequency response characteristic curve with associated test circuit. 

6 AMBIENT TEMPERATURE ITA, )'25 •. 1 .LiL CE \~ 
o TOTAL LOAD ftESISTA!:,::--

~ ,,~b~ 
I -6 ~~~ 
'" ~l\I\ :;; .. 
~ -12 

\1\ !i 
-' 
~ -I. 

1\ 
-2' 

-.0 . 2 • 4 10K 6 lOOK 6 • 1M 6 810M 

FREQUENCY (f)-Hz 92C5-/9543i 

Fig. 10- x-input frequency response characteristic curve with associated test circuit. 

Yoj 
tiDY 

x-BALANCE 
~OkSl 

v- a-15vo-..IVl/V-Q 

,-BALANCE OOTPUT 
ZERO 
BALANCE 

tOkA 

LOW-uvEL 
LINEARITY 
BALANCE 

Vo 

TEST PROCEDURES FOR MEASUREMENT 
OF POWER-SUPPLY SENSITIVITY 

I. ~C~~15~.~~:15Y. MEASURE Vo 

2. AT yt.IOY,V-.. -t5V,MEASURE Yo 
RECORD AS Vo2. 
PO$. POWER SUPPLY SENSmvITY" 
"o2-YoI ----gy- • 

3. ~Ic'b~~XkV~V' MEASURE Yo 
NEG. POWER SUPPLY SENSITIVITY
Ym-Vol -.-y- . 

RESISTORS HAVE A TOLERANCE Of 
5% IN.ESS 0Tt£RW1SE N)fCATED 

Fig. 11-Test circuit for measurement of current gain and power-supply sensitivity. 
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kS k FACTOR 
k,!I 0.'- REFERENCE OR 

ADJUSTED k FACTOR 
kN"k/llr·O.IVo

NORMALIZED II FACTOR 
Ii ••. IIN-I,IF 'It ·Vy-VO-IO) 

OUTPUT CURRENT C mAJ [AT 
A CURRENT OF 0·2 mA AT 
'BOTH INPUTSJ·Vo/33Ul 

OUTPUT VALUES ARL AVER-
AGED FOR 4 COMBINATIONS 

VO/RL 
OF INPUTSCkI-"II· 
VO/33Ul Il )' 

(0.2 Ie 10-3 )2 

92CS-I'~4& 
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Note: See "Contour 
Map" in "Symbols, 
Terms and Oefini· 
tions" Section. 

.-IM'\IT VOlTAGE (". )-11' 

·Fig.12-Contour mapping of multiplier accuracy (plotted on isomers) and linearity. 

SYMBOLS. TERMS AND DEFINITIONS 

Output Offset Current 
The multiplier output current produced when both of the 
multiplier input signals are in the zero state. 

Output Zero 
Sets the output at the zero level when the x and y inputs are 
in the zero state. (It is implied that all other zeroing 
adjustments have been effected.) 

RI 
Input Resistance - Converts the input voltage to an input 
current. 

RL 
Output (Load) Resistance - Converts the output current to a 
wltage. 

RO 
Output Resistance - See Vo and 10 for the equations 
associated with these properties. 

Regulator Diode 
A temperature compensated Zener diode, included in the 
multiplier circuit, to provide a stable liB. 

Scale Factor or k factor (k I 
Represents the basic gain of the mUltiplier as expressed in the 
equation Vo = kVxVy 

The equation indicates the ideal transfer function for the 
multiplier. The normalized k factor is expressed by kN = klkref 

where kref is the ideal or reference k factor. The ideal factor. 
kref is the value at which the k factor is set when the k·factor 
adiust control is trimmed. Optimum operation of the 
CA3091 D is achieved when the k·factor is 0.1. 

VIM 
The maximum ac sine·wave voltage to be applied to the 
mu Itiplier; a 20·volt p.p sine wave is the nominal maximum 
swing voltage recommended for use with 50·kilohm input 
resistors. 

VMID 
An ac or de wltage that approximately satisfies the equation 

VMID = VIMI n. 
Vo 
The output product voltage derived from the expression 

(kVxVy = Vol 

Vref. 
Temperature compensated zener connected to the -15 volt 
supply to provide a reference voltage as an aid in setting up a 
stable I!B. 

Vx,Vy 
The input voltages to be multiplied. 

x·Balance Circuit 
Sets the output to the zero level when the x·input is in 
the zero state. 

y·Balance Circuit 
Sets the output to the zero level when the y·input is in the 
zero state. 
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SYMBOLS. TERMS AND DEFINITIONS - continued 

Accuracy 
Accuracy defines the degree of error encountered in the 
operation of the multiplier. It is portrayed on a contour map 
by isomers (contour lines). Isomers with the highest values 
ind'icate "Iess-accurate" operation of the multiplier. (See 
illustrative Contour Map in Fig. 12.) 

Contour Map 
The contour map, shown in Fig. 12, is a graphical portrayal 
of the multiplier errors in the x, y input plane. Each contour 
line, termed "isomer", connects those points whose error 
values (in millivolts) are equal in magnitude. For example, a 
-20 mV contour line with points at Vx = 5V and Vy = ~3V 
indicates that the output voltage is 20 mV less than the 
theoretical output product (kVxVy). This errDr voltage, 
presented in percent of full-scale input (± 10 V). defines the 
"accuracy" of the device. Thus, a 20·mV error voltage 
represents an "accuracy" of 0.2% as derived from the 
equation: 

Accuracy = 20 mV/10 x 100% = 0.2%. 

A contour map provides a true indication of multiplier 
performance in each of the four quadrants. Each CA3091 D is 
comprehensively tested and must provide the specified 
accuracy in the four quadrants. 

Current Converter 
This portion of the IC combines the multiplier:s differential· 
amplifier output currents and converts them to a single
ended output current. 

Currant Sources 
These circuits provide the biasing currents for the various 
circuits in the IC. The II B terminal provides the control 
current for the current-source circuit. 

Feedthrough 
Feedthrough occurs when an output signal is produced even 
though one of the input signals is zero. Consequently, 
feedthrough signal characteristics constitute a source of error 
in the operation of a multiplier. In the CA3091D, for 
example, the feedthrough signal output is specified to be less 
than 20 mV p-p when either terminal is set at 20 V p.p and 
the other terminal is set to zero. 

liB 
Circuit biasing control current. 

IIC 
See 10C. 

10 
Output product current (kllxly = 10), where kl = kR~1 RL 

10C.IIC 
Compensatory input and output currents required to correct 
unlinearity along the x axis. (Optional for low-level signal use.) 

Ix.ly 
Input currents to be multiplied. 
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k 
Voltage Scale Factor (determines the gain of the multiplier). 

kl 
Current Scale Factor (kl) = (R~ / RUk. 

k adjust 
Scale-Factor Adjustment. 

Unearity 
"Linearity" indicates the degree of multiplier error (i.e. 
deviation from "straight· line" characteristics) along each of 
the four boundaries of the input x. y field. These boundaries 
are formed when one input is held at one of the two 
maximum values (10 volts or -10 volts) and the other input 
is swept through the voltage range. (See Contour Map for 
additional information.) 

Unearity Adjust 
An external circuit to provide vernier adjustment for 
optimum linearity. This control should be adjusted before 
adjusting the y-balance control. 

Linearity Balance Circuit (Low-Level) 
This circuit makes the multiplier's transfer function linear for 
low-level x-input signals. 

Unearity Compensator 
Internal circuitry that converts input current into a non
linear voltage, a requisite for producing a linear output in the 
differential amplifiers of the multiplier circuit. 

Multiplier Circuitry 
Provides the product of the two input voltages. 

Multiplier Transfer Function 
This function mathematically describes the interaction of the 
two inputs and the resulting output signal. The basic transfer 
function for a multiplier';s 

k(Vx + VXe) (Vy + Vye) = Vo + Voe 

where: k = k factor and represents the basic gain of the 
multiplier 

V x' Vy = the external inputs to be multiplied 

Vo = the desired value of the product output signal 

Vxe• Vye = the "effective" errors that occur at the inputs 
of the multiplier and cause an output signal 
when either input is in a zero state. 

Voe = the error voltage'that develops at the output of 
the multiplier 

DC correction factors are added to the multiplier inputs and 
output to compensate for the errors and offset variations. A 
complex linearity error term appears in. the transfer function; 
however, this term is not included in the above equation for 
the purpose of clarity. 



File No. 534 ___________________________ CA3091D 

OPERATING CONSIDERATIONS 

Operation of a Multiplier 

A multiplier is, essentially, a gain·controlled amplifier (See 
Fig. 13) that multiplies the input signal (Vx) with the 
external gain controlling signal (Vy) to produce the resultant 
output (Vo )' The gain is externally adjustable by a coef· 
ficient (k). Stated simply, a multiplier produces an output 
voltage that is the linear product of two input voltages. 

~ 'l vo·, v,v, 

v, 
9ZCS-19656 

Fig. 13-Gain-controlled amplifier. 

The basic multiplier, shown in Fig. 14a, is a two· quadrant 
mUltiplier. The input signal (Vx) may have either a positive 
or negative polarity whereas, the external gain-controlling 
signal (Vy) must be positive and greater than the base·to· 
emitter voltage (Fig. 14b). The output current (11-12) of the 
differential amplifier, comprised of transistors Q1 and Q2, is 
related to both the input signal (Vx) and the current source 
(I). Since the current source (I) is related to the gain 
controlling signal (Vy) the output current (11-12). therefore, 
is related to both V x and Vy. 

v, 

v, 

I, ) 

92CS-19657 

a) Basic circuit. 

Fig. 14-Two-quadrant multiplier. 

(0) 

92CS-196S8 

bl Multiplier functional 
only in shaded region. 

This relationship is essentially non·linear; thus an appro
priate linearization circuit must be provided in the input 
stage to achieve the following linear relationship: 

11-12=k'Vx Vy 

where k' is a constant 

(Eq.1) 

Figure 15 shows a typical arrangement of three differential 
amplifiers to form a four·quadrant mUltiplier. This arrange· 
ment incorporates the operating principles of the two
quadrant mUltiplier, but, in addition, it permits both of the 
input signals (Vx and Vy) to have positive or negative 
polarities (or zero). When either input is zero, the output 
current (11 -12) must, theoretically, be zero as is shown by 
the following: 

1. AssumeVx=O, 

then i1 = i2 and i3 = i4 

therefore i1+i4 = i2+i3. 

Since 11 = i1+i4 and 12 = i2+i3, 

then 11 = 12· 

This equality is independent of Vy 

2. Now assume Vy = 0, 

then i5 = i6. 

Sine i5 = i1+i2 and i6 = i3+i4, 

then i 1 +i2 = i3+i4. 

Since i1 = i3 and i2 = i4 

then i1+i4 = i3+i2. 

Therefore 11 = 12. 

This equality is independent of Vx. 

92CS-19655 

Fig. 15-Basic four·quadrant multiplier. 

The multiplying operation discussed in the previous section 
applies when neither Vx nor Vy is zero. The output current 
(11-12) then satisfies Equation 1, 
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The multiplying action of the four·quadrant mUltiplier is 
dependent on current unbalance in the three differential 
amplifiers. Ideally. the multiplying operation should not 
occur if either Vx or Vy is O. However. in practical 
applications slight current unbalances do exist. It is neces
sary, therefore, to null out such unbalances with external 
potentiometers prior to operation. 

TYPICAL OPERATING CONSIDERATIONS 

The RCA·CA3091 D, shown in Fig. 2, is a four·quadrant 
multiplier that incorporates the basic multiplier principle, 
previously discussed in "Operation of a Multiplier". Because 
the design of this multiplier is based on the multiplication of 
two input currents to produce an output current it is 
necessary to convert the input voltages to input currents and 
the output current to an output voltage by inserting resistors 
at both input and output terminals. Fig. 1 shows the 
four·quadrant multiplier with its peripheral circuitry for 
nulling current unbalances. 

The Bias Current (lIB) at Term. 3 sets the operating current 
level for the entire multiplier circuit by means of a 
current'source circuit. Therefore, it is essential that this bias 
current level remain constant under all operating conditions. 
To maintain this steady state, a temperature compensated 
zener diode is provided on the chip and connected to the 
Reference Voltage (Term.6). 

Linearity of the differential amplifier transconductance 
function is accomplished by linearity compensators as shown 

in Fig. 1. To correct low·level signal unbalances that may 
occur between Differential Amplifiers A and B, an external 
potentiometer is connected to Terminals 7 and 8 (See Fig. 
1). The Current Converter circuit, which consists of a set of 
current mirrors, supplies the output.current (11-12). It is 
important that circuit· unbalances be corrected prior to 
operation. Table I describes the alignment procedures for 
correcting these unbalances. 

A multifunctional circuit board (Figs. 16 and 17) is available 
for performing the four basic applications, such as, multi· 
plying, dividing, squaring and taking the square root. 

When the CA3091 D is used as a multiplier (Fig. 18) or as a 
squarer (Fig. 18) only the basic pheripheral circuitry on the 
multifunctional circuit board is utilized and the general· 
purpose operational amplifier (CA3741T) is disabled from 

. operation. Follow the ac alignment procedures for these two 
applications before operating the circuit. 

When the CA3091 D is used as a divider (Fig. 20), the 
operational amplifier is required in order to provide the 
proper negative feedback. The limitations for operation as a 
divider are that O<:lly" 10V and -10V" Vz " 10V. Note, 
the range of Vy is limited to the positive polarity; if Vy was 
permitted to go negative, the feedback loop would go 
positive and, thereby, create an unstable operating condition. 

Alignment of the divider (Fig. 19) differs from mUltiplier and 
squarer alignment because of the additional variances intro· 
duced by the operational amplifier. A coupling capacitor is 

Table I 

Step 
No. 

1 

2 

3 

4 

5 
S 

7 

8 

AC Alignment Procedures For CA3091D, Four·Quadrant Multiplier 

(Refer to Fig. 16, for circuit pertaining to following alignment procedures.) 

Voltage Setting 
Control 

Test 
Equipment Measure Notas 

Vx Vy 
Adjust 

Used 

- .,. - - - Set all potentiometers to center of range. 

0 VIM x Balance ACVM Vo Adjust for a minimum reading. 

0 VIM Linearity ACVM Vo Adjust for a minimum reading. 

- - - - - Repeat Steps 1 and 2 until no further improvement 
jsnoted. 

VIM 0 V Balance ACVM Vo Adjust for a minimum reading. 

0 0 Zero DCVM Vo Adjust for zero output. 
Output 

VMID VMID Rk AC/DCVM Vo Adjust for V~1I0/10 at the output. 

- - - - - Check multiplier for alignment in all four quadrants. 

VIM - Is the maximum AC swing of the sine wave that will be applied to the multiplier. A 20-volt p.p value is the nominal maximum swing 
of the AC sine wave with input resistors of 50 kllohms. 

V MID - An AC or DC voltage that approximately satisfies the equation V MIO :: V ,M/ {2. For example, if a 50-kilohm resistor is used with 

a 7-volt input, then Rk should be adjusted for a 4.9-volt output. 
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provided at the output of the divider alignment circuit in 
order to separate the ac signal from the dc signal and, thus, 
avoid interaction between the calibrating potentiometers. 

The alignment procedure for the square·rooter function (Fig. 
21) is identical to the alignment procedure for the divider 
function. The input voltage range is limited to 0 < VI ~ 
10V. This limitation is necessary in order to prevent the 
output voltage (Vo ) from latching to the negative output 
saturation voltage of the operational amplifier. Table II de· 
scribes the divider alignment procedure. 

x-BALANCE 
50k 

V-=-ISV"--AA,A.""" 

a) Foil side. 

390k 

---~ 

0- 0 O"' __ G .Ji 
SAMPLE-BOARD TERMINAL 
CONNECTIONS FOR 
MULTIPLIER,SQUARER, 
DIVIDER,AND SQUARE 
ROOTER 

.. RCA-CA374IT IS A 
GENERAL-PURPOSE 
OPERATIONAL AMPLIFIER 
WITH INTERNAL PHASE 
COMPENSATION. 

RESISTANCE VALUES 
ARE IN OHMS 

92CS-19547 

Fig. 16-Typical multifunction circuit arrangement utilizing 
the CA3091 D and CA3741 T. 

b) Component side. 

Fig.17-Photographs of a printed·circuit board for multi· 

function applications (multiplier, squarer, divider, 
square rooter) utilizing the CA3091D and CA3741 T. 

Table II - Divider Alignment Procedure 

Set Te .. 
Step Vz Vy Measure 

Output 
Equipment Adiust Notes 

No. V V Coupling 
Used 

1 - - - - - - Set all potentio~eters to center of range. 

2 0 Vs Vo ae ac-VM Ozero Adjust for minimum reading. 

3 0 lOVde Vo de de-VM xbalance Adjust for OV de output. 

4 Vs Vs Vo ae ae -VM Ybalance Adjust for minimum reading. 

5 5Vde 5Vde Vo de dc-VM kadjust Adjust for 10V de output. 
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CONNECT VI. AND V'I 
TERMINALS FOR SQUARER 
OPERATION 

.. - VOLTAGE Q-~~>---fc.to;iiDl 
INPUT 

-IOV~Vx:SIOV 
Vo 

-IOYS: YOSIOV 

·SEE FIG. II FOR 
PERIPHERAL 
CIRCUITRY 

a) Circuit arrangement for multiplier or squarer operation. 

b) Terminal connections for multiplying operation. 

° ° 00L 0. VO'klV/ Vo 0- D • 

VI Vo 
92CS-ISHO 

c) Terminal connections for squarer operation. 

Fig.18-Multifunction circuit-board arrangement with terminal connections for multiplier and squarer operation. 

* SEE FIG. II FOR PERIPHERAL CIRCUITRY 

Fig. 19-(a) Divider alignment circuit. 

V, 

-IOYSVz SIOVQ------()--i 

a) Circuit arrangement for divider operation. 

Yo v., V, 

b) Terminal connections for divider operation. 

Va 
(DC COUPLED) 

~ 

92CS-196!13 

-IOSVOSIOV 

Fig.20-Multifunction circuit-board arrangement with ter· 
minal connections for divider operation. 
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Fig.19-(b) Circuit to provide offset ac signal for use in 
divider alignment procedure. 

IN914 

·SEE FIG.II FOR 
PERIPHERAL 
CIRCUITRY 

a) Circuit arrangement for square·rooter operation. 

b) Terminal connections for square·rooter operation. 

Fig.21-Multifunction circuit-board arrangement with ter· 
minal connections for square·rooter operation. 
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DDJ]3LJD 
Solid State 
Division 

Linear Integrated Circuits 
Monolithic Silicon 

CA3093E 

General-Purpose High-Current N·P·N 
Transistor .. Zener Diode .. Diode Array 
Applications 

• Signal proc.ssing and switching syst.ms op.rating from 
DC to VHF 

• Lamp and relay driv.r 
• Diff.r.ntial amplifi.r 
• T.mp.ratur.·comp.nsated amplifi.r 
• Thyristor firing 
• T.mp.rature-comp.nsat.d shunt regulator 

16-Lead Dual-In-Line 
Plastic Package 

• Temperature-compensated series regulator 
• L.v.1 shifting 

!-11622 
• Voltag.·I.v.1 clamping 

RCA CA3093E* is a v.rsatil. array of thr •• high·current 
(to 10OmA) NPN transistors, two 10%-tol.rance Z.n.r diod.s 
and one conventional diode, all on a common monolithic 
substrat •. Two of the transistors ·(01 and 02) are match.d 
at 1 mA for applications in which offs.t param.t.rs are of 
sp.cial importance. Th. combination of positive Z.n.rvoltag. 
temperature co.ffici.nts and n.gativ. forward ba .... mitt.r 
vol tag. t.mp.ratur. co.fficients provid.s a unique t.mp.ra· 
tur. compensation capability. 

Ind.p.nd.nt conn.ctions for .ach transistor and diad. plus 
a separate t.rminal for the substrate p.rniit maximum fl.xi· 
bility in circuit d.sign. 

-Formerly developmental type TA6119 

#Z,. Z2 and 01 are transistors internally connected as shown below. 

Fig. 1 - Functional diagram of the CA3093E (bottom view) 

11·73 

• Curr.nt r.gulator 
• Voltage clamping 
• Simple off·line regulated supply 
• See RCA Application Note, ICAN·5296 "Application of 

the RCA·CA3018 Circuit Transistor Array" for applications 
in addition to those given on pages 5 & 6 of this bulletin. 

Features: 

• 6 ind.p.nd.nt d.vices plus separate substrate conn.ction 
• Compensating temperature coefficients - VBE and VOl 

VS. Vz 

Transistors 

• High IC (100mA max) 
• Matched pair (01 & 02) 

VIO = ± 5mV maXI at I = 1mA 
110 =2.S/lAmaxj C 

L>VlolL>T = S /lV/"C tYP 

• hFE = 40 min @ IC = 10mA 
or SOmA 

• Low V CEsat ... 0.7V max @ SOmA 

Zener Diodes 

• Two 1/4W Zeners 
• Vz = 7V ± 10% 
• .z = 1Sn typ 

Diode 

• Close forward voltag. match to VBE'. of 01 and 02 
• VPIV = S.SV min. 
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MAXIMUM RATINGS. Absolute-Maximum V.,UtIlI at TA = 25"C 

Power Dissipation: 

Anv one transistor ..•.........•..........................•................ 
AnV one Zener Diode •......• : .......................................•.•... 
Total package ....................•.............•........................ 
Above 25°C ......•..............•.......................... Derate linearlv 

Ambient Temperature Range: 
Operating· ..............•............................................... 
Storage •...........•...............................•................... 

I:.aad Temperature (During··Soldering): . 
At distance 1116 ± 1/32 inch (1.59 ± O.l9mm) 
from case for 10 seconds max. 

The following maximum ratings applv for each transistor 

Collector·to-Emitter VOltage (VCEO) •.•...............•......•.................. 
Collector·to-Base Voltage (VCBO) ............................................. . 
Coliector·to·Substrate Voltage (VCIO)' ......................................... . 
Emitter·to-Base Voltage (VEBO) ............................................... . 
Cc.llector Current (lC) .....•...............•................................. 
Base Current (I B) .................•......................................... 

The following maximum ratings applV for each Zener Diode or Diode 

Zener Diode de Current (lZ) ................................................. . 
Zener Dlode-to-Substrate Voltage (VZIO)' ....•..............•................... 
Diode (01) Forward Current (lDF) ............................................ . 
Diode (01) Reverse Voltage (VDR) ......•...................................... 
Diode (Dl)·to-Substrate Voltage (VDIO)' ....................................... . 

File No. 533 

500 mW 
250 mW 
750 mW 
6.67 mWfC 

-55 to +125 ·C 

-65to+lsO 'c 

+265 °c 

15 V 
20 V 
20 V 
5.5 V 
100 mA 
35 mA 

35 mA 
20 V 
50 mA 
5.5 V 
20 if 

*The collector of each transistor. the cathode of each Zener diode, 
and the anode of the diode are isolated from the substrate by an 
internal diode. The substrate must be connected to a voltage which 
is more negative than any of these isolated terminals in order to 

maintain isolation benwen devices and provide normal transistor 
action. To avoid undesired coupling between devices. the substrate 
termin~1 (5) should be maintained at either de or signal (ac) ground. 
A suitable bypass capacitor can be used to establish a signal ground. 
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ELECTRICAL CHARACTERISTICS at TA = 2SoC 
For Equipment Design 

CHARACTERISTICS SYMBOL 

For Each Transistor: 

Collector-ta-Base V(BRICBO 
Breakdown Voltage 

Collector-ta-Emitter V(BRICEO 
Breakdown Voltage 

Collector-ta-Substrate V(BRICIO 
Breakdown Voltage 

Emitter-Io-Base V(BRIEBO 
Breakdown Voltage 

Collector-Cutaff-Current ICEO 

Collector-Cutatf-Current ICBO 

DC Forward Current 
Transfer Ratio hFE 

Forward Base-ta-Emitter Voltage VBE 

Collector-ta-Emitter VeEsat 
Saturation Voltage 

Forward Base-to- Emitter &VSE/&T 
Temp. Coefficient 

For Transistors Q1 and Q2 (As a Differential Amplifier): 

Absolute Input Offset Voltage IVIOI 

Absolute Input Offset Current 11101 

Temp. Coefficient of Offset Voltage I&VIO/&TI 

For Each Zener Diode 

Zener Voltage Vz 

Zener Impedance zz 

Zener Reverse Current IZR 

Zener Voltage Temp. Coefficient &VZ/&T 

Zener-to·Substrate Breakdown V(BRIZIO 
Voltage 

Dissipation 

For Diode (01) 

Diode Forward Voltage VOF 

Diode Forward Current 10F 

Diode Reverse-Breakdown Voltage V(BRIOR 

Diode-ta-Substrate VISFUOIO 
Breakdown Voltage 

Diode Forward-Voltage &VOF/&T 
Temp. Coefficient 

TEST CONDITIONS 

IC = 100"A, IE = 0 

IC = ImA,lB = 0 

ICI = 100"A,IB = 0, 

IE = 0 

IE = 500"A,IC = 0 

VCE = 10V, IS = 0 

VCS = 10V,IE = 0 

11C = lOrnA 
VCE = 3V 

Ilc = SOmA 

VCE = 3V, IC = lOrnA 

IC = SOmA, IS = SmA 

IE = lOrnA 

VCE = 3V,IC = ImA 

-

IZ = lOrnA 

IZ = 10mA,f = I kHz 

Vz = +5V 

IZ = lOrnA 

IZ = lOO"A 
(Terminals 7 & 9) 

Refer to Example in 
Application "a" 

IC c lOrnA, VCE = 3V 

lOR = 5OOp.A 

10iode = lOO"A 
ITerminal 10) 

10F c SmA 

CA3093E 

LIMITS 

Min. Typ. Max. 
UNITS 

20 60 - V 

15 24 - V 

20 60 - V 

5.5 6.9 - V 

- - 10 "A 

- - I "A 

40 76 -

40 75 -
0.65 0.74 0.85 V 

- 0.40 0.70 V 

- -1.9 - mV/oC 

- 1.2 5 mV 

- 0.7 2.5 "A 

- 5 - p.V/oC 

6.3 7 7.7 V 

- 15 25 n 

- - I "A 

- +3.6 - mVI"C 
i.e. +.05 %J°C 

20 60 - V 

- - 250 mW 

0.65 0.74 0.85 V 

- - 50 rnA 

5.5 6.9 - V 

20 60 - V· 

- -1.9 - mVI"C 
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TYPICAL STATIC CHARACTERISTICS 

100 COL.LECTOR -TO- EMITTER VOLTS IVCEJ=3V -.. 
I I #: 

0 

~ .0 

~L~ ffi ..-- -....." l); 

~ 80 .' 
\'\'i-" 1 --!Z ~~ .... 

! roO' .. -~. 70 ~~ V 0';" 
~ ~~ /' 
~ 50 ~ V 
~ 

so~V u 
0 

0.1 468,2468,0 

COLLECTOR MILLIAMPERES IIel 
4 6 8'00 

92CS-IT763IU 

Fig. 2 - hFE vs Ie 

, SET DC FORWARD-CURRENT TRANSFER RATIO (hFE)"ro 

II AMBIENT TEMPERATURE (TA1"25°C 

z 
Q 0 .• 

~ II ~-;: 
a:: ~ 0.6 

~~ j V a;; 
'!:i f¥g 0.4 

V V 0: 

~ ~ L ~.r~.i-'\ 
0.2 

S ,...---~ - I-
0 

6 8 10 8'00 
COLLECTOR MILLIAMPERES (Ie) 

92CS-17765 

Fig. 4- VeEsatvsleat25"e 

I SET DC FORWARO-tURRENT TRANSFER RATIO (hFE J • 10' 

~ 0 .• I-A_M_B_IE_N-tT_TE_M_P_E_RAf-T_U_RE+-'T-jA'f-'-I2_S_'C_-_:.r_-_-_-_--j:-_/-... :-'---t+-l-l 

~ '" 
g V 
ii 0 .• f----+---t-+-+-1,......--:::;;"..."'!'---+-f-+-I 
~ ..-
~ ~ •. 0.7b-====i----+-+-++--t---I-+-t-l 

~ 
~ 6 O.61---+--+-+-++---I---t-+-+-l ., 
ill 
~ 0.5 

6 8 2 6 8 
10 100 

COLLECTOR MILLIAMPERES (lei 
92CS-17167 

Fig. 6- V8Esatvsle 
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Fig. 3- V8EvsleandVD1vslD1 

1.2 i~~~E~~O~::~~R~~~~~N[T:~~~~~~R RATIO (hFE)= to 

I 

L 
0 .• V 
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0.5 / 

/ / 
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0.2 - -.- 1''t'f'ICIIt.\.. 
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10 100 
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92:CS-I7766 

Fig. 5 - VeEsat VS Ie at 700 e 

6 ~~LB~~~~O~E~~~~~~~: ~~~~2~~~EI= 3V 

5 

/ 
4 

V 
/ 3 

/ 
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/ 
I 

0 

0.1 6 8 I 2:. 6 8 10 

92CS-I7768 
COLLECTOR MILLIAMPERES IIel 

Fig. 7- VIO vs Ie (transistors 01 and 02asa 
differential amplifier) 
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0.1 I 
COLLECTOR MIL.LIAMPERES lIe I 92CS-I1'769 

Fig. 8 - ',0 vs Ie (transistors 01 and 02 as a 
differential amplifier) 

'" ~ 50 

~ 40 

10 

AMBIENT TEMPERATURE ITAI:25D C 
FREQUENCY If! = I KHz 

iii • 
.£ 
'" ~ 
§! 7 

i • 
'" w 

~ 
5 
0.1 

II I 

J.LT lERAU Jlo-c 
\ ~ 

r- 1'- O'C 

10 

ZENER MILLIAMPERES IIZl 

CA3093E 

...... 25D C 

100 

9.2C5-19681 

Fig. 9 - Typical Zener breakdown voltage vs current 

Fig. 10 - Typical Zener impedance 
vs current 

o 10 15 20 25 30 

TYPICAL APPLICATIONS 
ZENER MILLIAMPERES tIz I 

a} ±7V Regulator supplying CA3093E Transistors plus an external 
load. 

+VUNREGD--'Vvv-4r.---4r-------, 

Sample Computation for Determining Permissible Zener Dissipation 
at+25°C. 

CA3093E Ratings at T A = +2SoC 
Total Oiss. Max = 750 mW (Derate@6.67 mWrC above 25Q C) 
Each Zener Diss. Max "" 250 mW 
Max. Zener Current = 35 rnA 

Assume CA3093E Transistor/Diode Load Dissipation = 350 mW then 
max. total Zener Oi". IPZ1 + PZ2) = 750·350 = 400 mW 

IIZl + IZ2) max = 4~;;'W = 57 rnA 

(Note: Max. current rating on each Zener is 35 rnA) 

92CS-196e2 

b) 14V Regulator for 01. 02. 03 

200n 

PART OF CA30;;:J 

Typical Load Regulation 
for IL -0 to 25 rnA 

"'EL/EL x 100 ~ -6% 
Ino load to luilioadl 

92CS-19684 

Typical Line Regulation 

Typical Temperature Characteristic 

455 



CA3093E 

c) 8.6V Temp.-Compensated Shunt Regulator 

120n r-- _ ~~9~_ - - -, 

, , 
7 9' I 

I r, " +' I 
I • 3 
I 0, 
I 'L EG.=15V L_ f-- - 4 

I 

0.01:::: 
I '0 3~O -"1 ., 
1 0, 
I 

" L_ _..J 

92CS-1968' 

Typical Temperature Characteristic @ A L = 330fl 

dEL/E L x 100 =. 0.007%rC 
dT 

Typical Load Regulation I L "" 0 to 40 rnA 

("EL/ELI x 100=-3% (no load to fuilioadl 

Typical Line Regulation at RL = 330n 

"EL/EL x 100 = ± 0.55%/V 
.6.E unreg. 

el Off-Line 7V Regulator 
OFF-LINE 1v REGULATOR 

zoov RI 
RECT Ik/2W 

92CS-19687 
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d) Temp.-Compensated Series Voltage Regulator 

Typical Temperature Characteristic @ E L '" 12V 

"EL/E L 
~x 100 =. o.OO9%fC 

Typical Load Regulatlon@E L = 12V 

IL =Oto40mA 

"EL x 100 = • 0.4% (no load to full loadl 
~ 

Typical Line Regulation @ E L C 12V 

(dEL/ELI x 100 _. 0.45%/V 
.dE unreg. 

Typical EL Ripple Voltage· 70 mVp-p 

"EL 
Typical Load Regulation --E- x 100=-8.5% (no load to full load) 

IL -Oto 30 mA L 

("EL/ELI x 100 
Typical Line Regulation = llE AC = ± .075%/V 
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oornL7D Linear Integrated Circuits 
Monolithic Silicon Solid State 

Division CA3094,CA3094A,CA3094B 
Types 

Programmable 
Power Switch/ 
Amplifier 

CA3094: 
CA3094A: 
CA3094B: 

For Operation Up to 24 Volts 
For Operation Up to 36 Volts 
For Operation Up to 44 Volts S-Suffix Types 

8-LEAD TOoS 
with Dual-In-Line 
Formed Leads 
"DIL-CAN" 

For Control & General-Purpose Applications 

H·1787 
T-Suffix Types 
8-LEAD TO-S Features: 

., CA3094E 

H-1528 - Designed for single or dual power supply 
- Programmable: strobing, gating, squelching, AGC capabilities 
- Can deliver 3 watts (avg_) or 10 W (peak) to external load (in switching mode) 
• High-power, single-ended class A amplifier will deliver power output of 0.6 

watt (1.6 W device dissipation) 
• Total harmonic distortion (THO) @0.6W in class A operation - 1_4% typo 

, B-LEAD DUAL-
I I 1 IN-LINE PLASTIC 

I I PACKAGE 
"MINI-DIP" H-1817 

• High current-handling capability - 100 rnA (avg.), 300 rnA (peak) 
TheCA3094 is a differential-input power-control switch/ampli- _ Sensitivity controlled by varying bias current 
fier with auxiliary circuit features for ease of programmability. _ Output: "sink" or "drive" capability 
For example, an error or unbalance signal can be amplified by APPLICA TlONS: 
the CA3094 to provide an on-off signal or proportional-control 
output signal up to 100 rnA. This signal is sufficient to 
directly drive high-current thyristors, relays, dc loads, or power 
transistors. The CA3094 has the generic characteristics of the 
RCA-CA30BO operational amplifier directly coupled to an 
integral Darlington power transistor capable of sinking or 

• Error-signal detector: temperature control with thermistor 
sensor; speed control for shunt wound de motor 

driving currents up to 100 rnA_ 

The gain of the differential input stage is proportional to the 
amplifier bias current (lABC), permitting programmable 
variation of the integrated circuit sensitivity with either 
.digital and/or analog programming signals. For example, at 
an IABC of 100 !lA, a one-millivolt change at the input will 
change the output from 0 to 100 rnA (typical). 

The CA3094 is intended for operation up to 24 volts and is 
especially useful for timing circuits, in automotive equip
ment, and in other appl ications where operation up to 24 
volts is a primary design requirement (see Figs.27,2B and 29 in 
Applications Section)_ The CA3094A and CA3094B are 
like the CA3094 but are intended for· operation up to 36 
alld 44 volts, respectively (single or dual supply). 

Application Note ICAN-6668 describes the rudiments of 
Operational Transconductance Amplifiers (OTA's)_ 

These types are available in B-Iead TO-5 style packages with 
standard leads ("T" suffix) and with dual-in-line formed leads 
"DIL-CAN" ("S" suffix). Type CA3094 is also available in 
an B-Iead dual-in-line plastic package "MINI-DIP" ("E" suffix), 
and in chip form ("H" suffix). 

APPLICA TION NOTE ICAN-6048 GIVES DETAILEO APPLICA TION 

INFORMA TlON FOR THE CA3094, CA3094A, AND CA3094B. 

9-74 

• Over-current, over~voltage, over-temperature protectors 
_ Dual-tracking power supply with RCA-CA3085 
_ Wide-frequency-range oscillator - Analog timer 
_ Level detector - Alarm systems - Voltage follower 
_ Ramp-voltage generator - High-power comparator 
_ Ground-fault interrupter (GFIl circuits 

~[fA~1:NTIAL 
INPUTS 

INPUTS 
INV. NON-INY. 

2 3 
"SINK' 

Fig. I-Schematic diagram of CA3094. 
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MAXIMUM RATINGS, AbsoIur.-Maximum V.lulJ$: 

DC SUPPLY VOLTAGE: 
Dual Supply ••••••••••••••••••••••••••.•.••••• 
Single Supply •••••••••••••••••••••••••••••••• 

DC 01 FFERENTIAL INPUT VOLTAGE 
ITerminals 2 and 3) •••••.••••..••••••••••.•.•• 

DC COMMON-MODE INPUT VOLTAGE •••••••••.•••• 
PEAK INPUT SIGNAL CURRENT 

ITerminals 2 and 3) •••••••••••••••••••••••••••• 
PEAK AMPLIFIER BIAS CURRENT 

ITerminal 5) •••••••••••••••••••••••.••.•••••• 

OUTPUT CURRENT: 
Peak ...••.....•••....•...................... 
Average ••••••••••••••••.•••••••••••••.•••••• 

DEVICE DISSIPATION: 
Up to TA = 550C: 

Without heat sink •••••.••••••••............. 
With heatsink •••...•..•.•........•••.••.• 

Above T A = 550 C: 
Without heat sink derate linearly •••.••••.••••• 
With heat sink derate linearly 

THERMAL RESISTANCE 
IJunction to Air) .............................. . 

AMBIENT TEMPERATURE RANGE: 
Operating •••••••••••••••••••.••...•.....••••. 
Storage •.••••••••••••....•••....•..•........•. 

LEAD TEMPERATURE lOURING SOLDERING): 
At distance 1/16 ± 1/32 in. 11.59 ± 0.79 mm) 
from case for IDs max. . •••••••...•••.••••.... 

CA3094 CA3094A CA3094B 

± 12V ± 18V ±22V V 
24V 36V 44V V 

± 5" V 
Term. 4 <Term. 2 & 3<Term. 7 

± 1 mA 

2 mA 

300 mA 
100 mA 

630 mW 
1.6 W 

'6.67 mWfOC 
16.7 mW/oC 

140 °c/w 

55 to +125 oc 

65 to +150 oc 

+300 oc 

-Exceeding this voltage rating will not damage the device unless the peak input signal current (1. mAl is also exceeded. 
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EXTERNAL 
FREQUENCY 
COMPENSATION 
OR INHIBIT 
INPUT 

DIFFERENTIAL 
VOLTAGE 
INPUTS 

SINK OUTPUT 
(COLLECTOR) 

GROUND; Y- IN 
DUAL-SUPPLY 
OPERATION 

6 DRIVE OUTPUT 
IEMITTER) 

rABe CURRENT 

~ROGRAMMA8LE~ INPUT 
. (STROBE OR AGe) 

NOTE: PIN 4 IS CONNECTED TO CASE 
TOP VIEW 

92CS-24881 

TO·5 Style Package 

EXTERNAL 
FREQUENCY 
COMPENSATION I 
OR INHIBIT 
INPUl 

DI FFERENTIA 
VOLTAGE 
INPUTS 

GROUND i V- IN 
DUAL-SUPPLY 
OPERATION 

FUNCTIONAL DIAGRAMS 

SINK OUTPUT 
r--l-.(i88) (COLLECTORl 

TOP VIEW 

Plastic Package 

6 DR lYE OUTPUT 
(EMITTER) 

XABC CURRENT 

~ROGRAMMABLEJ INPUT 
(STROBE OR AGe) 

92CS-24882 
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ELECTRICAL CHARACTERISTICS at TA a 25°C For Equipment Design 

TEST CONDITIONS LIMITS 

Single Supply v+ • 30 V 

Test 
Dual Supply v+ - 15 V, ata,. 

CHARACTERISTIC SYMBOL 
Circuit 

V-=15V 
Curves 

Min. Typ. Max. UNITS 
IABC· 100 IAA 

Unless Oth.wise 
Fig. No. Specified Fig. No. 

INPUT PARAMETERS 

TA=250C - 0.4 5 mV 
Input Offset Voltage VIO 17 2 

TA=Oto70oC - - 7 mV 

Change in VIO 

Input·Offset·Voltage Change It:.Vlol Between IABC = 100 IIA - 1 8 mV 

and IABC = 511A 

TA = 250C - 0.02 0.2 IAA 
I nput Offset Current 110 18 3 

TA = 0 to 700C - - 0.3 IIA 
TA=250C - 0.2 0.50 IIA 

Input Bias Current II 19 4 
TA = 0 to 700C - - 0.70 IIA 

Device Dissipation Po 18 lout = 0 5,6 8 10 12 mW 

Common·Mode Rejection Ratio CMRR 20 70 110 - dB 

High 27 28.8 - V 
V+=30V 7 

Common·Mode Input- Low 1.0 0:5 - V 
VICR 20 

Voltage Range V+= 15V 
7 

+12 +13.8 - V 

V-a 15V -14 -14.5 - V 

Ic=7.5mA 

Unity Gain·Bandwidth VCE= 15V - 30 - MHz 

IABC= 5OO IiA 

Open· Loop Bandwidth 
Ic=7.5mA 

BWOl VCE= 15V 12 - 4 - kHz 
At -3 dB Point 

IABC = 500 IIA 
Total Harmonic Distortion PD= 220 mW - 0.4 -

THO % 
(Class A Operation) Po = 600 mW - 1.4 -

Amplifier Bias Voltage 
VABC 0.68 V - -

(Terminal (No.5 to Terminal No.4) 

Input Offset Voltage 
t:.VI ojt:.T 4 p.vfoc - -

Temperature Coefficient 

Power·Supply Rejection t:.VIO/t:.V 17 - 15 150 p.V/V 

f = 10 Hz 
f/vjlHz IfF Noise Voltage EN 21 8 - 18 -

IABC= 5011A 

f = 10 Hz 
PA/SiZ IfF Noise Current IN 21 9 - 1.8 -

IABC= 501AA 

Differential Input Resistance RI IABC= 2O IlA 0.50 1 - MSl 

f= 1 MHz 
Differential I nput CaPacitance CI 

V+=30V 
- 2.6 - pF 
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ELEctRICAL CHARACTERISTICS 8t TA - 25°C FO'r EquilJll*rt Design 

TEST CONDITIONS LIMITS 

Single SuPPly v+ - 30 V 

Test 
Dual Supply v+ - 15 V, 

Char. 
CHARACTERISTIC SYMBOL V--15V Min. Typ. Max. UNITS 

Circuit 
IABC - 100 p.A 

Curves 

Unless Oth.wise 
Fig.NO'. Specified Fig. No. 

OUTPUT PARAMETERS (Differential Input Vo/mge = 1 VI 

Peak Output VO'ltage: 
(Terminal No.6) V+=30V 

With 013 "ON" V+OM RL = 2 kn to ground 26 27 - V 
With 013 "OFF" V-OM - 0.01 0.05 V 

Peak Output Voltage: 
V+=+15V. V-'=-15V 0.5 

(Terminal No.6) 
Positive V+OM RL = 2 kn to -15 V +11 +12 - V 
Negative V-OM - -14.99 -14.95 V 

Peak Output Voltage: 
(Terminal. No.8) V+ = 30V 
With 013 "ON" V+oM 

RL=2knt030V 
29.95 29.99 - V 

With 013 "OFF" V-OM 0.040 - V 
Peak Output Voltage: 

(Terminal No.8) V+= 15V, V-= -15V 
Positive V+OM RL=2knto+15V +14.95 +14.99 - V 
Negative V-OM - 14.96 - V 

Coliector·to·Emitter V+ 30V 
Saturation Voltage VCE( .. t) IC= 50mA 10 - 0.17 0.80 V 

(Terminal No.8) Terminal No.6 grounded 

Output Leakage Current 
(Terminal No.6 to V+=30V - 2 10 IlA 
Terminal No.4) 

Composite Small,Signal V+-30V 
Current Transfer Ratio (Beta) hfe VCE = 5V 11 16,000 100.000 -

(dt2 and 0,3) Ic=50mA 
Output Capacitance: f I'MHz 

Terminal No.6 Co . All Remaining - 5.5 - pF 
Terminal No. 8 Term inals Tied to - 17 - pF 

Terminal No.4 

TRANSFER PARAMETERS 

V+=30V 
20,000 100,000 VIV 

IABC= l00IlA 
-

Voltage Gain A 
22 

"'Vout = 20 V 
12 86 100 - dB 

RL = 2 kn 
I,"orwara Transconductance 

gm 13 1650 2200 2750 Ilmhos To Terminal No.1 
Slew Rate: 

. Open Loop: 
Positive Slope 

23 
IABC= 500pA 

14 - 500 - VlJlS 
Negative Slope RL= 2kn - 50 - Vlus 

Unity Gain 
(Non-Inverting, . 24 IABC= 500IlA 15 - 0.7 - VlJlS 
Compensated) RL=2kn 
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CA3mM.CA~A.CA3mM8 

Typical a...-ristia Curves 

SUPPLYVQLTS:V -+15. Y-·-15 I I 
4 

I +125·C 

3 

<> 2 I +90.1J 
H l/ ~ 

~ 
~ 
j 
i 
.... .. 
~ 
0 
.... 
:> .. 
!t 

5'·C 
'll+70 

0 

-,~ V -55·C 
+2. 

+7 
"20 

-2 

-3 

-4 I 
+l2'-C -. 

-8 I 
-7 I 
- z • •• • " .. Z ••• Z " .. 

0.' I 10 100 ,000 
AMPLifiER BIAS MICROAMPERES' IABe) 

92tS-17588 
Fi,.2-lnput ofller voltags vs. amplifier bi., 

current fI ABC, terminal No. 51. 

10. SUPPLY VOLTS:V+-+I5,Y---15 

"'HID' 
!:! • 
i " • i 102, 

~ " 
~ .. 
c 
ii 

!i .. 
!t 

• 
10 

• 
5" • , 
• 
"I' 0.,. 
0.' 

,\ 
+125-C 

+25-C 
r;..- , , . 

~ -5S·C 

••• ••• ••• • •• 0 ... ,. ... I 10 100 1000 
AMPLIFIER BIAS MICROAMPERES (IASC) 

Fig. 4-lnput bias current vs. amplifier "bia, 
current (J ABC. terminal No. 51. 

9ZCS-Z0414 

10\ SUPPLY VOLTS:V .+15.V-.-I~ 

H-H+2'~ C " .~,~~lc " f • -lOS 
~ . :"55·C 

~ " Z t.\'\~ -= 101 
il • ~# 
~ " ,~~ ..... 
t • ~¥o' a 10 ~ 
iii • 

" +,25·C 
;;: • ::; --i I 

• • • r-I-"jC'j irc 0.1 

0.1 • • • II • ••• 0 " .. 0 • • II 
1 10 . 100 

AMPLI FIER 81AS CURRENT (IUCl-"A 

Fi .. S-Amplifie, IUpply current W''' amplifier 
biM curnnr (I ABC, termi"'" No. 5J. 

1000 

,ZCS-Z05H 

10', SUPPLY VOLTS: Y+.+15. Y-.-I' 

0.1 

10: 
2 

31: 104 .. • I • 
"0 2 

!: 103 
Z • 
o • 
;: 
: 2 
iii 102 

6 : 

Z 4 6 I Z 4.1 2 461 2 ... 1 
I 10 100 1000 

AMPLIFIER OIAS ftllCROAMPERES (.IABCJ 
tiCS-IT,.. 

Fig.3-lnput olf.et culTflnt w. amplifier bin 
current fI ABC, terminal No. 5J. 

AMBIENT TEMPERATURE (TA)-25-C 

/" 

~/" /" 

~~ .,f)'4.~ .t·' ,'!:I,'" .. ~ ~\;: ".11: '!:I,'" '=J:::=:::; ct-i' ~.' 
~ .. -:'~ 17": 

/" 

... ":I~ ./ u 2 V..,. ~ 10 .. • :V 
I 

2 
0.1 " •• 0 . •• 0 " .. 0 4 ._1 

I 10 100 1000 
AMPLifiER BIAS CURRENT fIABC1-p.A 

Fig.5-Device dissipation vs. amplifier biBS 
current (I ABC. terminal No. 5J. 

92CS-2OSI5 

I SUPPLY YOLTS:Y+-+15,Y- --IS 

> 14'5r·~"~·~'E:NjT=TfE~"fP:ER:·fT~U~R~EiIT~'~I~'2~5f·C~g~~;a±~ ~ 14- .1 _ ~ V Cllif 

e 13.5 

~ 13r--r-4-+++-+-++1+--+-H-H-+--++H 
g 
~ °1--+-t4++-+-+~+--+-H-+l-+--++H 
~ 
!: -131--+-t4++-+-++I+--+-H-+l-+--++H ... 
i 1!.51--+-t-+++-+-+~+--+--IH-+l-+--++H 

; -141--+-t-+++-+-+~+--+--IH-+l-+--++H 

8 -f4.51-+-+-+++-I-++t+--+.....,H-tf...;y:.-¥" .. .!!.R~1o+I 
-.. 

2 .. 6 ... ,. 4'1 
001 I 10 100 

AMPLIFIER BIAS CURRENT ClASC 1-"A 

Fig.l-Common mode input volt. VI. IJIfJP
lifier bi.s cunent II ABC. ttImIinM 
No. 5/. 

••• 1000 
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Typical CharaClllristics Cunas 

~ 

t 
!!! 

~ 
~ 

I 
;; 

'0 
suPPLy VOLTAGE IV·I-+I5Y;IY'--15V 

•• SOURCE RESISTANCE (RSI-OO 
AMBIENT ·TEMPERATURE (1,,'-25-C 
FOR TEST CIRCUIT. SEE FIG. 21 

40~ . 

3. 

30 "~'t~"l 
~r:::t.c"'R'NTllAaCI'~ 

2. 

20 "r-.... L'A l.r-- ~ 
," 

110 

100 

ro , 
6 8,02 

FREQUENCY (O-Hz 

Fig.8-1/F Noise I/o/tage liS. frequency. 

810 2 .. 6 8100 2 

COLLECTOR CURRENT (Ic)·mA 

Fig.10-Collector-emirter saturation voltage 
vs. collector current of output tran
sistor 0,3-

AMPLIFIER BIAS CURRENT IIA8C)·~OOp.A 

I ~~A ""\ 
!l: 90 

!--.c..A "I" ~ ao 
W-- ......... " "' ~ 70 

3E ~rHASE ANGLE ", I'\. I" g 60 lroac-500.AI ~ '-~ ="-
~ 50 c 1 1 ~I'\. ,~ 
~ 
g 40 

I I " ...... \ 1 

~ 
30 

~'::tr,L~~,'::::CCEV~~L~~52V~R""-15 f\: \ 
z 

20 
IT::I~~:~:MP~R~;~RE ITA'. 25"C "\. \ ~ 10 FOR TEST CIRCUIT, SEE FIG 22 

1\ 0 
.~ I "I "I 

10 

...... ~ 

~~ 

6 8103 

92C5-20388 

• 0 1000 

92C$-20390 

~ 

::: 
0 ~ 
-50 I 
-100 i .. 
-150 G 

:i 
200~ 

f 

92:C5-20392 

Fig. '2-0pe"./oop volt. gain VI. frequency. 

SOURCE RESISTANCE CRS)-IMA 
""'=j Sll'P\.Y VOI.TAG£ IV"I-OOV;IV"Io·IOV 

4 AMBIENT TEllPERA1l.RE tTAI-25"C 
~ FOR TEST CIRCUIT, SEE FIG. 21 

:. 
I~b I 

~"~J ! of----

I 
. 

..... ~%i..,.t.Jr...... 
'r--- I~. 

I...... 

I 
I 
8 

0,... - 50". ;; . --- ."A , 
n, 

10 
, 0 8 10 , . 0 

FREQUENCY tf)-Hz 

Fig.9-1/F Noise current vs. frequency. 

10008 SUPPLY VOLTAGE tv+) -zov 
0 

4 

" 
, 

6 
~ 100 

9 8 

i! 0 .. • .. 
l! 
~ 

, 
2 10 

8 

~ • · , 
I 

COLJ.EC:TOR-TO-EMITTER VOLTAGE 1VCE1-tOv 
AMalENT TEMPERATURE CTA)-2!1-C 

10- ~ 

/' 

J...,.. 

"" 

, . & 810 , • 8)0 lOOO 

COLLECTOR MILJ.IA"PERES tIC)-1nA 
t2CS-ZOSIi 

Fig. II-Composite de beta v,. collector cur· 
rent of aarlington-connecftld output 
transiston 0,2, 0,3-

10'6 SUPPLY VOLTS:Vi'=+l5.Y-=-15 

0.1 
4'8 468 4&1 4'. 

I 10 100 1000 
AMPLIFIER BIAS MICROAMPERES I:lABe) 

'2C'·I15" 

Fig. 13-FoTWllnl tnmsconductllnce vs. 8IfIp
/ifier biu current. 



File No. 598 _------------------- CA3094, CA3094A, CA3094B 

Typical Characteri.tiC1 Curve. 

''''': SUPPLY VOLTAGE (V Ja "1~V;(V-)·-I:5V 
AMBIENT TEMPERATURE (TAJ -25-C . FOR TEST CIRCUIT, SEE fiG. 23 

"",/ , 
V 

~ 10 , 
> 'r--_ .. 
I 4 "'" 5 , ""'v 
S I , 

100" SUPPLY VOLTAGE (V+)a+15V; (V-)--15V 

• AMPLIFIER BIAS CURRENT (lABel- 500"A -• AMBIENT TEMPERATURE (TA'· 25-C 

2 

FOR TEST CIRCUIT SEE FIG. 24 ~ 

~ 10 
/,...-

> · ~ • 
"'" ;: • 

~ 
2 

I / 
• , 

/' 4 

V · · , 2-

0.1 0.1 , 4 , , 10 
, 4 , , KlO 2 4 , 

'I 000 20 40 60 aD 100 

AMPLIFIER BIAS CURRENT IIABCI-,..A 
CLOSED-LOOP VOLTAGE GAIN (ACI.I- dB 

92C5-20394 
nCS-20393 

Fig. 14-Slew rare vs. amplifier bias current. Fig. , 5-Slewrate vs. closed-loop voltage gain. 

~ W ~ W ~ 00 70 
CLOSED-LOOP VOLTAGE GAIN (ACL1- dB 

92CS-20395 

Fig. 16-Phase compensation capacitance and 
resistance vs. closed-loop valtage gain. 

OPERATING CONSIDERATIONS 

The ··Sink" Output (terminal No.8) and the "Drive" Output 
(terminal No.6) of the CA3094 are not inherently current 
(or power) limited. Therefore. if a load is connected between 
terminal No. 6 and terminal No. 4 (V- or ground). it is 
important to connect a current-limiting resistor between 
terminal 8 and terminal No.7 (V+) to protect transistor Q13 
under shorted load conditions. Similarly. if a load is 
connected between terminal No.8 and terminal No.7. the 
current-limiting resistor should be connected between ter
minal 6 and terminal No.4 or ground. In circuit applications 
where the emitter of the output transistor is not connected 
to the most negative potential in the system, it is recom
mended that a l00-ohm current-limiting resistor be inserted 
between terminal No.7 and the V+ supply. 

TEST CIRCUITS 

1/F Noise Measurement Circuit 

When using the CA3094, A, or B audio amplifier cir· 
cuits, it is frequently necessary to consider the noise perform
ance of the device. Noise measurements a~e made in the circuit 
shown in Fig. 21. This circuit is a 30-dB, non-inverting amp
lifier with emitter·follower output and phase compensation 
from terminal No.2 to ground. Source resistors (Rs) are set to 
o.n or 1 Mn for E noise and I noise measurements, respec
tively, These measurements are made at frequencies of 10 Hz, 
100 Hz, and 1 kHz with a l-Hz measurement bandwidth_ 
Tvpical values for llf noise at 10 Hz and 50 /J.A IABC are 
En = 18 nv!.fWZ and IN = 1.8 PAI.jFf£-
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HOY 

10011 

+15Y +,Oy 

Test Circuits 

INPUT OFFSET VOLTAGE: 

VIO-~:-

FOR POWER SUPPLY 
REJECTION TEST: 

11) VARY v+ BY -2 VOLTS; 
THEN 121 VARY Y- BY 
+2 VOLTS 
EQUATtoNS: 
(11 v+ REJECTION

EQOUT - £, OUT 
2110 

121 Y- REJECTION
Eo OUT - E2 OUT 

2110 

POWER Sl.PPL V REJECTION 

IdBt- 20 LOQV~EJECTION. 
-MAXIMUM READING OF 

STEP 1 OR STEP 2 

Fig. "-Input offset lIo/tage and power-supply rejection test circuit 

+30V 

IMII 

+30Y 

YeMR 

+15Y.-----------~--------~--------.J 
CMRR_1 1OO.26V I 

EZOUT-EIOUT 
INPUT VOLTAGE RANGE FOR CMRR-' TO Z7V 

CMRR (dB)- 20 lOG 1100.26 V I 
E20UT-EIOUT 

92CS-20399 

Fig.20-Common-mode ran!}6 and rejfICtion ratio test circuit. 

+15V 

3.6Kll o 
50 50 

RS' 500 500 

IZ0n * RS·~~~T(rF NOtsE CURRENT 

RS -¥fsr.F NOISE VOLTAGE 

t50KR 1 
EOUT 

j 
+t5V.-~~------~r---------------_{) 

PDISSIPATION-IV+IIII 
EOUT 

OFFSET CURRENT los ~ 6 VOLTS 

10 AMPS 92CS-20397RI 

Fig.18-lnput other current test circuit 

+15Y 

464 

+30y 

300Kll 

92CS-203M 

Fig. IS-Input biIII current test circuit 

RS· 

OUTPUT ( RMS) 

3KA 

-15V 

Fig.21-1IF noise test circuit. 

+1!5V 

RS lAse 
A .. " 

5&K 500 

0_ 50 

5&" 0 

OUTPUT 

9ze5-20401 

FIg.22-0pen-loop gain VI. frequency tIIst circuit. 
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+15V Test Circuits (cant'd) 

92C5-20402 
-15V 

Fig.23-0pen-loop slew rate V.I. I ABC test circuit. 

"15V 

!10J1n, 

EOUT 

-15 V 92C5-20403 

Fig.24-Slew rate vs. non-inverting unity gain test circuit. 
+15V 

56KQ 

CLOSED 
LOOP "I "2 ". GAIN 

KJl KJl Kn dB 

0 10 <D Kl 

20 10 I 10 

40 I 0.1 19 

OUTPUT 

-15V 

120 VAC 
F;g.25-Phase compensation test circuit. 

". 

COMMON 

CI-O.5",F R4~ 44Mn·4HRS. 
01 _IN914 RS- 1.5 Kn 
Ria 0.51 una 3 MIN. RS- 5OK.Q. 
R2- 5·1 Mn-30MIN.R7- 5.IK.Q. 
R3- 22MQ-ZHRS. Re- 1.5K.Q 

Fig.26-Presenable 8nalog timer. 

"LOAD 1 
EOUT 

l 

RCA 
40529 

SI_......JL-___ _ 

@O~ 
I 

~ ® a TIME- I HR. 
S2 SET TO R4 

92C5-2040SN 

TYPICAL APPLICATIONS 

For Additional Application Information, refer to Application 
Note ICAN-6048 "Some Applications of. Programmable 
Power/Switch Amplifier IC", 

Design Considerations 

The selection of the optimum amplifier bias current (lABC) 
depends on-
1. The Desired Sensitivity - the higher the IABC, the higher 

the sensitivity - i.e., a greater-drive current capability at 
the output for a specific voltage change at the input 

2. Required Inl>ut Resistance - the lower the IABC, the 
higher the input resistance 

If the desired sensitivity and required input resistance are not 
known and are to be experimentally determined, or the 
anticipated equipment design is sufficently flexible to toler
ate a wide range of these parameters, it is recommended that 
the equipment designer begin his calculations with an IABC 
of 100 /lA, since the CA3094 is characterized at this value of 
amplifier bias current. 

The CA3094 is extremely versatile and can be used in a wide 
variety of applications: 

Zl 

EIN 

WHERE EE OUT • f I ~) DEPENDS ON THE 
IN ZI 

CHARACTERISTICS Of ZI AND Z2 

lal. 
F;g. 'a) As an inverting op-amp. 

EIN 

1 
EOUT* 

1 
WHERE EOUT- EIN 

*IN SINGLE- ENDED OUTPUT OPERATION. THE CA3094 
MAY REQUIRE A PULL UP OR PULL DOWN RESISTOR 

101 RCS-20383 

F;g. fbJ In B non-inllerting mode 11$ a follower. 
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Typical Applications (cont'd) 

v" -Iav 51 
~~~-_r-~~~ 

R 

, 
213V+- - -- -~ 
o-/i PULL UP 

VOLTAGE A I 

+I:=s-L 
VOLTAGE AT TERMINAL 
N~. 

1 
EoUT 

! 
TIME DELAY (SECONOS).RC APPRO)(.-=-

92CS-20406 

Problem: To calculate the maximum value of R required to 

Given: 

switch a l00·mA output current comparator 

IABC = 5 !lAo RABC = 3.6 Mn '" ~ 
5!lA 

II = 500 nA @ IABC = 100!lA (from Fig. 4) 
II = 5 !lA can be determined by drawing a line on 

Fig. 4 through I ABC = 100 !lA and I B = 500 nA 

parallel to the typical T A = 250 C curve. 

Then: II = 33 nA@ IABC = 5!lA 

Rmax = 18-12 volts = 180 Mn@TA = 250 C 

33nA 

Rmax = 180 Mn x 2/3" = 120 Mn@TA = -550 C 

"Ratio of II at TA - +250 C to II at TA = -550 C for any 
given value of IABC. 

Fig.27-RC timer. 

NOTES: R-INn -fl--zms n C"Ip.F 

Eou:J~L 

~ 
TIME CONSTANT t s::s RCxl20 

C, 
-TRADEMARK PULSE WIDTH wlI:fKC 92CS-20407 

E.I. DUPONT DE NEMOURS 

Fig.28-Free-running pulse generator. 
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y+ 

1OO0e 'Me 
R, 

220KA 

INPUT 
O.OI"Fa A 

210 
lOCKA 

oe 
RCA 

12VOC 44003 

IOOKa 

IOOKa 

V' 

A :+-, I 
.or ~ 

C 0---y 

DO 

E ~'-=rI ________ _ 

On a negative·going transient at input (A). a 
negative pulse at C will turn "on" the CA3094. 
and the output (E) will go from a low to a high 
level. 

At the end of the time constant determined by Cl. 
R 1. R2. R3. the CA3094 will return to the "off" 
state and the output will be pulled low by 
R LOAD. This condition will be independent of 
the interval when input A i eturns to a high level. 

Fig. 29-RC timer triggered by external negative pulse. 

+30V 

SOKn 

Fig.30-Single-supply astable multivibrator. 
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Typical Applications lcont'd) 

OUTPUT 

NOTE: 

'OUT- I 
2RCln(~+I) 

IF HZ -3.08 RI. 

-ISV fouT- if: 

Fig.31-0p-amp astable multivibrator (dual-supply) • 

UPPER THRESHOLD II 

LOWER THRESHOLD-

v+ R,+Rb [ ] t
., .0) ] 

(::::b)+Ra 

.......... --.... -_+ 15 V 

2.1'1 

@-*-..-oOUTPUT 

IOOKa. 

tal DUAL SUPPLY 

v+ 
.... --<1 .... ---.... -05 vI 

IOOKa 

OUTPUT 

lb' SINGLE SUPPLY 

92CS-20558 

Fi/J.32-ComparatorlthlYlshold detector. 
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111 V 
60Hz 

RCA 
TYPE 

44003 

'0 

26V 
6OH, 

+ 

.Y+INPUT 

TypIcII AppIiClltions lcont"dl 

+ISV ,>--.... ~ ...... ---o REG. 
OUTPUT 

0.031£' 

-15V 
'-""T"---+-l.--O REG. 

OUTPUT 

*V+INPUT RANGEo:I9 TO 30 Y '----'\M~----.J 
FOR ., V OUTPUT 

._V-INPUT RANGE--I& TO-30 V 
FOR0.f5 V OUTPUT' 

REGULATION: 

IOKA 
,o,% 

MAX. LINE = 4 Your 
"['-VO-"U"'T!...CI-N-'T-"-L-=~"'''-V-'N- a 100-0.075% IV 

MAX. LOAD· 4 Your 
::VOU""""T"',""N"'=T'"'".L"I"" .: 100" 0.075 "" Your 

(Xl, FROM I TO 50 mA) 

92CM-20560 

Fig.33-Du.' tracking voltsge regulator. 

U5M IN914 

ALL RESISTANCES IN OHMS -112 WATT 
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TREBLE f':l 'B~r 15KI1 

6811 

-=- Q.OOJ,.F 

0.01 
,.F 82011 

5600.0. 

t 
C2 

O.47,.F 

"OOOST" 100 Kg, "CUT" 
(ew) BASS (cew) 

IDKa 
JUMPER 

TVPICAL PERFORMANCE DATA - For 12-W Audio Amplifier Circuit 

Power Output (Bn load, Tone Control set at "Flat") 
Music (at 5% THO, regulated supplV) ..•..........•..•. 15 
Continuous (at 0.2% IMO, 60 Hz &. 2 kHz mixed in a 4:1 ratio. 

unregulated supply) See Fig. 8 In rCAN-6048. . . . . . . . . .. 12 

Total Harmonic Oistoration 
At 1 W. unregulated supply ...................... , , . 
At 12 W. unregulated supply. , .. , , '.' . , ........ , .... , 

Voltage Gain .......................... , , . , , .... , .. 
Hum and Noise (Below continuous Power Output) ......... . 
Input Resistance . , , ........ , .. , .. , . , .... , ..... . 

0.05 
0.57 
40 
83 
250 

Tone Control Range ., ...... , .......... ,... See Fig. 9 In ICAN·6048 

OJ-D4IN5391 

STANCOR 
NO. P-B609 

4700 
~ I&F 

04 1120V AC TO O:6.i~~~~~E:!~ 

330.0. 

22n 

4711 R2 
I.B MQ 

* OPTIONAL THERMAL 
COMPENSATION NETWOR 

RL 
8n 

~ 8.2 n 

t'N53" 

FOR STANDARD INPUT: SHORT C2: RI =250 tUl. 
c, :oO.047",F; REMOVE R2 

FOR CERAMIC CARTRIDGE INPur: CI"O.0047,.,.F 

w 

w 

% 
% 

dB 
dB 
kl1 

RI =2.5 M.D.; REMOVE JUMPER FROM C2; LEAVE R2 

92CM'2D~2' 

Fig.35-12-watt amplifier circuit featuring a true
complementary output stage with CA3094 
in driver stage. 
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ffil(]5LJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3095E 

Super-Beta Transistor Array 
Differential Cascade Amplifier Plus 3 Independent Transistors 

Applications 
Differential Cascade Amplifier: 

• Super-beta pre-amplifier for op-amp 
• High-impedance de meter amplifier • Long-duration one-shot multivibrator 
• Low-noise video amplifier • Comparator with high-input impedance 
• Piezoelectric transducer amplifier • Long-time-constant integrator 

• Long-interval timer • Photocell amplifier 

16-Lead Dual-In-Line 
Plastic Package 

• Low-noisa amplifier-for operation from high-source impedances 

Independent Transistors: 

• General use in signal processing systems in de through vhf range 

RCA-CA3095E* is a monolithic array of transistors con
nected as a super-beta differential cascade amplifier with 
three independent n-p-n transistors_ (Refer to Fig. 1 for 
following description.) 
The differential cascode amplifier incorporates two cascode 
amplifiers consisting of transistors aI, 03 and 02, 04, 
respectively, plus a VOltage-limiting circuit, consisting of 
diodes 0 I, 02 and p-n-p transistor 05_ Two of these 
transistors, 01 and 02, are super-beta types that have an 
hFE > 1000 and are capable of operating over a wide current 
range of 1 p.A to 2 mA_ Each of the .. types comprises the 
input section of its respective cascade amplifier_The output 
section of each cascade amplifier employs a conventional 
n-p-n transistor, 03, 04, respectively. The output signal is 
obtained at the collectors of these transistors_ See Operating 
Considerations on page 8 for bias considerations of the 
differential cascade amplifier. 
The exceptionally high-beta characteristics of 01 and 02, 
plus the large signal-voltage swing capability of 03 and 04, 
make the composite differential cascode amplifier an excel
lent choice for a broad range of small-signal, high-input
impedance amplifier applications including low-noise video 
amplifiers_ This amplifier is also recommended for use in 
long-interval timers, oscillators, and long-duration one-shot 
applications. 
The independent transistors, 06, 07 and OS, are high-voltage 
silicon n-p-n conventional types for general use in signal 
processing systems in the frequency range from dc through 
vhf. Separate terminals for each of these transistors permit 
maximum flexibility in circuit design_ 

Features 

• Two super-beta n-p-n transistors - hFE > 1000 

• Voltage-limiting circuitry (01, 02, 05) 

• Operation possible at II B down to < 1 nA 

• Matched pair (01 and 02) -
Via = 5 mV max_ at IC = 100 p.A dc 

110 = 20 nA max. at IC = 100 p.A de 

• Wide current range - < lp.A to 2 mA 

Independent Transistors: 

'. hFE = 300 typo for each transistor 

• Wide current range - < 1 /JA to 10 mA 
• Matched general-purpose transistors 

• High voltage - VCBO = 45 V max_ 

The CA3095E is supplied in a 16-lead dual-in-line plastic 
package and operates over the ambient temperature range of 
_55°C to +125°C 

NOTE: SHADED TRANSISTORS ARE 
SUPER BETA TYPES 

92<:S-20350 

* FQrmerly d~elopmental type TA6269X. 

11-73 
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. ° MAXIMUM RATINGS, Absolute-Maximum Values at TA =25 C Conventional N-P-N Transistors (03, 04, 06, 
m,OS)-

Power Dissipation: Co"ector-to-Base Voltage (VCBO) ..•.•• 45 V 
Any One Transistor ............... . 300 mW Collector-to-Emitter Voltage (VCEO) ... 35 V 
Total Packag~ 

Up to 25 C . _ ...... ___ •.•. _ •• _ 750 mW 

Emitter-to-Base Voltage (VEBO) ...... _ 6 V 
45 V 

Above 25°C ....... derate linearly 6.67 mWtOC 
Collector-to-Substrate Voltage (VCIO)* .. 
Collector Current tlCI .............. 50 mA 

Ambient Temperature Range: 
Operating .....•...•............. 
Storage 

Lead Temperature (During Soldering): 
At distance not less than 1/32" (0.79 mml 
from case for 10 seconds max .......•.. 

Voltage and Current Ratings Apply for Each 
Specified Transistor: 

Super-Beta Transistors (a 1, Q2)
Co"ector-to-Base Voltage (VCBO) . _ . _ •. 
Emitter-ta-Base Voltage {VESOI ..... . 
Collector-ta-Substrate Voltage (Velo)* .. 
Collector Current (Ie) •••.•.........• 

Base Current (I a) ••.•.•..••.....•.. 

STATIC CHARACTERISTICS 

Characteristics 

-55 to +125 
-55 to+150 

+265 

6 
6 

45 
50 
20 

Symbol 

°c 
°c 

°c 

Base Current (I B) ................... 20 mA 
Conventional P-N-P Transistor (Q5)- . 

Co"ector-to-Base Voltage (VCBO) ..... -45 V 
Collector-to-Emitter Voltage (VCEO) ... -35 V 

Limiting Circuit Current tlPin 11) ........ 20 mA 

* The collector of each transistor is isolated from the substrate by 
an integral diode. The substrate must be connected to a voltage 
which is more negative than any collector voltage in order to 

V maintain isolation between transistors and provide normal transistor 
V action. To avoid undesired coupling between transistors. the 
V substrate terminal should be maintained at either dc or signal (ac) 

mA ground. A suitable bypass capacitor can be used to establish a signal 
rnA ground. 

Test Conditions Limits 

TA=25°C Units 
Min. Typ. Max. 

Characteristics Apply for Each Super-Beta Cascade Amplifier Transistor 
Pair (Ql, 03) and (02.04), Unless Indicated Otherwise 

Collector-to-Base Breakdown Voltage V(BR)CBO IC = 10 "A, IE = 0 See Note 1 6 - - V 

Emitter-to-Base Breakdown Voltage 
V(BR)EBC IE = l00"A,IC = 0 

Term. 9 to 8 or 
6 S - V (Applies only to 01 & 02) Term. 7 t08 

Collector-to-Substrate Breakdown Voltage V(BR)CIO ICI = 100"A,IB = IE = 0 45 - - V 

Collector Cutoff Current ICER 
V6-B or Vl0-B = 10V,Ill = 100"A 

- - 100 nA 
RBE = 100 M.I1 

Vl0_S=5V IC= 1 mA - 1500 -
or 

DC Forward·Curre'nt Transfer Ratio hFE VS-B = 5 V IC= 100"A 1000 2000 5000 

IC= 10"A - 1500 -

Base-to-Emitter Voltage 
VBE IC = 100"A, V6-S or VlO-S = 5 V 0.50 0.59 0.68 V (Applies only to 01 & 02) 

Saturation Voltage Vsat 
ISor 110= 1 mA,lll = 100"A, - 0.22 0.7 V 
17 or 19= 100 "A 

For Cascade Amplifiers as a Differential Matched Pair 

Magnitude of Input-Offset Voltage 1101 IC=100"A - 1 5 mV 
-

Magnitude of Input-Offset Current 11101 V6-B = VlO-S = 5 V - 4 20 nA 

Magnitude of I nput·Offset Voltage Drift lL':.vlol 
(Temp. Coelf.) tsr - 3.3 - "Vt"C 

Magnitude of Input·Offset Current Drift 1L':.1101 
(Temp. Coell.) """L'.T"" - 0.05 - nAt"C 

Note 1: Terminal No.9 to terminals 10 and 11 connected or terminal No.7 to terminals 6 and 11 connected. 
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STATIC CHARACTERISTICS (Cont'd) 

Test Conditions Limits 

Characteristics Symbol TA=25°C Units 
Min. Typ. Max. 

For Each Conventional n-p-" Transistor {03, Q4. 06, Q7. QS) 

Collector-ta-Base Breakdown Voltage VIBRICBO IC = 10 "A. IE = 0 45 95 - V 

Collector-ta-Emitter Breakdown Voltage VIBRICEO IC = 1 mA, IB = 0 35 50 - V 

EfT)itter-to-Base Breakdown Voltage VIBRIEBO IE = 100"A,le = 0 S S - V 

Collector-ta-Substrate Breakdown Voltage VIBRICIO ICI = 100"A,IB = IE = 0 45 95 - V 

Collector Cutoff Current ICEO VCE=10V,IB=0 - - 100 nA 

Collector Cutoff Current ICBO Vce = 10 V, IE = 0 - - 10 nA 

Ic= 10mA - 210 -
DC Forward-CLIfrent Transfer Ratio hFE VeE = 5 V IC= 1 mA 150 300 500 

IC = 10"A - ISO -

Base-ta-Emitter Voltage VeE Ic = 1 rnA, VCE = 5 V O.SO 0.S9 0.78 V 

Collector-to-Emitter Saturation Voltage VCElsa,1 IC = 10 rnA, Ie = 1 mA - 0.22 0.7 V 

Dynamic Characteristics 

Test Conditions Limits 

Characteristics Symbol TA =25 OC 
Min. Typ. Max. 

Units 

Characteristics Apply for Each Super-Beta Cascade Amplifier Transistor 
Pair (aI, 031, Unle .. Indicated Otherwise 

Gain-Bandwidth Product IT IC = 100 "A, VS-S = VlO-S = 5 V, - 78 - MHz 

Noise Voltage (Referred to Input) EN IC = 50 "A, I = 10 Hz - 13 - nV/M 
For Differential Amplifier Operation 

Noise Current (Referred to Input) IN IC = S "A, I = 10 Hz - 0.12 - pAlM 
For Differential Amplifier Operation 

Collector-to-Base Capacitance Cce VS_7 = Vl0-9 = 5 V,IE= 0 - 0.3 pF 

Collector-fa-Substrate Capacitance CCIO VS-S = Vl0-5 = 5 V,IB = 0 - 3.0 - pF 

For Each Conventional Transistor (03 through 08) 

Ie = 100"A, VCE = 5 V - 100 -
Gain-Bandwidth Product IT MHz 

IC = 3 rnA, VCE = 5 V - 320 -
Noise Voltage (Referred to 1 nput) EN IC= 100 "A, VCE =5V,I= 10Hz - 5 - nV/M 

Noise Current (Referred to Input) IN IC = 10 "A, VCE = 5 V, I = 10 Hz - O.S - pAlM 

Collector-lo-Base Capacitance Cce VCB = 5 V, IE = 0 0.4 - pF 

Collector-la-Substrate Capacitance CCIO VCI=5V,le=0 2 pF 

* Curve plotted for I CEO characteristic. 
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Test Circuits for Measurement of Super· Beta Cascode Amplifier Characteristics 

IIB 
PICO

AMMETER 

Fig.2-VIBRICBO "'''circuit. 

Fig.4-DCBeta (hFEJ test circuit. 

nCS-Z035' 

10 6 PIN 6-TO-PIN 8 VOLTAGE Ws-S)-IO V OR 
011 4 PIN IO-lO-PIN 8 VOLTAGE (VIO_e}-IOV i 2 CURRENT AT PIN II (I11)a,OO p.A 

~ 

-75 

/ 

·50 -25 o 25 50 75 
AMBIENT TEMPERATURE (TA)- ·C 

,zeS-ZOl5S 

Fig.6-Collector cut-off current vs ambient 
remptlrature for super·hem cascode 
pairs. 

.. 
"-

:2000 
0 

5 
'" ~150 

~ 
!zl 

~ 
; 500 

'" ~ 
g 

0 

100 

92CS-I03S! 

Fig.3-ICER test circuit 

Fig. 5-V sat test circuit for super-beta cascade pairs. 

PIN 6-TO-PIN B VOLTAGE {VS_SJ-5V OR 
PIN ID-TO-PIN 8 VOLTAGE tv _ ).5V 

!AMBIENT TEMP. (TAl- +8S-C 
.... '--- I25.J .:c:.:;.. 

~ 
....- 1.0.1 ~ 

-- '\! 

4&1 468 461 
10 100 1000 

COLLECTOR CURRENT (IC)-/l-A 

Fig.7-hFE Vi. Ie for each supe,...beta cascode 
amplifier transistor pair (Q" Q3J and 
102,041. 

••• 10,000 

92C5-203116 

473 



CA3095E ___________________________ File No. 591 

j 0.8 

'" -! 
'" ~ 0.6 

g 
ffi 
0-

~ 0.4 

~ 
~ 02 
~ 

0 

PIN 6~TO-PlN8 VOLTAGE (Ve-a)- 5V OR 
PIN IO-TO-PINSVOlTAGE (Vlo-a)- 5V 

AMJIENJ~~Jo~ __ ' 
l/ 

~~ 
~ [7 

I- -_ ... - +85°C 

l-
I--

2 4 68 
10 

4 68 
100 

468 246B 
1000 lapOO 

COLLECTOR CURRENT lI:c) -p.A 92CS-20357 

Fig.8-VSE vs. IC for each super·beta t,a".. 
sistor (0 1 and Q2J. 
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Fig. 'O-l-V characteristics for the super-betB 
CS8CO(/e pain. 
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Fig.12-Collector cutoff current V$ ambient 
temperature for the conventional 
transistor, (V CE = 5 V. 10 VI. 
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F;g.9-VCE(.atl vs. IC for each super-beta 
cascode amplifier trBn,i,tor pair (01, 
031 and (02, 04J. 
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Fig. 1 1 -1· V characteristics for the super-beta 
cascade pairs. 
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Fig.13-Collector cutoff current vs ambient 
temperature lor the conventional 
trans;stDrs IV CB = 5 V, '0 V, 15 VI. 
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COLLECTOR-TO-EMITTER I ... VOLTAGE tVCE) -5V 
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Fig.14-hFE IfS. Ie for each conventional 
transistor (06, 07, 081. 
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Fig.16-VCE{sat) as a "tunerion of collector 
curr.ent for the conventional 
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TYPICAL APPLICATIONS 
y+ 

Fig.27-Bias a"angement for operation of the super-beta 
differential CS$Code amplifier. 

Operating Considerations 

Operation Considerations for the Super·Beta Differential 
Cascode Amplifier 

An internal voltage-limiting network (diodes Dl, 02 and 
p-n-p transistor 05) incorporated in the differential cas
code amplifier, assures that the applied coliector-to .. mitter 
voltage of each super-beta unit is maintained below two 
volts. Fig. 27 shows a typical bias arrangement of the 
super-beta differential cascode amplifier. 

Bias current for this network must be supplied by an 
external source. This bias current can be obtained by 
simply connecting a resistor from Pin 11 to the positive 
supply of the differential amplifier. The return path for 
most of the bias current is through the substrate, Pin 5, 
rather than through the common emitter, Pin B. This 
arrangement provides superior common-mode and power
supply rejection. As a general rule-of-thumb, the current 
supplied into Pin 11 should be approl\imately 0.04 to 0.1 
times the value of the quiescent'current of Pin 8. 
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TYPICAL APPLICATIONS (Cont'd) 
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Fig.28-Super-beta Op-Amp with diode drive network. 

Fig.30-High-;nput-impedance. low-noise amplifier circuit. 
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Fig.29-5uper-beta Op-Amp with resistor drive network. 
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Fig.33-Low input-bias current comparator circuit. 
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OOCD3LJD Linear Integrated Circuits 
Monolithic Silicon 

Solid State 
Division CA3096AE 

CA3096E 

1~~~'~' 
N-P-N/P-N-P Transistor-Array Ie 
Features: 

, ... , "".°0 " "Qo,. 0, • Matched General-Purpose Transistors (CA3096AE Only) 

• Input Offset Voltage ± 5 mV 
2 • • " ~ 

@~ .. , .. " 
• Input Offset Current: 

* ........... 
Schematic Diagram 

p-n-p Pair ± 250 nA max_ @ IC = -100 IlA 
n-p-n Pair ± 0_6 IlA max_ @ IC = 1 mA 

• High hFE 

."'~, 
n-p-n transistor: 150 min_ @ IC = 1 mA 
p-n-p transistor: 40 min_ @ IC = 100 IlA 

• High Qreakdown Voltages: 
n-p-n transistor: V(BR)CEO = 35 V min; V(BR)CBO = 45 V min_ 

p-n-p transistor: V (BR)CEO = 40 V min; V (BR)CBO = 40 V min_ 

• Separate Substrate Connection 

RCA-CA3096Ee and CA3096AEe are general-purpose high
voltage silicon transistor arrays. Each array consists of five 
independent transistors (two p-n-p and three n-p-n types) on 
a common substrate, which has a separate connection. 
Independent connections for each transistor permit maxi
mum flexibility in circuit design. 

Types CA3096AE and CA3096E are identical, except that the 
CA3096AE specifications include parameter matching and 
greater stringency in ICBO.ICEO. and VCE(SAT) (see Table 11_ 

CA3096E and CA3096AE are supplied in 16-lead dual-in-line 
plastic packages_ 

• Formerlv RCA Developmental No. T A6270. 
MAXIMUM RATINGS. Absolute Maximum Values at T A = 25°C 

Each n-p-" Each p-n-p 
Transistor Transistor 

Collector-ta-Emitter Voltage. VCEO 35 -40 
Collector-to-Base Voltage -. - VCBO 45 -40 
Collector·to-Substrate 

Voltage .--------.---. VCIO 45 -45 
Emitter-ta-Base Voltage - -. - VEBO 6 -40 

V 
V 

V 
V 

• Low Noise Figure: 
n-p-n transistor: 2.2 dB typo at 1 kHz 
p-n-p transistor: 3 dB typo at 1 kHz 

Applications: 

• Differ.ntial Amplifiers 

• DC Amplifiers 

• Sen •• Amplifiers 
• Level Shifters 

• Timers 
• Lamp and Relay Driver. 
• Thyristor Firing Circuits 
• Temperature-Compensated Amplifiers 
• Operational Amplifiers 

Temperature Range: 
Collector Current ......... IC 50 -10 mA Operating ..••..•.•... -55 to +125 
Dissipation PO: 

Up to T A'" 55°C: 
Oevice (Totan ...... 
Each Transistor 

AboveTA=5SoC .::::: 

750 mW 
200 mW 

Derate Linearly 6.67 mW/oC 

Storage •...••.....••.. 
Lead Temperature (During Soldering) 

At distance 1/16± 1/32" 
(1.59 ± 0.79 mm) from case for 
10 seconds max. 

TABLE I-CA3096AE AND CA3096E ESSENTIAL DIFFERENCES' 

RCA ICBO ICEO VCE(SAT) IVlol 

TYPE 
(nA) (nA) (VI (mV) 

-65 to +150 

265 

11101 

!J1A) 

n-p-n p-n-p n-p-n p-n-p n-p-n p-n-p n-p-n p-n-p n-p-n p-n-p 

CA3096AE 40 -40 100 -100 0_7 0.4 5 5 0_6 0_25 

CA3096E 100 -100 1000 -1000 1.0 0_7 - - - -

* Maximum values. 

11-73 
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File No. 595 CA3096E, CA3096AE 

STATIC ELECTRICAL CHARACTERISTICS at T A = 250 C (For Equipment Design) 

CA3096AE, CA3096E 
CHARACTERISTICS SYMBOL TEST CONDITIONS LIMITS UNITS 

Min. Typ. Max, 

For Each n-p·n Transistor: 

Collector-Cutoff Current (CA3096AE) ICBO VCB" 10 V, IE" 0 - 0.0013 40 nA 

Collector-Cutoff Current (CA3096AE) ICED VCE ~ 10V,IB~0 - 0.0055 100 nA 

Coliector·Cutoff Current ICA3096E) ICBO VCB" 10 V, IE" 0 - 0.0013 100 nA 

COllector-Cutoff Current ICA3096E) ICED VCE" 10 V, IB" 0 - 0.0055 1 J.IA 

Collector-to-Emitter Breakdown Voltage VIBR)CEO Ic"lmA,IB"O 35 50 - V 

Collector-ta-Base Breakdown Voltage VIBR)CBO IC" 10J.IA, IE" 0 45 100 - V 

Collector-ta-Substrate Breakdown Voltage VIBR)CIO ICI" 10J.IA,IB" IE" 0 45 100 - V 

Emitter-ta-Base Breakdown Voltage VIBR)EBO IE" 10J.IA, IC" 0 6 8 - V 

Emitter-ta-Base Zener Voltage Vz IZ"10J.IA 6 7.9 9.8 V 

Collector-to-Emitter Saturation Voltage 

ICA3096AE) VCEISAT) IC" 10mA,IB" 1 mA - 0.24 0.5 , V 

Collector-ta-Emitter Saturation Voltage 

ICA3096E) VCEISAT) IC" 10mA,IB" 1 mA - 0.24 0.7 V 

Base-ta-Emitter Voltage VBE 0.6 0.69 0.78 V 

DC Forward-Current Transfer Ratio hFE 
IC"l mA, VCE" 5 V 

150 390 500 

Magnitude of Temperature Coefficient: 

VSE (for each transistor) Il',v 8 E/l',T I IC" 1 mA, VCE " 5 V - -1.9 - mV/oC 

For Each p-n-p Transistor: 

COllector-Cutoff Current ICA3096AE) ICBO VCB~-10V,IE~0 - -0.055 40 nA 

COllector-Cutoff Current ICA3096AE) ICED VCE~-10V,IB~0 - -0.12 100 nA 

Collector-Cutoff-Current (CA3096E) ICED VCE~-10V.IB~0 - -0.12 1 J.IA 

Collector·Cutoff-Current (CA3096EI ICBO VCB ~ -10 V,IE ~ 0 - -0.055 100 nA 

Collector-ta-Emitter Breakdown Voltage VIBR)CEO IC ~ -100J.IA,IB ~ 0 -40 -75 - V 

Collector-ta-Base Breakdown Voltage VIBR)CBO IC~-10J.IA,IE"0 -40 -80 - V 

Emitter-ta-Base Breakdown Voltage VIBR)EBO IE~-10J.IA.IC~0 -40 -100 - V 

Emitter-ta-Base Zener Voltage Vz IZ"10J.IA 10 16 - V 

Emitter-ta-Substrate Breakdown Voltage VIBR)EIO lEI ~ 10 J.IA, I B ~ IC ~ 0 -40 -100 - V 

Collector-ta-Emitter Saturation Voltage VCEISAT) IC ~ -1 mA,lB ~ -100J.IA - -0.16 -0.4 V 

Base-ta-Emitter Voltage VBE IC" -100J.IA, VCE ~ -5 V -0.5 -0.6 -0.7 V 

IC ~ -100J.IA, VCE.~ -5 V 40 85 200 
DC Forward-Current Transfer Ratio hFE 

IC ~ -1 mA, VCE ~ -5 V 20 47 150 

Magnitude of Temperature Coefficient: 

Vee (for each transistor) Il',vBE/l',TI IC ~ -100 J.IA, VCE ~ -5 V - -2.2 - mV/C 

'For Transistors Q1 and Q2 (As a Differential Amplifier): CA3096AE ONLY 

Absolute Input Offset Voltage IVIOI - 0.3 5 mV 

Absolute I nput Offset Current 11101 VCE" 5 V, IC ~ 1 mA - 0.07 0.6 J.IA 

Absolute Input Offset Voltage Temperature Il',~~ol 
Coefficient - 1.1 IlV(C 

For Transistors Q4 and 05 (As a Differential Amplifier!: CA3096AE ONL Y 

Absolute Input Offset Voltage IVIOI - 0.15 5 mV 

Absolute Input Offset Current 11101 VCE ~ -5 V.IC ~ -100J.IA 
- 2 250 nA 

Absolute Input Offset Voltage Temperature 1~~101 RS ~ 0 
Coefficient - 0.54 - Ilvtc 
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CA3096E. CA3096AE 

DYNAMIC ELECTRICAL CHARACTERISTICS at TAD 25"C ' 
Typical Values Intanded Only for Design Guidance 

CHARACTERISTICS SYMBOL 

For E .......... n Transistor 

Noise Figure (low frequencyl NF 

Low·Frequency. Input Resistance Ri 

Low-Frequency Output Resistance Ro 

Admittance Characteristics: 

9fe --Forward Transfer Admittance Vie ble 

gie 
I nput Admittance Vie --

bie 

Output Admittance 90e 
Voe--

boo 

Gain-Bandwidth Product IT 

Emitter-ta-Base Capacitance , CEB 
Collector-to-Base Capacitance CCB 
Collector-to-Substrate Capacitance CCI 

For E""" ... n-p Transistor 

Noise Figure (low frequency I NF 

Low-Frequencv Input,Resistance Ri 

Low-Frequency Output Resistance Ro 
Gain-Bandwidth Product IT 
Emitter-to--Basa Capacitance CEB 
Collector-to-a_ Capacitence CCB 
Base-to-Substrate Capacitance CBI 

482 

FileNo. 595 

TEST CONDITIONS TYPICAL VALUES UNITS 

f=lkHz,VCE=5V, 
2.2 dB 

IC = 1 mA, RS = 1 kn 

1= 1.0 kHz, VCE ;' 5 V, 
10 kn 

ic=lmA BO kn 

7.5 

-j13 mmho 

f='MHz,VCE=5V, 2.2 
IC =, inA 

mmho 
j3.1 

0.76 
mmho 

i2.4 

VCE =5V,IC =I.0mA 2BO 

VCE =5 V,IC = 5 mA 335 
MHz 

VEB=3V 0.75 pF 

VCB=3V 0.46 pF 

VCI =3V 3.2 pF 

f= 1 kHz, 

IC = 100llA, RS =, kn 
3 dB 

f = 1 kHz, VCE = 5 V, 27 kn 

IC = '001lA 680 kn 

VCE - 5 V,IC = l001lA 6.8 MHz 

VEB=-3V 0.85 pF 

VCB=-3V 2.25 pF 

VBI =3V 3.05 pF 
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oornLJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3097E 

"", 
Terminal ! I I 

16 Ter~lnal H~'622 

16-Lead Dual-ln·Lina 
Plastic Package 

Thyristor/Transistor Array 
For Military. Commercial. and Industrial Applications 

Includes: 

• Uncommitted n·pon Transistor 

• Sensitive·Gate Silicon Controlled Rectifier 

• Programmable Unijunction Transistor (PUT) 

• pon·p/n·pon Transistor Pair 

• Zener Diode 
• Separate Substrate Connection 

Features: 

• Complete isolation between elements 

• n·pon transistor - V CEO = 3D V (min.) 
IC = 100 mA (max.) 

• pon·p/n·pon transistor pair - beta 

RCA·CA3097E* ThyristorlTransistor Array is a monolithic in· 

tegrated circuit that enables circuit designers to further inte· 
grate control systems. The CA3097E consists of five inde· 
pendent and completely isolated elements on one chip: an 
n·p·n transistor, a p·n·p/n·p·n transistor pair, a zener diode, 
a programmable unijunction transistor (PUT), and a sensitive· 
gate silicon controlled rectifier (SCR). 

The CA3097 is supplied in either the 16·lead dual·in·line 
plastic package ("E" suffix) or the chip version ("H" suffix), 
and operates over the full military·temperature range of 
-55 to +1250 C. 

~ 8000 (typ.) @lIC = 10 mAo individual p·n·p. n·pon. 
or transistor pair operation 

'Formerly Dev. No. TA6281 

:-12

- 5 "--~-~ 6--n~:Jf--l 
I 0, 02 I I 
I PUT 2, SCR SUBSTRATE I 
I 03 I L__ _ _ _____ _ __ ..J 

34213 8 71516 

92CS-219l5 

Fig. t - Schematic diagram of CA3097E. 

490 

• Programmable unijunction transistor 
(PUT) - peak'point current = 15 nA 
(typ.) at RG = 1 Mn; V AK = ±aD V 

• (PUT) Extremely long Re time constents 
with low value of external capacitOr 

• Sensitive-gate silicon controlled rectifier (SCR) -
150 mA forward current (max., 

• Zener·diode impedance (ZZ) = 15n 
(typ.)at 10 mA 

Applications: 

• Timers 
• Light dimmerslmotor controls 

• Oscillators 
• ·"One--shot" multivibraton 

• Voltage,regulators 

• Comparators, Schmitt triggers 

• Constent·current sourcas 

• Amplifiers 

• Logic circuits 

• SCR triggering 

• Pulse Circuits 
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File No. 633 
________ ~ ________________________________________ CA3097E 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 2fiOC 

Isolation Voltage, any terminal to substrate' ....................................................... . +50 V 
Dissipation, Total Package: 

Up to T A = 550 C .......................................................................... 750 mW 
Above T A = 550 C ....................................... ,................ derate linearly at 6.67 mwfJc 

Ambient Temperature Range: 
Operating ..... '.' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -55 to +1250 C 
Storage ............................................................................. -65 to + 1500 C 

Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max ....................... . 

Each n-p-n Transistor (03,05) 
The following ratings apply with terminals 6 & 9 connected together. 
Collector-to· Emitter Voltage (VCEO) ....................................................... . 
Coliector·to·Base Voltage (VCBO) ......................................................... . 
Emitter·to·Base Voltage (VEBO)' .......................................................... . 
Collector Current (lC) .................................................................. . 
Base Current (lB) ...................................................................... . 
Dissipation (PD) ...............................................•....................... 

p-n-p Transistor (04) 
The following ratings apply with terminals 7 & 8 connected together. 
Coliector·to·Emitter Voltage (VCEO) ....................................................... . 
Collector-to-Base Voltage (V CBO) ......................................................... . 
Emitter·to·Base Voltage (VEBO) .......................................................... . 
Collector Current (lC) ................................................................... . 
Base Current (I B) ....................................................................... . 
Dissipation (PD) ...................................................................... . 

p-n-p/n-p-n Transistor Pair (03,04) 
Dissipation (PD) ....................................................................... . 

Programmable Unijunction Transistor, PUT (01) 
Gate·to-Cathode Positive Voltage (VGK)' .................................................... . 
Gate·to-Cathode Negative Voltage (VGKR)' .................................................. . 
Gate·to-Anode Negative Voltage (V GA) ..........•........................................... 
Anode·to·Cathode Voltage (V AK) ......................................................... . 
DC Anode Current ..........................•........................................... 
Peak Anode Non·Recurrent Forward (On·State) Current (10 JlS pulse) .............................. . 
Total Average Dissipation ................................................................. _ 

Silicon Controlled Rectifier, SCR (02) 

Repetitive Peak Reverse Voltage (V RRXM)' RGK = 1 Kn ....................................... . 
Repetitive Peak Off·State Voltage (VDRXM), RGK = 1 kn ...................................... . 
DC On·State Current (lTDC)' ............................................................. . 
Peak Surge (Non· Repetitive) On·State Current (10 JlS pulse) ..................................... . 
Forward Peak Gate Current (lGFM) ........................................................ . 
Peak Gate·to·Cathode Reverse Voltage (VGRM)' .............................................. . 
Total Average Dissipation ................................................................ . 

Zener Diolle, (Zl) 
DC Current (lZ) ....................................................................... . 
Dissipation (PD) .. '.' .................................................................... . 

+265 0 C 

30 V 
50V 
5V 

100mA 
20mA 

500mW 

-40 V 
-50 V 
-40 V 

-10mA 
-3mA 

200mW 

500mW 

30V 
5V 

30V 
±30V 

150mA 
2A 

300mW 

30V 
30V 

150mA 
2A 

20mA 
5V 

300mW 

25mA 
250mW 

* One or more of the terminals of each element of the CA3097E is isolated from the substrate by a junction diode. In order to 
maintain electrical isolation between elements, the substrate terminal must be connected to a voltage which.is no more posi· 
tive than that of any other terminal. To avoid undesirable coupling between elements, the substrate terminal (terminal 10) 

,should be maintained at either de or signal (ac) ground. . 
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ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC SYMBOL TEST CONDITIONS FIG. LIMITS UNITS 
Ambient Temperature NO. 

(TA) = 25°C 
Unless Otherwise Specified Min. Typ. Max. 

n· ... n TRANSISTORS 03,05 (TERMINALS 6 and 9 CONNECTED) 

COLLECTOR CUTOFF CURRENT ICBO VCB= 10V,IE=0 - -. 1 p.A 

COLLECTOR CUTOFF CURRENT ICEO VCE= 10V,IB=0 - - 10 p.A 

COLLECTOR-TO-EMITTER 
V(BR)CEO IC = 100p.A, IB = 0 30 - - V 

BREAKDOWN VOLTAGE 

COLLECTOR-TD-BASE 
V(BR)CBO IC = l00p.A, IE = 0 50 - - V 

BREAKDOWN VOLTAGE 

COLLECTOR-TO-SUBSTRATE 
V(BR)CIO ICI = 100p.A, IB = 0, IE = 0 50 V 

BREAKDOWN VOLTAGE - -
EMITTER-TO-BASE 

V(BR)EBO IE = 100p.A, IC = 0 5 7.5 10 V 
BREAKDOWN VOLTAGE 

COLLECTOR-TO-EMITTER 
VCE(SAT) 

IC = 50mA, IB = 5mA 
5 

- - 0.65 
V 

SATURATION VOLTAGE .IC - 10mA,IB 1 rnA - 0.10 -
BASE-TD-EMITTER 

VBE(SAT) ICc 10mA,IB= lmA 2 0.76 V 
SATURATION VOL TAC:.E 

- -

BASE-TD-EM I TTER 
VBE VCE = 3V,IC = lOrnA 3 0.65 0.73 0.S5 V 

VOLTAGE 

DC FORWARD-CURRENT VCE = 3V, IC = lOrnA 4 100 130 -
TRANSFER RATIO 

hFE 
VCE - 3V,IC - 50mA SO 120 -

... n-p TRANSISTOR 04 (TERMINALS 7 and 8 CONNECTED) 

COLLECTOR CUTOFF CURRENT ICBO VCB =-10 V, IE = 0 - - -1 p.A 

COLLECTOR CUTOFF CURRENT ICEO VCE=-10V,IB=0 - - -10 p.A 

COLLECTOR-TD-EMITTER 
V(BR)CEO IC =-100p.A, IB = 0 -40 V 

BREAKDOWN VOLTAGE 
- -

COLLECTOR-TO-BASE 
V(BR)CBO IC =-10p.A, IE = 0 _50 

BREAKDOWN VOLTAGE - - V 

EMITTER-TO-SUBSTRATE 
V(BR)EIO lEI = 10lJA, IS = 0, IE = 0 -50 V 

SREAKDOWN VOLTAGE 
- -

EMITTER-TO-BASE 
V(BR)EBO IE = -10p.A, IC = 0 -40 

BREAKDOWN VOLTAGE - - V 

COLLECTOR-TO-EMITTER 
VCE(SAT) IC =-1 rnA, IB = -100p.A 6 

SATURATION VOLTAGE - - -0.33 V 

BASE-TO-EMITTER 
VBE(SAT) IC =-1 rnA, IB = -100p.A-SATURATION VOLTAGE 

7 - -0.7 - V 

BASE-TD-EMITTER 
VBE VCE =-3 V, IC = -l00p.A VOLTAGE S -0.5 -0.6 -0.7 V 

DC FORWARD-CURRENT VCE = - 3 V, IC = -l00p.A 30 60 -
hFE 9 

TRANSFER RATIO VCE=-3V,IC=-1 rnA 40 - -
n-... n/ ... n-p TRANSISTOR PAIR 03,04 

DC FORWARD-CURRENT 
hFE 

1 VCE (n-p-n) = 3V, IC = lOrnA 1 10 1 -180001 - 1 
TRANSFER RATIO VCE (n-p-n) - 3V, IC - 50mA 10 - 6500 -
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ELECTRICAL CHARACTERISTICS (Cont'd.1 

CHARACTERISTIC SYMBOL TEST CONDITIONS FIG. LIMITS UNITS 

Ambient Temperature NO. 

(TAl = 25°C 
Unless Otherwise Specified Min. Typ. Max. 

PROGRAMMABLE. UNIJUNCTION TRANSISTOR (PUTI, 01 

Vs = 10V, RG = 10kn 0.2 - 0.7 
OFFSET VOLTAGE VT* 11,22" V 

VS= 10V, RG-1Mn 0.2 - 0.7 

ANOOE· TO·CATHODE IF =50mA - 0.90 1.5 
VF 12 V 

ON·STATE VOLTAGE IF = 100mA - 1 -

PEAK OUTPUT VOLTAGE VOM 
C =0.22pF 

Anode Supply Voltage = 20V 
13,23 - 10 - V 

PEAK·POINT CURRENT 
Vs = 10V, RG = 10kn 14,22" - 0.55 1 

Ip pA. 
Vs = 10V, RG = lMn - - 0.D15 0.15 

Vs = 10V, RG = 10kn 17,15 4 40 -
VALLEY·POINT CURRENT IV /J.A 

VS=10V,RG=IMn 16 - - 25 

GATE REVERSE CURRENT IGAO VS= 30V 22" - 0.02 - nA 

GATE REVERSE CURRENT IGKS ~~'l!'te.To.Cathode Short, VS, 2~ - 0.2 - nA 

OUTPUT PULSE RISE TIME tr 
Anode·SupplV Voltage = 20V 23 - 60 - ns 

C = 0.22/J.F 

SILICON CONTROLLED RECTIFIER (SCRI, 02 

PEAK OFF·STATE CURRENT: 

FORWARD IDXM VDRXM = 30V, RGK = lkn 24 - - 2 

REVERSE IRXM VRRXM = 30V, RGK = lkn 24 2 
/J.A - -

FORWARD DC VOLTAGE DROP VT IT=50mA 18 - 0.90 1.5 V 

GATE·TO·SOURCE TA = 25°C 26 - 33 100 

TRIGGER CURRENT 
IGS 

TA = -55°C 26 50 
/J.A - -

DC GATE· TRIGGER VOLTAGE VGT VL = 10V, RL = lOOn 19 - 0.55 0.75 V 

HOLDING CURRENT IHO RGK = lkn 20,24 - 1.2 - rnA 

CRITICAL RATE·OF·RISE EXPONENTIAL RISE, 
dv/dt 25 - 150 - VI/J.s 

OF OFF·STATE VOLTAGE RGK = lkn, VDRXM = 30V 

GATE·CONTROLLED 

TURN·ON TIME 
tgt See Fig. 33 33 - 50 - ns 

CIRCUIT·COMMUTATED 
tq See Fig. 33 33 - 10 - /J.s 

TURN·OFF TIME 

ZENER DIODE, ZI 

ZENER VOLTAGE Vz IZ = lOrnA 21 7.2 8 8.8 V 

ZENER IMPEDANCE Zz IZ = lOrnA, f = 1kHz - 15 25 n 

ZENER VOLTAGE (/lVzNzJ!IlT IZ= lOrnA - to.05 - %1°C 

TEMPERATURE COEFFICIENT tNz/IlT - -+4 - mV/oC 

ZENER· TO·SUBSTRATE IZ = l00JJ.A -
BREAKDOWN VOLTAGE 

V(BRI~IO 
TERM. 5 TO SUBSTRATE 50 80 - V 

.. VT = Vp - Vs (Fig. 221 
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Fig.2 - Bass-ro-emitter saturation voltage W's. collector current for 
n-p-n transistors Q3 & 05. 

Fig.3 - iJase-tD-'emitter voltage VB. ambient ttlmptlfilwre for n-p-n 
transistors Q3 & 05. 

TYPICAL CHARACTERISTICS 
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Fig.4 - DC folWBrtkurrent tf8nsfer ratio n. collector current 
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Fig.5 - Collector--to-emitter saturation I/o/rage IIS'. collector 
for n--pn- tnlmistors 03 & as. 
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Fig.6 - CoIlsetor--toaemittfN' .. turat/on l/oItagB lIS. collsetor 
curnmt for p-n-p tran.istor 04. 
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TYPICAL CHARACTERISTICS (CONT'O) 

.UBIENT TEMPERATURE (TAl ~25·C 

~ 
DC FORWARD-CURRENT TRANSFER RATIO (hFE).'O 

!:; 0." !I 
is 
ii !i1" 0.8 

,/ ~i"' /' ~~ 
t:~O.7 

/" ~ 

~ ,,/ 

~ 
0.6 

~ ... 
---..!12 

0.02 4 6 8 0 .2 4 , '2 4 6 8 Z0 

COLLECTOR CURRENT (lel-mA 

'J2CS-21907 

Fig.7 - BasfI"'to-emitter saturation voltage V$. collector 
current for p-n1' transistor Q4. 

~ ~J/~Nr l I 
60 ........ - ~~ 

V I"~~J~ 
z 

~ ... 50~ i'- 'P~ ~ f',.' ~, § w40 

~l ~~ i ~30 fa: ~ .. ~~ 
u 20 
" COLLECTOR-TO-F""TTER VOLTAGE {VCE).3 V '\ ~ ~ TERMINALS 1 AND 8 CONNECTED TOGETHER 

~ 
10 

I I I ~ 
0 , 4 , , 

OJ 
, 4 , . , . ,1, 

COLLECTOR CURREhT (Iel"",A 
92CS-21909 

Fig.9 - DC fOflNard-current transfer ratio vs. collactorcurrent 
for p-n-p transistor Q4. 

10 

COLLECTOR-lO-EMITTER VOLTAGE (VeE)- 3V 
TERMINALS 7 AND 8 CONNECTED TOGETHER 

~ 
.:: 0.8 

~ 
CO«(E; S 0.7 

> ero., 
i5 C"~~"r :: 0.6 .o.:~E s:::I 1.5mVloC (/: 
~ ~C)"I 
00.5 

o ... 
~ ""'4 

: I>v H++ en 0,4 A~E =:::11. 8 mV/·C H+t-

0., . 75 50 25 a 25 50 7S 100 125 
AMBIENT TEMPERATURE ITA)-OC 

9ZCS-ZI90a 

Fig.8 - Base-to-emitfer voltage 1fS. ambient temperature for 
p-n-p transistor Q4. 

COLLECTOR CURRENT (Xci-CIlIA 
92CS-Z1910 

Fig. to - DC forwank:ummt transfer ratio n. collector current 
fo, transistor pair 03, 04. 

GATE-TO-SOURCE VOLTAGE (Vsl-IOV 

0.6 

> 
! 0.' 

0> 
> 
~"O.4 
... 
; 0.3 

g 
~ 0.2 

00.1 

o 
~ _ ~ 0 ~ M ~ ~ ~ 

AMBIENT TEMPERATURE ITA )_OC 
92CS-21911 

FIg. I I - Ofhet voltags ... ambi.nt tlmlperatu,. for 01 (PUT). 
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TYPICAL CHARACTERISTICS (CONT'O) 

AMBIENT TEMPERATURE ITAl-25d C 
GATE-TO-SOURCE VOLTAGE (VS)",'OV 
EQUIVALENT GATE RESISTANCE IRG)-' Mn 

1.2 

I 

V~ 
0.8 ...--I-

0 .• -
I--

0.4 
0.1 4 68 , 4 68,0 2: 4 68,00 2 4 6 8'000 

ANODE-TO-CATHODE ON-STATE CURRENT t!F)-mA 

92C5-21912 

30 

AMBIENT TEMPERATURE (TAI-ZS-C_ 
FOR TEST CIRUIT. SEE FIG. 23 

C-IOOO pF, R'"Z MQ 
FROM SUPPLY TO 
ANODE 

10 ZO 30 40 
ANODE SUPPLY VOLTAGE (VAA'-V 

92CS-21913 

Fig. 12 - Anode-to-cathode on-state voltage tiS. anode-to-cathode 
on-state current for 01 (PUT). 

Fig. 13 - Peak output voltage VI. anode supply voltage for 
or (PUTI. 

CURVE (A): AMBIENT TEMPERATURE {TA)~25°C 
EQUIVALENT GATE RESISTANCE (RG)"'0 Kn 

CURVE (B): EQUIVALENT GATE VOLTAGE (VS)"'O v 
EQUIVALENT GATE RESISTANCE IRGl;;IO KO 

EQUIVALENT GATE-SOURCE VOLTAGE (Vs)-V 
I I I ! ! ! I I t 

-75 -50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE {TAl-de 92CS-l2153 

.. 80 .. 
I 

? 70 
>z 
"' ~ 60 
G 
>-
Z 50 

~ 
~ 40 .. 
> 30 

2 
o 10 15 20 25 30 

EQUIVALENT GATE-SOURCE VOLTAGE (Vs)-V 
:l2CS-21915 

Fig. 14 - Peak-point current vs. gate-source tloltage and ambient 
temperature for 01 (PUT). 

Fig. 15 - Valley·point current VB. gare--Bource voltage for 
or (PUTI. 
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5 10 15 20 
EQUIVALENT GATE-SOURCE VOLTAGE (Vs )-V 

92CS-21916 

Fig. 16 - Valley-point current VB. gate-source voltage 
for or (PUTI. 
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TYPICAL CHARACTERISTICS (CONT·D) 

w 

AMBIENT TEMPERATURE (TAI-'e 

'.:J2CS-21917 

Fig. 17 - Valley-point current liS. ambient temperature for 
01 (PUTJ. 

REPETITIvE PEAK OFF-STATE VOLTAGE (VL)=IO V 
LOAD RESISTANCE (RL)" lOOn 

0.7 r rrrrr . -

~ 0.5 +VL 

'J 
RL g 

i 0.4 

~ 0·3 +~~ ~ 0.2 

~VG~~ 
0.1 

-10 ~ 

-75 -50 -25 25 50 75 100 125 

AMBIENT TEMPERATURE ITA I-'e 
92CS-21919 

Fig. 1 9 - Gate-trigger lIoltags liS. ambient temperature for 
02 (SCRJ. 
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100s' 
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II 
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6 
4 
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I 
I, 
6 
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I , 
I 

0.2 Q4 Q6 Q8 1.2 

FORWARD DC ON-STATE VOL-TAGE (V,.1- V 
92CS-2191B 

Fig.t8 - Forward DC on-state current vs. on-state voltage for 
02 (SCRJ. 

Fig.20 - Typical DC holding current liS. gate-to-cathode 
resistance for 02 (SeRJ. 

,-;:;. :/ 'J 
§2 8r-- - A.MBIENT "TEMPERATURE ~,." I--'"O,c. 

~ --
7.' 
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10 2 3 4 6 , 

100 

ZENER CURRENT (IZI-mA nCS-21921 

Fig.21 - Zener voltage vs. zener current for Z1. 
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OPERATING CONSIDERATIONS FOR CA3097E 

1. Composite p ... ·p/n·p-n Transistors 03. 04 (See· Fig. 3) 

To use 03 as an individual n-p-n transistor, join terminals 
no. 6 and no. 9 to disable p-n-p transistor 04. 

The appropriate terminal connections are then: 
Collector ........... terminal 9 
Base __ ... _ . _ ...... terminal 7 
Emitter ............ terminal 8 

To use 04 as an individual p-n·p transistor, join terminals 
no. 7 and no. 8 to disable n·p·n transistor 03. 

The appropriate terminal connections are then: 
Collector ........... term inal 7 
Base . ... . . . . . . . . . . . term inal 6 
Emitter ............ terminal 9 

To use 03 and 04 as a composite use terminals 6, 7, 8, and 
9 asrequired. . 

2. Programmable Unijunction Transistor 01 (PUT) 

The programmable unijunction transistor is essentially an 
anode-gate SCR. The volt-ampere characteristic of the de· 
vice is shown in Fig. 22. When an equivalent Thevenin source 
(VS, RG), as shown in Fig. 22, is applied to the gate terminal 
the device will be "off" if the anode-voltage is negative with 
respect to the gate voltage. Under this condition, any current 
flow is e)(clusively leakage current. When the anode voltage be-

VAK Vs" R~:R2 .Vo 

RG" :: .. R:2 

rGA...Lo+~----=--±_I" 

comes more positive than the gate voltage by an increment 
equal to the threshold voltage (VT = 0.4 V typ.), the device 
can turn "on" only if the current available at the anode termi· 
nal is greater than the specified peak·point current. The PUT 
will then switch through its negative·resistance region to the 
"on" state (low anode-to·gate voltage). It should be noted 
that I P is not the ma)(imum current allowed through the 
device, but is the current required at the peak of the V-I 
curve. Ip is typically a very low value of current. 

After the PUT has switched to its low-impedance state, the 
device will remain "on" if the anode-current (lA) e)(ceeds 
the valley-point current (IV). If IA<IV, the PUT will switch 
back to its high·impedance "off" state. Thus, the PUT can be 
made to "latch" or recover, depending on IV. Since IV is a 
function of the "on"-state gate current (which depends on 
RG and VS) a choice of RG and/or Vs will determine the 
operating mode, i.e., uoff" state-+"on" state or "off" state 
-+- "on" state -.. "off" state. The value of IV increases di
rectly as a function of VG and inversely with RG. The PUT 
in the CA3097E has a low Ip ....... lp = 15 nA at Vs = 10 V, 
RG = 1 MO. This low value of Ip indicates that an e)(tremely 
large value of anode-supply resistor, e.g. 60 MO (typ.), can be 
used in timing circuits requiring long RC time constants. This 
becomes important when considering the size of the e)(ternal 

G 
I 

QI Ys 
K t 

YGK"VS "'-'-____ = ___ ,,,,,. ____________ JJ 

lb" 
3 ,='GKS 

WHEN VA"VP 
Ie' Ibl leI Idl 

92CM-21922 

Fig. 22 - aener.lanode characteristic. for 01 (PUT). 

c 

i}---+-C:>vo 

Fig. 23 - Output pul. chanocteristicr for 01 ·(PUT). 
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OPERATING CONSIDERATIONS (CONT'D) 

timing capacitor to be used. Consequently, the use of the PUT 
in the CA3097E is advantageous since it has a lower Ip than 
most discrete PUT's. 
Temperature Compensation of Switching Point 

As described previously, the PUT will switch to its low· 
impedance state when its anode voltage is approximately a 
diode·drop above the gate voltage. Since the anode·to-gate 
threshold voltage vs. temperature characteristic is similar to 
that of a typical silicon-diode junction. a compensating series 
diode such as used in the circuit of Fig. 29 (ZI connected as 
forward·biased diode) considerably reduces the effect of tem· 
perature on the switching point. 
Bypassing Anode Current '. 

If the PUT gate equivalent source is such that IA>IV. the 
PUT will remain "on". A method for turning the PUT off is 
by shunting current away from the anode until IA<IV. An 
example of this technique is the oscillator circuit pf Fig. 29. 
m transistor is turned "on" after the PUT fires and shunts cur· 
rent away from the anode. thereby forcing IA<IV. The PUT 
then turns "off" allowing CT to recharge through RT. to reo 
peat the cycle. 

VRXM ~XM 
I I 

-:::il ;r::=-:il:-::::f""'f==~~- VA_ 

CONDITIONS: 

RGK"IKn 

TA,,2S-C 

92CS-21924 

Fig. 24 - Principle v'oltage-curreqt characteristics 
for 02 (SeRJ. 

APPLIED 
EXPONENTIAL; 
vOLTAGE 

'3ZCS- 21925 

Fig. 25 - Definition of critical rate of rise of 
aff·stare voltage for 02 (SeRJ. 

Protecting The PUT Ag;linst Discharge Current Of The Capacitor 

A current·limiting resistor in series with the PUT is normally 
required to dissipate capacitive discharge energy (see Figs. 23 
and 29). 

Silicon Controlled Rectifier. Q2 (SCR) 

The SCR should be used with a 1 kn (or less) resistor can· 
nected between the cathode and gate terminals if the SeR is 
to be subjected to its maximum forward and reverse voltage 
ratings (VOXM and VRXM). Selecting a value for RGK of 
1 kn (or lower! increases the capability of the device to with· 
stand greater dv/dt and increases the noise immunity of the 
SCR against false triggering at the gate. Practical considerations 
such as available current drive from the triggering devices 
(e.g.. a PUT) will determine the lowest value of RGK at 
which the SCR will fire with a VGK""ll.55 V. With a value of 
500n for RGK. the trigger source must be capable of sup· 
plying 1.1 mAo RGK should be non·inductive within the 
frequency band of the noise transients normally encountered 
in a particular application. 

RL SWI 

'00 1 '2W 

+IOV -=-
A 

r GS soon 500n 

WITH SWI CLOSED. INCREASE VS'UNTIL SC;:=-FIRES (VTVt.t DROPS 
FROM IOV TO APPROXIMATELY IV), IGS ITRIGGER) 15 MEASURED 
JUST PRIOR TO THIS TRIGGERING POINT. NOTE THAT IGS MAY 
DECREASE AS Vs IS INCREASED DUE TO CURRENT DRAWN OUT 
Of THE GATE TERMiNAL OF THE SCR AS IT TURNS ON. TO UNLATCH 
THE SCR OPEN SWI. 

* Vs SHOULD BE CAPABLE OF SUPPLYING MILLIVOLT INCREMENTS 

NEAR THE TRIGGER POINT 

Fig. 26 - Test circuit for determining 
'GSin 02 (SeRJ. 

92CS-21926 
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APPLICATIONS CIRCUITS 

r----------, 
'I-'IIIAr---Il-Cis CA3091E 14 

IZOV 
60,,-, 

CI 

100p.F • I va 

SUBSTRATE 
TIMING PERIOD::I ZOO SEC. WITH I MA POT CENTERED 
TIMING CYCLE BEGINS WHEN AC IS APPLIED 

I 
300n I 

L=:...- __ J 
TYPICAL TEMPERATURE CHARACTERlsnc 

@) RL .330n4~ It IOO-:!:O.OI %I.C 92.CS-219Z8 

TYP. LOAD REGULATION@ IL"O TO 40 mA,C6. Vo'VohlOOa 
-3%(NO LOAOTO FULL LOAD) 

• SPRAGUE TYPE 4308. 51£F AT 50 V 

TYP. LINE REGULATION @ RL "330n~:O/Yo XI~ ... :1o.55""V 

500 

~:Rt:U~~Ar:N\ 6308. 5p.F AT 50 V 92CS.21927 
uYUNREG. 

Fig. 27 - AC IilHNJptllrllted one-mot timer. Fig. 28 - rtmlperilWrtH:om_ted shunt _Iator. 

_ v· 

PULSE RATE ADJUSTED BY VARVING RT OR CT' 
OUTPUT PULSE WIDTH ADJUSTED BY AI C, 
DIFFERENTIATING TIME CONSTANT 

TYPICAL OPERATION FOR: 

Y+.15 V, CT-O.I".', Ry a 4.3KD. 
c,,,a2pf. RI"60KSl 

Fig. 29 - PulIS /IIIn""'tor. 
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APPLICATIONS CIRCUITS 

VUNREGULATED 
20 V 

Va 
9.5-15V 

TYPICAL LOAD REGULATION @ Va; 12 v,ll::0 TO 40 rnA 

A Va :II IOO~!O. 4 % (NO LOAD TO FULL LOAD) 
Va 

TYPICAL LINE REGULATION @ Vo:12 V 

i::J. VOlVO x 100"+0.45 % , ... 
6VUNREG. - 92C$-21930 

Fig. 30 - Series voltage regulator. 

V+ 
I Kll 

A OPTIONAL SPEED-UP CAPACITOR 

* REQUIRED IF VI SWINGS BELOW GROUND 

TYPICAL OPER,ATlNG CONDITIONS: 

FREQUENCY IN • 0-10 KHz 
SUPPLY VOLTAGE (V+j-15V 
RI,R2,RH*5.1 KG 
R3 ~ 6.2 Kll ,RS~ 300n 
CI"B20pF 
VTH U· 7.5 V, VTH La 5 V 
HYSTERESIS VOLTAGE = 2.5 V 
UPPER THRESHOLD VOLTAGE (VTHU)~ V+irtR2 

R2 RH) 
LOWER THRESHOLD VOLTAGE (VTH U~ I vt) ""R'2+"RH 

HYSTERESIS VOLTAGE- VTH U-VTHL 

RZ RH 
R2+RH+ R1 

Fig. 32 - Schmitt trigger. 

VUNREGULATEO -10- 13 V 

TYPICAL LOAD REGULATION @ VO;7V.TVO TO 40 rnA 
t;vo 
--J.IOO~-I.t"lo 

Va 
TYPICAL LINE REGULATlON@ VO:7V. IL~20mA 

[,VO 

Va 
3tO·B5"1o/VOLT 

l:J.VUNREGULATED 
92C5-21931 

Fig. 31 - 5 to 7.5 V shunt regulator. 

Va --"1--''----'------

92CM-21932 
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TOFF : TIMING PERIOD INO LOAD CURRENT) 
PUT FIRES WHEN Vc := a v 

vc",IC ~~FF). Ie ~ IT (03 ,05 MATCHED) 

V+-O.7 
IT SET BY ADJUSTING RT.IT::::I~ 

APPLICATIONS CIRCUITS (CONT'D) 

*MONOSTABLE DELAY TIME SET BY ADJUSTMENT OF Io' VARY Rol OR 
BY Co.Io MUST BE GREATER THAN Iv OF 01 (PUTI FOR MONOSTABLE 
OPERATION. 

Q2ISeR) SWITCHING TIMES: 

g~:5~1~~~~:~~~i~ETDU~R~~ ri~~E T(I'rJ~ )(St:~ ~~ !!i:~p) 
92CM-Z1933 

Fig. 33 - Monostable multivibrator with variable delay. 

TON = CAPACITOR DISCHARGE TIME THROUGH LOAD. LOAD TURNS 

OFF WHEN seA ANODE CURRENT FALLS BELOW HOLDING 
CURRENT ([HO). TYPICAL LHO -t.2mA 

EXAMPLE: FOR TIMING PERIOD OF8.3 MIN 

502 

CT~ IOOOp.F, Ir=16ftA 
Vi-_o.7 

RT"~ (FOR V+=16V. Ry.:::l/MJl) 

9ZCS-21'J34 

Fig.34 - Low~urrent.tJra;n battery-operated 
long interval astable timer. 

NOTE: SHORT TERMINAL 15 TO 14 WHEN USING 05 AS A DIODE 
92CS-22178 

Fig.35 - Phase control circuit. 
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OO(]3LJO 
Solid State 
Division 

14·Lead Dual-in-Line 
Plastic Package H·1517 

Linear Integrated Circuits 
Monolithic Silicon 

CA3099E 

Programmable Comparator - - With Memory 

Features: Applications: 
• Programmable operating current 
• Micro-power standby dissipation 
• Directly controls current up to 150 rnA 
• Low input onloff current of less than 1 nA 

for programmable bias current of 1 JlA. 
• Built·in hysteresis: 10 mV max. 
• Programmable hysteresis: 10 mV to V+ 
• Dual reference input 
• High sensor range: 10011 to 100 M11 
• Stable predictable switching levels 
• Temperature-compensated reference 

voltage 

• Control of relays, heaters, LEO's, lamps, 
photo-sensitive devices, thyristors, 
solenoids, etc. 

• Signal reconditioning 
• Phase and frequency modulators 
• Onloff motor switching 
• Schmitt triggers, level detectors 
• Time delays 
• Dvervaltage, overcurre"t, 

overtemperature protection 
• Battery·operated equipment 
• Square and triangular-wave generators 

RCA·CA3099E· Programmable Comparator is a monolithic 
silicon integrated circuit designed to control high-operating
current loads such as thyristors, lamps, relays. etc. The 
CA3099E can be operated with either a single power supply 
with maximum operating voltage of 16 volts. or a dual 
power supply with a maximum operating voltage of ± 8 volts. 
It can directly control currents up to 150 mAo It operates with 
microwatt standby power dissipation when the current to be 

* Formerly Developmental No. TA6189. 

controlled is Ie .. than 30 mAo The CA3099E contains the 
following six (6) major circuit·function features (Figure 1): 

1. Differential amplifiers and summer; the circuit uses two 
differential amplifiers, one to compare the input voltage 
with the "high" reference, and the other to compare the 
input with the "low" reference. The resultant output of 
the differential amplifiers actuates a summer circuit 
which delivers a trigger that initiates a change in state of 
a flip-flop. 

SOURCE OF REFERENCE 
VOLTAGE I=Vb/21 II 

SIGNAL INPUT 

1·73 

POSITIVE 
SUPPLY VOL.TAGE 
FOR BIAS 
SYSTEM (Vb I 

UNREGULATED REGULATED 
INPUT OUTf'UT 

Fig.1-Block diagram of CA3099E programmable comparator. 
(See page 3 for general description of circuit operation.} 
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Major Circuit-Function Featuras (Cont'dl Maximum Ratings, Absolute-Maximum Values at T A = 2fPC: 

2. Flip-flop; the flip-flop functions as a bistable "memory" 
element that changes state in response to each trigger 
command. 

3. Driver and output stages; these stages permit the circuit to 
"sink" m,aximum peak load curr,ents up to 150 mA at 
terminal 3. 

SupplV Voltage Between Terminals 10"and 4. 
9and4.8and4 .•. 

Output Voltage Between Terminals 7 and 4, 
and 3 and 4. • . • • • • • • • 

Differential Input Voltage Between 
Terminals 14 and 1, and Terminals 13 and 14 . 

Operating Voltage Range: 

16 v 

16 v 

10 v 

OV toV+ 

4. Programmable operating currant; the circuit incorp,orates 
a separate terminal to permit programming the desired 
quiescent operating current and performance parameters. 

Term.14 .•.. 
Term.13 .. 
Term.1 ..... 

. 2.0 V 10 V+ 
o V to V+ minus 2.0 V 

Load Current (Term. 3). 

Input Current to Voltage Regulator (Term. 5) 
Programming Bias Current (Term. 2) • 
Output Current Control (Term. 7). 

Power Dissipation: 

5. Internal sources of reference voltage and programmable 
bias currant; an integral circuit supplies a temperature
compensated raference voltage (Vb/21 which is about 1/2 
of the externally applied bias voltage (Vb). Additionally, 
integral circuitry can optionally be used to supply an 
uncompensated constant-current source of bia~ IIbiasl. 

UptoTA=5SoC .... 
Above T A '" 55°C. . . . Derate Linearly at 

Ambient Temperature Range: 
Operating . . . . . . 
Storage. . . . . . • 

Lead Termperature (During Soldering): 
6. Voltage ragulator; provides optional on-chip voltage regu

lation when power for the CA3099E is provided by an 
unragulated supply. 

At distance not less than 1/32 inch (0.79 mm) 
from seating plane for 10 s maximum. . • 

ELECTRICAL CHARACTERISTICS AT TA = 250C (Unless otherwise indicated) 

CHARACTERISTICS SYMBOL TEST CONDITIONS LIMITS 
FIG. No. 

TA - 250C Unless Otherwise Indicated MIN. TYP. 

Reference Voltage Term. 9 - 12 V. Term.4 ... Grd. Term.11 = Test - 5.7 6 

Reference Voltage 
VREF 

Temperature Coefficient - - 100 

Regulated Supply Voltage VREG Term.S 1 K to 12V. Term.4 = Grd. Term.6 10KtoGrd 5 6 7.2 

Regulated Supply Voltage 
5 - 2,9 Temperature Coefficient 

Input Offset Voltage: 
.. Low" Reference VIOILRI VLR - Grd. VHR - 3 V. ISlAS' 100 IJA 20.6 ~ -3 

"High" Reference VIO IHRf VHR - Grd. VLR' -3 V.ISIAS· loolJA 20.7 -5 ±1 

"Low" Reference Temp. -550C to + 125°C 20.8 - 4.5 Coefficient 

"High" Reference Temp. 
-550C to + 125°C 20.9 - jS.2 Coefficient 

Min. Hysteresis Voltage VIOIHR-LRI VREG· 6 V. V· -12 V.ISIAS -loolJA 21.10 - 3 

Min. Hysteresis Voltage -55°C to + 1250C 11 - 6.7 
Temperature Coefficient 

Output Saturation Voltage VCEISATI VI-4v, VREG = 6V. V+ = 12 V,ISIAS= lool1A 21.12.13 - 0.72 

Total Supply Current: 
VI = 4 V, VREG = 6 V, V+ = 12 V. ISlAS = 100 IIA ITOTAL"ON" 21.14.15 600 710 

ITOTAL "OFF" 
ITOTAL 

V,-S V, VREG =6 V, V+= 12V,ISIAS= lool1A 21.14.15 420 560 

Input Bias Current: 
ISIp-n-p) VI = 4 V, VREG· 6 V, V+ -12 V,ISIAS = l0011A 21.16.17 - 33 

liS 
VI = S V_ VREG = 6 V, V+ = 12 V, ISlAS - 100 IIA ISln-p-n) 21.16.17 - 20 

Output Leakage Current ICEIOFFI Current from Term.3 when 046 is "OFF" - - -
Internal Bias Current IISC 18.19 120 200 

Switching Times: 

Delay td IC -1001JA 22 - 600 

Fall If 
ISlAS - 100 IJA 22 - 50 

V+ =5V 
Rise Ir 22 - 500 

, Storage Is 
VREG - 2.5 V 

22 - 4.5 

504 

150 
25 

1 
15 

mA 
mA 
mA 
mA 

750 mW 
6,67 mW/oC 

-55 to +125 DC 
-65 to + 150DC 

+265 

UNIT 
MAX. 

6.3 V 

- WloC 

8 V 

- mV/oC 

2 
mV 

5 

20 
WloC 

±20 

10 mV 

20 W/oC 

1.2 V 

800 

750 
IJA 

200 

60 
nA 

10 

260 IJA 

-
-

ns -
- jJS 
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92CM-20997 

Fig.2-Schematic diagram of CA3099E. 

General Description of Circuit Operation 1 Refer to Fig.l) 

When the signal-input voltage of the CA3099E is equal to or 
less than the "low" reference voltage ILR.J. current flows from 
an external power supply through a load connected to 
terminal 3 I"sink" output}. This condition is maintained 
until the signal-input voltage rises to or exceeds the "high" 
reference voltage IHR}. thereby effecting a change in the 
state of the flip·flop Imemory} such that the output stage 
interrupts current flow in the external load. This condition. 
in turn. is maintained until such time as the signal again be
comes equal to or less than the "low" reference voltage IVR}. 

The CA3099E comparator is unique in that it contains circuit 
provisions to permit programmability. This feature provides 
flexibility to the designer to optimize quiescent power con-' 
sumption. input·circult characteristics. hysteresis. and addi· 
tionally permits independent control of the comparator. 
namely. pulsing. strobing. keying. squelching. etc. Pro· 
grammability is accomplished by means of the bias current 
IIbias) supplied to terminal 2. As an alternative to externally· 
supplied bias current. the CA3099E contains an internal 

source of regulated bias current accessible at terminal 12. 
This internal source of bias current is developed by two 
alternative methods; in the first method. bias voltage IVb) 
applied at terminal 9 develops a source of temperature., 
compensated reference voltage I'" Vb/2) at terminal 11 and 
additionally supplies a source of bias current at terminal 12 
via line "A". Alternately. when a positive supply voltage is 
applied at terminal 8. a source of constant-current biasing is 
provided at terminal 12 via line "B". 

An auxiliary means of controlling the magnitude of load-cur
rent flow at terminal 3 is provided by "sinking" current into 
terminal 7. The CA3099E contains an on-chip voltage regu
lator which may optionally be used to regulate the voltages and 
bias currents lexclusive of the load current at terminal 3} 
needed for the operation of the IC. 

Fig. 2 is the schematic diagram of the CA3099E. Figs. 3 
and 4 are. respectively. functional and logic diagrams of 
CA3099E operation. 
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y+ 

r LOAO"ON" :I LOAD "OFF" 

92C$-20991 

92CS- 20990 Fig. 4 - Logic.diagram. 

Fig. 3 - Functional diagram. 

TYPICAL CHARACTERISTIC CURVES 
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Fig. 5 - Regulated supply tiD/rage vs. ambient temfJ!1rature. 
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Fig. 6 - Input-offset voltage (Ulowu reference) vs. programming 
bias current • 
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Fig. 9 -Input-offset voltage ("high" reference) II$. ambient 
temperature. 
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Fig. 11 - Min. hysteresis voltage VI. ambient temperature. 
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Fig. 13 - Output saturation lIoltage II$. ambient temperature. 
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Fig. 10 - Min. hysteresis voltage vs. programming bias current. 
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Fig. 12 - Output saturation voltage VI. output sink current 

4 6. 4 •• 4 6 8 1 
10 100 1000 

PROGRAMMING BIAS CURRENT (lSIAS1-p.A 
92CS- Z0983 

Fig. 14 - Total supply current vs. programming bias current. 
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Fig. 15 - Total supply current VI. ambient temperature. 
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'6V 

9ZCS-20995 

Fig. 20 - Input-offset lIoltage test circuit. 

Fig. 22 - Switching time test cirr;uit. 

+6 v 

Ts:::JAC 'n2 

92CS-Z0993 

Fig. 23(b} - Time deJay circuit: "sink u current 
interrupted after T seconds. 

HYSTERESIS VOLTAGE" VI "OFF" -VI 'bN" 
92C5-20994 

Fig. 21 - Min. hysteresis voltage, total supply current, 
and input bias current rest circuit. 

+6V 

Fig. 23(aJ - Time delay circuit: Terminal 3 
"sinks" after 1'seconds. 

SENSITIVITY: CIRCUIT CHANGES STATE WHEN THERE 
IS A CHANGE OF~ I R 
IN A ~K Q. SENSOR 

92C5-20989 
NOTE: CIRCUIT DOES NOT EXHIBIT SPURIOUS 

" HALF - CYCLE" CONDuCTION EFFECTS 

Fig. 24 - Sensitive temperature control. 
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Fig. 2S - OFF/ON control of triac with programmable 
hysteresis. Fig. 26 - On.shot multivibrator. 
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0008LJ[] 
Solid State 
Division 

G) Lm·'; r i' ! ~ \ 
I I' 1\ 

~~:~~aJ~~ine . i i 
Formed Leads 
'''S'' Suffix) 8·LEAD TO.S 

("T"Suffixl 

H-1787 H·1528 

Linear Integrated Circuits 
Monolithic Silicon 

CA3100S CA3100T 

Wideband Operational Amplifier 
Features: 
• High open-loop gain at video frequencies - 42 dB typo at 1 MHz 

• High unity·gain cros.over frequency (fTI - 38 MHz typo 
• Wide power bandwidth - Vo = 18 V p.p typo at 1.2 MHz 
• High .Iew rate - 70 VII" (typ.l in 20 dB amplifier 

25 VII" (typ.l in unity·gain amplifier 
• Fast settling time - a.6lls typo 
• High output current - ± 15 rnA min. 
• LM118, 748/LM101 pin compatibility 
• Single capacitor compensation 
• Offset null terminals 

Functional Diagram 

Applications: 
• Video pre-drivers 

• Video amplifiers • Oscillators 
• Fast peak detectors • Multivibrators 

RCA·CA310OS, CA3100T*i. a large·.ignal wideband, high· 
speed operational amplifier which has a unity gain crossover 
frequency (fTl of approximately 38 MHz and an open·loop, 
3 dB corner frequency of approximately 110 kHz. It can 
operate at a total supply voltage of from 14 to 36 volts (±1 to 
±18 volts when using split supplies) and can provide at least 
18 V p.p and 30 mA p.p at the output when operating from 
±15 volt supplies. The CA3100 can be compensated with a 
single external capacitor and has dc offset adjust terminals 
for those applications requiring offset null. (see Fig. 19). 

• Meter-driver amplifiers • Voltage-controlled ose. 

* Formerly developmental number TA6122C. 

NON' INVERTING 
IN!UT 

"" 12. 

R4 RS 
750 150A 

• High-frequency feedback amplifiers :. Fast comparators 

The CA3100 circuit contains both bipolar and P·MOS tran· 
sistors on a single monolithic chip. 

The CA3100 is .upplied in either the .randard 8·lead T0-5 
package (''T'' suffixl, or in the 8·lead'TO·5 dual·in·line 
formed·lead "OIL·CAN" package ("S" suffix). 

"" 600n 
.,, 
600n 

.,. 
150 n 

OFFSET 
NUL.L. 
AND 

PHASE 
COMPENSATION 

Fig. 1 - Schematic diagram (or CA3700. 
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MAXIMUM RATINGS, Absolute-Maximum Valuesst TA -2fiOc: 

SUPPLY VOLTAGE (Between V+and V-terminals) . 
DIFFERENTIAL INPUT VOLTAGE • • . • . 
INPUT VOLTAGE TO GROUND* •.. , .. 
OFFSET TERMINAL TO V-·TERMINAL VOLTAGE 
OUTPUT CURRENT . • . • • 
DEVICE DISSIPATION: 

Up to TA = 5SoC. . . . . . 
Above T A :: SSOC Derate Linearly at 

36 
±12 
±15 

±a.5 
50 

630 
6.67 

V 
V 
V 
V 

mAe 

mW 
mWf'C 

AMBIENT TEMPERATURE RANGE: 
Operating . . . . . . . . 
Storage. . . . . . . . . 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch {1.S9 ±O.79 mml 
from case for lOs max. . . . . . . . 

-55 to +12SoC 
-65 to +1500C 

300 
* If supply voltage is less than ± 15 volts. the maximum input voltage 

to ground is equal to the supply voltage. 

• CA3100S, CA3100T does not contain circuitry to protect against 
short circuits in the output. 

TYPICAL CHARACTERISTIC CURVES 

AMBIENT TEMPERATURE ITA)=2S·C 
SUPPLY VOLTAGE (vt V-,"15 v ~ 
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~A~ ~ -::. 
~ 5 ~"'~1< 4- I TT -270 [ 
w "~'I'.i'1, "< ~o I- rl2 :;:4 pF -225 ~ 

~ ~J':'.j. "' ... 1'-< ~~ -180 III 

g 30 ~.oA' .'~ -135 ~ .. :s 
A9f .1,..1: ":'- -90 il: 

1 20 I- ~~ I\, 
-45 a.. 

0 
ffi 12pF 0 0 ~ :s 10 

~ 0 
2468 2468 2468 i! 468 2468 

m r 
-:. 
0 
5 
z 
~ 
w .. 
~ 
g 
:s 
~ 
ffi :s 
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Fig.2 - Open-loop gain, open-loop phase shift vs. frequency. 
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Fig.4 - Open-loop gain vs. frrquency and supply voltage. 
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Fig.3 - Open-loop gain vs. frequency and temperature. 
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ELECTRICAL CHARACTERISTICS, At TA = 25"C: 

TEST CONDITIONS 
CHARACTERISTICS SYMBOL SUPPLY VOLTAGE (V+,V-)=15 V 

UNLESS OTHERWISE SPECIFIED 

STATIC 

Input Offset Voltage VIO VO=O±O.lV 

Input Bias Current liB 

Input Offset Current 110 
Vo = 0 ± 1 V 

Low-Frequency - AOL VO=±l VPeak,F= 1 kHz Open-Loop Voltage Gain 

Common-Mode Input 
VICR CMRR ~76 dB Voltage Range 

Common-Mode 
'Rejection Ratio CMRR VI Common Mode = ± 12 V 

Maximum Ou tpu t Vol tage 
Positive VOM+ Differential Input Voltage = 0 ± 0.1 V 

Negative VOM RL = 2 KU 

Maximum Output Current 
Positive 10M+ Differential Input Voltage::: 0 ±O.1 V 

Negative 10M RL = 25012 

Supply Current 1+ VO= 0 ±0.1 V, RL210 K12 

Power-Supply 
PSRR 6v+ = ± 1 V, 6v- = ± 1 V 

Rejection Ratio 

DYNAMIC 

Unity-Gain 
fT CC: 0, VO: 0.3 V (P-P) 

Crossover Frequency 

1-MHz Open-Loop 
AOL f : 1 MHz, Cc = 0, Vo = 10 V (p-P.) 

Voltage Gain 

Slew Rate: 
20-dB Amplifier AV = 10, CC: 0, VI = 1 V (Pulse) 

SR 
Follower Mode AV = I, Cc = 10 pF, VI = 10 V (Pulse) 

Power Bandwidth .. : 

20-dB Amplifier 
PBW 

AV: 10, CC= 0, Vo =18 V (P-P) 

FOllower Mode AV = I, Cc = 10 pF, Vo =18 V (P-P) 

Open-Loop Differential 
ZI F = 1 MHz Input Impedance 

Open-Loop 
Zo F =·1 MHz 

Output Impedance 

Wideband Noise Voltage 
BW = 1 MHz, RS = 1 KH Referred to Input eN(Total) 

Settling Time 

[TO Within ± 50 mV of 9 V 
Output Swing 

ts RL = 2 K12, CL ~ 20 pF 

• Power ~andwidth = Slew Rate 
rrvO (P-P) 

~ Low·frequency dynamic characteristic 

I 

LIMITS 

UNITS 
MIN. TYP. MAX. 

- ± 1 i5 mV 

- 0.7 2 /JA 

- ±0.05 ±0.4 /JA -
56 61 - dB 

±12 
+ 14 V 
-13 -

76 90 - dB 

+9 +11 -
V 

-9 -11 -

+15 +30 -
mA 

-15 -30 -
- 8.5 10.5 mA 

60 70 - dB 

- 38 - MHz 

36 42 - dB 

50 70 - V//Js 
- 25 -

0.8 1.2 -
MHz 

- 0.4 -

- 30 - KSl 

- 110 - 12 

- 8 - /JVRMS 

- 0.6 - /Js 
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TVPICAL CHARACTERISTIC CURVES (Cont'd) 

COMPENSATION CAPACITANCE (te) PINS I TOB-pF 92CS~21574 

Fig.6 - Slew rate vs. compensation capacitance. 
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Fig.S - Wideband input noise voltage VS'. source resistance . 
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Fig. to - Maximum output voltageswing VI. frequency. 
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Fig.7 - Typical open-loop output impedance vs. frequency. 

co Ic6e AMBIENT TEMPERATURE ITA)"25D C I • SUPPLY VOLTAGE (Y+, V-, -15Y 

" · f " 
10' 

........ 
'!! • 
l- • 
~ 4 
;, 

........ ~ , 

m 10' 
........ 

• l!i · 
:i 

· , ........ 

10' "-0.1 
, . • • , . 10 , . • • 

FREQUENCY (f)-MHz 
92CS-21S77 

100 

Fig.9 - Typi'cal open·loop differential input impedance vs. frequency. 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 
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Fig. 12 - Maximum output voltage VS. supply voltage. Fig. 13 - Supply current VS. supply voltage. 
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Fig. 14 - Input bias current vs. supply Voltage. 

TYPICAL APPLICATIONS 
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Fig. 15 - 20 dB video amplifier. Fig. 16 - 20 dB video line driver. 
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',INPUT 'IMPEDANCE 
~!50Kn 

TEST 
LEADS 

-=-FUlL SCALE 
CALIBRATION 

IrnA FULL 
SCALE DC 

METER 

ADJUST 92(5-215B6 

YICAC) 

Fig. 17 • 1 MHz meter-t/river'amplifier. Fig. 18 - Fast positive peak detector. 

AOL+~-11!2!, 

AT FREQUENCY>I MHz VI & Yo 
MEASURED WITH HPB405A 
VECTOR VOLTMETER 

92C$-21587 

Fig. 19 - Open-loop voltage gain test circuit. 

v- 92CS-21589 

Fig.21 - Follower slew rate test circuit. 

92C5-21591 

Fig.23 - Output voltage swing (VOM), output current swing (10M) 
test circuit. 
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v· 

v-
92C5-21588 

Fig.20 - Slew rate In tOX amplifier test circuit. 

Fig.22 - Wideband input noise lIo/rage test circuit. 

loF 

2 KII 2KI1 -ISV 

ETTLING POINT TO SCOPE 
92C5-21592 

Fig.24 - Settling rime test circuit. 



File No. 532; ______________________________ _ 

OOQBLJD Linear Integrated Circuits 
Monolithic Silicon 

Solid State 
Division CA3118AT 

CA3118T 
CA3146AE 
CA3146E 

CA3183AE 
CA3183E 

High-Voltage Transistor Arrays 
Applications 

12·Lead TO-5 • General use in signal processing systems in DC through VHF range 

~ """ 
• Custom designed differential amplifiers 
• Temperature compensated amplifiers 

~t II 14.Lead DIP Package 

• Lamp and relay drivers (CA3183AE, E) 
• Thyristor firing (CA3183AE, E) 

Features .. "'~, • Matched general·purpose transistors 
• VBE matched ±.5mV max. 

".,.1 J I I 16.Lead DI P Package 

• Operation from DC to 120 MHz ICA3118AT, T; CA3146AE, E) 
• Low·noise figure: 3.2dB typo at 1kHz ICA3118AT, T; CA3146AE, E) 
• High Ic: 75mA max. ICA3183AE, E) 

RCA·CA3118A T, CA3118T, CA3146AE, CA3146E, CA· 
3183AE, and CA3183E' are general'purpose high·voltage 
silicon n-p-n transistor arrays on a common monolithic 
substrate. 

Types CA3118ATand CA3118T consist of four transistors 
with two of the transistors connected in a Darlington con· 
figuration. These types are well suited for a wide variety of 
applications in low·power systems in the DC through VHF 
range. 80th types are supplied in a hermetically sealed 12· 
lead TO·5 type package and operate over the full military 
temperature range. (CA3118AT and CA3118T are ·high· 
voltage versions of the popular predecessor type CA3018. 

Types CA3146AE and CA3146E consist of five transistors 
with two of the transistors connected to form a di·ferentially· 
connected pair. These types are recommended for low·power 
applications in the DC through VH F range. 

P~ IC VCEO VCBO 
TYPE 

max. max. max. max. 
mW rnA V V 

VALUES APPLY FOR EACH TRANSISTOR 

CA3118AT 300 50 40 50 
CA3118T 300 50 30 40 
CA3146AE 300 50 40 50 
CA3146E 300 50 30 40 
CA3183AE 500 75 40 50 
CA3183E 500 75 30 40 

Types CA3183AE and CA3183E consist of five high·current. 
transistors with independent connections for each transistor. 
In addition two of these transistors (01 and 02) are matched 
at low·current (i.e. 1 rnA) for applications where offset para· 
meters are of special importance. A special substrate terminal 
is also included for greater flexibility in circuit design. 

The types with an "A" suffix are premium versions of their 
non·" A" counterparts and feature tighter control of break· 
down voltages making them more suitable for higher voltage 
applications. 
For detailed application information, see companion Appli· 
cation Note, ICAN·5296" Application of the RCA CA3018 
Integrated Circuit Transistor Array." 

-FormerlY Developmental T'lpes Nos. 
CA311SAT - TA6091 
CA3118T - TA6182 
CA3146AE - TA6084 

VeE sat. hFE VIO I 

CA3146E - TAG1S1 
CA3183AE - T A6094 
CA3183E TA6l83 

110 TA Range 
at 10mA at1mA. Diff. Pair at 1 rnA (Operating) 

tvp. &VCE=5V max. max. 
V typo mV /-IA DC 

0.33 95 ±5 2 
0.33 95 ±5 2 
0.33 95 ±5 2" -55- +125 
0.33 95 ±5 2 
0.16 75 ±5 2.5 
0.16 75 +5 2.5 

Caution on Total Package Power Dissipation: The maximum total package dissipation rating for the CA3118 Series circuits is 450 mWat 
temperatures up to +SSOC, then derate linearly at 5 mWOC. The maximum total package dissipation rating for the CA3146 and CA3183 
Series circuits is 750 mWat temperatures up to +5SoC. then derate linearly at 6.67 mWOC. 

11·73 
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MAXIMUM RATINGS. Absolute-Maximum Values at T A = 250 C 
Power Dissipation: 

Anyone transistor -
CA3118AT, CA3118T, CA3146AE, CA3146E 
CA3183AE, CA3183E ••••..••.••.••. 

Total package -

300 
500 

Up to 850C (CA3118AT, CA3118T) ••• ". • • . • • . . . . • • • • • . . 450 
Up to 550 C (CA3146AE, CA3146E;CA3183AE, CA3183E) . • . . . . 750 
Above 850C (CA3118AT, CA3118T) •.•••...•....•...... derate linearly 5 
Above 55°C (CA3146AE, CA3146E,CA3183AE, CA3183El. • , ••• derate linearly 6.67 

Ambient Temperature Range: 

Operating - . . . . . . . . • . . . . . . . • • .. -55 to +125 

Storage (all types) 

Lead Temperature (During Soldering): 
At distance 1116 ± 1/32 inch (1.59 ± 0.79mm) 
from case "for 10 seconds max. .. . . • . . . . . 

The following ratings apply for each transistor in the device: 

COllector-to-Emitter Voltage (VCEO): 

CA3118AT, CA3146AE, CA3183AE ..•...•.. 
CA3118T, CA3146E, CA3183E •••••...••. 

Collector-to-8ase Voltage (V CBO): 
CA3118AT, CA3146AE, CA3183AE 
CA3118T, CA3146E, CA3183E 

Collector-to-Substrate Voltage (VCIO):· 
CA3118AT, CA3146AE, CA3183AE 
CA3118T, CA3146E, CA3183E '" 

Emitter-to-Base Voltage (VEBO). all types ..•..•...•.•••. 
Collector Current -

CA3118AT, CA3118T, CA3146AE, CA3146E .......... . 
CA3183AE, CA3183E .....•.•. 

Base Current (lB) - CA3183AE, CA3183E 

• The collector of each transistor 
is isolated from the substrate by 
an integral diode. The substr~te 
must be connected to a voltage 
wh ich is more negative than any 
collector voltage in order to 
maintain isolation between tran· 
sistors and provide normal tran
sistor action. To avoid undesired 
coupling between transistors, the 
substrate terminal should be 
maintained at either DC or sig
nal (AC) ground. A suitable bV
pass capacitor can be used to 
establish a signal ground. 
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vrlrlrl 
3 6 7 9 10 12 13 

SUBSTRATE 
010 

CA3"SAT. CA3118T, CA3146AE. CA314E 

16 15 3 4 6 8 10 II 13 

SUBSTRATE 0 92CS-19638 
5 

CA3183AE. CA31S3E 

Fig. 1 - Schematic diagrams of high·voltage arrays. 

COMPARISON OF RELATED PREDECESSOR TYPE WITH TYPES IN THis DATA BULLETIN 
DATA 

VCEO VCBO VeE sat. VBE IC CCB CCI FILE typo V typo V 
NO. min. min. Ic-l0mA Ic=lmA max. rnA typo pF typo pF 

CA3018 338 15 20 0.23 0.715 50 0.58 2.8 

CA3018A 338 15 20 0.23 0.715 50 0.58 2.8 

CA3118AT 40 50 0.33 0.730 50 0.37 2.2 

CA3118T 30 40 0.33 0.730 50 0.37 2.2 

Ic=10mA IC=-lmA 
CA3046 341 15 20 0.23 0.715 50 0.58 2.8 

CA3146AE 40 50 0.33 0.730 50 0.37 2.2 

CA3146E 30 40 0.33 0.7aO 50 0.37 2.2 

Ice50mA Ic=10mA 
CA3083 481 15 20 0.4 0.74 100 - -
CA3183AE 40 50 1.7 0.75 75 - -
CA3183E 30 40 1.7 0.75 75 - -
NOTE: Related predecessor types are shown in shaded areas. 

SUB
STRATE 

92CS-I~206 

CEB 
typo pF 

0.6 

0.6 

0.7 

0.7 

0.6 

0.7 

0.7 

-
-
-
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STATIC ELECTRICAL CHARACTERISTICS - CA3118 and CA3146 Series 

TEST CONDITIONS LIMITS 
CA3118AT.CA3146AE CA3118T. CA3146E 

CHARACTERISTICS SYMBOl<; UNITS 
TA =25oC 

Min. Typ. Max. Min. Typ. Max. 

For Each Transistor: 

Collector-to-Base 

Breakdown Voltage V(BRICBO IC' 10jlA,IE-= 0 50 72 - 40 72 - V 

Collector-to-E mitter , 

Breakdown Voltage V(BRICEO IC = lmA, IS = 0 40 56 - 30 56 - V 

Collector-to-Substrate ICI = 10jlA, IB = 0 
V(BRICIO 50 72 - 40 72 - V 

Breakdown Voltage Ie = 0 

Emitter-ta.Base 

Breakdown VOltage V(BRI!'BO IE = 10jlA, IC = 0 5 7 - 5 7 - V 

Collector-Cutoff Current Iceo VCE = 10V, IB = 0 - • oe 5 - ... 
5 jlA curve curve 

Collector-Cutoff Current ICSO VCB = 10V, IE = 0 - 0.002 100 - 0.002 100 nA 

DC Forward-Cu,rrent 
IIC=10mA - 85 - - 85 -

Transfer Ratio 
hFE VCE=5V I IC=l mA 30 100 - 30 100 - -

IIC=10jlA - 90 - - 90 

Base-to-Emitter Voltage VSE VCE = 3V, IC = 1 mA 0.63 0.73 0.83 0.63 0.73 0.83 V 

Collector-ta-Emitter 

Saturation VOltage VCEsa' IC'10mA,IB=lmA - 0.33 - - 0.33 - V 

For transistors 03 and Q4 {D.-linglon Configeration}: 

Coliector·Cutoff I CA3118AT ICEO VCE = 10V, IB = 0 - - 5 - - - jlA 
Current and 

DC Forward-Current CA3118T 

only hFE VCE = 5V,IC = lmA 1500 9000 - 1500 9000 - -Transfer Ratio 

Base-ta-Emitter V =5V liE = 10mA - 1.46 - - 1.46 -
VSE V 

(03toQ4) CE IIE=lmA 1.32 1.32 

Mag" itude of Base-to-

I~:~E I Emitter Temperature VCE = 5V, IE = 1 mA - 4.4 - - 4.4 - mV/oC 

Coefficient 

For transistors Q1 Wid Q2 {AS a Differentia' Amplifier}: 

Magnitude of Input 

Offset Voltage IVlol VCE =5V,IE = lmA - 0.48 5 - 0.48 5 mV 

! VSEl = VBE2! 

Magnitude of I CA3118AT and VCE = 5V, 
0.9 0.9 1.0 1.1 1.0 1.1 -

hFE Ratio CA311BT only ICl - IC2 = lmA 

Magnitude of Base-to-

I:~EI VCE =5V, 
Emitter Temperature - 1.9 - - 1.9 - mV/oC 

Coefficient 
Ie -lmA 

Magnitude of VIO 

I:~ol VCE =5V, 
(V BE 1 • VSE21 Temp- - 1.1 - - 1.1 - jlV/oC 

erature Coefficient 
ICl = IC2 = 1 mA 

.~'" .. I CA3146AE 

Input Offset and VCE = 5V, 
110 - 0.3 2 - 0.3 2 jlA 

Current CA3146E ICl = IC2= 1 mA 

11101.11021 onlv 
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DYNAMIC ELECTRICAL CHARACTERISTICS - CA3118 and CA3146 Series 

TEST CONDITIONS 

SYM- CA3118AT CA3118T 
CHARACTERISTICS 

BOl TA = 250 C UNITS 
CA3146AE CA3146E 

Min. Typ. Max. Min. Typ. Max. 

f"" 1kHz, VeE"" 5V. 

Low Frequency Noise Figure NF Ie"" l00P:A. Source 3.25 3.25 dS 

resistance '" 1 kn 

Low-frequency, Small-5ignal 

Equivalent-Circuit 

Ch .. acteristics: 

Foward·Current Transfer hIe 100 100 
Ratio f"" 1kHz, Vee'" 5V. 

Short·Circuit Input 
hie IC""lmA 2.7 3.5 kf! 

Impedance 

Open-Circuit Output hoe 15.6 15.6 ILmho 
Impedance 

Open-Circuit Reverse_ h,. 1.8)(10-4 1.8x10-4 
Voltage Transfer Ratio 

Admittance Characteristics: 

Foward Transfer Admittance V,. 31-jl.5 31·i1.5 mmho 

Input Admittance Vie f'" lMHz. Vr.e '" 5V, O.35+iO.D4 O.l+iO.D4 mmho 

Output Admittance v o• Ie'" lmA 0.001+iO.03 O.OOl+jO.03 mmho 

Reverse Transfer Admittance V,. See curve See curve mmho 

Gain-Bandwidth Product 'T VeE'" 5V. Ie'" 3mA 300 500 300 500 MHz 

Emitter-fa-Base capacitance Ces Ves • 5V. Ie = 0 0.70 0.70 pF 

Collector-la-Base Capacitance CCS VCS = 5V. IC • 0 0.37 0.37 pF 

Collector-to-Substrate CCI VCI = 5V. IC = 0 2.2 2.2 pF 
Capacitant1l! 

STATIC ELECTRICAL CHARACTERISTICS - CA3183 Series 

TEST CONDITIONS liMITS 

CHARACTERISTICS SYMBOL TA = 250 C CA3183AE CA3183E UNITS 

Min. Typ. Max. Min. Typ. Max. 

For Each Transistor: 

Collector-to-Base 
VCSRICSO IC=10quA. le=O 50 -

Breakdown Voltage 
- 40 - - V 

Collector-to-Eminer 
V(SRICeO 'C"'1mA.IB=0 40 - - 30 - - V 

Breakdown Voltage 

Collector-ta-Substrate ICI=I00ILA • IS=O. 
V(SRICIO 50 - ~ 40 - - V 

Breakdown Voltage Ie = 0 

Emitter-to-Base 
V(SRleSO Ie • 500ILA. IC • 0 5 - - 5 - - V 

Breakdown Voltage 

Collector-Cutoff Current Iceo Vce = 10V. IS = 0 - - 10 - - 10 ILA 

Collector-Cutoff Current. ICSO VCS = 10V. Ie • 0 - - 1 - - 1 ILA 

DC Forward-Current Vce- 3 V. IC -10mA 40 - - 40 - -
hFe -

Transfer Ratio VCE "" 5V. IC '" 50mA 40 - - 40 - -
Base-ta-Emitter Voltage Vse VCE = 3V. Ie = 10mA 0.65 0.75 0.85 0.65 0.75 0.85 V 

Collector-to-Emitter 
·VCEsat 

Saturation Voltage 
IC - SOmA. IS • SmA - 1.7 3.0 - 1.7 3.0 V 

For Tranlistol'1 Qt and Q2IAs. Differential AmpIHier): 

Absolute Input Offset 
IVlol - 0.47 5 0.47 5 mV 

Voltage 
-

Absolute Input Offset 
Vce • 3V. IC' lmA 

Current 11101 - 0.7S 2.5 - 0.78 2.5 IJ.A 

• A maximum dissipation of 5 transistors x.150mW = 750mW is possible for a particular application. 

521 



CA3118AT, CA3118T, CA3146AE, CA3146E, CA3183AE, CA3183E ~ ______ File No. 532 

TYPICAL STATIC CHARACTERISTICS CURVES - CA3118 and CA3146 SERIES 
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TYPICAL STATIC CHARACTERISTICS CURVES - CA3118 and CA3146 SERIES 
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TYPICAL DYNAMIC CHARACTERISTICS CURVES (FOR ANY TRANSISTOR) -CA3118, CA3146 SERIES 
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TYPICAL DYNAMIC CHARACTERISTICS CURVES (FOR ANY TRANSISTOR) - CA3118, CA3146 SERIES 
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TYPICAL STATIC CHARACTERISTICS CURVES - CA3183 SERIES 
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OO(]5LJD 
Solid State 
Division 

16-Lead Dual-In-Line 
Plastic Package 

Linear Integrated Circuits 
Monolithic Silicon 

CA3120E 

TV Signal Processor ("Jungle" Circuit) 

For Color and Monochrome Receivers 

Features 

• Internal impulse noise processing 

• Sync separator - low impedance. 
dual polarity 

• Strobed AGC system 
• IF AGC output 
• Delayed outputs for forward or 

reverse AGe tuners 
• Automatic noise threshold and 

AGe detector level control 

• High-impedance video input 

• Low-impedance video output 

• Choice of external ti me constants 
for sync separator 

• Negative power supply not required 

• R F AGC delay externally controlled 

• Application Note ICAN·6302, 
"Description and Application 
of the RCA·CA3120E Integrated
Circuit TV-Signal Processor" 

RCA·CA3120E is a monolithic silicon integrated circuit TV 

signal processor for use in color or monochrome receivers. 

The circuit provides low-impedance video output signals, 

stripped synchronization signals in both polarities, and AGe 
output signals for IF (reverse) and tuner (forward and/or 
reverse). 

The circuit design of the CA3120E features impulse noise 
inversion, delay techniques to reduce the deleterious effects of 
impulse noise in the receiver AGe and sync circuits. In 
addition. the CA3120E incorporates standard AGC strobing 
techniques. 

11·73 

LOW Z 
VIDEO 
OUPTPUT 

GROUND 

JL If 
SEPARATED 

SYNC 
OUTPUT 

Fig. 1 - Simplified block diagram of the CA3120E. 

POS. IF 

AGe ENABLE 
SYNC 
INPUT 

AGC 
OUTPUTS 
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ELECTRICAL CHARACTERISTICS at T A = 2SoC, Supply Voltage (V+) = 24 Vand 
Referenced to Test Circuits and Test Conditions (Figs. 6, 7, and 8). 

TERMINAL 

CHARACTERISTICS MEASURED LIMITS UNITS 
AND 

SYMBOL Min. Typ. Max. 

Supply Current (Pulse Test) IT24 20 - 40 mA 

AGC Threshold (Sync Tip Level at Video Input) VTH 4.5 - 5.5 V 

Video Input Amplitude (White Positive) Vs - 3 - Vp·p 

Video Output Amplitude (Low Impedance) V9 - 3 - Vp·p 

Noise Cancelled Video Output at VTH (Black Positive, Gain'" 2) V5 6.6 - 9.2 V . 
AGC to Noise Separation VTH (SEP) 1.1 - 2.2 V 

Sync Input Current for Full Amplitude Outputs 14 (ON) - - 70 /loA 

Maximum Leakage Current at Terminal 4 14 (OFF) - - ±6 /loA 

Sync Outputs: 
Negative Sync Low V2(L) 0 - 2.6 V 

Negative Sync High V2(H) 23.S - 24 V 

Positive Sync Low V3(L) 0 - 0.2 V 

Positive Sync High V3(H) 20.1 - 24 V 

AGC Filter: 
Charge Current (Pulse Test) 111ICH) 12 - 36 mA 

Discharge Current 111(DISCH) 1.1 - 2.6 mA 

Leakage Current 111(LEAK) - - ±6 /loA 

AGC Enable: 
Horizontal Keying VI6(ON) 3 - 6 V 

Negative Sync Input Current 11 (ON) - 1 - mA 

Maximum IF Gain·Clamp Voltage VII 4.S - 5.7 V 

Maximum I F Gain Bias V12 4.2 - 5.2 V 

IF AGC Voltage: 
Low VI3(LOW) 0 - 3.3 V 

,High VI3(HIGH) 5.7 - 6 V 

Tuner Currents: 
Reverse AGC (F ET) OF F .Current 114 (OFF) - - ±S /loA 

Reverse AGC (F ET) ON Current 114 (ON) I.S - 5.5 mA 

Forward AGC (n-p-n) OFF Current 115 (OFF) - - ±S /loA 

Reverse AGC (n-p-n) ON Current 115 (ON) 4.5 - 15 mA 

Internal Noise-Lockout Time T 1 - 63 /loS 
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MAXIMUM RATINGS, Absolute-Maximum Values at T A ~ 25°C 

DC SUPPLY VOLTAGE 
DEVICE DISSIPATION: 

Upto TA = 55°C. 

Above T A "" 55°C. • Derate linearly at 7.9 

NOISE CANCELLED
VIDEO OUTPUT 

$YNC
STRIPPER IN 

4 

8VI\ 

5V,} • 

VIDEO 
'N 

• f\. LOWZ V ~ VIDEO 
OUTPUT 

RESISTANCE VALUES ARE IN OHMS 

30 V 

GROUND 

AMBIENT TEMPERATURE RANGE: 

Operating . • . • . • • • 
Storage. . . . . . . . . 

LEAD TEMPERATURE (During soldering): 
At a distance not less than 1/32" (0.79 mm) 
from case for 10 seconds max. • • • . 

V+ 

Fig. 2-Schematic diagram of the CA3120E. 

,. 

.25 
2.2k 

CA3120E 

• -40 to +85 DC 

-65 to +150 0 C 

+265 °c 

.2<1 
470 

DELAYEDAGC 
FOR TUNER 
Rf STAGE 
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CIRCUIT DESCRIPTION* 

An AGC sample-and-hold system generates control voltages 
proportional to the video level. The sync-tip voltage is 
compared to an fnternal reference voltage during the horizontal 
sychronization (retrace) interval. The control voltages (AGC 
outputs) are supplied to the tuner's RF stage and the IF 
amplifier to maintain the video level at a constant value. 

The composite positive and negative output sync signals are 
developed across a low impedance source (totem-pole circuit) 
at an amplitude of approximately 20 volts peak-to-peak_ 

Video Chain and Impulse Noise Inverter - The input video 
signal applied at Terminal 8 is white "positive" with a required 
amplitude in the range of 2 to 4 volts_ The DC level of the sync 
peaks, AGC threshold voltage (VTH) is approximately S volts. 
The level is maintained at S volts by the AGC loop in the 
eircuit, comprised of the CA3120E and the TV receiver RF 
and IF amplifiers_ A low source impedance video signal is 
available from the emitter of 01 (Terminal 9 in Fig_ 2)_ 
The external resistor (RXl in Fig_ 9) reduces the dissipation 
of 01. The emitter-follower output of 01 is direct coupled to 
a differential comparator stage (02, 03). Unless a negative
going noise pulse is present, 02 functions as an emitter follower 
and also cuts off transistors 03, OS, and 01? 

The output of 02 is applied through a signal delay network, 
consisting of transistor 060 and associated resistors, to the 
Darlington followers (013 and 014). The delayed video signal 
at 014 is fed via its emitter to an AGC comparator 019 and to 
the junction of a noise-cancelling amplifier stage (016). The 
noise-cancelled video signal is inverted and amplified by 016 
and then connected to a Darlington emitter-follower output 
stage (OS7, OS8). 

If impulse noise is present on the video signal, 03 conducts and 
turns on transistors as and 012. as inverts and "stretches" 
the noise pulse width. The output of OS is applied to an emitter 
follower stage (012). The signal from 012, in turn, is applied 
to the summing junction to the noise-cancelling amplifier 016. 
The noise pulse, which has now been amplified, inverted and
stretched, is added to the delayed video signal from the 
emitter of 014. 

Because the video signal has been delayed approximately, 
300 nanoseconds and the noise pulse has been widened 
("stretched") approximately SOO nanoseconds, the output of 
the combined signal no longer contains impulse noise signals. 

* For additional information refer to the "IEEE Transactions on Broadcast 
and TV Receivers", August 1970. pp. 185-195, Vol. BTR No.3. 
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The derived noise·gating pulse "surrounds" and effectively 
eliminates the effects of the. impulse noise. 

The noise·cancelled video signal, amplified and bufiered, is 
available at Terminal S for use in the sync-separator stage. The 
peak-to-peak amplitude of the noise-cancelled output signal is 
approximately twice the amplitude of the input video signal at 
Terminal B. 

Sync Separator (See Figure 3) • The sync separator stage (OS6) 
clamps the detected sync tips to a fixed reference voltage 
("" 0_7 V) across its base-emitter junction, and amplifies a 
portion of the sync signal to provide dual polarity sync-signal 
outputs at Terminals 2 (negative) and 3 (positive). The output 
signals. are derived from low-impedance complementary 
emitter-follower stages; a base current of 100 microamperes 
into Terminal 4 is sufficient to generate full-amplitude sync 
signals. 

The choice of coupling the noise-cancelled video signal from 
the emitter·follower (Terminal S) to the sync separator 
(Terminal 4) is a user option. Fig. 4 shows three typical 
coupling networks. 

Fig. S illustrates the operation of the AGC circuits. An input 
ramp signal, simulating the potential to which the AGC filter 
capacitor may be charged, is applied to Terminal 11. The 
forward IF AGC output voltage appears at Terminal 13. Under 
low-signal level conditions (represented by A to B in Fig. S). 
the output level is approximately 1.4 volts less than the voltage 
applied to Terminal 12. 

The circuit designer should select the voltage at Terminal 12 
to provide the maximum I F gain required for the system. At 
intermediate signal level conditions (represented by B to C in 
Fig. S). the IF AGC signal follows the AGC filter potential. 
The tuner(s) will operate at maximum gain for good signal-to
noise ratios at these equivalent input signal levels. Point C is a 
turnover point determined by the open·circuit potential· 
of the tuner-delay bias potentiometer. At this potential, 
further change in the IF AGC output is inhibited (for good 
dynamic range) and the tuner AGC potentials are activated 
(represented by C to D). 

The output at Terminal 14 with suitable le'lel shifting is used 
for tuners requiring reverse AGC. such as MOSFET or 
electron-tube types. The output at Terminal lS is used for 
tuners requiring forward AGC, such as tuners utilizing n·p·n 
bipolar transistors. 



File No. 691 ____________________________ CA3120E 

v+ 

Fig. 3 - Sync separator stage. 
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Fig. 4 - Typical coupling networks (Term. 5 to Term. 4). 
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Fig. 5 - Typical operation of the AGCc;rcu;ts using the CA3120E. 

CA3120E 
BOTTOM VIEW 

Fig. 6 - Test circuit for measuring electrical characteristics of the CA3120E. 
Refer to Figs. 7 and 8 for switch selector positions. 
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TEST CONDITIONS 

SWITCH NUMBERS 
CHARAC- ~101~1~1~1~101~1~1~1~1~1@1~1~1~1~ TERMINAL 

TERISTIC MEASURED 

SWITCH POSITION 

IT24 2 3 1 2 1 2 3 1 1 3 2 1 2 2 2 1 5 1*17191141 
VTH 2 1 2 1 1 4 3 4 4 3 1 2 2 2 2 1 3 @] 
V5 2 1 2 1 1 4 3 4 4 3 1 2 2 2 2 2 3 ~--

VTH(SEP) 3 1 2 1 1 * 3 3 4 1 1 2 1 2 2 2 1 * 
14(OFF) 3 1 2 4 2 1 1 1 1 1 1 2 1 2 2 1 1 14 

v2L 1 2 2 3 2 1 1 1 1 1 1 2 1 1 2 1 1 V17 

V2H 3 3 1 1 2 1 1 1 1 1 1 2 1 1 2 1 1 V17 

V3L 3 3 1 1 2 1 1 1 1 1 1 2 1 2 1 1 1 V18 

V3H 3 3 1 3 2 1 1 1 1 1 1 2 1 2 1 1 1 V18 

1111CH) 2 1 2 5 2 1 1 5 4 3 1 2 2 2 2 1 5 111 

111 (DISCH) 2 1 2 5 1 2 3 6 4 3 1 2 2 2 2 1 5 111 

1111LEAK) 2 1 2 5 2 1 1 6 4 3 2 2 1 2 2 1 5 111 

V 1l 2 1 2 5 1 2 3 2 3 3 1 2 2 2 2 1 5 Vll 

V12 3 1 2 5 2 1 1 3 4 3 1 2 1 2 2 1 5 V12 

V13(LOW) 3 1 2 5 2 2 3 1 1 2 1 2 1 2 2 1 2 V13 

V13(HIGH) 3 1 2 5 2 2 3 7 4 3 2 1 1 2 2 1 4 V20 

114(OFF) 3 1 2 5 2 2 3 3 4 3 3 1 1 2 2 1 5 114 

114(ON) 3 1 2 5 2 2 3 8 4 3 3 1 1 2 2 1 5 114 

115(OFF) 3 1 2 5 2 2 3 3 4 3 2 3 1 2 2 1 5 115 

115(ON) 3 1 2 5 2 2 3 8 4 3 2 3 1 2 2 1 5 115 

CAUTION: Remove power before selecting or adjusting switches .. 

* Reduce voltage at Terminal 8 until V 19 decreases. VTH(SEP) = VTH - Va-

Fig. 7 - Test condition values for associated switches 1 through 20 (switches 6, 7, and 10 are omitted). 
Refer to Figs. 6 and 8 for test circuit and test-condition selector-switch arrangements. 
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oornm 
Solid State 
Division 

16-Lead Dual-In-Line 
Plastic Package H·1622 

Linear Integrated Circuits 
Monolithic Silicon 

CA3121E 

TV Chroma Amplifier/Demodulator 
Provides Complete System for Processing Chroma 
When Used with RCA-CA3070 

Features 

• Excellent linearity in de chroma gain'controlled circuit 
• Improved filtering reduces 7.2 MHz output from the 

color demodulators 
• Current limiting for short·circuit protection 
• Good tolerance to B+ supply variations 
• Good temperature coefficient stability 

MAX1MUM RATINGS at TA = 25°c RCA·CA3121 E is a monolithic silicon integrated circuit chroma 
amplifier/demodulator with ACC and killer control for color·TV 
receivers. It is designed to function compatibly with the 
CA3070 in a two package chroma system. Figs. 3 and 4 show 
a functional block diagram and the outboard circuitry of a 
typical two· package chroma system incorporating the CA3121 E 
and CA3070, respectively. 

Supply Voltage ..........•...................... " ..... , 30 V 
Device DissipationJ 

Upto TA:::: 55 oC ....••..••••.•.•••••.•. ': ••••• 750moW 
A~ve T A = 55 C .....•........... derate linearly 7.9 mW/ 0 C 

Operating Temperature Range ..........•........ -40 to +85 C 
Lead Temperature (During Solderingi 

At distance 1/16" ±1/32" 11.59 ±O.79 mml 
from case for 105 max. . .••••••••••••...•••.•••• 

The CA3121E is supplied in a 16·lead dual·in·line plastic 
package. 

CHROMA 
INPUT 

I 
I 
I 
I 
I 
I 

Ace 
INPUT 

I CA3121E 

AMPl. 
No.1 

14 dB 
TYP. 

AMPL. 
No.2 

L ___ _ 
3 --- 4 ~-6.N:-TO Ace a 

APt DET. 
AMPLIFIED CHROMA 

REF. SUBCARRIER 
INPUT 

Fig. 7 - Functional block diagram of the CA37 27 E. 
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ELECTRICAL CHARACTERISTICS at TA = 25°C and Referenced to Test Circuit (Fig. 8) 

TERMINAL 
MEASURED 

CHARACTERISTIC AND TEST CONDITIONS LIMITS UNITS 
SYMBOL Min. Typ. Max. 

Supply Current IT - - 40 44 mA 

Input Sensitivity V2 Vary Eg; set V4 for 55 mV RMS 6 10 15 mV RMS 

Second-Stage Sensitivity V4 Vary Eg; set Vll for 2 V RMS 25 55 100 mVRMS 

Output Voltage Vl 1 Switch Position: Sl-2. S2=2, S3=2 - - 70 mV RMS 
(Killer off) Adjust killer potentiometer until output 

drops 

Demodulator Characteristics: 

Output Voltages Vg, VlO' Vll 13 14,3 15.6 V 

DC Output Balance - - -0.6 - +0.6 V 
(Between any 2 
outputs) 

Unbalance Vg, VlO' Vll Eg=O; Switch Position: Sl=l, S2=1, - - 0.8 Vp·p 
S3=1 

Relative Outputs-
R·Y VlO Vary Eg; set V 11 for 2 V RMS 1.4 1.52 1.68 V RMS 

G·Y Vg 0.3 0.4 0.5 V RMS 

Relative Phase- Vary Eg; set V 11 for 2 V RMS; 
R·Y VlO read phase of V 10 and Vg -101 -106 -111 degrees 

G·Y Vg with V 11 as reference 112 104 96 degrees 

Max. Output Voltage Vll Eg= 750 mV 2.8 - - V RMS 

CIRCUIT OPERATION 

The CA3121 E consists ot- three basic circuit sections: 

(1) amplifier No.1, (2) amplifier No.2, and (3) demodulator. 
Amplifier No.1 contains the circuitry for automatic chroma 
control (ACe) and color-killer sensing. The output of amplifier 
No.1 (Terminal 3) is coupled to the Chroma Signal Processor 
(CA3070 or equivalent) for ACe and automatic phase control 
(APe) operation and to the input of amplifier No. 2 
(Terminal 4) containing the chroma gain control circuitry. The 
signal from the color-killer circuit in amplifier No. 1 acts 
upon amplifier No.2 to greatly reduce its gain. 

The output from amplifier No.2 (Terminal 14) is applied, 
through a filtering network, to the demodulator input 

(Terminal 13). The demodulator also receives the R-Y and 
B·Y demodulation subcarrier signals (Terminals 7 and 8) 
from the oscillator output of the chroma signal processor. The 
R·Y and B-Y demodulators and the matrix network contained 
in the demodulator section of the CA3121 E reconstruct the 
G·Y signal to achieve the-R-Y,-G-Y, and 8:Y color difference 
signals. These' high-level outputs signals"with low impedance 
outputs are suitable for driving high-level R, G, B output 
amplifiers. Internal capacitors are included on each output to 
filter out unwanted harmonics. For additional operating 
information and Signal wavefo~ms, refer to Television Chroma 
System (utilizing RCA·CA3070, CA3071, CA3072),File No.468. 
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RESISTANCE VALUES ARE IN OHMS 

Fig. 2 - Schematic diagram of the CA3121 E. 

AMPLIFIED CHROMA CHROMA 
GAIN CONTROL 

Fig. 3 - Simplified functional diagram of 8 two·PlJCkage TV chroma 
system utilizing the CA3121 E and CA3070. 

v' 

537 



CA3121E File No. 688 
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INPUT 
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62 K 62K 

UNLESS OTHERWISE INDICATED, ALL CAPACITANCE 
VALUES LESS THAN I ARE IN MICROFARADS, 
I OR GR~ATER ARE IN PICOFARADS. 

+24 V 

Fig. 4 - Outboard circuitry of a typical rwo-package chroma system for 
coI~ TV receivers utilizing the CA37 21 E and CA307D. 
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500t~ 
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NTSC CHROMA INPUT SIGNALtTERM.2J-mVp_p 92CS-226B7 

Fig. 5 - Typical ACC piot for the CA3121E when used with 
theCA307D. 

Fig.6 - Photograph of the component side of the circuit board 
(4 in. x 7 in.) of the two-package chroma system utilizing 
'he CA3121E and CA3070. 

Fig.7 - Photograph of the foil side of the circuit board (4 in. x 7 in.) of the 
two-package chroma system utilizing the CA3121 E and CA3070. 
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TO 
TERM. 6 

0.05 
r-----~+_----~----~--~~~ 

KILLER 

*30pF 8 3.9 kO,VALUES MAY BE ADJUSTED TO 
GIVE THE DESIRED RESPONSE 

TI: PRIMARY B SECONDARY WINDINGS =75pH. 
Q-22, PRIMARY WINDING CENTER TAPPED 

NOTE: 
2.2-kO LOADS ONLY FOR TEST PURPOSE, 3.3·k'o LOADS RECOMMENDED FOR APPLICATIONS. 

RESISTANCE VALUES ARE IN OHMS. 
CAPACITANCE VALUES ARE IN MICROFARADS UNLESS OTHERWISE INDICATED. 
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Fig. 8 - Tvpical characteristics test circuit for the CA3121 E. 
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OO(]5LJD Linear Integrated Circuits 
Solid State 
Division 

14~Lead Dual-in-Line Plastic Package 

Monolithic Silicon 

CA3123E 

AM Radio Receiver Subsystem 
Includes RF Amplifier, IF Amplifier, Mixer, 
Oscillator, AGe Detector, and Voltage Regulator 

Features: 
• Low'noise, 10w·Rb' rf stage in cascode connection -

eliminates Miller·Effect regeneration and allows con· 

trolled power rise by the choice of external components 

• Mixer-oscillator stage with internal feedback -

eliminates need for tapped or multi·winding 

oscillator coils 

The CA3123E* is a monolithic silicon integrated circuit 
that provides an rf amplifier, if amplifier, mixer, oscillator, 
AGC detector, and voltage regulator on a single chip. It is 
intended for use in super-heterodyne AM radio receiver 

applications particularly in automobiles. The CA3123E is 
supplied in a 14·lead dual·in·line plastic package and operates 
over the temperature range of -550 to 1250 C. 

• Cascade if amplifier with controlled output impedance 

and negligible Miller Effect -

* Formerly RCA Dey. No. TA6155 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE: 
At Terminal No.3 (V+) .......•.... 
At Terminal No.6 (I F Output) ...... . 
At Terminal No. 13 (RF Output) .... . 
At Terminal No. 14 (Mixer Output I .. . 

DC CURRENT: 
Into Terminal No.3 (V+, ..••..•.•.. 

DEVICE DISSIPATION: 
Up to T A = 55°C" ................ . 

9V 
40V 
20V 
20V 

35mA 

750mW 

Above T A = 55°C ............•.• " derate linearly 6.67 mWflC 

AMBIENT TEMPERATURE RANGE: 
Operating •.....••............... 
Storage ........................ . 

LEAD TEMPERATURE (During Soldering): 
At distance 1/1S" ± 1/3" 

(1.59mm ± O.79mm) 
from case for 10 s max. 

4-73 

"-55 to +1250 C 
--65 to +150oC 

eliminates regeneration and selectivity skewing 

• Frequency-counter AGC circuit -

allows control of AGC response by selection of the 

coupling capacitor 

• Integral regulation with built·in surge protection 

• Separately accessible amplifiers 

MIXER INP!!.UT~--YI-____ ~.rMiXEiil-.-f!!!....M!!!J'~XER OUTPUT 

13 RF OUTPUT 

RF INPUT 

II RF BYPASS 

AGe DRI"'V ... E....",5+ __ ::;-_ ... 1-4_-t:.:'O,-"AG=C CAPACrroR 

IF OUTPUT 6 

IF INPU",T,---'-I __ -"''--' 

Terminal assignment diagram. 

9 RF GROUND 

8 SUBSTRATE AND 
IF AMPL GROUND 

92CS-21666 
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ELECTRICAL CHARACTERISTICS at T A = 2SoC 

I LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS I Min. I 'l"yp. I Max. I 

UNITS 

Static Charact.istics In Circuit of Fig. 3 

DC Voltase: 
At Terminals 1,4 V l ,V4 4.7 V 

At Tetmin~ls 2, 3, 14 V2,V3,VI4 6.S V 

At TerminalS V5 0.25 V 

At Terminal 6 V6 12 V 

At Terminal 7 V7 0.76 V 

At Terminals 8, 9 VS·Vg 0 V 

At Terminals 10, 11 V 1o,Vll 0.71 V 

At Terminal 12 V 12 0.71 V 
-.. 

At Termina113 V 13 4.0 V 

DC Current: 
Into Terminals 1.4,5,7 11.1 4 ,15 ,1 7, 

0 mA 
8.9,10,11,12 IS,19·ll0,ll1,112 

loto Term inal 2 12 1.2 mA 

Into Term inal 3 13 15 mA 

Into Terminal 6 16 4.3 mA 

Into Terminal 13 113 4.5 mA 

Into Termina114 114 0.170 mA 

Performance Characteristics In Circuit of Fig. 3 

I nput Signal to Dummy 
Antenna at f 1N::::;1 MHz, 

Sensitivity 30% AM Modulation at - 2.3 5 ~V 

fMOO=400 Hz, for 11 n:>V 

output 81 Vo 

Ratio of Output at Vo 
with Modulation ON and then 

Signal-to-Noise Ratio SIN OFF, Input Sign81=100 ~V, 34 43 - dB 
30% AM Modulation at 
fMOO=400 Hz 

Input Signal set at 
1 MHz, 90% AM 

Overload Distortion Modulation. Distortion 160000 400000 - ~V 
atVa must be 

< 10% 

Dynamic Characteristics For Indicated Stages In Circuit of Fig. 3 

Parallel Capacitance Parallel Resist..,nc8 TranscondllCtance 

Stage Input Output Input Output 
pF pF !l !l /bIIhos 

RF Amplifier SO 6 750 2 x 106 min. 140000 

IF Amplifier 35 3.5 950 104 80000 

2 x 106 min. 
2500 (Mixer) 

Mixer 6 2 2000 
3000 (Amplifier) 
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V 3 

RF 
INPUT 

ev%:ss 6i}--.,.-+.OI 

CI7 

CAP:gfroo 10 

~~E 5 

SUBSTRATE 
AND 

IF GROUND 

!S.7pF :"::.(WHEN DESIRED) 

01 

CA3123E 

OSCILLATOR IF 
TANK OUTPUT 

D' 

03 

R7 06 RI6 

5Kll 
IOKll 

RB 
S.6K.D. 

RI' 
50Kll 

R9 
3.3Kn 

Fig. 2- Schematic diagram of CA3123E. 

~~~-------------~'R3 

t----------------~~~O~1l~-~----~~----.+12V 
L..--2D-lOI-.-F-~IV~~-:-::::::.!:..1f--..,;...+ C9 TO t.:5~~R 

~'OO~F 

-Transformer Svmbol 

First IF: 
Primary 

Secondary T2 

Second IF: 

Primary 
T3 

Secondary 

Antenna: 

Primary 

Secondary 
Tl 

Ll 
Coils L2 

L3 

Frequency 

262 kHz 

262 kHz 

1 MHz 

tt27pF CAPACITOR IN SERIES WITH INPUT GENERATOR 
REPRESENTS A DUMMY "'WINDSHIELD"-TYPE ANTENNA 

Inductance Capacitance Q 

~h ("') pF ("') ("') 

2840 130 60 

2840 130 60 

2840 130 60 

2840 130 60 

195 (e l l-130 65 

92CM-21665 

Total Turns To 
Coupling 

Tap Turns Ratio 

none 

30:1 critical or 
31:1 '" 0.017 "'1/Q 

8.5:1 -
8.5:1 

critical 
"'0.017 "'1/Q 

Adjusted to an impedance of 75 n with primary resonant at 1 MHz. Coupling should be as tight as practical. 

Wire should be wound around end of coil sway from tuning core. 

7.9 MHz 6 50 
1 MHz 55 50 

1.262 MHz 41 40 

Fig. 3- Schematic diagram of AM radio receillBT using CA3123E. 
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TYPICAL CHARACTERISTICS 

... .,.: AMBIENT TEMPERATURE ITA)a25-C 
OPERATING FREQUENCY 1,0 )-262 kHr .. 

~ 
i ... .. 
Z 

~ 
!:: 
t-

i:i 
~ 
a 
'" '" ~ .. 
a: 

• AM MODULATION"NONE -2 

• ............ 
10, !56pF 

• ~~ · \ 'I 
2 

IO~ \ 

· · 2 SLOPE 
I \ 0.406 dB/mY 

10' , 
• · 2 \ 1 

10° \1 
0 100 200 300 400 300 600 

INPUT VOLTAGE lelN)-mVRMS 92CS-2166B 

FigA - Control of RF stage by signal into Terminal No.5. 

-4 CA3123E II 

5 

560FT 6 

~262'K:' 

Vo 
3300 +12V 

3.F 

92CS- 21669 

Fig.5 - Test circuit for Fig. 4. 

PERFORMANCE CHARACTERISTICS IN CIRCUIT OF FIG. 3 

+10 AMBIENT TEMPERATURE (TA>-25"C: I Ii I I III I IIII I I III 
o OUTPUT VOLTAGE IVo1-S5mV 

300 

250 

FREQUENCY OF MODULATION IfMOO'"400 11Hz 
AM MODULATION-3D,.. 
AMBIENT TEMPERATURE (TA1"2S-C 
OUTPUT VOLTAGE MEASURED ACROSS 
20 Ktl VOL.UME CONTROL j L.kb,,~:-- 30% AM MODULATION AT 

~"~r [I fMOOa4QOHZ 

" -1O-7~ ~ 
I -20r-tf+-+++--+-++tl ~ i--Ht+-+++tII--I--Hti 

1 ~ FOR DETAILS BELOW 30I'-V, SEE FIG. 6 

1 200 

II '" 
~ 
~ 
o 

-60 

544 

RF SIGNAL INPUT VOLTAGE - ~V 

Fig.6 - Signa/·ro-noise performance. 

92CS-2L670 

.. 
!:; 

150 g 

~ 100 
0 I-- -

50 

0 
10 2 .68 10' Z 4 68 3 2 10 4 68 4 2-

10 '68 Z .. 
RF SIGNAL. INPUT-,..V 92CS-21667 

Fig. 7 - AGC curve showing I/oltage rise (controlled by 
external capacitance of 5.7 pF: C,7, Fig.3). 

Change in slope in the vicinity of 40000 /JV signal input voltage is the 
result of the use of C17 (5.7 pF) in Fig.3. The dotted curve indicates 
expected performance if C17 ::: O. 

IU FREQUENCY OF MODULATION (fMOO)=400Hz 

~~ 
.. 
! 
~ a: 

~ 
is 

9 AMBIENT TEMPERATURE (T )c2S·C r-
• 

~I 7 

11 ~ 6 

5 
~ J 

/ I • I 3 

If 2 

I 
./ 

0 
Irr . 2 . 6 , 10' . 6 8 1& 

RF SIGNAL. INPUT-".V 

Fig.S - Oll8rload response. 
92CS-21671 
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OO(]5LJO 
Solid State 
Division 

14-Lead Dual-In-Line 
Plastic Package 

H-1517 

Linear Integrated Circuits 
Monolithic Silicon 

CA3125E 

Television Chroma Demodulator 

Features: 

• Luminance input 

• Blanking control input 

• Three separate demodulators with independent phase control 

• Low output offset voltage. . . . . . . . . . . . . . . . . . . .. 0.4 V 

RCA-CA3125E is a monolithic silicon integrated-circuit 
chroma demodulator having three separate demodulators 
with independent phase control. It is designed to function 
compatibly with the CA139SE IC Chroma Processor as well 
as other ·commercially available Chroma Processors in R-G-S 
Systems of color-TV receivers. Fig. 2 shows a functional 
block diagram of a 2-package TV Chroma System incorporating 
the CA3125E and CA139SE. The CA3125E is supplied in a 
14-lead dual-in-line plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25" c 

CHROMA INPUT 

~ 

10-73 

LUMINANCE 
AND DC BIAS INPUT 

REFERENCE 

SUPPLY VOLTAGE. _ ... _ ........ _ .. _ .... _ . . . 25 V 
SUPPLY CURRENT .. __ ......... _ ....... _ .... 20mA 
AMBIENT-TEMPERATURE RANGE: 

Operating .................... _ .. _ -40° C to +85° C 
Storage ............. _ ....... _ . .. _65°C to +1500 C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16" ± 1/32" (1.59 ± 0.79 mm) 
from case for 10 s max ... _ ............ __ .. . 

DEMODUI..ATOR 

B 
OUTPUT 

R 
OUTPUT 

G 
OUTPUT 

9ZCM-Z2~41 

SUBCARRIER BIAS 
INPUT 

Fig. 1 - Functional block diagram of the CA3125E. 
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TYPICAL STATIC CHARACTERISTICS AT TA = 25°C. 
v+ = +20 VOLTS 

SUPPLY CURRENT . ......... .... .......... 9.6mA 
BRIGHTNESS CONTROL VOLTAGE: 

Measured with B volts at 
Terminals 11,12, and 13 ................. 1.4 V 

MAX. OUTPUT DIFFERENCE VOLTAGE: 
Measured between any two of 

Terminals 11, 12, and 13 .................. ±O.4 V 
MAXIMUM DC DETECTOR UNBALANCE 

VOLTAGE: 
DC voltage shift on Terminals 11,12, and 13 

when Terminals 1, 2, and 3 are alternately 
biased 0.5 volt positive, then negative with 
reference to Terminal 14. . . . .. . . . . . . . . . . +150 mV 

TYPICAL DYNAMIC CHARACTERISTICS AT T A = 25°C, 
V+ = +20 volts 

BLUE CHROMA GAIN: 
Peak·to·peak voltage at Terminal 11 with 1.0 volt 

peak·to·peak applied differentially between 
Terminals 6 and 7, and with a subcarrier 
injection voltage of 1 volt peak·to·peak 7.36 Vp.p 

RED GAIN RATIO: 
Peak·to·peak voltage at Terminal 13 
Peak.to.peak voltage at Terminal 11 X 100 . . . . . . .. 100% 

GREEN GAIN RATIO: 

Peak·to·peak voltage at Terminal 12 X 100 30% 
Peak·to·peak voltage at Terminal 11 ........ . 

LUMINANCE GAIN: 
Peak·to·peak voltage measured at Terminals 11, 

12, and 13, with a peak·to·peak voltage of 
0.1 volt applied to Terminals 6 and 7 
(common mode), and with no subcarrier 
injection. . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.7 Vp·p 

PHASE 
SHIFT 

NETWORK 

Fig. 2 - TV chroma system functional block diagram. 
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CA3125E 

r;:----------"T---
I I 
I I 

RED DEMODULATOR 

I 
I 
I 

-----, 
~\l RI91 

R~~ 6K I 

BRIGHTNESS 

I 
I 
I 

~----o--+--o_---I_--_t_-_I_o__i_4--~ B~~~~~N~ 
I 
I 
I 
I 
I 
I 

I 

RED I 
C~~~I-E'" 

IN I 
I 
I 
I 
I 
I 
I 
I 
I 

RI 
6.4 K R2 

RII 

1.3K 

6.4 K 

RIO 
BOO 

I I L __________ l 
RESISTANCE VALUES ARE 

IN OHMS 

R3 
I.OSK 

R4 
4.2SK 

Fig. 3 - Schematic diagram of the CA3125E. 

RI5 
BOO 

I 
I 
I 
I 
I R20 I BOO 

92CL-22518 
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OOOBLJD 
Solid State 
Division 

16-lead Quad-in-.ina plastic package 

H-t70S 

Linear Integrated Circuits 
Monolithic Silicon 

CA3126Q 

TV Chroma Processor 

Features: 
• Phase-locked subcarrier regeneration utilizes sample-aod-hold techniques 
• Automatic chrominance control (ACC)/killer detector employs 

sample-aod-hold techniques 
• Supplementary ACe with an overload detector to prevent oversaturation 

of the picture tube 
• Sinusoidal subcarrier output 
• Keyed chroma output 
• Emitter-follower buffered outputs for low output impedance 
• Linear de saturation control 
• Internal zener-regulated reference potentials 

• Only the initial crystal filter tuning is required ... no killer or 
RCA-CA3126Q is a monolithic silicon integrated circuit 
designed for chroma processing applications in color TV 
receivers. It is compatible with the CA3067 chroma demodu
lator as well as other chroma demodulators. 

CHROMA 
INPUT 

ACC adjustments required at any time 
• Few external components required 
• Compensation for temperature and supply variations 
• All terminals protected against sh~)ft circuits 

"<0 

Il.~AAJ"'oJl.OV 
1I~: \21 . 2vKn.~ 5". WIDTH 

12K HORIZONTAL 
I KEY INPUT 
I 

* OPTIONAL DESIGN 
FEATURES 

0.01 "F ~lt;~R,*,O.o1 "F 92CM-22022RI 

Fig. I-Block diagram of CA3126Q TV Chroma Processor. 
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+24 V ...--.--a-'" 
IOka 270n 

2N2102 

O.05I'F 

~--------1--+~~.~ 

cw 
47 k!l 

ccw 

TPI 

3.9 kfi 

SUB
CARRIER 
OUTPUT 

COUNTER 

2.51'5--": r---:== 63.5 I'S-----i d 
BU~ 3.579545 MHz ~ -l~CHROMA 

: i ·-----f-- -r: ~ 4 JLs 0.46 VCHROMA 

VpEAK (MINI 

4 r-- 5 ILl CENTERED ON BURST 
92CL -24998 

Fig. 2-Testcircuit for CA31260. 

CIRCUIT DESCRIPTION 

The following paragraphs briefly describe the circuit operation 
ofthe CA31260 (shown in Figs. 1 and 3). A detailed description 
of the operation of various portions of the CA31260 is given 
in ICAN·6247, "Application of the CA31260 Chroma·Pro· 
cessing IC Using Sample·and·Hold Techniques". 

The chroma input is applied to Terminal 1 through the desired 
band·shaping network. A 2,450·ohm resistor should be placed 
in series with Terminal 1 to minimize oscillator pickup in the 
first chroma amplifier. This amplifier supplies signals to the 
second chroma ampl ifier and to the ACC and AFPC detectors. 
The first chroma amplifier is gain·controlled by the ACC 
amplifier. 

A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator 
circuit. The subcarrier burst is sampled during the keying 
interval in the AFPC detector. The error voltage, produced at 
Terminal 2 and proportional to the burst phase, is compared 
to the quiescent bias voltage at Terminal 3 by the sample·and
hold circuitry. This "compared" voltage controls the phase
shifting network in the phase-locked loop. The operation of the 
AFPC loop is independent of any external adjustments or 
voltages except for an initial capacitor adjustment to set the 
free-running frequency. 
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550 

RF BY PASS 

4 

r
I 

- - - - -r= - - -I----r - - - - --
I AFPC DETECTOR I SIG~~~ ~~~ciLE 

I I 
I 
I 
I 
I 
I 
I 
I 
I 

FIRST CHROMA 
AMPLIFIER 

RI R4 
300 300 -

R2 R5 
700 700 

L,: RI3 

:s-1- 4 K [053 

~~~ --Y RI7 

I 1~3 I RI4 RI5 QII QI2 I j5PFI 2.1K 700 

rr-----+-4,R~~. 09 ~K5- I ~RK 0~5:~ 

: R60 ~~02 ~O 1~7 OBI5~F~ 013 
I ~-l 500 II 

~~~ I [ 
INPUT RI9 L_+--+-+-__ 

R6;~3 RIO I 12K 

: 500)~03 ':: 05 06 [ ~kB 
I R3 2;~ 500 

250 01 

L--~~Tri~~~~~~ SECOND CHROMA 
AMPLIFIER 

::::1 ~ i W ~172 ~:~ 
~ I C2r:K==== 

~: ~ ~~B _ i 033 ~ I 0_---

~ I I Ttt3l032~ ! 
~ I ~~~I-H+----

.@:@15r--+--+------' J 
CHROMA - - ~ I 
OUTPUT I I 

10~ ,- Ace - -I IzENER-l ,--
I [[1-., I R;: i AMP. R49 I : REFERENT I 

(Is)l I I 700 I I 
C~~?::Af-_ ~R42 :~;;'o7 I 029~ I I ~ I ~1"4_7++-__ _ 

CONTROLI R79 022 I BK I ~ I Z2 ~I ..-I I 

~I ~O t.., I "LJ 020 ,,! ~R~4L -J [ Z3 I R531 
OVERLOAD ~ I ~. vVV--1 1 r- 700 I 

DETECTOR I : R41 I 027 020B~ ~4" I: ~5~ 11M 030 [ ~ 
I I ~~o I K~L,,';~R [ R47 [I I R55 I 
I I 330 I 1 5K [ R50 I R52 I 3.5 K I 

R45 5 K IK [ I I 03 1 I 220 11 I 
I L~ .L...:.J 1 I 

L _O~R~ DETECTOR ____ 1---1 --.l...:.-. ...L _ L __ 

® ([4J 
GROUND (SUBSTRATE) ZENER 

REFERENCE 

Fig. 3-Schematic diagram of the CA3126Q. 
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AFPC FILTER XTAl. FILTER CUIIII .. 

'~ ~\ '~ .q>' OII<;)T 
---,. - --- '---,---, ----.....: ---, 

BALANCED PHASE I BIAS SAMPLE LIMITER AMPLIFIER I SHIFTER AND HOLD 

R27 1 I) 
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I~ 
3K 062 

060 :~Q21 061~ 1 t.. ~ I ~7 R52: I 
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3S~390 . ___ 
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I ~~ :1' ~ 2K 
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016 r-----' .:F 
1 '--' 04S 
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I I.BK I R70 
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KEYING INPUT 

RESIS TANCE VALUE ARE IN OHMS. 

Fig. 3-Schematic diagram of the CA3126a (cont'd). 
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MAXIMUM RATINGS, Absolute-Maximum Values at TA =2!PC 
DEVICE DISSIPATION: 

Up to TA = 550 C ••••••.••.•...•...••...•••.•••• 750mW 
Above TAm 5S0C ................ derate linearly 7.9 mWf'C 

DC SUPPLY VOLTAGE (Across Terms. 5 and 12)· .••...... 13.2 V 
OCCURRENT: 

Into Term. 12 . ...............•......•............ 38 rnA 
Into Term. 14 .. ...................••............. 20 rnA 

DC VOLTAGE (Terminal 9): 
Negative Rating .................................. ', -5 V 
Positive Rating " ......................... ",......... 3 V 

AMBIENT TEMPERATURE RANGE: 
Operating . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .. -40 to +8SoC 
Storage . ............................. .... -66 to +150oC 

LEAD TEMPERATURE (During Soldering): 
At a distance not less than 1/32 in. (0.79 mm) 
from case for 10 seconds max. . .................... +265oC 

"'his rating does not apply when using the internal zener reference 
in conjunction with an external pass transistor. 

ELECTRICAL CHARACTERISTICS 

Test Conditions: T A = 2SoC, chroma control at maximum position for all characteristics tests except for chroma output test. 
For this test, control should be set at minimum position. Electrical characteristics referenced to test circuit, Fig.2. 

TERMINAL, 

CHARACTER ISTIC 
. MEASURE· SWITCH POS. CHROMA 

LIMITS 
MENT,AND INPUT 

SYMBOL S1 S2 TPl Min. Typ. Max. 

Static Characteristics 

Voltage Regulator V12 2 2 0 10.1 11.2 12.1 

Supp)y Current 112 2 2 0 16 25 3a 

Dynamic Characteristics (See Note 1) 

Pull·in Range" Va 
. 2 0.5 Vp.p ±250 - -

Oscillator Output Va 2 2 0 0.6 1.0 -
100% Chroma Output V15 1 2 0.5 Vp.p 1.4 2.7 -
Overload Detector V15 1 1 0.5 Vp.p 0.4 - 0.7 

Minimum Chroma Output V15 1 2 0.5 Vp•p - - 20 

200% Chroma Output V15 1 2 1 Vp.p 70 100 140 

20% Chroma Output V15 1 2 0.1 Vp.p 40 - 105 

Kill Leve) VTPl 1 2 vary 5 - 60 

Note 1: Except for pull-in range testing, tune oscillator trimmer capacitor for free-running frequency of 3.579545 MHz ± 10 Hz. 
*Set Switch 1 to Position 2, detune oscillator ± 250 Hz, set Switch 1 to Position 1, and check for oscillator pull-in. 
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The regenerated oscillator signal at Terminal B is applied 
internally to the AFPC and ACC detectors through +45- and 
-45·degree phase·shifter networks to establish the proper 
phase relationship for these detectors. The ACC detector. 
which also samples the burst during the keying interval. 
produces a correction voltage proportional to the burst ampli· 
tude. The correction voltage is compared to the quiescent bias 
level using sample-and·hold circuitry similar to that used in the 
AFPC portion of tne circuit. The "'compared"' voltage is applied 
internally ·to the ACC amplifier and killer amplifier. Because 
the amplifier gains and killer threshold are determined by the 
ratios of the internal resistors, these functions are independent 
of external voltages or controls. 

The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst is removed by keyer action. The 
killer amplifier, the chroma gain control, and the overload 
detector control the action of the second chroma amplifier, 
whose gain is proportional to the dc voltage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of the 
chroma output (Terminal 15) and detects the peak of the signal. 
The detected voltage is stored in an. external capacitor can· 
nected to Terminal 16. This stored voltage on Terminal 16 
affects the gain of the second chroma in the same manner as 
the chroma gain control. 

APPLICATIONS INFORMATION 

General Considerations 
The block diagram shown in Fig. 1 is typical of the type of 
circuit used in the practical application of the CA31260. 
Several items are critical for proper operation of the circuit. 
1. A series resistor of approximately 2,450 ohms (or high 

source impedance) must be used at the chroma input, 
Terminal 1. This high impedance minimizes pickup of 
unbalanced currents, particularly of the subcarrier oscillator 
signal. 

2. When the overload detector is used, a large. resistor (nom· 
inally 47,000 ohms) must be placed in series with Terminal 
16 to set the required RC time constant. The same RC 
network series serves to set the killer time constant. 

3. The setting of the free·running oscillator frequency requires 
the presence of the keying pulse. The free·running frequency 
will be erroneous if Terminal 1 is dc shorted during the 
setting operation because of the dc offset voltage introduced 
to the AFPC detector. 

4. Care must be taken in PC board designs to provide 
reasonable isolation between the oscillator portion of the 
circuit (Terminals 6, 7, and B) and the chroma input 
(Terminal 1). 

Overload Detector 
The overload detector accomplishes two purposes: 

1. It prevents oversaturation due to low burst·to·chroma 
ratios. 

2. It prevents overload conditions due to noise. 
Both of these conditions are discussed in more detail in 
ICAN-6247. The extent to which the overload detector is used 
depends upon the individual receiver design goals. If greater 
than 0.5·volt peak-to·peak output is desired, the chroma 
output at Terminal 15 can be tapped to yield any desired 
degree of overload detector action. 

Chroma Gain Control 
The chroma gain control operates by varying the base bias on 
current source transistor 025. To ensure proper temperature 
tracking of the chroma gain control, it is essential that the 
control be operated· from a supply source derived from the 
reference voltage at Terminal 12. Because the control operates 
from a current source, chroma gain is much more predictable 
and far less temperature sensitive than controls that steer 
current by means of a differential amplifier. The typical chroma 
gain characteristic for the CA31260 is shown in Fig. 4. 

"' 3 
;:! 
x .. 
" .. 
0 .. 
I 
~ 
5 
0 .. 
" g 
<5 

60 

20 

I 
VOLTAGE AT TERM. 16 1VI6}-% OF Vt2 

92CS-24999 

Fig. 4-Chroma gain control. 

Subcarrier Regenerator Oscillator 
The oscillator filter consists of a 3.579545·MHz crystal, a 
680·ohm resistor, and a 10·pF capacitor connected in series 
across Terminals 6 and 7. A 33·pF capacitor, shunt connected 
from Terminal 7 to ground, rolls off higher-order harmonics, 
thereby preventing oscillation at the crystal third·harmonic 
frequency. A curve of the typical static phase error as a 
function of the free-running oscillator frequency is shown in 
Fig. 5. It should be noted that the slope of the curve determines 
the dc gain of the phase·locked loop, i.e., 40 Hz per degree. 

-300 
OSCILLATOR fREE-RUNNING FREQUENCY - DEVIATION 

IN Hz FROM 3.Ci79545 MHz 
92CS-2~OOO 

Fig. 5-Static phae e"or. 
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Thermal Considerations 
The circuit of the CA31260 is thermally compensated to 
achieve the optimal operating characteristics over the normal 
operating temperature range of TV receivers. Figs. 6 and 7 

'show the oscillator· and chroma·output amplitudes and phases 
as a function oftemperature (Terminals 8 and 15). respectively. 

AMBIENT TEMPERATURE (TAJ-DC 
92CS-2~OOI 

Fig. 6-Amplitude and phase variations of oscillator 
output vs. temperature. 

Both the oscillator· and chroma·output amplitudes and phases 
are measured relative to the chroma·input phase. The per· 
formance of the oscillator free*running frequency as a function 
of temperature is shown in Fig. 8. All the temperature plots are 
characteristic of the test circuit with the indicated component 
types and values given in Fig. 2. 

AMBIENT TEMPERATURE eTA) _·c 
92CS-2!5002 

Fig. 7-Amplitude and phase variations of chroma 
output vs. temperature. 

AMBIENT TEMPERATURE (TAI-OC 

92CS-2S003 

Fig. 8-Variation of oscillator free-running frequency vs. temperature. 
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[RlrnLJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3127E 

High-Frequency N-P-N 
Transistor Array 
For Low-Power Applications at Frequencies up to 500 MHz 

Features: 
• Gain-Bandwidth Product (fT) > 1 GHz 

Terminal • Power Gain = 30 dB (typ.l at 100 MHz 

• Noise Figure = 3.5 dB (typ.) at 100 MHz 

a Five independent transistors on a common substrate 
16-Lead Dual-In-Line 
Plastic Package H·1622 

RCA-CA3127E* consists of five general-purpose silicon n·p·n 
transistors on a common monolithic substrate. Each of the 
completely isolated transistors exhibits low lIt noise and a 
value of fT in excess of 1 GHz, making the CA3127E useful 
from de to 500 MHz. Access is provided to each of the 
terminals for the individual transistors and a separate substrate 
connection has been provided for maximum application flexi
bility. The monolithic construction of the CA3127E provides 
close electrical and thermal matching of the five transistors. 

The CA3127E is supplied in a 16-lead dual-in·line plastic 0 

package and operates over the full military temperature range 
of -55 to +1250 C. 

* Formerly RCA Dev. No. TA6206. 

MAXIMUM RATINGS, Absolute-Maximum Values, 
at TA = 2f1JC 

POWER DISSIPATION, Po: 
Anyone transistor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 85 mW 
Total Package: 
For T A up to 750 C ...•.................•....... 425 mW 
For T A >750C Derate Linearly at .............. 6.67 mW/oC 

AMBIENT TEMPERATURE RANGE: 
Operating ........................ ........ -55 to +12SoC 
Storage ................................. -65 to +150oC 

LEAD TEMPERATURE lOURING SOLDERINGI: 
At distance 1/16 ± 1/32 inch (1.59 ±O.79 mm) 
from case for 10 seconds max...................... +26SoC 

4-74 

Applications: 
.. VHF amplifiers 
• VHF mixers 
• Multifunction combinations - RF/mixer/oscillator 
II I F Converter 

II I F amplifiers 
a Sense amplifiers 
a Synthesizers 
a Synchronous detectors 
• Cascade amplifiers 

92CS-22214 

Fig. 1- Schematic diagram of CA3127E. 

The following ratings apply for each transistor in the device. 

Collector-to-Emitter Voltage, VCEO ................ 15 V 

Collector-to-Base Voltage, V CBO .................. 20 V 

Collector-to-Substrate Voltage, V CIO * .............. 20 V 

Collector Current, IC ........................ " 20 mA 

*The collector of each transistor of the CA3127E is isolated from the 
substrate by an integral diode. The substrate herminal 5) must be 
connected to the most negative point in the external circuit to main· 
tain isolation between transistors and to provide for normal transistor 
action. 
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STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARACTERISTICS SYMBOL TEST CONDITIONS 1 LIMITS UNITS 

Min. Typ. 1 Max. 

For Each Transistor: 

Collector-ta-Base 
V(BRICBO IC' 10 ~A~ IE • 0 20 32' V 

Breakdown Voltage -
Collector-fa-Emitter 

V(BRICEO IC' 1 mA,l B • 0 15 24 V 
Breakdown Voltage -

Collector-to-Substrate 
V(BRICIO 

IC1 ' 10~,IB' 0, 
20 60 V 

Breakdown Voltage IE ·0 
-

Emitter-to-Base 
V(BRIEBO IE' 10 ~A, IC' 0 4 5.7 V Breakdown Voltage* -

Collector-Cutoff..current ICEO VCE ·l0V,IB '0 - - 0.5 ~ 

Collector-Cutaff-Current ICBO VCB '10V,I E '0 - - 40 nA 

DC Forward-Current 
'C ... SmA 35 88 -

hFE VCE'SV IC 'l mA 40 90 -
Transfer Ratio 

IC 'O.l mA 35 85 -

IC' 5mA 0.71 0.81 0.91 

Base-fa-Em itter Voltage VBE VCE'SV IC 'l mA 0.66 0.7S 0.8S V 

IC ·O.l mA 0.60 0.70 0.80 

Collector-ta-Emitter 
VCE(sa.1 IC' 10 mA,I B ' 1 mA - 0.26 0.50 V 

Saturation Voltage 

Magnitude of Difference 
16vBEI 01 & 02 Matched - 0.5 5 mV 

in Vee 

Magnitude of Difference 
161BI VCE'SV,IC'l mA 0.2 3 ~A 

in IS -

*when used as a zener for reference voltage, the device must not be subjected to more than 0.1 millijoule of e:nergy from any possible 
capacitive or electrostatic discharge in order to prevent degradation of the junction. Maximum operating zener current should be less than 10 rnA. 

DYNAMIC CHARACTERISTICS at T A = 25°C 

CHARACTERISTICS SYMBOL TEST CONDITIONS LIMITS UNITS 

Fig. No. Min~ Typ. Max. 

IIF Noise Figure NF 
I· 100 kHz, RS' 500 fI 

2 - 1.S - dB 
IC""1 rnA 

Gain-Bandwidth Product IT VCE 'SV,IC '5mA 4 - 1.15 - GHz 

Collector-to-Base Capacitance CCS VCS 'SV,I= 1 MHz 5 - See - pF 

Collector-to.substrate Capacitance CCI VCI 'SV,I'lMHz 5 - Fig. - pF 

Ernitter-to-Base Capacitance CEB VBE =4V,f= 1 MHz 5 - 5 - pF 

Voltage Gain A 
VCE 'SV,I'10MHz S,18 - 28 - dS 
RL = 1 KfI,IC' 1 mA 

Power Gain Gp 
Cascode Configuration 

19,20 27 30 - dB 
I' 100 MHz, V+ '12 V 

Noise Figure NF IC= 1 rnA 19.20 - 3.5 - dB 

Input Resistance l/gll Common-Emitter 10 - 400 - fI 

Output Resistance 1/922 Configuration 12 - 4.6 - kfl 

Input Capacitance C11 VCE ' S V 10 - 3.7 - pF 

Output Capacitance C22 IC 'l mA 12 - 2 - pF 

Magnitude of Forward Transadmittance hll I' 200 MHz 14,15 - 24 - mmho 
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CHARACTERISTICS CURVES 
COMMON-EMITTER CONFIGURATION 

AMBIENT TEMPERATURE ITA';25-C I COLLECTOR-fO-EMITTER VOLTAGE tVCEI-6V ... 30 RSOURCE. soon 

111 
, 

"' I/~ I 20 

~ '7 jP' 
ii: 

/'" w 

V V ~ 6 
/' z 

~~ ::; 101;' V \' V 
I.-----~ 

,oodo" 
~ F= -- 10011.1-11 

0 

0.01 4 6 801 8 I 

COLLECTOR CURRfNTUC)·mA 92CS-20804 

Fig. 2 - 1 If noise figure VI. collector current at RSOURCE ;a 500 n. 

AMBIENT TEMPERATURE ITAI;2S-C I '\. 7 
COLLECTOR-lO-EMITTER VOLTAGE (Vc!::I-6V ~~~ 

30 RSOURCE"Kll l=;:~~("\' <t'~"';:'-- V 
~ V "' V ,oo~ ,-

20 w VV V- 1 !5 

~ ~ V V ill L--- ~ 0 /' z 
lOr-.., 

\' 

- --V r?r I.----- \OO\l~ V 

0 
0.01 6 Sal 6 • I 

COLLECTOR CURRENT (le'-rnA 92CS-20ao:s 

Fig. 3 - l/f noise figure vs.collector current at RSOURCE = 1 kG. 

92CS-2221S 

Fig. 4 - Gain-bandwidth product VB. collector current. 

2 3 4 5 6 7 8 9 10 
BIAS VOLTAGE - V 

92CS-22216 

Fig. 5(aJ - Capacitance VI. bias voltage for 02-

... v._ 
"0. "0. 

..... Total ""I, Total """ Tollo' ""I. TDUI 

0.1900.0900.1250.365 

0.1700.2250.2660.130 

0.2000.2150.2400.360 

0.1900.2250.2700.366 

0.1650.0950.1150.140 

Fig. 5tb) - Typical capacitance values at f =- 1 MHz. Three terminal 
measurement. Guard all terminals except those under test. 

4 ~llEC I J 
35 TORCUR~ 

ICI •• ~ 
30 

" I~ 
"' 2. 

I'\. i 20 ~ " ~ I " I'. z 
~ 

I. 0.2"" ...... r":: ~\ ~ 
~ 10 

I 1'...\1\. ~ • r-... 
g I i'o.. ~ 

o AMBIENT TEMPERATURE (TAI:25- C " COLLECTOR-TO-EMITTER VOLTAGE IVcE)=6V 
-5 LOAD RESISTANCE (RLI = I Kil 
-10 FOR TEST CIRCUIT SEE FIG. 20 

4 678 1000 

FREQUENCY If)- MHz 92CS-22217 

Fig. 6 - Voltage gain vs. frequency at R L :: 1 k n. 
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FOR TEST CIRCUIT SEE FIG. 20 
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COLLECTOR CURRENT (1 ).5",.4 

20. 
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CHARACTERISTICS CURVES (Cont'dl 
COMMON-EMITTER CONFIGURATION 

AMBIENT TEMPERATURE (7A)=25- Co 

~ 
COLLECTOR-lO-EMITTER VOLTAGE'VcE)-6V 

....... 

f'.. '\ -............... 

r--:: - r--

8 COl.LECTOR CURRENT (Ie)=1 mA 

V ~ 1 

~ 6 V 
~ 0 5 ..v' / 
~E 

./ / - E 
~! 4 /' L ei • ~ ./ /0" 
u 2 

~ ,~ 
0. 

4 4 4 6 8 JOO 678,000 2 , 4 lOG 

FREQUENCY (f)-MHz 92CS-22218 FREQUENCY (f1-MHz 

, . 1 . 9 10.00 

92C5-22221 

Fig. 7 - Voltage gain VB. frequency at RL = 100 n. Fig. 10 -Input admittance (Y ,,) VB. frequency. 

100 AMBIENT TEMPERATURE (TAI-25- C 
COLLECTOR-TO-EMITTER VOLTAGE IVcE)s6V 

90. 

~ -- ........ - j'-. 
80. ~ 

10. 

60. 

50. 

4n 

0..1 
, 4 . . , 4 . . 10. 

COLLECTOR CURRENT(ICI-mA 
COLLECTOR CURRENT I.ICI-mA 

92C5-22222 

Fig. 8 - DC forward-current transfer ratio VB. collector current. Fig. 11 - Input admittance ty 1,) vs. collector current. 
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1.3 AMBIENT TEMPERATURE tTAI=25-C 
1.2 COLLECTOR-TO-EMfTTER VOLTAGE 

IVCE)c6V 

~ E 1.1 COLl.ECTOR CURRENT (Icl z ImA I E 1.0. E 
I I I 
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~ ~ 0..8 8 
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10.0 e 91000 

COLLECTOR CURRENT IIcl-mA FREQUENCY Ifl-MHz 92C5-ZZ223 

FIg. 9 - Base-to-emitter voltage vs. col/ector current. Fig. 12 - Output admittance tY 2:; vs. frequency. 
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CHARACTERISTICS CURVES (Cont'd) 
COMMON-EMITTER CONFIGURATION 

COLLECTOR CURRENTIIC)-mA 
92CS-22224 

Fig. 13- Outputadm;ttanc8 (Y2i vs. collectorcurrenr. 

COLLECTOR CURRENTIIc)-mA 
9ZCS-22225 

Fig. 14 - Forward transadmittance fY2,J vs. collector current 

AMBIENT TEMPERATURE ITA)·25-C 
COLLECTOR-lO-EMITTER VOLTAGE IVcE}·6V 
COLLECTOR CURRENT \Ic)·lmA 

-10 ~ 
;! 

~r-....~_+-~I-_-l_-l-_+++++-I~: L 
1---+I'-..""::'-.l---+-+-f-l-l-f-t+40 ~ ~ 
1-_-+_--l-~....::,e,,21~_-l-_++++-f-J-50 !; 

" l'j-:. 1---l---I---..p.",~-I--I-I-IH-+--60 ~ m 
-70 ~ 

-I-- -80 ~ 

10'1---+-+---1---1--1--1-1-1-+-1-90 :l 
o l~~~ 

FREQUENCY (f)-MHz 9ZCS-22226 

Fig. 15 - Forward transadmittance (Y21) V5. frequency. 

COLLECTOR CURRENT IICHmA 92CS-Z2227 

Fig. 16 - Reverse transadmittance ty Ii vs. col/ector current. 

AMBIENT TEMPERATURE (TA)·2S-C 

~ ~ 
COLLECTOR-lO-EMITTER VOLTAGE IVcEI-6V 
COLLECTOR CURRENT <lel-lmA ;! 

Ii Ii 
o.s -~i ~ i-.. 

-h@'2 
~ i 0.5 "-

-95 ~: 

'" e -'" 
Ill!!! 

1:1 I a.. 
J/'\ 

-lool5~ 
~~ ~l 
;~Q.3 

~21 \ 
-I05~§ 

g OJ 
0.2l.,.-/ -110 ~ 

~ 
.. 
.:. 

0.1 -115 ~ 

0 ~120 

100 S 6 7 a 91000 

FREQUENCY (f1-MHz 92CS·Z2228 

Fig. 17 - Reverse transadmitrance (Y 1:F vs. frequency. 

TEST CIRCUITS 

Fig. 18 - Voltage-gain ten circuit using current·mirTOr biasing for 02-
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TEST CIRCUITS (Cont'd) 

7SOn 
1"4 

1000 
pF 

~r---(6)--!......Jv<,iv_--I_-~-+~:O+l2V 

J: 
* E. F. JOHNSON No. 160-104-1 

OR EQUIVALENT 9zCS-22229 

This cir.cuit .was chosen because it conveneietly represents a close 
; approximation in performance' to a properly unilateralized single 

transistor of this type. The use of 03 in a current-mirror configuration 
facilitates simplified biasing. The use"of the cascade circuit in no way 
implies that the transistors cannot be used individually. 

Fig. 19 - tOO-MHz power-gain and noise-figure test circuit. 

Fig. 20 - Block diagrams of power-gain and noise-figure test set-ups. 



OOCC3LJD Linear 
Solid State 
Division 

Preliminary Data 

Integrated Circuits 
Monolithic Silicon 

CA3128Q 

TV Chroma Processor for PAL Systems 

Features: 
• Sinusoidal subcarrier output 
• Keyed chroma output I~ 

• Phase·locked subcarrier regeneration 
utilizes sample-and·hold techniques in 
the automatic frequency phase control 
(AFPC) servo loop 

• Automatic chrominance control (ACCl! 
killer detector employs sample-and·hold 
techniques 

• Emitter·follower buffered outputs for 
low output impedance 

16-laad Ouad-in-lina palstic package 

H-1706 

• Supplementary ACC with an overload 
detector to prevent oversaturation of 
the picture tube 

• Linear dc saturation control 
• PAL identification output 

The RCA·CA31280 is a monolithic silicon integrated circuit 
designed primarily for PAL chroma processing applications in 
color TV receivers. For a circuit description of the CA31280 
and an explanation of this device in PAL systems, refer to "A 
New Chroma Processing IC Using Sample ·and·Hold Techniques" 
by L. A. Harwood (ST6144). 

• Only the initial crystal filter tuning is required ... no killer 
and ACC adjustments required at any time 

• Few external components required 

• Compllnsation for temperature and supply variations 

• All terminals protected against short circu its 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25"C 

DC SUPPLY VOLTAGE (8etween Terms. 12 and 5)........... ................................ 13.2 V 
DC VOLTAGE (Term. 9): 

Positive Value ................................•.................................... +3 V 
Negative Value ......................................................... '. . . . . . . .. . . -5 V 

DEVICE DISSIPATION: 
Up to TA = 55°C................................................................... 750 mW 
Above TA = 55°C ............................................................. derate linearly at 7.9 mWfC 

AMBIENT TEMPERATURE RANGE: 
Operating ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -40 to +85 °c 
Storage ......................................................................... -65 to +150 °c 

LEAD TEMPERATURE (DURING SOLDERING): 
At a distance not less than 1/32" (0.79 mm) from case for 10 seconds max. 

TYPICAL STATIC CHARACTERISTICS at T A = 25°C: 

DC Su pply Current (l12lwith V 12 = 11.2 V dc ............................................ . 

TYPICAL DYNAMIC CHARACTERISTICS at T A = 25°C with a Burst'm-Chroma Ratio of 46.5%: 
100% Chroma Output Voltage at V IIp-p) = 0.5 V .......................................... . 
Oscillator· Level Output Voltage ........................................................ . 
Killer Threshold Input Voltage ........................................................ . 
Pull·in Frequency ................................................................... . 
PAL Identification Output Voltage .....•................................................. 

9·74 

+265 

25 

3.5 

0.018 
500 

°c 

rnA 

Vp-p 
Vp·p 
Vp·p 

Hz 
Vp-p 
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TO 
TE MI2 

CHROMA 
INPUT 

. j "t~f;l~~ v~~~~~ 
o.o" .... l'Kn Y+.1I.2V 

r-----------~~~ 

I 

SW OPEN 
VO ·3,!SVp• p 

SW CLOSED 
VO ·O.5Vp-p 

1.2KA : n:V 
Jl.~2A~~ 5,.s WIDTH 
1I~: ~ y y v ...., HORIZONTAL 

SUBSTRATE I: KEY INPUT 

®-t- ~~~~ II. ~ i Lr DELAY ~! ~ ~~Y_.l - ---v-
L ___ ~3':'~ _______________ ~'~ ______ J 'OOPFJ. 'DENT'F:~'ON 

OUTPUT 

92CM-24692 

Fig. 1- Block diagram of CA312BQ TV Chroma Prot:euor. 

562 



File No. 817 _______________________________ _ 

OOCIDLJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3130BT, CA3130BS 
CA3130AT,CA3130AS 
CA3130T, CA3130S 

COS/MOS Operational Amplifiers 
With MOS/FET Input 

Features: 
• MOS/FET input stage provides: 

very hi!#! ZI = 1.5 Tn (1.5 x 1012 m typo 
very low II = 5 pA typo at 15 V operation 

2 pA typo at 5 V operation 
a·LEAD TOoS 
with Dual~ln·Line 
Formed Leads 
(S suffix) 

H-1787 

a·LEAD TO·5 
(Tsuffix) 

H-1528 

" Common·mode input·voltage range inClUdes} 
negative supply rail; input terminals can Ideal for 
be swung 0.5 V below negative supply rail single·supply 

" COSIMOS output stage permits signal swing applications 
to either (or both) supply rails 

RCA·CA3130T, CA3130S, CA3130AT, CA3130AS, CA· 
3130BT, and CA3130BS are integrated·circuit operational 
amplifiers that combine the advantages of both COS/MOS and 
bipolar transistors on a monolithic chip. 

Gate·protected p·channel MOS/FET (PMOS) transistors are 
used in the input circuit to provide very·high·input impedance, 
very·low·input current, and exceptional speed performance. The 
use of PMOS field·effect transistors in the input stage results in 
common·mode input·voltage capability down to 0.5 volt below 
the negative·supply terminal, an important attribute in single· 
supply applications. 

A complementary·symmetry MOS (COS/MOS) transistor pair, 
capable of swinging the output voltage to within millivolts of 
either supply·voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

" Low Via: 2 mV max. (CA3130B) 
II Wide BW: 15 MHz typo (unity·gain crossover) 
• High SR: 10 V/~ typo (unity·gain follower) 
" Hi!#! output current (0): 20 mA typo 
" High AOL: 320,000 (110dB) typo 
m Compensation with single external capacitor 

App/ications: 
• Ground·referenced single·supply amplifiers 
• Fast sample-hold amplifiers 
• Long-duration timers/monostables 
• High·input·impedance comparators 

(ideal interface with digital COS/MOS) 
• High·input·impedance wideband amplifiers 
II Voltage followers 

(e.g., follower for single·supply D/A converter) 
" Voltage regulators 

The CA3130 Series circuits operate at supply voltages ranging 
from 5 to 16 volts, or ±2.5 to ±8 volts when using spl it supplies. 
They can be phase compensated with a single external capacitor. 
and have terminals for adjustment of offset voltage for appli· 
cations requiring offset·null capability. Terminal provisions 
are also made to permit strobing of the output stage. 

(permits control of output voltage down to zero volts) 

• Peak detectors 

The CA3130 Series is supplied in either the standard 8·lead 
TO·5·style package (T suffix) or in the 8·lead dual·in·line 
formed·lead TO·5·style package "DIL·CAN" (S suffix) and 
operates over the full military·temperature range of -550 C to 
+1250 C. The CA3l30B is intended for applications requiring 
premium·grade specifications and with limits established for: 
input current, temperature coefficient of input·offset voltage, 
and gain over the range of -550 C to +1250 C. The CA3l30A 
offers superior input characteristics over those of the CA3l30. 

'8·74 

.. Single:supply full·wave precision rectifiers 
" Photo-diode sensor amplifiers 

92CS-24713 

Fig. 1-Functional diagram of the CA3130 Series. 
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MAXIMUM RATINGS, Ab.lOlute-Maximum Values 

DC SUPPLY VOLTAGE 
(BETWEEN v+ AND V- TERMINALSI •••••••••••••••• 16 V 

DIFFERENTIAL·MODE INPUT VOLTAGE •••••••••••••••• ±8 V 
COMMON-MODE DC INPUT VOLTAGE •••.•••.• V+to (V--O.5VI 
INPUT·TERMINAL CURRENT ••••••••••••••••••••••••• 1 rnA 
DEVICE DISSIPATION: 

WITHOUT HEAT SI NK-
UP TO 55°C ••••••••••••••••.•••••••••••••• 630 rnW 
ABOVE 5SoC • • • • • • • . • • • • • • •• Oerstelinearly 6.67 mW/oC 

ELECTRICAL CHARACTERISTICS - For Equipment Design 

TEST 
CONDITIONS 

V+=15 V 

WITH HEAT SINK-
AT 125°C •••••••••••••••••••••••••••••••••• 418rnW 

BELOW 125°C •.•..••••••• Increase Ilneadv at 16.7 mW/oC 
TEMPERATURE RANGE: 

OPERATING ••••••••••••••••••••••••••••• -55 to +125oC 
STORAGE. • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• -65 to +1500 C 

OUTPUT SHORT-CIRCUIT DURATION" :. •• •••••• INDEFINITE 
LEAD TEMPERATURE (DURING SOLDERINGI: 

AT DISTANCE 1i16± 1/32 INCH 11.59 ±0.79 MMI 
FROM CASE FOR 10SECONDS MAX ••••••••••••••• +265oC 

·Short circuit may be applied to ground or to either supply. 

CHARACTERISTIC SYMBOL 
V-=OV 

CA3130B CA3130A CA3130 UNITS 
FIG. 

TA=25oC NO. 
(Unless 

Specified 
Omerwise) Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Input Offset Voltage IVlol V±=±7.5 V - 0.8 2 - 2 5 - 8 15 mV -
Input Offset Current 11101 V±=±7.5 V - 0.5 10 - 0.5 20 - 0.5 30 pA -
Input Current II V-=±7.5 V - 5 20 - 5 30 - 5 50 pA -
Large·Signal Voltage AOL VO=10Vp.p 100 k 320 k - 50k 320 k - 50 k 320k - VIV 

Gain 4,5 
RL=2 kG 100 110 - 94 110 - 94 110 - dB 

Common·Mode 
CMRR 

Rejection Ratio 86 100 - 80 90 - 70 90 - dB -

Common·Mode -0.5 -0.5 -0.5 
Input·Voltage VICR 0 to 10 0 to 10 0 to 10 V -
Range 12 12 12 

Power·Supply l:!.VIOIl:!.V+ + - '- 32 100 - 32 150 - 32 320 
Rejection Ratio V-=±7.5 V I'VIV -

l:!.VIOIl:!.V - 32 100 - 32 150 I - 32 320 

VOM+ 12 13.3 - 12 13.3 - 12 13.3 - 9 

YOM 
RL=2 kG -- 0.002 0.01 - 0.002 0.01 - 0.002 0.01 10 

Maximum Output 
IVoM+1 

V -
Voltage 14.99 15 - 14.99 15 - 14.99 15 - 9 

IVoM I 
RL= 

- 0 0.01 - 0 0.01 - 0 0.01 ""'iO 
Maximum Output 

Current: 
Source 10M+ VO=OV 12 22 45 12 22 45 12 22 45 9 

rnA ro Sink 10M VO=15 V 12 20 45 12 20 45 12 20 45 

VO=7.5 V - 10 15 - 10 15 - 10 15 

Supply Current 1+ 
RL =00 

rnA 7,8 
VO=OV - 2 3 - 2 3 - 2 3 
RL== 

Input Current II - Fig. 15 - Fig. - - Fig. - nA -

TA=-55 11 11 11 

Input Offset Volt· to 1250 C 
age Temperature l:!.VIOIl:!.T' V±=±7.5 V· - 5 15 - 10 - - 10 - IlV;oC -
Drift VO=10Vp.p " 

Large·Signal Voltage RL =2 kG • 50 k 320k - - 320 k - - 320k - VIV 
AoL 5 

Gain 94 110 - - 110 - - 110 - dB 

* Applies only to AO,L' 

... Applies only to I, ~ndll VIO' flT. 
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TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 

TEST 
CONDITIONS 

V+=+7.5 V 

CHARACTERISTIC SYMBOL 
V-=-7.5 V 

CA3130B CA3130A CA3130 UNITS 
FIG. 

TA=250C NO. 
(Unless 

Specified 
Otherwise) 

Input Offset Voltage 10 kn across 
Adjustment Range Terms. 4 and 5 ±22 ±22 ±22 mV -

or 4 and 1 

Input Resistance RI 1.5 1.5 1.5 Tn -
Input Capacitance CI f = 1 MHz 4.3 4.3 4.3 pF -
Equivalent Input Noise en BW=0.2 MHz 23 23 23 I1V 14 

RS=l Mn" 

Unity Gain Crossover CC-O 15 15 15 
Frequency fT MHz 4,15 

CC=47pF 4 4 4 

Slew Rate: 
Open Loop CC=O 30 30 30 -

SR V/l1s ""15 Closed Loop Cc - 56 pF 10 10 10 

Transient Response: Cc = 56 pF 
Rise Time tr CL = 25 pF 0.09 0.09 0.09 I1S 15 

Overshoot RL = 2 kn 10 10 10 % 15 

Settling Time (4 Vp·p Input (Voltage 

10<0.1%) Follower) 1.2 1.2 1.2 I1S 15 

* Although a 1-Mn source is used far this test, the equivalent input noise remains constant for sources of RS up to 10 MU. 

TEST 
CONDITIONS 

V+=5V 

CHARACTERISTIC SYMBOL 
V-=OV 

CA3130B CA3130A CA3130 UNITS 
FIG. 

TA = 25°C NO. 
(Unless 

Specified 
Otherwise) 

Input Offset Voltage Via 1 2 8 mV -
I nput Offset Current 110 0.1 0.1 0.1 pA -
Input Current II 2 2 2 pA -
Common·Mode Rejection Ratio CMRR 100 90 80 dB -
Large·Signal Va =4 Vp·p 100 k 100 k 100 k V/V -

Voltage Gain AOL 
RL = 5 kn 100 100 100 dB -

Common·Mode 
VICR a to 2.8 Oto 2.8 Oto 2.8 V -

Input Voltage Range 

1+ 
VO=5V,RL=~ 300 300 300 

Supply Current 
VO=2.5 V.RL = ~ 500 500 500 

I1A 7,8 

Power Supply 
t.VIOIt.V+ 200 200 200 I1V/V -

Rejection Ratio 
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I 
I 
I 
I 
I 

COMPENSATION ----..( STROBING 4 y-

DIODES D5 THROUGH DB PROVIDE GATE-OXIDE PROTECTION 
FOR MCS/FE" INPUT STAGE. 

92CL-24714 
Fig. 2-Schematic diagram of the CA3130 Series. 

CIRCUIT DESCRIPTION 

Fig. 3 is a block diagram of the CA3130 Series COS/MOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5 V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli· 
cations. Consequently, the CA3130 Series circuits are ideal for 
single·supply operation. Three Class A amplifier stages, having 
the individual gain capability and current consumption shown 
in Fig. 3, provide the total gain of the CA3130. A biasing 
circuit provides two potentials for common use in the first and 
second stages. Term. B can be used both for phase com· 
pensation and to strobe the output stage into quiescence. When 
Term. B is tied to the negative supply rail (Term. 4) by 
mechanical or electrical means, the output potential at Term. 6 
essentially rises to the positive supply·rail potential at Term. 7. 
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This condition of essentially zero current drain in the output 
stage under the strobed "OFF" condition can only be achieved 
when the ohmic load resistance presented to the amplifier is 
very high (e.g., when the amplifier output is used to drive 
COS/MaS digital circuits in comparator applications). 

Input Stages-The circuit of the CA3130 is shown in Fig. 2. 
It consists of a differential·input stage using PMOS field·effect 
transistors (aS, 07) working into a mirror·pair of bipolar 
transistors (09, 010) functioning as load resistors together with 
resistors R3 through R6. The mirror'pair transistors also func· 
tion as a differential·to·single-ended converter to provide base 
drive to the second·stage bipolar transistor (all). Offset 
nulling, when desired, can be effected by connecting a 
100,00(J.ohm potentiometer across Terms. 1 and 5 and the 
potentiometer slider arm to Term. 4. Cascode-connected PMOS 
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rcA3I3O""--------------------, v+ 
I 7 
I 200,... 8mA· I 
I OmA~ I 
I I 
I I 
I I 
I I 

OFFSET 
NULL 

10UT,UT 
6 

TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) -I!S v 
*WITH INPUT TERMINALS BIASED SO THAT TERM. 6 POTENTIAL 

IS +7.5 V ABOVE TERM. 4 • 
• WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAil. 

92CS-247t~ 

Fig. 3-Block diagram of the CA3130 Series. 

transistors a2, Q4 are the constant..,urrent source for the input 
stage. The biasing circuit for the constant-current source is 
subsequently described. The small diodes D5 through D8 provide 
gate·oxide protection against high·voltage transients, e.g. 
including static electricity during handling for a6 and,07. 

Second Stage-Most of the voltage gain in the CA3130 is 
provided by the second ampl ifier stage, consisting of bipolar 
transistor all and its cascode..,onnected load resistance pro· 
vided by PMOS transistors 03 and a5. The source of bias 
potentials for these PMOS transistors is subsequently described. 
Miller·Effect compensation (roll·off) is accomplished by simply 
connecting a small capacitor between Terms. 1 and 8. A 47· 
picofarad capacitor provides sufficient compensation for stable 
unity-gain operation in most applications. 

120 

'" T 100Pk1'lcl1N~'IC 
; 
z 80 

~ 
'" ~ 60 
g 1++I11H-H-IH 
.. 401-++ttH-+Hl-++ 
9 , 
~ 201-++ttH-+Hl-~~~+B~.N~~~~ 
o 

92CS-2471G 

Fig. 4-0pen-/oop voltage gain and phase shift vs. frequency 
for various values of Cv Ceo and RL -

Bias·Source Circuit-At total supply voltages, somewhat above 
8.3 volts, resistor R2 and zener diode Zl serve to establish a 
voltage of 8.3 volts across the series·connected circuit, con
sisting of resistor R I, diodes D 1 through D4, and PMOS 
transistor al. Atap at the junction of resistor Rl and diode D4 
provides a gate-bias potential of about 4.5 volts for PMOS 
transistors Q4 and Q5 with respect to Term. 7. A potential of 
about 2.2 volts is developed across diode..,onnected PMOS 
transistor al with respect to Term. 7 to provide gate bias for 
PMOS transistors a2 and 03. It should be noted that al is 
"mirror-connected"t to both Q2 and 03. Since transistors Q2 

and a3 are twice the size of aI, the approximate 1 DO-micra
. ampere current in at establishes 20Q·microampere "mirrored" 
currents in a2 and a3 as constant-current sources for the first 
and second amplifier stages, respectively. 

At total supply voltages somewhat less than 8.3 volts, zener 
diode Zl becomes non·conductive and the potential, developed 
across series-connected Rl. Dl-D4, and al. varies directly with 
variations in supply voltage. Consequently, the gate bias for 
Q4, a5 and a2, a3 varies in accordance with supply-voltage 
variations. This variation results in deterioration of the power· 
supply-rejection ratio (PSRR) at total supply voltages below 
8.3 volts. Operation at total supply voltages below about 4.5 
volts results in seriously degraded performance. 

Output Stage-The output stage consists of a drain-loaded 
inverting amplifier using COS/MOS transistors operating in the 
aass A mode. When operating into very high resistance loads, 
the output can be swung within millivolts of either 
supply rail. Because the output stage is a drain·loaded ampli
fier, its gain is dependent upon the load impedance. The 
transfer characteristics of the output stage for a load returned 
to the negative supply rail are shown in Fig. 6. Typical op-amp 
loads are readily driven by the output stage. Because large
signal excursions are non·linear, requiring feedback for good 
waveform reproduction, transient delays may be encountered. 
As a voltage follower, the amplifier can achieve 0.01 per cent 
accuracy levels. including the negative supply rail. 

150 LOAD RESISTANCE (RL)" 2 kn 

~ 140 
I 
-:. 
g 130 

!3 
z 
g 120 

'" ~ i 110 .. 
§ 100 
I 

~ 90 

80 
-100 -so 0 50 

AMBIENT TEMPERATURE (TAl - °c 

Fig. 5-0pen-/oop gain vs. temperature. 

100 

92C$-24711 

tFor general information on the characteristics of COS/MOS 
transistor pairs in linear-circuit applications, see File No. 619, 
data bulletin on CA3600E "COS/MOS Transistor Array." 
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Fig. 6-Voltage transfer characteristics of COS/MOS output stage. Fig. 7-Quiescent supply current VI. supply voltage. 
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Fig. 8-Quiescent supplV cu"ent vs. supplv voltage 
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at several temperatures. Fig. 9-Voltage across PMOS output transistor (08) vs.load current. 

2 4 liB 2 468 2 4 &8 2 468 2 468 
0.001 0.01 0.1 I 10 100 

MAGNITUDE OF lOAD CURRENT (ILl-mA 

92CS-24722 

Fig. 10-Voltage across NMOS output transistor (0'2) vs. load current. 
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HANDLING AND OPERATING CONSIDERATIONS 

Handling Considerations 

The CA3130 uses MOS field·effect transistors in the input 
circuit. Because MOS/FErs have extremely high input resist· 
ances, they are susceptible to damage when exposed to 
extremely high static electrical charges. To minimize the 
possibil ities of damaging the input stage transistors, 06 and 07, 
the CA3130 utilizes a protective diode network in the input 
stage. Nevertheless, it is good practice that the following 
precautions be observed during handling, testing, and actual 
operation of the CA3130 devices to minimize exposure to 
damage·inducing hazards: 
1. Soldering·iron tips, metal parts of fixtures, tools, and 

handling facilities should be grounded. 
2. Devices should not be inserted into or removed from 

circuits with the power ON because transient voltages may 
cause damage. 

3. Signals should not be applied to the input (Terms. 2 and 3) 
when the device power supply is OFF. ·Input·terminal 
currents should not exceed 1 mAo 

4. After CA3136 devices have been mounted on circuit boards, 
proper handling precautions should still be observed .if the 
input terminals are unterminated. It is good practice during 
board'processing operations to return Terms. 2 and 3 to 
Term. 4 by jumping the appropriate conductors. 

Offset Nulling 

Offset·voltage nulling is usually accomplished with a 100,000· 
ohm potentiometer connected across Terms. 1 and 5 and with 
the potentiometer slider arm connected to Term. 4. A fine 
offset·null adjustment usually can be effected with the slider 
arm positioned in the mid·point of the potentiometer's total 
range. 

Input·Current Variation with Temperature 

The input current of the CA3130 Series circuits is typically 
5 pA at 2SoC. The major portion of this input current is due to 
leakage current through the gate·protective diodes in the input 
circuit. As with any semiconductor-junction device, including 
op amps with a junction·FET input stage, the leakage current 
approximately doubles for every 100 C increase in temperature. 
Fig. 11 provides data on the typical variation of input bias 
current as a function of temperature in the CA3130. 

4000 v+. 7.5 V 
2 V-=-7.5V 

-80 -60 -40 -20 0 20 40 60 80 100 120 /40 
AMBIENT TEMPERATURE (TA) _oC 92CS-24723 

Fig. It-Input current VS'. ambient temperature. 

In applications requiring the lowest practical input current and 
incremental increases in current because of "warm-up" effects, 
it is suggested that an appropriate heat sink be used with the 
CA3130. In addition, when "sinking" or "sourcing" significant 
output current the chip temperature increases, causing an 
increase in the input current. In such cases, heat-sinking can 
also very markedly reduce and stabilize input current variations. 

Input·Offset-Voitage (VIO) Variation with DC Bias vs. Device 
Operating Life 

It is well known that the characteristics of a MOS/FET device 
can change slightly when a de gate·source bias potential is 
applied to the device for extended time periods. The magnitude 
of the change is increased at high temperatures. Users of the 
CA3130 should be alert to the possible impacts of this effect if 
the application of the device involves extended operation at 
high temperatures with a significant differential dc bias 
voltage applied across Terms. 2 and 3. Fig. 12 shows typical 
data pertinent to shifts in offset voltage encountered with 
CA3130 devices during life testing. The two·volt de differential 
voltage example represents conditions when the amplifier 
output stage is "toggled", e.g., as in comparator applications. 

AMBIENT TEMPERATURE (TA)1I12S·C 

DIFFERENTIAL DC VOLTAGE 
~ACROSS TERMS. 2 a 31-0 v 
H OUTPUT VOLTAGE· V+/2 

500 1000 I~ 2000 2~ 3000 3500 4000 
TIME {tI- HOURS 

92CS-24724 

Fig. 12-Typical incremental offset-voltage shift vs. operating life. 

Power-Supply Considerations 

Because the CA3130 is very useful in single·supply applications, 
it is pertinent to review some considerations relating to power
supply current consumption under both single and dual·supply 
service. Figs. 13a and 13b show the CA3130 connected for 
both dual· and single·supply operation. 

Dual·supply operation: When the output voltage at Term. 6 is 
zero·volts, the currents supplied by the two power supplies are 
equal. When the gate terminals of OB and 012 are driven 
increasingly positive with respect to ground, current flow 
through 012 (from the negative supply) to the load is increased 
and current flow through DB (from the positive supply) de· 
creases correspondingly. Whew the gate terminals of OB and 
Q12 are driven increasingly negative with respect to ground. 
current flow through 08 is increased and current flow through 
012 is decreased accordingly. 
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Fig. 13-CA3130 output stage in dual and single power-supply operation. 

Single-supply operation: Initially, let it be assumed that the 
value of RL is very high (or disconnected), and that the input
terminal bias (Terms. 2 and 3) is such that the output 
terminal (No_ 6) voltage is at V+/2, Le., the voltage-drops 
across as and Q 12 are of equal magnitude_ Fig_ 7 shows 
typical quiescent supply-current vs_ supply-voltage for the 
CA3130 operated under these conditions. Since the output 
stage is operating as a Class A amplifier, the supply-current 
will remain constant under dynamic operating conditions as 
long as the transistors are operated in the linear portion of 
their voltage-transfer characteristics (see Fig. 6). If either Q8 
or Q12 are swung out of their linear regions toward cut-off (a 
non-linear region), there will be a corresponding reduction in 
supply-current_ In the extreme case, e_g_, with Term_ 8 swung 
down to ground potential (or tied to ground), NMOS 
transistor Q12 is completely cut off and the supply-current to 
series-connected transistors Q8, Q12 goes essentially to zero_ 
The two preceding stages in the CA3130, however, continue to 
draw modest supply-current (see the lower curve in Fig_ 7) 
even though the output stage is strobed off _ Fig_ 13a shows a 
dual,supply arrangement for the output stage that can also be 
strobed off, assuming RL = 00, by pulling the potential of 
Term_ 8 down to that of Term. 4. 

Let it now be assumed that a load-resistance of nominal value 
(e.g., 2 kilohms) is connected between Term. 6 and ground in 
the circuit of Fig. 13b. Let it further be assumed again that the 
input-terminal bias (Terms. 2 and 3) is such that the output. 
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terminal (No.6) voltage is at V+/2. Since PMOS transistor Q8 
must now supply quiescent current to both R L and transistor 
Q12, it should be apparent that under these conditions the 
supply-current must increase as an inverse function of the R L 
magnitude. Fig. 9 shows the voltage-drop across PMOS tran
sistor 08 as a function of load current at several supply
voltages_ Fig. 6 shows the voltaye-transfer characteristics of the 
output stage for several values of load resistance. 

Wideband Noi •• 

From the standpoint of low-noise performance considerations, 
the use of the CA3130 is most advantageous in applications 
where iri the source resistance of the input signal is in the order 
of 1 megohm or more. In this case, the total input-referred 
noise voltage is typically only 23 IlV when the test-circuit 
amplifier of Fig_ 14 is operated at a total supply voltage of 15 
volts; This value of total input-referred noise remains essen
tially constant, even though the value of source· resistance is 
raised by an order of magnitude. This characteristic is due to 
the fact that reactance of the input capacitance becomes a 
significant factor in shunting the source resistance. It should be 
noted, however, that for values of source resistance very much 
greater than 1 megohm. the total noise voltage generated can 
be dominated by the thermal noise contributions of both the 
feedback and source resistors_ 
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Fig. 14-Test-circu;t amplifier (30-dB gain) used for wideband 
noise measurements. 
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Top Trace: Output 
Bottom Trace: Input 

(a) Small·signal response (50 mV /div. and 200 ns/div.) 

Top Trace: Output signal (2 V/div. and 5I's/div.) 
Center Trace: Difference sig"al (5 mV /div. and 5I's/div.) 
Bottom Trace: Input signal (2 V/div. and 5I's/div.) 

(b) Input·output difference signal showing settling time 
(Measurement made with Tektronix 7A 13 differential 
amplifier) 

92CS·24739 
Fig. 15-Split-supply voltage follower with associated waveforms. 

TYPICAL APPLICATIONS 

Voltage Followers 

Operational amplifiers with very high input resistances, like the 
CA3130, are particularly suited to service as voltage followers. 
Fig. 15 shows the circuit of a classical voltage follower, 
together with pertinent waveforms using the CA3130 in a 
split·supply configuration. 

A voltage follower, operated from a single supply, is shown in 
Fig. 16, together with related waveforms. This follower circuit 
is linear over a wide dynamic range, as illustrated by the 

reproduction of the output waveform in Fig. 16a with input
signal ramping. The waveforms in Fig. 16b show that the 
follower does not lose its input-to·output phase-sense, even 
though the input is being swung 7.5 volts below ground 
potential. This unique characteristic is an important attribute 
in both operational amplifier and comparator applications. 
Fig. 16b also shows the manner in which the COS/MOS output 
stage permits the output signal to swing down to the negative 
supply-rail potential (j.e., ground in the case shown)_ The 
digital-to-analog converter (DAC) circuit, described in the 
following section, illustrates the practical use of the CA3130 
in a single-supply voltage-follower application. 
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(a) Output·waveform with input·signal ramping 
(2 V /div. and 500IlS/div.) 

IQka 

Top Trace: Output (5 V/div. and 200IlS/div.) 
Bottom Trace: Input (5 V/div. and 200lls/div.) 

(b) Output·waveform with ground·reference sine·wave input 
92CS-24728 

+15 V 

92CS-24736 

Fig. 16-Single-supply voltage-follower with associated waveforms. 
(e.g., for use in single-supply D/A converter," see Fig. 9 
in ICAN-6080)_ 

9-BIT COS/MOS DAC 

A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)' 
is shown in Fig. 17. This system combines the concepts of 
multiple·switch COS/MOS IC's, a low-cost ladder network of 
discrete metal-oxide-film resistors, a CA3130 op-amp con
nected as a follower, and an inexpensive monolithic regulator 
in a simple single power-supply arrangement. An additional 
feature of the DAC is that it is readily interfaced with COS/MOS 
input logic, e.g., 10-volt logic levels are used in the circuit of 
Fig.17. 

The circuit uses an R/2R voltage-ladder network, with the 
output potential obtained directly by terminating the ladder 

'''Digital·to·Analog Conversion Using the RCA-CD4007 A 
COS/MOS IC," Application Note ICAN-SOBO. 
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arms at either the positive or the negative power·supply 
terminal. Each CD4007A contains three "inverters", each 
"inverter" functioning as a single-pole double-throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power·supply terminal. The resistor ladder is an 
assembly of one per cent tolerance metal·oxide film resistors. 
The five arms requiring the highest accuracy are assembled with 
series and parallel combinations of BOB,OOO-ohm resistors from 
the same manufacturing lot. 

A single 15·volt supply provides a positive bus for the CA3130 
follower amplifier and feeds the CA30B5 voltage regulator. 
A "scale·adjust" function is provided by the regulator output 
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Fig. 17-9-bit DAC using COS/MOS digital switches and CA3130. 

control, set to a nominal lQ.volt level in this system. The line· 
voltage regulation (approximately 0.2%) permits a 9·bit accu· 
racy to be maintained with variations of several volts in the 
supply. The flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems tailored to 
particular needs. 

Single·Supply, Absolute·Value, Ideal Full·Wave Rectifier 

The absolute·value circuit using the CA3130 is shown in Fig. 18. 
During positive excursions, the input signal is fed through the 
feedback network directly to the output. Simultaneously, the 
positive excursion of the input signal also drives the output 
terminal (No.6) of the inverting amplifier in a negative·going 
excursion such that the lN914 diode effectively disconnects 
the amplifier from the signal path. During a negative·going 
excursion of the input signal, the CA3130 functions as a 
normal inverting amplifier with a gain equal to -R2/Rl. 
When the equality of the two equations shown in Fig. 18 is 
satisfied, the full-wave output is symmetrical. 

Peak Detectors 

Peak·detector circuits are easily implemented with the CA· 
3130, as illustrated in Fig. 19 for both the peak'positive and 
the peak·negative circuit. It should be noted that with large· 
signal inputs, the bandwidth of the peak-negative circuit is 
much less than that of the peak·positive circuit. The second 
stage of the CA3130 I imits the bandwidth in this case. 
Negative·going output-signal excursion requires a positive
going signal excursion at the collector of transistor Qll, which 
is loaded by the intrinsic capacitance of the associated circuitry 
in this mode. On the other hand, during a negative'going 
signal excursion at the collector of Qll, the transistor functions 
in an active "pull-down" mode so that the intrinsic capacitance 
can be discharged more expeditiously. 

Error-Amplifier in Regulated Power Supplies 

The CA3130 is an ideal choice for error·amplifier service in 
regulated power supplies since it can function as an error
amplifier when the regulated output voltage is required to 
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~ ., 
4 kn 

GAIN"' if· x .. RI+ :~+R3 
R3~RI (X+X2) 

I-X 

FOR x-a.5: ::~ "*f 
R3" 4 kSl (Oo~: ). 6 kn 

20 v p-p INPUT: BWI-3dB) = 230 kHz, DC OUTPUT (AVG.) "' 3.2 V 
I VOLT P -p INPUT: BW(-'3dB)·/30 kHz, DC OUTPUT (AVG.) -160mV 

92CS-2 .. 730 

Top Trace: Output signal (2 V/div.) 
Bottom Trace: Input signal (10 V/div.) 
Time base on both traces: 0.2 ms/div. 

ov 

92CS·24138 

Fig. 18-Single-supply, absolute-value, ideal full-wave 
rectifier with associated waveforms. 

6 Vp_p INPUT; 

8W(-3 dB) "' 1.3 MHz 
0.3 Vp_ p INPUT; 

BW{-3 dB).240 kHz 

.ILI1J1.. 
IN914 

2 kn 

(0) PEAK POSITIVE DETECTOR CIRCUIT 

+ 

+DC 
OUTPUT 

6 Vp_p INPUTi 
aW(-3 dB)" 360 kHz 

IN914 

2 kn 

(b) PEAK NEGATIVE DETECTOR CIRCUIT 

-DC 
OUTPUT 

92CS-24731 

Fig. 19-Peak-detector circuits. 

approach zero. Fig. 20 shows the schematic diagram of a 40·mA 
power·supply capable of providing regulated output voltage by 
continuous adjustment over the range from 0 to 13 volts. 
03 and 04 in IC2 (a CA3086 transistor·array IC) function as 
zeners to provide supply·voltage for the CA3130 comparator 
(IC1). 01. 02, and 05 in IC2 are configured as a low imped· 
ance, temperature·compensated source of adjustable reference 
voltage for the error amplifier. Transistors aI, 02, 03, and Q4 
in IC3 (another CA3086 transistor·array IC) are connected in 
parallel as the series'pass element. Transistor 05 in IC3 
functions as a current·limiting device by diverting base drive 
from the series-pass transistors, in accordance with the adjust
ment of resistor R2. 

Fig. 21 contains the schematic diagram of a regulated power· 
supply capable of providing regulated output voltage by can· 
tinuous adjustment over the range from 0.1 to 50 volts and 
currents up to 1 ampere. The error amplifier (IC1) and 
circuitry associated with IC2 function as previously described, 
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although the output of ICI is boosted by a discrete transistor 
(04) to provide adequate base drive for the Darlington· 
connected series·pass transistors aI, 02. Transistor 03 func· 
tions in the previously described current-limiting circuit. 

Multivibrators 

The exceptionally high input resistance presented by the 
CA3130 is an attractive feature for multivibrator circuit design 
because it permits the use of timing circuits with high RIC 
ratios. The circuit diagram of a pulse generator (astable multi· 
vibrator), with provisions for independent control of the 
"on" and "off" periods, is shown in Fig. 22. Resistors R1 and 
R2 are used to bias the CA3130 to the mid'point of the supply· 
voltage and R3 is the feedback resistor. 
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Fig. 2O-Voltage regulator circuit (0 to 13 Vat 40 mAl. 
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Fig. 21-Voltage regulator circuit (0. t to 50 Vat 1 A). 
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01 
IOOkn 

02 
100kn 

o. 
IDOkn 

FREQUENCY RANGE: 
PQSITION OF SI 

0.001 p.F 
O.OI,.,.F 

0.1 p.F 
II'F 

PULSE PERIOD 
4".sTO 1m. 

40'"., TO IOma 
0.4 ms TO 100 ml 

4msTOIs 

~O.OII'F 

92CS-24n3 

Function Generator 

Fig. 23 contains the schematic diagram of a function generator 
using the CA3130 in the integrator and threshold detector 
functions. This circuit generates a triangular or square-wave 
output that can be swept over a 1.000.000: 1 range (0.1 Hz to 
100 kHz) by means of a single control. Rl. Avoltage-control 
input is also available for remote sweep-control. 

The heart of the frequency·determining system is an opera· 
tional·transconductance·amplifier (OTA)". ICI. operated as a 
voltage-controlled current·source. The output. 10. is a current 
applied directly to the integrating capacitor. Cl. in the feed· 
back loop of the integrator IC2. using a CA3130. to provide 
the triangular·wave output. Potentiometer R2 is used to adjust 
the circuit for slope symmetry of positive·going and negative· 
going signal excursions. 

Another CA3130. IC3. is used as a controlled switch to set the 
excursion limits of the triangular output from the integrator 
circuit. Capacitor C2 is a "peaking adjustment" to optimize 
·the high·frequency square·wave performance of the circuit. 

Fig. 22-Pulse generator (astable multivibrator) with provisions 
for independent control of "ON u and "OFF" periods. 

Potentiometer R3 is adjustable to perfect the "amplitude 
symmetry" of the square·wave output signals. Output from the 
threshold detector is fed back via resistor R4 to the input of 
ICI so as to toggle the current source from plus to minus in 
generating the linear triangular wave. 

.. II 

VOLTAGE-CONTROLLED 
CURRENT SOURCE 

"II 

+7.!5V 
10 MEG 

IOS2'1I ~S:::-L-=OP::E:--...J 
SYMMETRY 
ADJUST 10kll -7.SV 
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VOL.TAGE 
CONTROLLED 
INPUT i 

04 

270kQ 
INTEGRATOR 

CI 

/V 

*SEE FILE NO. 475 AND leAN-S6S8 
FOR TECHNICAL INFORMATION . 

Fig. 23-Function generator (frequencv can be varied 1,000,000/1 
with a single control). 

"See File No. 475 and ICAN·666B. 

THRESHOLD 
DETECTOR 

-7.5 V 
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Operation with Output·Stage Power·Booster 

The current·sourcing and -sinking capability of the CA3130 
'output stage is easily supplemented to provide power-boost 
capability_ In the circuit of Fig. 24, three COS/MaS transistor
pairs in a single CA3600E* IC array are shown paraliel 
connected with the output stage in the CA3130. In the Class A 

I,.F 

7:501lQ 

IN~I--'V2V·nIf-H 
I,.F 

AYICLJ • 48 dB 
LARGE SIGNAL 
BWI-3 dBl = 50 kHz 

510kO 

mode of CA3600E shown, a typical device consumes 20 mA of 
supply current at 15 V operation. This arrangement boosts the 
current-handling capability of the CA3130 output stage by 
about 2.5x. 

The amplifier circuit in Fig. 24 employs feedback to establish a 
closed-loop. gain of 48 dB. The typical large-signal bandwidth 
(-3 dB) is 50 kHz. 

NOTE: ·SEE FILE NO. 619 

TRANSISTORS pi, p2. p3 AND nl.n2, n3 ARE 
PARALLEL-CONNECTED WITH 08 AND 012, 
RESPECTIVELY, OF THE CA3130 

92CM-24737 
Fig. 24-COS/MOS transistor array (CA3600E) connected as power-boosrer 

in the output stage of the CA3130. 
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Solid State 
Division 

Modified 
16-Lood Dual';n·Line 
P .... lc .......... With 

Heat Si.. H·1821 

Linear Integrated Circuits 

Preliminary Data 

5-Watt Audio Amplifiers 
With Integral Heat Sink 

Features: 
• Power Output: 4 W min., 5 W typo 
• Complete amplifier including: preamplifier stages, 

power-output amplifier, and integral heat sink 

• High power-supply rejection ratio 

• Operating voltage: V+ = 24 V typo 

• Available with internal feedback (CA3131EM) 
or without feedback (CA3132EM) 

Monolithic Silicon 

CA3131EM 
CA3132EM 

MAXIMUM RATINGS, Absolute-Maximum Values: RCA·CA3131EM and CA3132EM are audio amplifiers with' 
integral preamplifier stages on single integrated-circuit mono· 
lithic chips. 

SUPPLY VOLTAGE, v+ ...•.•.•••••.•.•.•••••••••• 28 V 

Utilizing a uniquely designed package with an integral heat 
sink, these devices can provide a power·output signal in 
excess of five watts at an ambient temperature of 2SoC. 

The CA3131 EM employs an internal feedback network that 
sets the over·all gain of the amplifier to typically 48 d8. 

The CA3132EM omits the internal feedback network. This 
arrangement offers the circuit designer a wide latitude in the 
choice of an external feedback network more suitable to a 
specific application. 

80th types are encapsulated in a 16·lead dual·in·line plastic 
package with 4 center leads removed;; .. 

The CA3131EM and CA3132EM are electrically equivalent to 
and pin compatible with types SN76013 and SN76023, 
respectively. 

INPUT Y
COMP. GND 

NON-INV. BIAS V-
INPUT SOURCE GND 

OUTPUT 
Ne COMPo 

9 

OUTPUT Ne Ne 

9!CS-24139 

Fig. I-Termilllll ... igtJmen, of ,he CA313IEM and CA3132EM. 
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CONTINUOUS OUTPUT POWER, Po Iwith 
RL a 8 nand V+ = 24 VI ••••••• ' ••.••••• '" ••.•... 8 W RMS 

MINIMUM RECOMMENDED LOAO 
IMPEDANCE. RL .............................. 8 n 

AMBIENT OPERATING TEMPERATURE. TA 

(at 6W RMS Output Powerl ...................... 70 Dc 
STORAGE TEMPERATURE RANGE ••••••.•••• -65 to +150 °c 

ELECTRICAL CHARACTERISTICS at T A • 25OC, v+ = 24 V 

Values 
Characteristic Sym· Conditions Unit 

bol Min. Typ. 

Input 
Impedance ZI 200k - 0 

Power Output Po At clipping onset 

Rl = 80 4 - W 

Rl-160 3 - W 

Closed·loop 
Gain-
CA3131EM A f= 1 kHz 46 48 d8 

Supply Current 1+ Zero signal - 10 mA 

Total 
Harmonic 
Distortion THO Po = SO mW-4 W, 

Rl =80 - 1 % 

Po = 50 mW-3 W, 
Rl = ISO - 1 % 

Noise Voltage Vn f=2O Hz-20 kHz - I.S mV 
RMS 

9-74 

I 
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R2 r----------------- - -----------is .. ~--------------------------------, v+ , , , 
I 
I R' 
I 2.2 k.o. , 
I 
I 
I 
I 
I 

• .lAY:, I~IA I 
[ 

(ii).-......... --. -' , 

NON-INV. 
INPUT 

I 
I 
I 

NOTE: AMPLifiER CIRCUIT IS IDENTICAL FOR 
BOTH TYPES EXCEPT FOR INV. INPUT AND 
FEEDBACK LOOP (INCLUDING R1 AND R21. 
THESE CIRCUIT ADDITIONS, SHOWN WITH DOT· 
TED LINES, APPLY ONLY TO TYPE CA3131EM. V-

GND 
BIAS 

SOURCE 
INPUT Q.FTPUT 
COMPENSATION 

Fig. 2-Schematic diagram of types CA3131EM and CA3132EM. 

, , 
! 

1000* * p' 

C2 
0.1 ,..F 

C. 5,' 

v+ 

CO 
500"F 
+ -

C8 
4700pF 

RO 
Ion 

* A l00O-pF capacitor is required if input has an open circuit. 92CS· 24973 

• External resistors Rl and R2 are used only with the CA3132EM. When testing the CA3131 EM. 
omit Rl and R2 and connect the (+) termination of C5 to Terminal 16. 

Fig. 3-T."circuit for type. CA3737 EM and CA3732EM. 

v
OND 

92CM-24137 
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92CS-24974 

B. Bottom view of printed-circuit board. 

92CS-24921 

b. Component view of prinred-circuit board - top view. 

Fig. 4-Printed-circuit board containing the rest circuit, shown in Fig. 3, for the CA3131EM. 

Determining Extemal Component Values (Refer to Figs. 2 & 3) 

The de quiescent output voltage is set by the voltage at Terminal 
1. This voltage, in turn. is set by the internal voltage at 
Terminal 2 less II (input current, fixed by RA + RS, for 04). 
The voltage at Terminal 2 is set slightly above half the supply 
voltage to allow for the voltage drop across RA + RB' 
Filter RBC3 attenuates any ac ripple injected from the supply 
line and prevents positive feedback to Terminal 1. The rejection 
of supply voltage is a direct function of the filter attenuation. 

The input impedance of the audio amplifiers is a function of 
the closed·loop gain and the magnitude of the OS current. In 
practice the input impedance is well above 1 megohm. The 
input signal. applied through C2, sees an impedance equivalent 
to the resistance of RA connected in parallel with the ampli· 
fier input impedance. Hence, the value of RA in most cases is 
dominant in establishing the input signal impedance. 

The value of Cl depends on the regulation of the power 
supply. It is possible for the amplifier to work with a value of 
Cl as low as 0.1 p.F to attenuate high·frequency signals in the 
supply line. Ideally, Cl should be placed as near Terminal 10 
as possible. An electrolytic capacitor should be used for Cl if 
the power supply is poorly regulated to avoid ripple at the 
output. 
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Capacitor C6 at Terminal 15 provides over·all compensation. 
If a 1000·pF capacitor is used for C6, then the first breakpoint 
for a 46-dB closed·loop gain occurs at 200 kHz. Higher 
capacitance values will cause the constant current from 010 
to charge C6 on the positive voltage swing and thus limit the 
slew rate at high .. ignal levels. Because p-n·p transistor 019 has 
a lower gain·bandwidth product (fT) than the n·p·n transistors, 
C7 is connected to Terminal 9 to compensate for gain losses 
occurring in the negative voltage swings. 

The use of the filter networks CB and RD at the output 
Terminal 6 is a standard requirement for class B audio outputs 
driving reactive speaker loads. Capacitor CB compensates for 
the speaker inductance and RD limits the current surges 
through CB. 

The value of the coupling capacitor C9 to the load determines 
the low·frequency response of the amplifier. 

C1osed·Loop Gain 

The closed·loop gain for either type is set by the ratio 
(Rl + R2)/Rl. These resistors are included in the CA3131EM 
circuit and are external when used with the CA3132EM. In 
either type, the low·frequency value (-3 dB point) is reached 
when the impedance of C5 equals the value of R 1. 
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[Kl(]5LJD 
Solid State 
Division 

Linear Integrated Circuits 
Monolithic Silicon 

Preliminary Data CA3134E 

TV Sound IF arid Audio Output Subsystem 

Features: 
" Nominal power output: 3 W (with suitable heat sink) 

16-Lead Plastic 
"Power-Stud" 
Dual-In-Lino Package 
IE Suffix) 

" Power amplifier with current limiting and thermal shutdown 
" Wide power-supply range: 12 V to 40 V (30 V nominal) 

H-1828 " Low quiescent current: 30 mA typ_ 
" 5-kHz deviation sensitivity: 1 W output typ_ 

The RCA-CA3134E* Television Sound System is a mono
lithic integrated circuit which includes a multistage IF 
amplifier-limiter, an FM detector, an electronic attenuator, 
and an audio power amplifier that is designed to drive an 8-, 
16-, or 32-ohm speaker_ The CA3134E is encapsulated in a 
16-lead plastic "power-stud" dual-in-line package that lends 
itself to a wide variety of techniques for mounting heat sinks. 

* Formerly Oev. No. TA6480. 

.. 3-dB limiting sensitivity: 200 p.V typo 
" Excellent AM rejection 
1:1 Differential peak detector-requires one tuned coil 
" Electronic volume control with improved taper 
" Optional unattenuated audio output 

OPTIONAL r----l---O UNATTENUATED 
I AUDIO OUTPUT 
I (IF NOT USED, ! 0.02 J.l.F I GROUND TERM-B) 

8 = ,------;-------:-. 

9-74 

~--~-*-O-.O-i,~' 
DE-EMPHASIS 

IOkQ RX 
500kn. 
VOUJME CONTROL 
(AUDIO TAPER) 

Fig. I-Block diagrC!m of the CA3134E in a typical circuit application. 

VOLUME CONTROL 
":;;" (LINEAR TAPER) 

ALTERNATE 
VOLUME - CONTROL 
CIRCUIT 

92CS-24135Rl 
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MAXIMUM RATINGS, Absolute-Maximum Values 

DC SUPPLY VOLTAGE (Between Term. 1, V+ and Terms. 4, 
audlo-oulput ground and 13, substrate) •.....•.......••. 40 V 

DEVICE DISSIPATION: 
With Infinite Heat Sink-

UptoTA~700C ............................... 6.5W 
Above T A = 700C •.•.••......•. derateline.rly 83.3 mW/oC 

With No Heat Sink-
Up to TA -2S0C ............................... 1.4W 
Above T A - 25°C . ........... .. derate linearly 11.1 mWf'C 

THERMAL RESISTANCE (Junction to Stud) ••••..••.•.•. 120C/W 
AMBIENT TEMPERATURE RANGE: 

Operating. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ~O to +8Soe 
Storage . ........................... : ...... -66 to +160oC 

LEAD TEMPERATURE (During Soldering): 
At a distance 1/161n. ± 1/32 in. (1.59 ± 0.79 mm) 
from case for 10 seconds max. ..................... +266oC 

ELECTRICAL CHARACTERISTICS 
Test Conditions: T A = 250 C; V+ = +30 V (applied to Term. 1); DC Volume Control, 

RX - 500 kO; RL = 160; unless otherwise indicated. Refer to Fig. 1. 

CHARACTERISTIC SYMBOL SPECIAL TEST CONDITIONS 

Static a.aracteristics 

Current into Term. 1 11 PO=O 

Dynamic Characteristics 

IF Amplifier fO = 4.5 MHz 
Input Limiting Voltage V15(1im) fm = 400 Hz 

(at -3 dB point) t.f = ±25 kHz 

AM Rejection AMR 
fO = 4.5 MHz, fm = 400 Hz, 

Modulation Index = 0.3, V 15 = 20 mV 

Detector 
Recovered AF Voltage (Term. 9) Vo(af) fO = 4.5 MHz, fm = 400 Hz, 

Total Harmonic Distortion THO M = ±25 kHz, V15 = 100 mV 

Attenuator 
Maximum Attenuation RX=O 

Unattenuated Audio 
Recovered AF Voltage (Term. 8) Vo(af) fO = 4.5 MHz, fm = 400 Hz, 

Total Harmonic Distortion THO M = ±25 kHz, V15 = 100 mV 

Audio Power Amplifier 
Voltage Gain A(af) f = 1 kHz 

Po = 1 W (IT = 120 mA typ.) 
System Total Harmonic Distortion THO (System) 

Po = 2W (IT = 165 mA typ.) 

Power Output Po THD(System) = 10% 

Input Resistance RI(af) f = 1 kHz 

* With suitable heat sink. 

NOMINAL 
VALUE 

30 

200 

50 

600 

0.8 

75-

-1.5# 

O.B 

35 

1.5 

2.2 

3.0' 

100 

• The attenuation range can be increased by substituting lower-valued resistors for the 1O-k.O resistor in the volumeecontrol circuit. 

# With respect to recovered AF voltage at Terminal 9 and volume control. RX.8t maximum resistance position. 

UNITS 

mA 

p.V 

dB 

mV 

% 

dB 

dB 

% 

dB 

% 

% 

W 

kO 
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OPERATING CONSIDERATIONS 

Power measurements were taken with a tin·plated copper· 
strap·type heat sink attached to the CA3134E. The heat sink, 
1132·inch thick, l/4·inch wide, 1·7/8·inch long, is "U" shaped 
and has a 0.107·inch mounting hole to accept the stud on the 
IC package. The strap was also attached to the top side of the 
plastic package with epoxy cement to minimize stress on the 
stud during the mounting and handling operation. The torque, 
applied to the stud, should be limited to less than 3 in.·lbs. 

The applied tensile stress should be limited to less than 15 
pounds and the compression stress should be limited to less 
than 100 pounds. Conductive epoxy (such as Dupont 5504A) 
was used for the interface between the stud and the heat sink; 
whereas non·conductive epoxy (such as Uniset Structural 
Adhesive) was used to ·attach the heat sink to the plastic 
package. The assembly when soldered to a 3·inch by 4·inch PC 
board has a typical over·all thermal resistance (OStud to Amb.l 
of200 CIW. 
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D\1(]5LJ1] Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3401E 

Quad Single-Supply 
Operational Amplifier 

For Automotive Electronics and Industrial Control Systems 

Features: 
• Single-supply operation - +5 V to +18 Vdc 

• I nternally compensated 14·Lead Dual-In-Line 
Plastic Package • Wide unity-gain bandwidth - 5 MHz typo 

H-1517 
• Low input bias current - 50 nA typo 

• High open~oop gain 2000 VN typo 

RCA-CA3401 E* is a high-gain monolithic quad operational 
amplifier designed specifically for applications using a single 
positive power supply. No external compensation is necessary. 
Closed-loop stability in each of the four independent ampli
fiers is maintained by a 3-pF on-chip capacitor_ The CA3401E 
is ideally suited for applications in industrial control systems. 
.automotive electronics, and general-purpose amplifiers, e.g., 
oscillators, tachometers, active filters, and multichannel ampli
fiers_ The CA3401E is supplied in a 14-lead dual-in-line 
plastic package and operates over a temperature range of 
-55 to 1250 C. It is a direct replacement for the Motorola 
MC3401P, is pin-compatible with the Motorola MC3301P, and 
pin compatible with the National Semiconductor LM3900N. 

* Formerly RCA Dev. No. TA6306. 

MAXIMUM RATINGS,Absolute-Maximum Values at TA=2/PC 

DC Supply Voltage. . . . . . . . . . . . . +18 V 
Input Signal Current. . . . . . . . . . . . . 5 mA 
Device Dissipation: 

Up to T A = 250 C ............. 625 mW 
Above T A = 250 C . . . . . . . . . . .. Derate linearly 5 mWPC 

Ambient Temperature Range: 
Operating ................. . -55 to +1250 C 
Storage .................. .. -65 to +1500C 

Lead Temperature (During soldering): 
At distance 1/16±1/32 inch 
(1.59±O.79 mm) from case 
for 10 seconds max. . ........ . 300 
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Applications: 
• Automotive 
• Constant-Current Sources 

• Multivibrators 

• Sample and Hold 
• Square-Wave Generator 

• Oscillators 

• Tachometers 

• Active Filters 
• Multi-Channel Amplifiers 

• Summing Amplifiers 

Fig. 1- Block diagram of 00401 E. 
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ELECTRICAL CHARACTERISTICS AT TA = 25°C, V+ = 15 V (UNLESS INDICATED OTHERWISE) 

CHARACTERISTIC 

STATIC 

Output Voltage: 
High 

Low 

Max. Undistort.ed Output Swing 

Output Current: 
Source 

Sink 

Total Quiescent Current: 
Noninverting inputs open 

Noninverting inputs grounded 

Input Bias Current 

DYNAMIC 

Open·Loop Voltage Gain 

Input Resistance 

Slew Rate 

Unity Gain Bandwidth 

Phase Marain 

Power Supply Rejection 

Channel Separation 

y+ 

10 K 

SYMBOL CIRCUIT 

Fig. No. 

VOH 

VOL 5,6 

VOP_P 

ISOURCE 

'S'NK 

10 
4 

"B 

AOL 

R, 3 

SR 

BW 

01> 

001/002 

TEST CONDITIONS 

OOC <TA <75°C 

RL=oo T A =2SoC 

RL'" 00 OOC <;;;T A <;;; 75°C 

T A=2S0C 

oDc <;;;TA <;;;750 C 

CL ·100 pF, RL -5 kn 

f=100 Hz 

f=l kHz 

.;-1-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Fig. 2- Schematic diagram of CA3401E. 

Typical 
Charac· 
teristics 
Curves 

Fig. No. 

11,12 

10 

7,9 

LIMITS 

Min. TVp· Max. 

13.5 14.2 

0.03 0.1 

10 13.5 

10 

0.5 

6.9 10 

7.S 14 

50 300 

500 

1000 2000 

SOO 

0.1 

0.6 

5 

70 

55 

65 

~-No.3 9 

13 + 

TO AMPLIFIERS 
2,3,4 

UNITS 

V 

rnA 

rnA 

nA 

V/V 

Mn 

V/lJs 

MHz 

DEGREES 

dB 

dS 

~- ~'-No.2 ~ No.4 0 

I + 2 + 

92CM-21630 
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TEST CIRCUITS 

V, 

/lv, 
RI = .0.118 

/I Vo 
AVOL·~ 

V+·15V 

1)--===':==-,--<:) Vo 

AMPLIFIER MUST BE BIASED 
BY VI IN THE LINEAR OPERATING 
REGION 

92C5-21637 

Fig.3 - Open.Joop gain and input re5istance, input bias current and 
output current test circuit. 

'11+-15'11 

IOKtl 
+1 VO-'\f\/Ir-<L.....-"'''--" 

1 
VoH MEASURED WITH "_" INPUT GROUNDED 

VOL MEASURED WITH "_a INPUT BIASED AS SHOWN 

92C5-21639 

Fig.5 - Output lIoltage swing test circuit. 

'11+.15'11 

101 IS TOTAL QUIESCENT CURRENT WITH 

I02 IS TOTAL QUIESCENT CURRENT WITH 
"+" INPUT GROUNDED. 

92CS- 21638 

FigA - Quiescent power supply current test circuit. 

V+·15V 

Va· '11+:;.;; Yi 
FOR R,;;; 2RF 

Vo 

92C5-216040 

Fig.6 - Peak-fo-peak output voltage test circuit. 

TYPICAL CHARACTERISTIC CURVES 
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Flg.7 - Open·loop voltage gain vs. frequency. Fig.8 - Output resistance vs. frequency. 
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Fig.9 - Open-loop IIOlrage gain VI. supply voltage. 
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1 -15 FOR TEST CIRCUIT SEE FIGURE 3 
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92CS-21645 

Fig. 1 I - Source current VI. $upply voltage. 
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Fig. to - Supply current vs. supply voltage. 
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Fig. 12 - Sink current v.f. supply voltage. 
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ffilffiLJD Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA3600E 

14-Lead 
dual-in-line 
plastic 
package 

H-1517 

COS/MOS Transistor Array 
For Linear Circuit Applications 

Applications: 
- High input impedance, ganeral-purpose amplifiers 
- Pre-amplifiers 
- Differential amplifiers 
- Op-amps and comparators 
• Constant-current sources and current mirrors 
- Micropower amplifiers and oscillators 
- Control of lamps, LEO's, relays, and thyristors 

• Timers 
- Choppers 
• Mixers 

RCA·CA3600E is an array of COmplementary·.l!ymmetry MOS Features: 
Field-Effect Transistors* on a monolithic silicon substrate_ It is - High input resistance. 
comprised of three n-channel and three p-channel enhancement- - Low gate-terminal current 
type MOS transistors arrayed as shown in Fig_ 1. and specified - Matched ,,"channel pair: 

100 Gn (typ.) 
10pA (typ.) 

and tested.for linear circuit operation_ These transistors are Gate-voltage differential (10 =-100jlA) ±20 mV (max.) 
uniquely suitable for service in complementary-symmetry - No "Popcorn" (burst) noise 
circuits at supply voltages in the range of 3 to 15 volts and are - Stable transfer characteristics over an 
useful at frequencies up to 5 MHz (untuned)_ Each transistor operating temperature range of -550 C to +l25oC 
in the CA3600E can conduct currents ·up to 10 rnA. when operated in complementary circuit configuration 
This device is supplied in the 14-lead dual-in-line plastic at supply voltages in the 5 to 15 volt range (see FIg. 14) 
package. - Integrated integral gate-protection system (see Fig. 34) 

Formerly RCA Dev. No. TA6368. 
- High voltage gain (see Fig. 11). . _ up to 53 dB (tYP.) 

per COS/MOS stage 
* The theory and construction of COS/MOS transistors are described in the - Individual MOS transistors hjlve square-law characteristics, 

"RCA COS/MOS Integrated Circuits Manual," RCA Solid State Division 

Technical Series Publicat"on No. CMS-271. 

J ~I ~ 
1"~ {i I{P}3 

6 3 1 10 

G. ~ G2 $ I G' 
·NI N~ N3 . I 

1 fl T 
PI,NI I P2.N2 I P3,N3 

(PAIR No.n l (PAIR No.2) I (PAIR No.3) 

92CS-214!55 

Fig.1 - Schematic diagram for CA3600E COS/MOS transistor array. 
(See Fig.34 for intemal gate-and-channel-protection circuits) 
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superior cross-modulation performance, and greater 
dynamic range than bipolar transistors 

1. Drain terminal, p-channel of pair no. 2 
2. Source terminal, p-channel of pair no. 2 
3. Common gate terminal of pair no. 2 
4. Source terminal, n-channel of pair no. 2 
5. Drain terminal, n-channel of pair no. 2 
6. Common gate terminal of pair no. 1 
7. Source terminal, n-channel of pair no. 1 

and substrate connection for 
all n·channel transistors··· Vss terminal 

B. Drain terminal, n-channel of pair no. 1 
g. Source terminal, n-channel of pair no. 3 

10. Common gate terminal of pair no. 3 
11. Source terminal, p-channel of pair no. 3 
12. Common drain terminal of pair no. 3 
13. Drain terminal, p-channel of pair no. 1 
14. Source terminal, p-channel of pair no. 1 

and substrate connection for 
all p-channel transistors· •. VOO terminal 

Terminal Identification for Fig. 1. 
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MAXIMUM RATINGS,Absolute-Maximum Values at TA =2!PC 

DISSIPATION: 
Anyone transistor at T A up to 55°C 
Total package at T A up to 550 C . 
Above T A = 55°C . . . . . 

AMBI ENT TEMPERATURE RANGE: 
Operating 
Storage . . . . . . . . . 

LEAD TEMPERATURE (During Soldering) 
At distance not less than 1/16" ± 1/32" (1.59 ± 0.79 mm) 

from case for lOs max. 

The Following Ratings Apply for Each Transistor in the Device: 

DRAIN-TO-SOURCE VOLTAGE, VDS: 
n-channel 
p-channel . . . . . . . 

DRAIN-TO-GATE VOLTAGE, VDG: 
n-channel 

p-channel . . . . . . . 

SOURCE-TO-SUBSTRATE VOLTAGE. VSB: 
n-channel 
p-channel 

GATE-TO-SOURCE VOLTAGE, VGS: 
p-channel transistors (PI, P2, P3)' . . . . . 
n-channel transistors (n" n2, n3)' . . . . . 
COS/MOS transistor-pairs (Pl-n 1. P2-n2, P3-n3)' 

DRAIN CURRENT, pDI 

GATE CURRENT, jlGI 

The Following Rating Applies for Each COS/MOS Transistor-Pair in the Device: 

DC SUPPLY VOLTAGE (VDD - VSS). 

Rules for Maintaining Electrical Isolation Between Transistors and Monolithic Substrate 

150mW 
750mW 

derate linearly 6.67 mWloC 

-55 to +1250 C 
-65 to +1500 C 

+15 V 
-15V 

+15 V 
-15 V 

+15 V 
-15V 

o V(min.I.-VD(max.l 
o V(min.),+VD(max.) 
o V(min.),+VDD(max.) 

lOrnA 

+15 V' 

Terminal No. 14 must be maintained at the most positive potential (or equally positive potential) with respect to any other 
terminal in the CA3600E. 

Terminal No.7 must be maintained at the most negative potential (or equally negative potential) with respect to any other 
terminal in the CA3600E. 

Violation of these rules will result in improper transistor operation, circuit "latching;' and/or possible permanent damage 
to the CA3600E. 

Note: Users should observe the "Considerations in Handling CA3600E Devices", discussed on pages 599 and 600. 
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ELECTRICAL CHARACTERISTICS, At TA =2!PC 

TYPICAL 
LIMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS 
CURVE OR 

UNIT 
CIRCUIT 
FIG.NO. 

Min. TVp· Max. 

For each ~8nn" MOS Transistor 

Drain Current 10 VOS'-10 V,VGS'-3.6 V 2,3,4 -0.5 -1.1 -2.0 mA 

Gate-to-Source Threshold Voltage VGSlthl '0'-10~A - - -1.75 - V 

Gate-to-SOurce Voltage 
Differential (p, VS. P2) IVGS1-VGS21 'Oc-100 ~A,VOS'-10 V 5 - ±4 ±:Io mV 

Forward Transconductance 1If. '0--1 mA,f-l kHz 6 - 920 - ",mho 

Low-frequency Noise Voltage eN '0'-1 mA,f-l kHz,A,O n 7 - 0.03 - ~V ,/HZ 
Low-Ftequency Noise Current iN '0'-1 mA,l'l kHz,A.'l Mn 7 - 0.2 - pA ,/Hz 
Current-Mirror 

Transfer Ratio (P,/P21 'MTR '1'-100 ~A,VOS'-10 V 30 0.7 1.1 1.5 -
Gate-Terminal Current 'GT VOS'-10 V,VGS'-3.5 V - - ±o.Q15 -40 nA 

I nput Capacitance C, - - - 6.3 - pF 

Output Capacitance Co - - - 3 - pF 

I nput-to-Output Capacitance C'·O - - - 0.75 - pF 

For Each n-Channel MOS Transistor 

Drain Current '0 VOS-HO V,VGS"3.6 V 2,3,4 0.4 0.9 1.6 mA 

Gate-to-Source Threshold Voltage VGSlthl '0'10~A - - 1.5 - V 

Gate-to-Source Voltage 
Differential Inl v'"21 IVGS1-VGS21 '0'100 ~A,VOS"10 V 5 - ±:lO - mV 

Forward Transconductance 9fs '0'1 mA,l-l kHz 6 860 pmho 

Low-Frequency Noise Voltage eN 10=1 mA.f=1 kHz,Rs=O U 7 - 0.2 - ~V JilZ 
Low-Frequency Noise Current iN 10 -1 mA,f=l kHz,Rs=' Mn 7 - 0,3 - pA ,JHZ 
Current-Mirror 

Transfer Ratio (01/n2) 'MTA '1'100 ~A,VOS"10 V 29 0.7 1.3 2.0 -
Gate-Terminal Current 'GT VOS"10 V,VGS"3.7 V - - ±o.Q1 '40 nA 

Input Capacitance C, - - - 5.5 - pF 

Output Capacitance Co - - - 2.0 - pF 

Input-to-Output Capacitance C,.O - - - 0.35 - pF 

For Each COSIMOS Transistor Pair 

Drain Current '00 VOO"10 V 9,10 1.0 2.2 4.0 mA 

Orain-to-Source Cutoff Current 'OOloffl VOO"10 V,VSS'O V 

Gate Voltage(VG)=+10 V or 0 V 8 - 0.5 100 nA 

DC Output Voltage Vo VOO"10 V 10 4.2 5.0 5.8 V 

Forward Transconductance 1If. VOO"10 V, 1'1 kHz 6 - 2300 - ~mho 

Slew Rate (Open-Loop) SA VOO"15 V 10 - 95 V/p.s 

Amplifier Voltage Gain AOL VOO"10 V,I'l kHz,Ab'22 Mn 

A.'50n 10,11 - 32 - dB 

Gate-Terminal Current 'GT VOO"10 V 10 - ±o.DOS ±:IO nA 

Broadband Output Noise Voltage EON VOO-+l0 V,Ab'22 Mn,A.c10 kn 10,11 500 ~V 

Input Capacitance C, - - - 11.8 pF 

Output Capacitance Co - - - 5.0 pF 

I nput-ta-Output Capacitance C'-O - - 1.1 p 
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TYPICAL CHARACTERISTICS CURVES 

10 AMBENT TEMPERATURE ITAI-2'~ i"""' 
DRAIN-TO-SOlRCE VOLTAGE 
(YOS1-.IOV 7'P' 

1 p-CHANNEl :::::;o'n-CHANNEL 
1 '.0 

V ~ 
I-

~ 
II: 0,1 

I G 
z I ;; 
l!i I 

0.01 

f 
0.001 ! 

2 4 6 B 10 

GATE-TO- SOURCE VOLTAGE IVGSI- V 

9lCS-Z1548 

Fig. 2-Drain current VI. gate-to-source voltage. 
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Fig. 4- Drain current vs. ambient temperature. 
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Fig. 6- Forward transconductance v,. drain currsnt. 
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Fig. 3- Drain current vs. drain·to-source voltage. 
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Fig. 5- Gate-to·source tID/tage differential VI. drain current. 
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Fig. 7- Noise vo/t8IJ11andnoisecu"snt VS. operating frequency. 
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Fig. 8- Drain-to-sDurce cutoff current vs. ambient temperature. 

APPLICATIONS 

The Basic COSIMOS Linear Amplifier . 
P-n-p and n-p-n bipolar transiStors have been used for many 
years in the design of so-called "true-complementary" linear 
amplifier circuits 1. Since mutually compatible p-channel and 
n-channel MOS/FET devices were not generally available, 
"true-complementary" amplifier circuits using MOS transistors 
were seldom used. Now, COS/MOS transistor technology5 has 
made it possible to supply compatible p-channel/n-channel 
transistors in monolithic IC form such as the CA3600E 
COS/MOS transistor array shown in Fig. 1. 

INPUT 

~---
(VIN) 

92CS-21528 

Fig. 10- COS/MOS tTBns;,to,..psir bissed for linflllr-mode operation. 

A "True-Complementary" Linear Amplifier Using COSIMOS 
Transistors . 

Fig. 10 shows the schematic diagram of a single'stage "true
complementary" linear ~mplifier using one pair of the com
plementary MOS transistors in the CA3600E, connected in a 
common-source circuit. Resistor Rb is used to bias the 
complementary pair for Class A operation, as described 
subsequently, and Rs represents the source resistance of the 
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10 AMBIENT TEMPERATURE (TA)"25°C Rb =22Mn I---I-
SEE CIRCUIT IN FIG. 10 I---' 
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92CS-Z1540 

Fig.S - Tvpical VOD vs. I DO characteristics for amplifier circuits 
of Fig. 10 and Fig. 15. 
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92CS-21457 

Fig. 11- TVpical voltaflll gain Iff. frequency c~.rsctsristics for 
amplifier circuit of Fig. 10. 

signal source. This generic amplifier is suitable for operation 
with a single or split voltage supply in the range of 3 to 15 
volts. Fig. 11 shows voltage gain as a function of operating 
frequency at various supply voltages for the single-stage 
amplifier. This amplifier is capable of producing very high 
output·swing voltages ,(Vout); for example, its output voltages 
can be swung to within several millivolts of either supply-voltage 
"rail". Fig. 9 shows typical supply voltage (VOO) vs. supply 
current (100) characteristics for the single-stage amplifier. The 
curves in Fig. 12 show the normalized amplifier supply current 
as a function of ambient temperature at various supply voltages. 
When the amplifier is operating at V 00 = 3 V, the supply cur· 
rent changes rapidly as a function of temperature because the 
MOS transistors are operating in the proximity of their 
individual gate-source threshold voltages. 
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Fig. 12- Normalized amplifier supply current V.I'. ambient temperature 
characteristics for amplifier circuit of Fig. 10. 

Voltage· Transfer Characteristics 

Fig. 13 illustrates a voltage-transfer characteristic curve of a 
COS/MOS transistor pair connected in the amplifier circuit of 
Fig_ 10. with a biasing resistor (Rb) connected between the 
drain and gate terminals (10.12)_ If the p- and n-channel tran
sistors have identical ·characteristics, their channel resistances 
are equal, and the biasing method shown establishes a steady-

15.-""',--------, 

: 7.5 ~
-

----- v 
________ OUT 

~ 
> 
5 
~ 
o 

o 7., 
"I 

~ 
INPUT VOLTAGE IVIN)-V 

92C5-21458 

Fig. 13 - Rsprssentation of lID/rage-transfer charactflristics for 
COS/MOS transistor pair. 

state condition such that terminal 12 is at mid-potential 
between Von and ground_ Thus. with negligibly small gate
source leakage resistances, under zero-signal conditions, the 
biasing resistor (Rb) establishes gate-potential at the mid-point 
between Von and ground. i.e., Vin = Vout. Under these 
conditions the amplifier is biased for operation about the 
mid-point ("0") in the linear segment on the steep transition 
of the voltage-transfer characteristic as shown in Fig. 13. 
When the input signal (Vin) swings in the positive direction, 
there is a reduction in the instantaneous output voltage (Vout) 
with respect to ground. Negative-going input signals have 
inverse effects. Thus, phase-inversion occurs in the COS/MOS
pair amplifier. Power-supply current is constant during d:vnamic 

linear operation, i.e., Class A amplifier service. When the 
signal input-voltage level (Vin) becomes very large, the output 
signal (Vout) waveforms become distorted because the tran· 
sistors are driven into the non-linear portions of their voltage· 
transfer characteristics. If the positive-going input-signal is 
sufficiently large, for example, the p·channel transistor can be 
driven to cutoff and the amplifier supply current (100) is 
reduced to essentially zero. 

Fig. 14 shows typical voltage-transfer characteristics of each 
COS/MOS pair in the CA3600E at several values of VOO' The 
shape of these transfer characteristics is comparatively constant 
despite temperature changes from -55 to +1250 C. 

The biasing arrangement used in the circuit of Fig. 10 provides 

an easy method of establ ishing feedback for ac signals in 
accordance with the RblRs ratio. When the feedback of ac 
signals is not desirable, the circuit of Fig. 15 may be used. 
The ac bypass capacitor (C3) minimizes ac signal feedback. 

... .. 
~ 7.5 

g .. 
E 
::> 
o 2.5f----II--.... --l'!I.-+-+--+...,..-++~'__H_r__41 

o 
INPUT VOLTAGE (VIN1-V 

Fig. 14- Voltage transfer characteristics for COS/MOS transistor-pair 
amplifier in Fig. 10. 

+VOD 

~CB dp~'",14 ± 
R; 

INPUT OUTPUT 

C3 

Fig. 15- Alternate method of biasing COS/MOS transistor· pair for 
linear-mode operation. 
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Cascading Amplifier Stages of COS/MOS Transistor Pairs 

Ultra-high-gain amplifiers can be designed by cascading stages 
of COS/MeS transistor pairs as shown in Fig, 16, The 
biasing system used is similar to that described above in 
connection with Fig, 10. The supply current for the three
stage amplifier shown in Fig. 16 is typically three times the 
values shown in Fig. 9. Gain and frequency-response charac· 
teristics of the amplifier are shown in Fig. 17. 

IMR 22MI1 

9lCS-21~34 

Fig. 16- H;/IJ-gain amplifier uses cascaded COS/MOS transistor-pair 
in CA3600E. 
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92C5-21536 

Fig. 17- Tvpical voltage gain vs. operating frequency characteristics 

for three-stage COS/MOS tranSistor-pair amplifier in Fig. 16. 

Post-Amplifiers For Op-Amps 

a single COS/MeS transistor-pair is an added increment to the 
100-dB gain in the CA30BO, yielding a total forward gain of 
about 130 dB. The open-loop slew rate ofthe circuit in Fig. 19 
is approximately 65 V //1s. When compensated for the unity· 
gain voltage·follower mode shown in Fig. 19, the slew rate is 
about 1 V //1s. For greater current output, the two remaining 
transistor pairs of the CA3600E may be connected in parallel 
with the single stages shown in Figs. 18 and 19. 

The use of the two·stage COS/MeS post-amplifier shown in 
Fig. 20 increases the total open-loop gain of the system to 
about 160 dB (100,OOO,OOOX). Open·loop slew rate remains at 
about 65 V//1s. A slew rate of about 1 V//1S is maintained with 
this circuit connected in the unity-gain voltage·follower mode, 
as shown in Fig. 21. These circuits operate in concert with 
stability . 

Fig. 18- COS/MOS transistor-pair used as post-ampUfier to op-amp ;n 
open-loop c;rcuit_ 

22 Kn 

COS/MaS transistor-pairs can be advantageously applied as INPUT 

post-amplifiers for op-amps. Because the input impedance of [n~~""I\r--i 

the COS/MaS pair is comparatively high, the op-amp operates 
under essentially unloaded conditions. Each COS/MaS pair 
can sink and source output current up to about 10 rnA. 
Additionally, the op·amp output can be directly coupled to 
bias the COS/MaS pair. A detailed description of the subject 
has been published previously.2 

The schematic diagram in Fig. 18 shows a COS/MaS transistor
pair serving as a post-amplifier to an RCA-CA3080 Operational 
Transconductance Amplifier.3 The approximate 30·dB gain in 
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UNITY-GAIN 
CONFIGURATION 

92CS- 21523 

Fig. 19- COSIMOS transistor-pair used ss post-amplifier to op-hmp 
in unity-gain circuit. 
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Fig. 20- COS/MOS transistor-pairs used as two-stage post-amplifier to 
op-amp in open-loop circuit. 

2 Kfi CA3600E 

Fig. 21- Unity-gain amplifier uses COS/MOS transistor-pairs as 

two-stage posr-amplifier to op-amp. 

Multivibrators, Threshold Detectors, and Comparators 

Descriptions of several circuits using COS/MaS transistor· 
pairs in both monostable and astable multivibrators have been 
published.4•5 The characteristics of COS/MaS pairs are also 
ideal for mating with micropower op-amps in circuits such as 
the precision multistable circuits shown in Fig. 22. In these 
circuits precise timing and thresholds are assured by the stable 
characteristics of the input differential amplifier in the CA30BO 
Operational Transconductance Amplifier.2,3 Moreover, speed 
vs. power consumption tradeoffs can be made by adjustment 
of the Amplifier·Bias·Current (lABC' supplied to terminal 5 of 
the CA30BO. The quiescent power consumption of the circuits 
shown in Fig. 22 is typically 6 mW, but can be made to operate 
in the micro power region by suitable modifications. 
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Fig. 22- Multistable circuits using COS/MOS transistor-pairs. 

The schematic diagram of a programmable micropower com
parator, shown in Fig. 23 employs the combination of an 
op·amp (CA30BOAI and COS/MaS transistor·pairs in the 
CA3600E. Ouiescent power consumption of the circuit is 
about 10 IIW(typ.l. When the comparator is strobed "ON", 
transistor Pl is driven into conduction and the OTA becomes 
active. Under these conditions, the circuit consumes 420llW 
and responds to a differential·input signal in about B lis. 
By suitably biasing the CA30BOA, the circuit response time 
can be decreased to about 150 ns but the power consumption 
is increased to 21 mW. The differential amplifier input 
common·mode range for this circuit is -1 V to +10.5 V. 
Voltage gain of th is micropower comparator is typically 130 dB. 

595 



CA3600E 
___________________________ File No. 619 

y+ =12V 

v- .. -2V 

STROBE 
i 

213 CA3600E 

92C5-21535 

Fig. 23- Programmable micropower comparator. 

Operational Ampl ifie .. 

COS/MaS transistor·pairs can be used in conjunction with a 
bipolar transistor-array IC to build an op-amp as shown in 
·Fig. 24. It is particularly suited for single·supply operation 

(e.g., mobile and aircraft service I. The op-amp is unique in 
that it is responsive to small-signal ground-referenced inputs 
and the output stage can easily be driven ·within 1 mV of 
ground potential. Its open-loop gain characteristics are shown 
in Fig. 25; the open-loop slew rate is approximately 30 V /Ils. 
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Fig. 25- Open-loop gain characteristic for op.-amp in Fig. 24. 

This circuit is· ideal for use as a unity·gain voltage·follower and 
has been described for operation in connection with a 9-Bit 
Single-Supply Digital-to-Analog Converter (DAC) using 
COS/MaS transistors in the resistor·network switches.6 

The op-amp in Fig. 24 has three stages; its first stage is a 
differential input circuit using two p-channel transistors 
(P4,P5) in a CA3600E. The second stage is an n-p-n 
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transistor (05) and the output stage is a COS/MaS tran· 
sistor·pair (P3,N3) operating in the manner described above. 
A constant current of about 400 /lA is established in the 
differential input stage by the zener network in the upper· 
left portion of Fig. 24. The zener network energizes a 
current mirror comprised of two p-channel transistors 
(P"P2 i to establish constant·current flow in the differential 
amplifier stage (P4,PSl. The drain load for the differential 
amplifier consists of resistors R1-R4 anda current mirror 
(0304) to optimize conditions for balanced operation of the 
differential amplifier. The operating theory of current-mirror 
circuits has been described in reference 2. Amplifier voltage
offset is nulled with the 'O·kilohm balance potentiometer. 
The second·stage current is established by RS, and is selected 
to approximate the first·stage current level (400 /lA), to assure 
similar positive and negative slew rates. The amplifier is 
shown driving a 2·kilohm load, a typical value used with 
monolithic op-amps. Voltage gain varies inversely with th~ 
choice of load resistance. 

The amplifier can be compensated with a single capacitor 
(C,), connected as shown by the dotted lines. However, 
optimum compensation for the unity-gain non-inverti,ng mode 
is provided by two capacitors: Miller Effect feedback through 
a 39·pF capacitor C, (connected as shown), and a 300'pF 
capacitor connected between terminals 7 and'3 of the 
CA3046 transistor array to shunt one·half the driving current. 
Fig. 25 shows the open·loop gain characteristics with com· 
pensation for unity-gain operation. When the amplifier is 
operated as a voltage-follower, it is recommended that a 
'·kilohm resistor, shunted with a '50·pF .capacitor, be 
connected between the ampl ifier output termJnal and terminal 6 
of Ps to avoid a potential latch situation involving the integral 
gate-protection network. -The circuit can also be latched if 
either ir'put terminal is driven !"(lore than about 0.7 volt 
below ground potential. This latch situation can be avoided by 
connecting a 'N9'4 diode from each input terminal to ground, 
with the diode anode grounded. 

Analog Timer 

The CA3600E is useful in the design of analog timer circuits. 
A typical circuit is shown in Fig. 26. For purposes of ex· 

planation, let it be assumed that capacitor C, initially is in a 
completely discharged condition; terminal 10, -therefore. is 
initially at ground potential and transistor N3 is non
conductive. The circuitry at the left of termjnal '0 provides a 
source of constant·current flow through P, to charge capa· 
citor C, increasingly posrtive with respect to ground. After the 
passage of time (T), capacitor C, is charged sufficiently in the 
positive direction so that transistor N3 is driven into con
duction by its gate and the lamp is lighted to signify the end of 
the time·delay period. The circuit is reset by momentarily 
closing switch S, to discharge capacitor C, through R4' 
Resistor·divider network R"R2 establishes the supply voltage 
to a constant-current network comprised of resistor R3 and 
the series·connected COS/MaS pair N2,P2, biased for linear 
operation by resistor Rb as \ previously described. This com
bination is connected to .the gate terminal (No.6) of 

transistor P1 to form a current mirror, i.e., the current flowing 
through P, to charge C, will be essentially equal to the 
constant·current flow established through R3, N2, and P2' 
A description of current-mirrbr operation with MaS tran

sistors is given sUbsequently. 

R, 
IMn 

(TIME DELAY" 60 MINUTES, WITH CIRCUIT VALUES SHOWN) 

Fig. 26- Analog timer qsing CA3600E. 

Oscillator Circuits 

LAMP 
GE TYPE 
2208 

Oscillator circuits using COS/MaS transistor·pairs have been 
widely used for several years in clock and watch circuits 
because of their low power consumption and good frequency 
sta"bility. Details of their operating theory and characteristics 
have been published.S,7 

The design of COS/MaS oscillator circuits, like the design of 
any oscillator circuit, involves the provision of an amplifying 
section to operate compatibly with an appropriate feedback 
network. A single stage ampHfier using a COS/MOS transistor
pair has already been described. A suitable feedback network 
to insure stable oscillator performance is easily added, as 
illustrated in connection with the crystal oscillator circuit 
shown in Fig. 27. The famil.iar pi·network has been connected 
between the input and output terminals, points "0" and "G", 
to provide the required '800 phase shift for stable oscillator 
performance. The frequency-determining crystal is an integral 

part of the pi-network feedback circuit. The resistors R 1 and 
R2 decrease the total power consumption of the oscillator at a 
particular supply voltage and enhance the frequency stability. 
Variable frequency oscillators can be built by replacing the 
crystal with an appropriate inductance and tuning the pi
network by conventional means. 

Current Mirrors Using MOS Transistors 

Monolithic linear IC's using bipolar transistors frequently 
employ so-called "current-mirror" circuits. The theory and 
practical applications of current mirrors using bipolar tran
sistors have been described in the Iiterature.2 As shown in 
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Fig. 29- Current mirror using n-channel MOS transistors. 

If the gate and source terminals of another transistor (N1) are 

92CS-ZIS'Z 

'5,F connected in shunt with the gate and source terminals of N2, 
as shown in Fig. 29, Nl is also able to "sink" a mirror current 
approximately equal to that flowing in the drain lead of the 
diode-connected transistor N2' It is assumed that both MOS 
transistors have identical characteristics. a prerequisite that is 
essentially established by the monolithic IC fabrication techno· 
logy used in manufacturing the CA3600E COS/MOS transistor 
array, 

Fig. 27- Typical crysra/-oscillBtor circuit using COS/MOS 

transistor-pair (713 CA3600EJ. 

Fig. 28, a rudimentary form of "current·mirror" consists of a 
transistor a 1 with a second transistor a2 connected as a diode. 
When both transistors have identical characteristics, a 
current 11 forced to flow through a2 produces a current (12) 

of equal magnitude to flow in the collector of a 1 (provided 
there is sufficient collector potential for al). In a common 
form of application, a source of potential is used to force 

92CS-21462 

Fig. 28- Current mirror using n-p-n bipolar transistors. 

constant·current flow 11, and thus to establish the flow of 
constant current 12 through al' Arrangements of this generic 
current·mirror type are frequently used when al acts as the 
common-emitter impedance in a differential-amp1ifier circuit. 

MOS transistors are also applicable as current mirrors, as shown 
in Fig. 29. The diode-connected MOS transistor N2 functions 
as a transistor with 100 per·cent feedback. Therefore, the 
gate·to·source voltage (V GS) in N2 retains control of the drain 
current as in normal transistor action, i.e., IDE!!!. 9f5 V GS, 
where gfs is the forward transconductance of the device. If a 
current 11 is forced into the diode-connected transistor (N2), 
the gate·to·source voltage will rise until equilibrium is reached. 
Thus, a gate·to·source voltage is established in N2 such that N2 
"sinks" the applied current 11' 
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Fig. 30- Current mirror using p-channel MOS transistors in CA3600E. 

Current lT1irrors can also be designed with p-channel MOS 
transistors as illwstrated by ,the arrangement in Fig. 30 using 
transistors in the CA3600E. The characteristics of a current 
mirror using, the p·channel transistors in the CA3600E are 
superior to ,those which can be achieved with a current mirror 
using the n-channel .transistors because the characteristics of 
the p·channel transistors are more nearly matched. The data 
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Fig. 31- Charscteristics of current mirrorc;rcuit of Fig. 30 using 
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contained in Fig. 31 show the high degree of tracking between 
11 and 12 for several values of drain voltage VO' Fig. 32 also 
illustrates the fact that this high degree of tracking between 
11 and 12 can be maintained to within about one per·cent 
despite ~ide variations in ambient temperature. 

~ ~ ~ 0 ~ ~ ~ 00 ~ 
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Fig. 32- Normalized drain current ratio v,s. ambient temperature for 
typical current mirror using p-chsnnel transistors (Fig. 3D). 

The op·amp circuit in Fig. 24 contains an illustrative e"ample 
of a current·mirror circuit using two p·channel transistors in 
the CA3500E. Transistor P2 serves as a constant·current source 
( .. 4D0 pAl for the differential amplifier, consisting of tran· 
sistors P4 and Ps and their drain·load network. Transistor P2 
is in a "mirrored" connection with transistor P,_ A stabilized 
source of supply potential is developed across the zener diode 
(terminals 11 and 12 of the CA30831 and drives about 400 p.A 
of current through R6 and Pl' 

Complementary Current Mirron Using COS/MOS Transistor· 
Pairs 

COSIMOS transistor'pairs can be applied advantageously in 
the design of Complementary Current·Mirrors, as shown in 
Fig. 33. Transistors P1 and Nl are serhis-connected and biased 
for linear operation as previously described, so that there is a. 
current flow 101 through Pl and N1. The potential developed 
between terminals 13 and 14 is applied as gate·source (2,31 
voltage for P2, forcing "mirror" operation of P2 to produce a 
current source 102.P equal to 101' Likewise, the potential 
developed between terminals 7 and 8 is applied as gate·source 
(3,41 voltage for N2 forcing "mirror" operation of N2 to 
produce a current-sink 102.N equal to 101' 

A variant of this complementary current mirror is used in the 
analog timer circuit shown in Fig. 26. Transistors P2 and N2 
are series-connected together with a 5O·megohm resistor to 
establish their drain current at S nA. The potential developed 
across terminals 1 and 2 also appears as the gate·source voltage 
for transistor P1, thereby establishing a mirror-current source 
of S nA at terminal 13 to charge capacitor Cllinearily.ln this 
circuit., the "mirrored" current·sink available at terminal 8 
(transistor Nll is unused. This type of current·mirror can· 
figuration is exceptionally stable with temperature variations. 
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Fig. 33- Complementary current mirrors using COS/MOS 

transistor-pairs in CA3600E. 
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Fig. 34- Integral protection circuits used in CA3600E. 

Considerations in Handling CA3500E Devices 

Failure of the gate·channel o"ide was a persistent problem in 
'early MOS devices. The breakdown of the o"ide is generally in 
the order of 100 volts, and the dc resistance is in the order of 
1012 ohms. 8ecause ohhis e"tremely high resistance, even a 
very,low-energy source (such as static chargel is capable of 
developing suffi~ient voltage to cause damage. Furthermore, 
·the o"ide can be punctured and damaged by a single voltage 
excursion beyond the breakdown limit. 

Fig. 34 shows a protection circuitS,8 which is incorporated at 
each gate·lead of the CA3500E. A typical value of 1 to 3 
kilohms is used for the input resistor R, which functions in 
combination with the capacitance of the gate and the 
associated protective diode to integrate and clamp input volt· 
ages to a safe level. This circuit also shows the "substrate 
diodes" (03, 04, and 0SI which provide protection to .the MOS 
channels at the output terminals. 
Although the gate'protection system is very effective in 
guarding .against damage due to static charges, it is prudent to 
observe the following precautions:S,9 

1. The leads of devices should be in contact with a 
conductive material, e"cept when being tested or in 
actual operation. A conductive material such as 
"ECCOSQR8 L02S'" or equivalent is suggested for use 
during storage and/or handling. Devices should not be 
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inserted in non-conductive containers such as con
ventional plastic "snow" or trays. 

* Trade Mark: Emerson and Cumming, Inc. 

2. Soldering·iron tips, metal parts of fixtures and tools, and 
handling facilities should be grounded. 

3. Devices should not be inserted into or removed from 
circuits with the power on because transient voltages may 
cause permanent damage. 

4. Signals from low-impedance sources should not be 
applied to the gate terminals while the power supply is 
off. As a corollary, it follows that the power supply 
should not be turned off while a signal from a low· 
impedance source is being applied to any gate terminal. 
When the VDD supply is off, the positive "back·bias" 
voltage is removed from the cathoc;le of diode 02 
(see Fig. 34). Consequently, an input signal with positive· 
going polarity can drive 02 into conduction. Under 
these conditions a low-impedance signal source can 
provide sufficient current to permanently damage 02 
andlor melt aluminum interconnection paths. Therefore, 
if, in any system design using the CA3600E, any gate 
input excursion is expected to exceed +V DO or fall 
below -VSS, the current through the input diodes 
should be limited to 100 pA 
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Division 

Preliminary Data 
CA3724G 
CA3725G 

High-Current N-P-N Transistor Arrays 
Four Individual Sealed-Junction High-Current N-P-N Transistors 

Features: 
• High Current - I A 
• High Breakdown Voltage: 

CA3725G = 80 V dc min_ V(BRICES 
@IC= 10llA 

14·Load Dual-In-Line 
Plastic Package 

CA3724G = 70 V dc min_ V(BRICES 
@IC=·IOIlA 

" Fast Switching Speeds: 
ton =30 ns typ_@ IC = 500 mA 

H-1517 
toff = 36 ns typ_ @ IC = 500 mA 

The RCA-CA3724G and -CA3725G are high-current n-p-n 
transistor arrays each containing 4 individual sealed-junction 
high-current n-p-n transistors. They are intended for high
current, high·speed switching and driver applications. 

These devices are alike except for breakdown voltage ratings. 

The CA3724G and CA3725G are supplied in a 14-lead dual-in
line plastic package and operate over the full military tem
perature range of -550 C to +1250 C. The transistor chips used 
in these packages are of the sealed-junction type to provide 
protection against the deteriorating effects of humidity and 
other surface contaminants without the need for a hermetic 
package enclosure. 

The semiconductor junctions are sealed by utilizing a silicon 
nitride passivation layer. A multi-layered, highly corrosion
resistant, terminal-connection system of unique design is 
employed. 

• "Hermetic Chip" Construction 
" Silicon Nitride Passivated 
• Platinum Silicide Ohmic Contacts 
" Gold Chip-Metallization 
.. Electrically similar and pin compatible 

with industry types MP03724, MPQ3725; 
FP03724, FP03725; DH3724, DH3725; 
SP3724, SP3725 in similar packages 

Applications: 

• Core-Memory Driver 
• High-Speed Switching 
• High-Current LED Driver 
.. High-Voltage Switching 
• Relay and Solenoid Driver 
• Lamp Driver 

92CS - 24299 

Fig. '-Terminal diagram (top lIiew). 
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MAXIMUM RATINGS, Absalute-Maximum Values at TA = 25"«: 

COLLECTOR-TO-EMITTER VOLTAGE 
With Base Open 

COLLECTOR-TO-BASE VOl, TAGE 
With Emitter Opan 

EMITTER-TO-BASE VOLTAGE· 
With. Collector Open 

COLLECTOR CURRENT 

POWER DISSIPATION: 
A, T A up to 26°C: 

For Each Transistor 
TotalPacI<lIIIO 

!" T A above 26°C d ..... llnaarly 

AMBIENT TEMPERATURE RANGE: 

VCEO .••••••••.•..••••..•••••.•.••• 

VCBO ••••••••••••.•••••••••••.•••.• 

VEBO •••••••••••••••••.•••••••••.•. 

IC ••••••.••••••••.•••••••••••••• 

,CA3724G 

40 

70 

6 

1.0 

1.0 
2.0 

Operating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55 to +125 
Storage • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • -85 to +150 

LEAD TEMPERATURE (DURING SOLDERINGI: 
At dlstanca 113:r· 13.17 mml from 

l88ting plana for 10 I max. 300 

ELECTRICAL CHARACTERISTICS AT .TA =250(: 

20 

CA3725G 

50 

80 

6 

1.0 

1.0 
2.0 

-55 to +125 
-85'0+150 

300 

Limits 

V 

V 

V 

A 

Characteristic Symbol Test Conditions CA3724G CA3725G Units 

Min. Typ. Max. Min. Typ. Mix. 

Collector-to-Emitter Sustaining Voltage • VCEOlsus) IC = 10 rnA, IB = 0 40 - - 50 - - V 

Collector-to-Emitter Breakdown Voltage VIBR)CES IC= 101lA,IB=0 70 - - BO - - V 

Collector·to-Base Breakdown Voltage VIBR)CBO IC= 10llA,IE = 0 70 - - eo - - V 

Emitter-to-Base Breakdown Voltage VIBR)EBO IE = IOIlA,IC= 0 6 - - 6 - - V 

Base-to-Emitter Saturation Voltage' VBElsat) IC = 500 rnA, IB = 50 rnA 0.75 - 1.0 0.75 - 1.0 V 

Collector·to-Emitter Saturation Voltage' VCElsat) IC= 500 rnA, IB = 50 rnA - - 0.5 - - 0.5 V 

Collector-Cutoff Current ICBO VCB=40V,IE=0 - - 1.7 - - 1.7 IIA 

Static Forward-Current Transfer' .hFE IC = 100 rnA, VCE = 1.0 V 35 - - 35 - -
Ratio IBeta) Ic = 500 rnA, VCE = 1.0 V 30 - - 30 - -

IC= 1 A 'VCE = 1.0 V 20 - - 20 - -
Small·Signal Forward-Current hfe IC = 50 rnA, VCE = 10 V 2.0 - - 2.0 - -

Transfer Ratio f = 100 MHz 

Turn-On Time ISee Test Ckt. Fig. 2) ton IC = 500 rnA, IBI = 50 rnA - - 40 - - 40 ns 

Turn-Off Time IS .. Test Ckt. Fig. 2) toff IC=500mA, - - 60 - - 60 ns 
IBI = IB2 = 50 mA 

Emitter-to-Base Capacitance c"b IC = 0, VEB = 0.5 V - 95 - - 95 - pF 

Collector-to-Base Capacitance Cob IE=O,VCB=10V - 12 - - 12 - pF 

• Pulse Conditions: width =: 300 ~s; duty cycle'" ,% 
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If < Ins 
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z.-son 
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IC= 500mA,IB,=-SOmA 
IB211:S-50mA 

+30V 

Fig. 2-SWitching tims test circuit. 
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OOOBLJD Linear Integrated Circuits 
Monolithic Silicon 

Solid State 
Division 

Premium TY'pes CA6078AS. CA6078AT 
CA6741S, CA6741T 

Operational Amplifiers 
CA6078AT - Micropower Type 
CA6741T - General-Purpose Type 

For Applications where Low Noise 
(Burst + 1/f) is a Prime Requirement 

B-LEAD T().5 
with Dual·ln-Line 
Formed Leads 

Virtually. free from "popcorn" (burst) noise: 

B-LEAD 
T().& 

device rejected if any noise burst exceeds 20 /lV (peak), 
referred to input over a 3D-second time period. 

H-1528 

RCA-CA6078AT and CA6741T* are low-noise linear IC 
operational amplifiers that are virtually free of "popcorn" 
(burst) noise. 
These low-noise versions of the CA3078AT and CA3741T 
are a result of improved processing developments and rigid 
burst-noise inspection: i;riteria. A highly selective test circuit 
(See Fig. 2) assures that each type meets the rigid low-noise 
standards shown in the data section. This low-burst-noise 
property also assures excellent performance throughout the 
llf noise spectrum. 
I n addition the.' CA6078A T and CA67 41 T offer the same 
features incorporated in the CA3078AT and CA3741T 
respectively. including output short-circuit protectiori, 
latch-free operation, wide common-mode and differential
mode signal ranges, and low-offset nulling capability.' 

TOP VIEW CA6741T 

Applications:' 

6 OUTPUT. 
• Low-noise AC amplifier 

• Narrow-band or band-pass filter 
• Integrator or differentiator 
• DC amplifier 

Y- • Summing amplifier 
NOTE: PIN 4 IS CONNECTED TO CASE 

Features: 
• Internal phase compensation 
• Input bias current: 500 nA max. 
• Input offset current: 200 nA max. 
• Open-loop voltage gain: 50,000 (94 dB) min. 
• Input offset voltage: 5 mV max. 
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For detailed data, characteristics curves, schematic diagram, 
dimensional outline, and test circuits, refer to the Opera
tional Amplifier Data 8ulletins File No. 531 and 535_ In 
addition, for details of considerations in burst-noise 
measurements, refer to Application Note, ICAN-6732, 
"Measurement of Burst ("Popcorn") Noise in Linear IC's". 

The CA607BAT and CA6741T utilize the hermetically sealed 
B-Iead TO-5 type package_ The CA607BAT and the CA67 41T 
can also be supplied on request with dual.in-line formed 
leads. These types are identified as the CA6078AS and 
CA6741S. This formed-lead configuration conforms to that 
of the B-Iead dual-in-line (Mini-Dip) package. For terminal 
arrangements, see page 4_ 

"Formerly Dev. No. TA5807X and TA6029 respectively. 

, .. 
INPUT 

TOP VIEW CA6078AT 

Applications: 
• Portable electronics 

• OUTPUT. Medical electronics 
• DC amplifier 
• Narrow-band or band-pass filter 
• Integrator or differentiator 

Y- • Instrumentation 
NOTE: PIN 415 CONNECTED TO CASE • Telemetry 

Features: • Summing amplifier 

• Open-loop voltage gain: 40,000 (92 dB) min. 
• Input offset voltage:3.5 mV max. 
• Operates with low total supply voltage: 

1.5 V min. (±0.75 V) 
• Low quiescent operating current: 

adjustable for applh:ation optimization 
• Input bias current: adjustable to below 1 nA 
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File No_ 592 ______________________ _ CA6078AT,CA6741T 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 2SOC 
CA6741T 

DC Supply Voltage (between V+ and V- terminalsl ________________ . 44V 
Differential-Mode I nput Voltage :.:. __________ . _____ ... _ ... __ .. _ 
Common-Mode DC Input Voltage ____ ..... _ .. ___ ... _ . _ .. ___ ... 

±30V 
±15V 

Device Dissipation: 
Up to 750C (CA6741T), Up to 1250 (CA607BAT) .. _ ... _ . _. ___ .. 500mW 
Above 7SOC .. _. _. ____ . _ .... _. ___ ... ___ ... __ .. __ ... _ ..... D.erate linearly 5 mW/oC 

Temperature Range: 
Operating. _. _. - - _. - ..... _ ..... _ .... - ........ - _ ..... - _ .. . -55 to +125 °C 
Storage ... _ .. _ ............. _._ .................... ___ ._ -65 to +150 0C 

Output Short-Circuit Duration- _____ ..... _ . ____ .. __ .... __ . ____ .. No limitation 
Lead Temperature (During soldering): ____ . ____ ....•... ___ . _ . _ ... 

At distance 1/16 ±1/32 inch 11.59 ±0.79 mm) 
from case for 10 seconds max. . ... _ .................... _ ... . 300 0C 

4'1 Supply Voltage is less than ±15 volts. the Absolute Maximum Input Voltage is equal to the Supply Voltage. 

·Short circuit may be applied to ground or to either supply. 

TIME-IOm,/bIY. TIME-20m./DIV. 
92CS-202" 

CA607BAT 
36V 
±6V 

V+toV-

250mW 

-55 to +125 0C 
-65to+150 0C 

No limitation 

300 0C 

92CS-20500 

8. Typ. device with high-burst-noisB charac
teristic. 

b. Typ. device controlled for burst noise. 

Fig. 1-Typ. waveforms of type with high burst noise and type 
controlled for burst noise. 

v+ 

RSI a RS2 -IOOkA FOR CA6741T AND 200kD FOR CA6078AT 
* CA674IT OR CA6078AT 9ZCS-19U3 

Fig.2-Block diagram of bursr-noi. ;'popcorn" test equipment. 
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CA6078AT, CA6741T ___ '--__________________ File No. 592 

ELECTRICAL CHARACTERISTICS - CA607BAT, For Eqtiipmiint~. _. 
- .. -

TEST COI\!DrrlONS LIMITS 
CHARACTERISTICS SYMBOLS Supply. Volts: V+ .• 6, v- - -e UNITS 

TA-25DC,10-2OpA 
MIN. TYP. MAX. 

Nolle Chanctaris1ic 

"PoPcorn" Bandwidth = 1 kHz Device is reiected if the total noisevoltage 

(Burstl Noise RSI = RS2 = 200 kn 
(burst + 1/fl, referred to input. exceeds 
20 pV peak, during a 3D-sec. test period. 

Principal Che_Is1ics (For detailed Electrical Ch_istle.refer~CA3078AT Dat8 Bulletin, File No. 536.1 

Input Offset Voltage VIO RSS: 10kn - 0.7 3.5 mV 

Input Offset Current 110 - 0.5 2.5 nA 

Input Bias Current liB - 7 12 nA 

Open· Loop 

Diff .. ential AoL RL~10kn 40,000 100,000 -
Voltage Gain VO= ±4V 92 100 - dB. 

Common·Mode Input Voltage Range VICR V+=V-= 15V ±14 - - V 

Common·Mode Rejection Ratio CMRR RSS:l0kn 80 115 - dB 

Output' Voltage Swing 
RL~10n ±13.7 ±14.1 -

VO(P·PI V 
RL~2kn - ±14 -

Supply Cur~"'t 1.0 - 20 25 pA 

ELECTRICAL CHARACTERISTICS - CA6741T, For Equipment DesIgn. 

TEST CONDITIONS LIMITS 
CHARACTERISTICS SYMBOLS Supply VoIts;v+ = 15, V---15 UNITS 

TA-250C 
MIN. TYP. MAX. 

Nol .. Cher_is1ic 

"PoPcorn" Bandwidth .' 1 kHz Device is rejected ifthetotal noise voltage 

(BumINoiS!! RSI = RS2· 100 kn 
(burst + .1/fl, referred to input, exceeds 
20 pV peak, during a 3O-sec. test period 

Prindpal Characteristics (For detailed Electrical Charecterisiics refer to CA3741T Data Bulletin, File No. 531.1 

Inpoit Offset Voltage VIO RS$10kn - 1 5 mV 

Input Offset Current 110 - 20 200 nA 

Input Bias Current liB - 80 500 nA 

Open· Loop 

Differential AOL RL~2kn 50,000 200,000 -
Voltage Gain VO=±10V. 94 106 - dB 

Common·Mode Input Voltage Range V,CR ±12 ±13 - V 

Common·Mode Rejection Ratio CMRR RS:;;10kn 70 90 - dB 

RL~10kn ±12 t14 -
Output Voltage Swing VO(P·PI V 

RL~2 k.Q tl0 ±13 

Supply Current 10 - 1.7 2.8 mA 
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~ :~ 
SUPPLY YOLTAGE:V··SY.Y-·-6V 
AMBIENT TEMPERATURE (r,I-25-C 

i ,-
I I I I III I I • ~ 

if i' 
_II 1 'I !i; 

2 "' 

.. r--. .. SUPPl'r CLRRENT Clol-'OOpA 

11 ~ 
~ 

d.. 

·Jo~l • z • .... 
I-

~ • 
!i; .. r 2 

SQ.OI 
.0 2 4 • 2 Ii 10 2 4 681fT 2 4 6 8 rO'" 2. '" 6 81fT 

FREQUENCY tU-Hz 92CS-20260 

~ • SUPPLY VOLTAGE: V·.6V, y-· ... SV 
AMBIENT TEMPERATURE (T.-I-25-C 

i • "-I • 
if 

" I-
Z , .. ' .... 
.. .. 
il 

~ 
0.' 
• 

Z 
I-

~ • 
!i 

i 
3Q.01 

.0 10' d • 
FREQUENCY (n-Hz 

92C5-20262 

Fig.5-INIIII. Frequtlncy for CA674tT. 

1200. 
EN- ENlUNkREAD ON 

. QUAN- TECH METER 

ENT(IN': TOTAL NOISE YOLTAGE,REFERRED 1'0 INPUT 
(READING OBTAINED", WITH QUAN-TEOIIIETERJ 

neS-2011'" 

Fig.7-Tftt block diagrom lor EN-

." 

~ 
toO SUPPLY VOLTAGE: V+.6Y, Y-·-GY 

AMBIENT TEMPERATURE (T,I-25-C 

>c L1lLY lRREI) 11J"2~A 
~ · .. '.OOJA-.. • ~ 
~ .. '0 
~ • 0 z 
I- • 
~ · I-

~ • i! 
3 

.0 2 '" 6 8 102 2. ... , 4 & 8, 2 '" & Birr 

FREQUENCY (f)-Hz 92C5-20261 

Fig.4-EN." Frequ.ncy for CA6078A T. 

~ 100 SUPPLY VOLTAGE: y+ -6 YI Y-·-6Y 
AMSIENT TEMPERATURE (TAI-ZS-C 

r.:; • 
>c 

~ 
~ 
~ 
~ 
~ z 
I-

~ 
!i 
~ 
i! 
3 

• 
2"'-

'0 
• · • 
2 

'0 • '" 6 8, 2 '" 'SIC .' 4 88, 

FREQUENCY Ill-Hz 

Fig.6-EN'" Fn.quoncy for CA6741T. 

2 '" sad 

9292CS-20263 

TEST BLOCK 
DIAGRAM FOR 

IN 

120n r 2 21112 

_ I~Jj,-EN_T...;I...;'N...;)=-=2...;14_K...;T_RS",)_-.:;EN::....:;:.J 
- ..rr- RS 

pA 

../iii 
ENT(lNl: TOTAL NOISE VOLTAGE. REFERRED 10 INPUT 

(READING OBTAINED WITH QUAN·TECH METER) 

Des-20UD 

Fig.8-Testblock diBgt'Bm foriN. 
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_______________________________ Fihi No. 392 

OOcn5LJD 
Solid State 
Division 

Digital Integrated Circuits 
CD2500E 
CD2501E 
CD2502E 
CD 2503E 

BCD to 7 -Segment 
Decoder-Drivers Monolithic Silicon 

RCA CD2500E series 7-8egment Decoder-Drivers are 
monolithic MSI integrated cireuits which decode BCD 
(8-4-2-1 code) inputs to 7-line outputs representing a de
cimal number from 0 to 9 on 7-segment incandescent dis
play devices. 

RCA CD2500EandCD2501E are30mA per-output-line 
devices designed for use with incandescent display de
vices such as the RCA DR2000 sod DR2D10. The 
CD2500E, in sddition to the outputs for the 7-segment 
display device, has a decimal point output; theCD2501E 
also has a special-feature, a tenninal to provide for rip
ple blanking output and intensity control input. The rip
ple blanking output blanks out all non-significant zeroes 
in the numerical display. The ripple blanking output ter
minal is also available for use as an intensity control 
input from an external variable pulse-width control source, 
as shown in Fig. 7. 

RCA CD2502E and CD2503E are 80 mA-per-line ver
sions of the CD2500E and CD250IE, respectively, and 
are designed for use with high-current lamps and relays. 

RCA CD2500E series devices are supplied in IS-lead 
dual in-line plastic packages which can he used over the 
operating temperature range of ()O C to + 750 C. 

FEATURES, 

• High current sinking capability 
for direct di .play driving 

• Intensity control provision 

• ~~~ bnlL'l "TTt.i'!,:~:!e with commercially avail· 
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• Lamp test provision 
• 5 V power .upply 
• Clamp diod •• on all inputs 
• Lamp supply up to +8 volt. 
• Ripple blanking capabi lity 
• Decimal point output 
• Over-range detection (automatic blanking of display 

device when BCD input> 9) 

30mA and aOmA/Segment 
DECODER·DRIVERS ..--------, 
For Use With 
Low-Voltage Digital 
Display Devices, 
Lamps, and Relays 

DPo ' Decimal PoinlOutput 
DPI n Decimal Poinl input 

DPI must be supplied Irom an 
exlemal source 

~~~5~Ei:::rt~~~~~ :~I' 
ion necessary to energize lIle 
decimal point filament in the 
display device. 

12)45578 
Be L'TDPoDPl 0 A GND 

92'>S-4177 

Fig. '.CD2S00E ond CD2502E (with decimal point) 

RBO = Ripple-Blanking Oulpul 
& Intensity Conlrollnpul 
RBI = Ripple-Blanking Input 

Vee f 9 
16 15 14 

.7. 
D A GND 

nCS~I'621' 

Fig. 2 - CD2S0lE and CD2S03E (wi'" rlppl. "'an king 
and intensify control provision) 
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File No. 392 ______________________ CD2500E-CD2503E 

ABSOLUTE MAXIMUM RATINGS at 250 C unless otherwise specified: 
Power Supply Voltage: 

Continuous (00 C to + 75° C) • • • • • • • • •• - 0.5 to + 5.5 V 

Pulsed (durstion 1 sscond) • • • • • • •• • •• - 0.5 to + 8 V 

Input Voltage. • • • • • • • • • • • • • • • • • • •• - 0.5 to + 5.5 V 

Output Voltage (open collector transistor) •• - 0.5 to + 8 V 

Operating Temperature Range •••••••••• OOC to + 75°C 

Storage Temperaturs Range. • • • ••••• " - 65 DC to + 150°C 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± O.79mm) 
from case for 10 seconds max. . ............. +26SoC 

ELECTRICAL CHARACTERISTICS at Ambient Temperature (TA) Indicated 

CHARACTERISTICS SYMBOLS 
MEASUREMENT TEST ODC 

TERMINALS CONDITIONS MIN. MAX. 

1,2,5,6, & 7 Input high threshold voltage 2.0 -Input High Voltage 
VIH VCC = 4.75 V. IIH = 0 

(Logic I) 3 2.4 -
Ground all other inputs 

Input Low Voltage VIL 1.2.5.6. & 7 - 0.85 
Input low threshold Yoltage 

(Logic 01 3 - 0.45 

1.2.5.6. & 7 - -1.6 

CD250lE 
VCC = 5.25 V 3 

CD2503E 
- -10.0 

{ CD2500E 
Input Forward 3 CD2502E - -10.4 

Current IlL 1.2,5.6. & 7 
VF=0.45V - - 1.41 

CD250lE VF =0 
3 Terminal 3 VCC = 4.75 V - -9.0 

CD2503E 

CD2500E 
only 

3 
CD2502E - -9.4 

Input Reverse VCC = 5.25 V VR = 4.5V - 40 

Current IIH 1.2.5.6. & 7 Terminal 3 
grounded VR =2.4V - 40 

{ CD2500E 
9 !hru 15 CD250lE VCC = 4.75V - 0.40 
and 4 of CD2500E IOL = 30mA 

4 {CD2501E VCC = 5.25. IOL - 3.2 mA - 0.45 
Output Low Voltage VOL CD2503E VCC = 4.75. IOL = 2.S2 mA - 0.45 

{ CD2502E 
9 !hru IS CD2503E VCC = 4.75V - 1.0 
and 4 of CD2502E 

IOL = SOmA 

9 !hru IS _All types 

and 4 o'f { CD2500E 
VCC = 5V 

8.0 -
Output High Voltage VOH CD2502E IOH = 200 I'A 

4-CD250IE. CD2503E VCC = 4.75 V. IOH = - 24Ol'A 2.4 -
Input Capacitance CIN 1.2.5.6. & 7 VCC = 5.0 V - -

CD250lE VCC = 5.0V 
Power Supply - -
Cunent Drain CD2503E ( Segment Output Currents =0) 

ICCL 
(Terminal 16) CD2500E 

Term inal 3 Grounded - -
CD2502E 

+ 25DC + 75DC 
UNITS 

MIN. TYP. MAX. MIN. MAX. 

2.0 - - 2.0 - V 

2.4 - - 2.4 - V 

- - 0.85 - 0.85 
V 

- - 0.45 - 0.45 

- -1.0 -1.6 - -1.6 

- - 10.0 - -10.0 mA 

- - - 10.4 - -10.4 

- - -1.41 - -1.41 

- - -9.0 - -9.0 mA 

- - - 9.4 - - 9.4 

- - 40 - 60 
J.LA 

- - 40 - 40 

- 0.30 0.40 - 0.40 

- 0.30 0.45 - 0.45 

- 0.30 0.45 - 0.45 V 

- 0.60 1.0 - 1.0 

8.0 - - 8.0 - V 

2.4 - - 2.4 -
- 3 5 - - pF 

- 48 - - -
mA 

- 50 - - -
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BCD . .urs 
K~VCC f cfcpJ ~T 5K 

W I \700\) 5 
r-- -, 

I 

"g 
I I 

I ' 

~i[~ 
I I 
, I 

!\l I 1 \7 1'\7 I. I 

: I y: ,/ ~ I I 
I I 

L= __ j \71: ~ ~, 

4 

• I i:::::I"\. 
I 

I I. 
I 

I 

I 
I ~ I I """" I " , ./ 
I 

"""" 
=! I 

! :r-'\. I 

I 
I 

1 
I n : I 

I . 
CD2 

ANO CO2 

PIN No.5 PIN No.4 I 
500E DEt.PT. 
502E INPUT 

50lE RlP.BCNK CD2 
AND CO2 5O!E INPUT 

DEC.PT. I OOTPUT L 
RP.~NK 
OUTPUT & 
INTENSITY 
CONTROL 

INPUT 

I 
1 

--~ 

• F 
... F 

OR CD2500E AND CD2502E'TYPES ONLY 

OR CD2501E AND C0250!E TYPES' ONLY 

For Terminal. 9 through 
15 and Terminal 4 of 
CD2500E ond CD2502E 
only 

A 

For Terminal 4 of CD2501E and CD2503E. 

2K 

Flg.3.L 

9255-4170 

Translator Q I. "turned on" when BCD code equals 0 and 
Tennlna. 5 I. at "O'Level" (Grounded). When BCD code I. 
between 0 and 9, " ... Istor Q is "open". Diode A and trans' 
Istor are "open" wh ... BCD code is> 9. 

}-

= 

og ic J;'g,am 

- r 
r-

) ) H I[ J 

rtj- = 
,@ @ (II 9 

DECODED OUTPUTS 

VCC 

4K 

9255-416<3 

File No. 392 

r-

= 
5 I 

92CL-I!l740al 

Fig .... Equival.nt output circuits 
Fig. 5 .Equlvalent input circuit lor','.,mlnal. 1,2, 
5,6 & 7 
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Fig. 6 • Digital display device segment designation 

INPUT 
o '" Low Levell .. Hllh Level 

D C t A LIT DP, RB, 

X X X X 0 - X 

0 0 0 0 I - 0 

0 0 0 0 I - I 

0 0 0 I I - X 

0 0 I 0 I - X 

0 0 I I I - X 

0 I 0 0 I - X 

0 I 0 I I - X 

0 I I 0' I - X 

0 I I I I - X 

I 0 0 0 I - X 

I 0 0 I I - X 

I , I 0 I - X 

I 0 I I I - X 

I I 0 0 I - X 

I I 0 I I - X 

I I I 0 I - X 

I I I I I - X 

- - - - 1 1 -

- - - - J 0 -

- - - - 0 X -

x :: Don't car. (0 Of 1 entry has no effect) 

LIT = Lamp lest 
RB, :: Ripple Blankinl Input 

RBo ~ Ripple Blankinl Output 

TRUTH TABLE 

OUTPUT 
o = Filament Lit 1'" Filament OUT 

• b , 
0 0 0 

I I I 

0 0 0 

I 0 0 

0 0 I 

0 0 0 

I 0 0 

0 I 0 

0 I 0 

0 0 0 

0 0 0 

0 0 0 

I I I 

I I I 

I I I 

I I I 

I I I 

I I I 

- - -
- - -
- - -

d • f 

0 0 0 

I I I 

0 0 0 

I I I 

0 0 I 

0 I I 

I I 0 

0 I 0 

0 0 0 

I I I 

0 0 0 

'0 I 0 

I I I 

I I I 

I I I 

I I I 

I I I 

I I I 

- - -
- - -
- - -

DP, = Decimal Point Input 
OP 0 = Decimal Point Output 

TUBE 
DISPLAY 

I DPo RB, 

0 - I (ED 
I - 0 0 
I - I CO) 
I - I CD 
0 - I (2) 
0 - I 8) 
0 - I (9) 
0 - I C9 
0 - I ® 
I - I (J) 
0 - I @ 
,0, - I (9) 
I - I 0 
I - I 0 
I - I 0 
I - I 0 
I - I P 
I - I 0 
- 0 - 0 
- 1 - 0 
- 0 - 0 
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WHOLE NUMBER __ 1_ DECIMAL FRACTION 

LEAST SIGNIFICANT 
DIGIT 

,-----+----~---- - - - - --~----,.------, 
SEE FIG. B 

1'-7--;EG~~ 
I DISPLAY DEVICE;. ) 
\ WITH DECIMAL PJ' 
'-rrnrn-

IIIIIII 
IIII1I1 

A-t+l-t+f-..,,--jH-*+H-t----t+'+t-H--- - - - - - --t-t+1I++t---t+'>t+H------t+' 

INTENSITY CONTROL (VARIABLE 
PULSE-wrDTH-CONTROL SOURCE) 

. 
BCD INPUTS 

92CM-15763R, 

• Resistor pull-up output T2L, DTL, or RTLinverter. 11= Suppression of the non-significant zeroes (at both extremes 
of the display) is accomplished by grounding the RBI terminal 

612 

of the devices associated with the most significant digit of the 
whole part of the number displayed and the least significant digit 
of the fractional portion of that number. 

Fig. 7 • Typical ripple blanking and intensity control application diagram using RCA CD250lE 
and display devices DR2000 or equivalents (See Table A) 

B. 

7 SEGMENT INCANDESCENT 
DISPLAY DEVICE 

TO DECIMAL
'--f_+_--.POINT-INPUT 

2' 

~-----;vr---~--

BCD-INPUTS 

CONTROL 
SOURCE 

92CS-15751 

Fig. 8· Typical decimal point feature applica.ion 
diagram using RCA CD2500E and RCA display 
device DR2010 (or equivalent) 

TABLE A 

DISPLAY 
DEVICE 
TYPE 

DR2000 

DR2010 

TYPE 
CHARACTERISTICS OF 

DISPLAY 

I - I Required Driving Current = 
I_I 24 ± 2 mA per segment 

I I O.S" Letter height 
x I - I 
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oornm Linear Integrated Circuits 
Solid State 
Division 

Monolithic Silicon 

CA741L CA3018L CA3045L 
CA3015LCA3028AL CA3Q49L 

CA3039L CA3054L 

CA3083L 
CA3084L 
CA3085L 

Beam-Lead Devices for 
Hybrid Circuit Appii4;ations 
• Transistor Arrays 

• Diode Arrays 

Features 
Assembly 

• Differential Amplifiers 

• Operational Amplifiers 

• ,Vol~age Regulators 

• Simplified repairability 
• Use of non·hermetic packages possible 
a Silicon nitride passivated 
• Platinum silicide ohmic contacts 
• Batch handling of chips, batch bonding of beam leads and 

external le~d cpnnections 

The beam-lead sealed-jul'lction integrated circuits-described in 
this bulletin are. :fabricated by a technology which involves 
the utilization. of. a passivated layer to seal delicate S<!Il1icon
ductcr j!Jnctions and a multilayered interconnectic;m system 
of unique design which is stable, highly corrosion-resistant, 
and readily bondable for attactiment to a"suitable substrate 
containing thick or thin film wiring. 

Beam Lead identifies a structure in which gold beam leads 
are extended over the semiconductor chip edges as cantilever 
beams. Sealed Junction indicates that the integrated circu it 
chip is completely protected from the deteriorating effects of 
humidity and other surface contaminants without the need 
for a hermetic package enclosure. 

General Considerations 

Conventional IC technology has made very substantial 
contributions to the reliability of solid-state electronics 
despite the fact that the conventional I C chip is non-hermetic 
and employs an aluminum-film interconnection system. 
These considerations have forced the use of hermetic 
packages or elaborate bulky plastic packages to guard the 
integrated circuit chip against even modest amounts of 
humidity. In addition, connection to the aluminum metalli
zation on the chip is customarily accomplished by the use of 
tiny wires. The reliability of these wired connections to the 
chip and 'it~external drcilit is'dependent on human skill and 
accurb~ tt> d-cons/detable",xient. 

Tile: culmination .of continuing researc/) and development in 
tlK> "",est for LC's baving greater "eUability, has led to the 
development of sqaled-j<UlCtion tecbnolo!/V for IC fab<ica
tion Tne beam-lead, sealed~unction de.vi". is a tn.lIV 
h .. meti!: IC chip whj~h i~ impervious to the. det.riolallng 

9-72 

Il Precious metal interconnection metallization 
II Precious metal beam leads 
a Broad beam leads make interconnect paths less critical; 

bonds easier to inspect, Slid defective" chips easier to 
replace 

• Batch fabrication techniques provide devices with high 
reliability at lowest possible cost. 

Performance 
"Exceptional reliability results from use of sealed-junction 

beam-lead technology 
• Inspectable bonds 
" Low-stress, high-strength bonds achieved 
"Reliable operation over full military temperature range 

_SSoC to +12SoC 

effects of moisture and other potential contaminants. Fur
thermore, circuit interconnections on and to the chip are 
accomplished by the use of gold conductors to further 
enhance reliability. The precious -metal interconnection 
system on the chip, which is integral with the chip, is, in 
turn, connected to tiny gold beams (0.003" x 0.006" x 
O.OOOS") which extend over the edge of the chip to serve as 
leads to external circuit paths and components. 
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Beam Lead Devices 

The beam lead integrated circuit chip with its gold leads. has 
ideal mechanical characteristics for use in connection with 
automated handling methods of attachment to film type 
wiring on a siJitable substrate thus making it possible to 
achieve a higher order of reliability in the interconnection 
system than has been achieved heretofore. 

A brief resume of the manufacturing process used in 
producing beam lead IC's is included in the APPENDIX 
following the OPERATING CONSIDERATIONS. 

OPERATING CONSIDERATIONS 

When a beam lead device is being bonded to a substrate, 
certain minimal precautions (listed below), with reference to 
pattern screening must be taken to prevent stress that can 
result in breakage, or separation of the conductor paths: 

1) Do not mount components within the outside dimension 
of the bonding tool. 

2) Do not use any cross-over or insulation within this 
dimension. 

3) Do not use any resistor terminations within this 
dimension. 

4) Use individual pads for bonding leads wherever feasible. 

As in any design, adequate cooling must be considered. 
Temperature rise in a beam· lead device, when mounted in a 
particular assembly is a direct resu·lt of the dissipation within 
the device, the distribution of other heat sources within the 
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assembly, and the ability of the assembly to dissipate the 
total heat generated. 

Specific factors which govern the heat flow within such 
assemblies are: 

1. Beam·leadwidth and thickness 
2. Number of bitam leads 
3. Thermal characteristics of the substrate 
4. Thermal characteristics of the ambient surrounding the 

beam-lead device. 

Because of these factors it is, therefore, ·impractical to 
specify thermal ratings for beam·lead device assemblies. In 
consideration of these factors, it. is recommended that the 
chip temperature be checked by direct measurement to avoid 
exceeding a maximum chip junction temperature of 1500 C. 

TERMINAL LAYOUT DIAGRAMS 

RCA beam lead devices will normally be designed utilizing 
the outline shown in Fig. 1 viewed with the metallization 
down. 

The resistance values included on the schematic diagrams are 
typical values and have been supplied as·a convenience to 
assist Equipment Manufaoturers in optimizing the selection 
of "outboard" components of equipment designs. 

RCA reserves the right to make any changes in the resistance 
values provided such changes do not adversely affect the 
pUblished performance characteristics of the device. 

APPENDIX 

Beam·Lead Manufacturing Processes 

An integral passivation layer of silicon nitride protects the 
beam·lead device from the deteriorating effects of both 
moisture and contaminants. Low·resistance ohmic contacts 
to the device junctions are made with platinum silicide 
which is an extremely stable, non-corrosive intermetallic 
compound. Gold is used for both the chip interconnections 
and for the cantilevered beams because it provides high 
conductivity, is corrosion·resistant, and is readily bondable 
to a wide variety of substrates and materials. This comb ina· 
til'" of metallurgically stable components offers the user a 
chip structure having excellent reliability as compared with 
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the performance of aluminum metallization used in conven· 
tional IC designs. 

As indicated in the preceding paragraphs, beam·lead tech· 
nology encompasses a passivatiDg (sealant) layer, a multi· 
layered metal system, and uniquely designed metallization. 
The metallization consists of a contact of platinum silicide 
and a layered sn:ucture of titanium, platinum, and gold. The 
metalliztld pattern which is brought out to the grid, and. the 
subsequent processing are designed to produce a chip in 
which the attaching leads extend over the edge of the chip. 
The processing procedure involves the removal of the silicon 
and the oxide in the grid to leave the beams cantilevered over 
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14-LEAD 16-LEAD 

SYMBOL 
VARIATIONS VARIATIONS 

INCHES MILUMETERS INCHES MlWMElERS 
MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

A .002 .010 .051 .254 .002, .010 .051 .254 
8 .0020 .0045 .0510 .1140 .0020 .0045 .0510 .li40 
C .0004 .0006 .0102 .0152 .0004 .0006 .0102 .0152 
D - .045 - 1.14 .. - .045 - 1.14 
E - .035 - . 889 - .045 - 1.14 

" .,D10 TP .2540TP .010 TP .254 TP 

"A .0025TP .0635TP .0075TP .191 TP 

"8 .0075TP .1905TP .0075TP .191 TP 

"C .0025TP .0635TP .0075TP .191 TP 

"0 .0075TP .1905TP :0075TP" .191 TP 
H .042j.049 1.0711.25 .052j.059 1.321 11.498 

H! .052 .059,' 1.32, 1.49 ,052 .059 1.321 1.498 
L '.0035 .0070 .0889 .1770 .0035 .0070 .0889 .1770 
Z .035850 .889B5O .0458.e 1.143 Bse 

Zl .0458sc 1.14Bsc .045Bsc 1.143Bsc 
III 14 14 16 16 

NA 3 3 4 4 

Ne 4 4 4 4 
NC 3 3 4 4 
NO 4 4 4 4 

NOTES 
1. Refer to Rules for Dimensioning Peripheral Lead Outlines. 
2. e A is basic distance from centerline of Z to centerline of first 

adjacent counter-clockwise beam position, ea is basic disla"?, 
from centerline of first adjacent counter-clockwise beam position. 
etc. Beam position located by eA. Be etc. lies at beam pattern if 
NA etc. odd; at first counter-clockwise beam position from pattern 
if N A etc. even, 

3. NA is the maximum quantity of lead positions on side "Au, NS on 
side "B" etc. Picture represents case wh~re N "" 22. NA = NC': E) 
and NS .. NO"" 6. Applicable number of lead positio~s. both orl 
each side and total. are as tabulated for each variation. 

92CS-'9371 

" 

1II-LEAD 22·LEAD 
VARIATIONS VAlUATIONS 

NOTES 
INCHES MlWMETERS INCHES NlWMETERS 

MIN. MAX. MIN. MAX. MIN. MAX. 'MIN. MAX. 

.002 .010 .051 .254 .002 .010 .051 .254 

.0020 .0045 .0510 '.1140 .0020 .0045 .0510 .1140 5 

.0004 .0006 .0102 .0152 .0004 '.0006 .0102 .0152 
"- .055 - 1.39 - .065 - 1.65 
~ .045 - 1.14, - .055 - 1.39 
.010 Tp .254 TP .010 TP .254 TP ,4 

.0075TP . 1905TP .002pTP .0635TP .. 2,4 , 

.0025TP .0635TP .0075TP . 1905TP :,2.'1-

.0075H . 1905TP .0025TP .06351P 
" 2.~, 

.0025TP .0635TP .0075TP .1905TP 2.4 

.052j.059 1.3211.49 .0621.069 1.58j1.75 

.062 .069 1.58 1.75 .072 .079 1.83 ,2.00 

.0035 .0070 .0889 .1770 .0035, .0070 .. 0889 .1170 
.045B,se 114Bse .055Bsc 1.398se 4 
.055B.e 1398.e .0658se 1.65Bsc 4 

lB 18 22 22 6 
·l 4. 5 5 3 
5 5 6 6 3 
4 4 5 

, 
5 3 

5 5 6 6 3 

4. Leads shan be held within .001 total of True Position iTP} at LeaS'! 
Material COndition (LMC) and within .002 total of TP at 
Maximum Material Condition IMMe). Both location requirements 
to be checked at Z and Zt limits. 

5. Number ona iead position is counter-dockwise and leild position 
on a side of minimum width. This index lead shall be distinctively 
marked if existing; if not existing the first clockwise lead shall be 
so marked. Any projection shall not extend more than .002" over 
B maximum nor any notch less than .00t under B minimum. 

6. N is the maximum quantity of lead positions. 

Fig. 1- Terminal layout for all beam-lead devices. See data bulletin. for specific information on individual devices. 
Millimeter dimensions in chart above and shown in parentheses on the terminal layouts for each beam
lead type are deriVed from the basic inch dimension. as indicated. 
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the edge of the chip and available for easy attachment to a 
package or substrates. 

RCA's beam lead technology consists of the following 
processes: 
a) deposition of silicon nitride 
b) contact openings 
c) deposition and formation of conducting paths (contacts 

and interconnections) 
d) circuit separation 
e) bonding 

A brief description of these processes follows. 

deposition of silicon nitride 
Silicon nitride which functions as the passivating (sealant) 
layer is deposited over the surface of the wafer following the 
diffusion and oxidation steps required to form the individual 
components of the device. 

contact openings 
After the entire wafer has been covered with the protective 
layer of silicon nitride. appropriate windows are opened both 
in this and the previously formed oxide laver to permit 
contact with the junction areas of the individual components. 

deposition of contacts. and interconnections 
To integrate the individual components into the circuits; the 
exposed terminal areas are interconnected with gold leads 
formed by electroplating. the gold leads are underlaid with 
titanium. and platinum in that order. over a platinum silicide 
layer in the contact openings to attain a low·resistance ohmic 
contact to the silicon. Two electroplating steps are used to 
form both the gold metallization network and the gold beam 
leads by means of which appropriate circuit terminals can be 
connected to external electrical contacts. 

circuit separation 
A thinning and etching technique is next used to separate 
the completed circuit chip from the wafer in which they are 
formed. This separation involves removal of the siiicon from 
the grids between the chips by·' a very precise chemical 
atching process which physically separates the circuits from 
each other but leaves them firmly held in a matrix position. 
In this position. the individual circuits can be evaluated by an 
automatic test set operating in conjunction with an 
automatic probe set. 

~]- ,~ 
T '-, ,/Q...1/ta!OSJ:OPE , , 
11/4" ~ 1 /,' SEMI-MIRROR 

~AM-LEAD CHIP 

la' 
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BONDING 
lOOI. 

VACUUM 

bea .... lead. bonding (See Fig. 2) 
The actual bonding of the beam leads to a metallized package 
or a substrate is performed by a thermocompression techni· 
que as fOllows: 

A bonding tool is used to pick up the chip and bond it to the 
subsystem substrate metallization. The chip and the bonding 
tool are aligned through the use of a semi·mirror shown in 
Fig. 2(a). The bonding tool is lowered to the chip. The chip 
is held firmly by the vacuum [inside the bonding tool. see 
Fig. 2(b)] and transferred to the bonding station. Another 
alignment is made [see Fig. 2(al1 bV viewing the chip in the 
tool (through the semi·mirror) and the subsystem substrate 
metallization. The bonding tool and the chip are then lowered 
to the subsystem substrate where the heated substrate and 
the heated bonding tool develop an interface temperature of 
300·C between the b"eam leads and the substrate. Simultane· 
ously. a force is applied to the bonding tool which deforms. 
the ends of the beam leads and completes the th·ermocom· 
pression bond. The bonding time is 2 to 3 seconds. 

Any faulty chips can be rebonded. The most significant 
adVantages of the beam lead technology are in this bonding 
process-

1. Manufacturing the silicon chip beam leads as an 
integral.part of the device eliminates the necessity of 
bonding to the chip and immediately reduces the 
number of bonds to be made for an equivalent 
interconnection. 

2. Furthermore. since each lead is an integral part of the 
contact and nota mechanically·made connection. the 
reliability of the circuit is greatly enhanced. 

3. In addition. the single metal system gold·tll·gold 
employed between contacts and leads not only 
obviates a reliability factor often 8sso~iated with 
bonds with contacts made between dissimilar metals. 
but also insures a bond completely: free from 
corrosion. 

4. And finally. all bonds for a single chip can be made 
simultaneously providing both technical and 
economic advantages. 

REFERENCES 
,.-The Western Electric Engineer. Dec. 1967. 

Fig. 2- oj ··Allgnmerrt to pick up chip and to bond chip 
to· subsystem substrate: force is used onlv to 
botidchip; 

bJ detail of bonding tool to show vacuum pick up. 
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Linear Integrated Circuits 
Monolithic ~ilic(ln 

Beam-Lead Operational 
AmpUf5er 

High-Gain Operational Amplifier 
With Internal Phase Compensation 

CA741L 

FOR MILITARY. INDUSTRIAL AND CONSUMER APPLICATIONS 

Applications 

• Comparator • DC amplifier 
• Integrator or differentiator • Multivibrator 
• Summing amplifier 

RCA CA741 L is the beam-lead version of the family of CA741. 
general-purpose highllain, monolithic operational amplifiers_ 
The CA741 L features internal phase compensation, provides 
output short-circuit protection, and latch-free operation. This 
type also features large common mode and differential mode 
signal ranges and has a low offset voltage and nulling capability_ 
The CA741 L consists of a differential-input amplifier With an 
effectively double-ended output that drives a gain and level
shifting stage having a compleme~tary emitter-follower output. 

9 .0025 
8 t.Q63SYP 

~t06 lit '( 0102.- 0I52ITYP.~ , r ~ 
.0075 .002 - .010 
(.1905ITP (.OSI:".2M) 

.072-.079 I 
~ ___ NOM .. 075---1 

(~~~~~:gg) 

NOTES: 
nCS-1938IRI 

I. INDEX CONFIGURATION ON BEAM NO.1 OPTIONAl,PROVIDED 
LEAD MAX,'IS NOT INCREASED MORE THAN .ao? 

2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4.5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE PVER 
A BEAM. 

Fig. 1-1- Terminal layout for CA'74tL (22-lead configura' 
tion) 

• Narrow-band or band-pass filter 

Features 

• No external phase compensation required. 
• Open-loop voltage gain: 50,000 min. 
• I nput bias current 500 nA max. 
• I nput offset current 200 nA max. 
• Input offset voltage: 5 mV max. 
• Operation over the full military ,"mperature range: -55 

to+1~C 

CAUTION: Although RCA-,CA741 L is electrically 
similarto CA741 T, it is not a pin-far-pin replacement. 

All RESISTANCE VALUES ARE IN OHMS 

Fig, '-2- Schematic diagram of CA741 L 
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MAXIMUM RATINGS. Abwlute-Msximum Vlllllerst TA = 2f1'c 

DC Supply Voltage (between v+ and V- terminals} •••••••• 44 V 
Differential Input Voltage •........•.............. ±30 V 

Voltage betvveen Offset Null and V- .......... ...... . ±o.S V 
Temperature Range: 

OC Input Voltage· ••••••••••••••••••••••••••••• ±15 V Operating .......................... -55 to +12SoC 
Output Short·Circuit Duration • • • • • • • • • • •. . ..... Indefinite Storage •••••••••••••••••••••••••••• -65 to +15o"C 

·If Supply Voltage is less than ±l5 volts, the Absal""te Maximum Input Voltage is equal to the 
Supply Voltage. 

ELECTRICAL CHARACTERISTICS 
For Equipment Design 

CHARACTERISTICS 

Input Offset Voltage 

Input Offset-Current 

Input Bias Current 

Input Resistance 

Open-Loop Differential Voitage 

Gain 

Common-Mode Input Voltage 

Range 

Common-Mode Rejection 

Ratio 

Supply Voltage 

Rejection Ratio 

Output Voltage Swing 

Supply Current 

Device Dissipation 
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TEST CONDITIONS 

SUPPLY VOLTS: v+ = 15, V- = -15 

SYMBOLS AMBIENT 
TEMPERATURE ITAI MIN. 

VIO RS:;;10kn 
25°C -

.. -55 to +125°C -
25°C -

110 -55°C .-
+1250 C -
25°C -

II -55°C -
+1250 C -

RI 0.3 

RL~2kn 25°C 50.000 
AOL VO=± 10V -55 to + 125°C 25,000 

25°C -
VICR -55 to +1250 C ±12 

CMRR RS:;;' 10kn 
25°C -

-55 to +1250 C 70 

RS:;;' 10kn 
25°C -

VRR 
-!i5 to +1250 C -

RL~10kn 
25°C -

-55 to +1250 C +12 
VOIP-Pl 

25°C 
RL~ 2kn 

-
-55 to +1250 C ±10 

25°C -
-55°C -
+1250 C -
25°C -

PD -5SoC -
+12SoC -

When incorporating RCA Solid State Devices in equipment, it is 
recommended that the designer refer to "Operating Considerations 
for RCA Solid State O .. i .... ', Form No. lCE-402. available on 
req~est from RCA, Commercial Engineering, Harrison. N. J. 07029. 

LlMtrs 
UNITS 

TYP. MAX. 

1 5 
mV 

1 6 

20 200 

85 500 nA 
7 200 

80 500 
300 15000 nA 

30 500 

2 -- Mn· 

200,000 -
- -

- - V 
±13 -
- -
90 - dB 

- -
30 150 

p.VN 

- -
±14 - -

V - -
±13 -
1.7 ·2.8 
2 3.3 rnA 

1.5 2.5 

50 85 

60 100 mW 

45 75 

I 
I 
I 
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Linear Integrated Circuits 
Monolithic Silicon 

CA3015L 

Beam-Lead Operational Amplifier 

Applications 

• Narrow·Band and Bandpass Amplifier • Oscillator 
• Operational Functions • Comparator 
• Feedback Amplifier • Servo Driver 
• DC and Video Amplifier • Scaling Adder 
• Multivibrator • Balanced Modulator·Driver 

The RCA CA30l5L is the beam-lead version of the CA30l5 
oPerational amplifier family. The beam leads of this device 
are formed as an integral part of the IC chip during the batch 
fabrication process. 

The CA30l5L is particularly suited for applications in hybrid 
circuits where hermetic packaging. low cost, and reliable 
operation are prime considerations. 

Features 

• Open· Loop Voltage Gain 70 dB 

• Common·Mode Rejection 
Ratio 103 dB 

• Output Impedance 92 n 
• Input Offset Voltage mV 

• Static Device 
±12V 175 mW Dissipation at 
± 6V 30 mW 
± 3V 7 mW 

• Operation over the full military temperature 
-55 to +1250 C 

typo 

typo 
typo 
typo 

typo 
typo 
typo 

range: 
For applications of the CAl015 family of operational 
amplifiers see the companion Application Notes. ICAN·5290 
"Integrated Circuit Operational Amplifiers". ICAN·5213 
"Application of the RCA·CA30l5, CA30l6 Integrated 
Circuit Operational Amplifiers:'and ICAN·50l5 "Application 
of the RCA·CAlO08. CA3010 Integrated Circuit Operational 
Amplifiers" . 

CAUtiON: AL THOUGH RCA·CA3015L is electrically 
similar to CA3015, it is not a pin·for·pin replacement. 

7 

~04L06 lit I.OI02-fOIOZ)TYP.~ 

.0025 TP .002-.010 J 
(.06:55) 1.051-.254) 

NOTES; 

.062-.069 I 
~ ___ NOM .. 06!5~ 

(~~\:l~) 9ZCS-Z03BI 

I. INDEX CONFIGURATION ON BEAM NO.1 OPTIONAL,PROVIDED 
LEAD MAX. IS NOT INCREASED MORE THAN .002 

2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4.5-J9661 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

Fig. 2·1- Terminal layout for CA3015L (IBlead configuration). 

v+ 
5 

Fig. 2·2- Schematic diagram of CA3015L 
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MAXIMUM RATINGS, 
ABSOLUTE-MAXIMUM VALUES_ 

OPERATING TEMPERATURE RANGE _______ -55°C to +1250 C SIGNAL VOLTAGE ........................ -8 V to +1 V 
STORAGE TEMPERATURE RANGE •..• _ . __ .. -6!!' to +1500 C 

ELECTRICAL CHARACTERISTICS at T A = 25°C 

CHARACTERISTICS SYMBOL 
LIMITS 

UNITS 
MIN_ I TYP_ I MAX_ 

STATIC CHARACTERISTICS: V+ = +12 V, V-- = -12 V 

Input Offset Voltage Via - 1.37 5 mV 

I nput Offset Current 110 - 1.07 5 IlA 

I nput Bias Current II - 9.6 24 IlA 

Input Offset Voltage Sensitivity: 
Positive 6V10/6V+ - 0.096 0.5 

mV/V 
Negative 6V10/6V- - 0.156 0_5 

Device Dissipation Po .- 175 - mW 

DYNAMIC CHARACTERISTICS: 

Open-Loop Differential Voltage Gain AOL 66 70 - dB 

Common-Mode Rejection Ratio CMRR 80 103 - dP 

Max.imum Output-Voltage Swing VOIP-PI 12 14 - itp_p 

Input Impedance ZIN 5 7.8 - k~l 

Output Impedance ZOUT - 92 - Q 

- +0.65 -
V Common-Mode Input-Voltage Range VICR 

- -8 -

620 



File No. 515 ______________________________ _ 

Linear Integrated Circuits 
Monolithic Silicon 

CA3018L 

Beam-Lead General-Purpose 
'iransisior Array 

Two Isolated Transistors and a 
Darlington-Connected Transistor Pair 

FOR LOW-POWER APPLICATIONS AT FREQUENCIES FROM 
DC THROUGH THE VHF RANGE 

The CA30181.- is a beam-lead version of the RCA CA3018 
and consists of four general purpose silicon n-p-n transistors 
on a common monolithic substrate. The beam leads of this 
device are formed as an integral part of the IC chip during 
the batch fabrication process. 

Two of the four transistors are connected in the Darlington 
configuration. The substrate is connected to a separate 
terminal for maximum flexibility. 

The CA3018L is particularly suited for applications in hybrid 
circuits where hermetic packaging, low costs, and reliable 
operation are prime considerations. For applications of the 
general purpose transistors see RCA Application Note, 
ICAN-5296 "Application of the RCA CA3018 Integrated
Circuit Transistor Array". 

10 

SUBSTRATE 
08 

, 
o 

" 

92.CS-19374 

Fig.3-1- Schematic diagram of CA3018L 

Applications 

a General use in signal processing systems in DC through 
VHF range 

• Custom designed differential amplifiers 
• Temperature compensated amplifiers 

Features 
" Matched monolithic general purpose transistors 
• hFE matched ±10% 
• VBE matched ±5mV 
• Operation from DC to 120 MHz 
• Wide operating current range 
• Low noise figure - 3.4 dB typical at 1 kHz 
" Operation over the full military temperature range: -55 

to +1250 C 

CAUTION: Although RCA-CA3018L is electrically 
similar to CA30 18, it is not a pin-far-pin replacement. 

NOTES: 

·i" I,t ( 0102-.0152) TYP.~ 

.0075 TP .. OO~-.OIO J 
(.I90~) (.oel-.2~) 

.052-.059 t 
10---- NOM. .055-------f 

(~~~~II::~) . ~2CS-19375 
L INDEX CONFIGURATION ON BEAM NO.1 OPTIONAL,PROVIDED 

LEAD MAX:IS NOT INCREASED MORE THAN .002 

2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4.5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIOE OVER 
A BEAM. 

Fig. 3-2- Terminal layout for CA3018L (14·lead configura
tion) 
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The following ratings appl,V for each transistor in the device: 

Temperature Range: 

Operating •.•••••••••.••••••••••••••• ·55 to +12SoC 
Storage •••••••••••.•••••••• ; •.•.••••• -65 to.+15O"C 

Emitter-to-Ba .. Volt., VEBO ' •••••••••.••••• , •.••. 5 V 

Collector Current,IC' .• : •••••.•••.••••••••••..• 50" rnA 
COliector.to~EmltterVoltage. VCEO .•..•.••••••..•.•. 15 V 
Conector·to·Base Voltage.VCBO ••••...••..••••••••••• 20 V 
Colleclor-to.substrate Voltage. VClOo ••••••••••••••••• 20 V 

'-The coIi's&r of each transistor of CA3018L is isolated from the 
substrate by 8n~ integral diode. The suint,... (terminsl BJ must be 
connected to ttiw mo,t ntlgStive point in the 8xtems' circuit to 
malntllin ;1IJ1.tion bfltween tflln.lnon IIIId.. to provide fOl' norm.1 
tntnsiltf!1r action. 

ELECTRICAL CHARACTERISTICS 

atTA- 250 C SYMBOLS SPECIAL TEST CONDITIONS 
LIMITS 

UNITS 
FOR EACH-TRANSISTOR MIN. TYP. MAX. 

STATIC CHARACTERISTICS 

fda 
; 

Collector·Cutoff Current ICBO VCB= 10V,IE=0 - 0.002 nA 
. Collector-Cutoff Current ICEO VCE = 10V, IB = 0 - - 5 p.A 

Collector-to-Emitter Breakdown 
V(BR)CEO IC= 1 mA,IB=O Voltage 15 24 - V 

--
Collector·to-Base Breakdown 

V(BR)CBO IC = IOp.A, IE = 0 20 60 V Voltage -
Emitter-to-B. Breakdown 

V(BRJEBO IE = IOp.A. IC = 0 Voltage 
S· 7 - V 

Collector-to-Substrate Breakdown 
V(BR)CIO JC" IOp.A, ICI = 0 20 50 V Voltage -

Collector-to-Emitter Saturation 
VCES 'IB-l mA,lc= 10mA - 0.23 - V Voltage 

Static Forward Current Transfer 
hFE' . - rc = 10mA - 100 - -

Ratio VCE - 3V. IC. lmA 30 100 - -
Ie" IOpA - 54 ~. -

Magnitude of Static-Beta Ratio 
VCE = 3V, ICI = 1C2" 1 mA 0.9 0.97 

(Isolated Transistors 01 and 02) - -
Static Forward Current Transfer 

hFED VCE = 3V, IC =.1 mA 1500 5400· ~ 

Ratio Darlington Pair (03 and 04). -
IE= 1 mA - 0.715 - '. 

.. 
Base·to·Emitter Voltage VBE VCE= 3V V 

IE = 10mA - 0.800 -
Input Offset Voltage IVBE1-VBE21 VCE = 3V, IE = 1 mA - 0.48 5 mV 

Temperatur.e Coefficient: IAVBEI 
VCE = 3V, IE = 1 mA - -1.9 - mVf'C 

Base-to-Emitter Voltage 01. 02 .o.T 

Base (Ca)·to·Emitter (04) Voltage 
VBED(V9-1) V :3V IE =10mA - 1.46 - V 

Darlington Pair CE IE = 1 mA - 1.32 -
Temperature Coefficient: 

I.o.VBE(;21 Base-to-Emitter Voltage VCE=3V,IE= 1 mA - 4.4 - mV/oC 
Darlington Pair - 03, 04· 

AT 

Temperature Coefficient: IVBE1-VBE21 VCC = +6V, VEE = -BV, - 1 - p.V/oC 
Ma9nitude of Input-Offset Voltage toT ICI = IC2 = 1 mA 
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Linear Integrated Circuits 
Monolltbic: Silic:on 

CA3028AL 

Beam· Lead Differential/Casc,ocle 
Ampiifier 
FOR COMMUNICATIONS AND INDUSTRIAL EQUIPMENT AT 
FREQUENCIES FROM DC to 120 MHz 

Applications 

• RF anlllF Amplifiers (Differential or Cascode) 
• DC, Audio, and Sense Amplifiers 
• Converter in the Commercial FM Band 
• Oscillator • Mixer • Limiter 

RCA CA3028A.L is the beam·lead version of the CA3028A.· 
familv of differentiallcascode amplifiers designed for use in 
communications and industrial equipment operating at 
frequencies from dc to 120 MHz. The beam leads of this 
device are formed as an integral part of the IC chip during 
the batch fabrication process. 

The CA3028AL is particularlv suited for applications in 
hvbrid circuits wIlere hermetic packaging, low cost, and 
reliable operation are prime considerations. 

For applications of the CA3028AL see the companion 
Application Note ICAN·!?337 "Application of the RCA 
CA3028 Integrated Circui.t Amplifier in the HF and VHF 
Ranges". 

0, 

" ., 
5Kll 

+-----<)13 

'4 
92CS-19376 

Fig. 4·1- Schematic diagram of CA3028AL 

Features 

• Controlled for input bias current 
• Balanced differential amplifier configuration withi 

controlled constant-current source to' provide unexcelled' 
versatilitv 

• Single- and dual-ended operation 
• Operation from de to 120 MHz 
• Balanced·AGC capabilitv 
• Wide operating-current range 
• Operation over the full militarv temperature range: -55 

to +125oC 

NOTE$: I. INDEX CONFIGURATION ON BEAM NO.1 OPTIONAL, PROVIDED 
LEAD MAX:IS NOT INCREASED MORE THAN .002 

2. lE4DS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4.5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER· 
A BEAM. 

Fig. 4·2- Terminal layout for CA3028AL (14-lead con
figuration) 

CAUTION: Although RCA-f:A3028AL iselectrically sim
ilar to CA3028A, It is not a pin·for-pin replacement. 
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MAXIMUM RATINGS. Absolute-Maximum Ratings at TA - 2d'C 

TEMPERATURE RANGE: 

Operating •.•••..•.••••••.••••••.•.• -55°C to +1250 C 
Storage ••••••.••••••••••••••••••• -6SoC to +ISo"C 

ELECTRICAL CHARACTERISTICS at T A = 25°C 

CHARACTERISTIC SYMBOL SPECIAL TEST CONDITIONS 

STATIC CHARACTERISTICS 

v+ V-

Input Bias Current II 
6V 6V 

12V 12V 

Quiescent Operating Current 16 0r 110 
6V 6V 

12V ,12V 

Input Current (Term. No.8) 18 
6V 6V 

12V 12V 

Device Dissipation I'T 
6V 6V 

12V 12V 

624 

LIMITS I 
MIN. I TY.p. MA)(. I UNITS 

- 16.6 70 
p.A 

'- 36 106 

O.B 1.25, 2 
rnA 

2 3,3 5 

0,5 0,85 1 
rnA 

1 1.65 2,1 

24 36 54 
rnW 

120 175 260 
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Linear Integrated Circuits 
Monolithic Silicon 

CA3039L 

Beam-Lead Diode Array 
6 Matched Ultra-Fast Low-Capacitance Diodes 

FOR APPLICATIONS IN COMMUNICATIONS AND SWITCHING 
SYSTEMS 

Applications 

• Balanced modulators or demodulators 
• Ring modulators 
• High·speed diode gates 
• Analog switches 

RCA CA3039L is the beam·lead version of the CA3039 
which consists of six ultra·fast, low capacitance diodes on a 
common monolithic substrate. The beam leads of the device 
are formed as an integral part of the IC chip during the batch 
fabrication process. 

CA3039L is particularly suited for applications in hybrid 
circuits where hermetic packaging. low cost and reliable 
operation are prime considerations. 

Five of the diodes are independently accessible, the sixth 
shares a common terminal with the substrate. 

For applications such as balanced modulators or ring 
modulators where capacitive balance is important, the 
substrate should be returned to a de potential which is 
significantly more negative (with respect to the active diodes) 
than the peak signal applied. 

~~~6 
04 Os 

2 3 5 4 7 --~-- 8 
1 Os 

SUBSTRATE 

Fig. 5-1- Schematic diagram of CA3039L 

Features 
• Excellent reverse recovery time: 1 os typo 

II Matched monolithic construction: VF matched ±5mV 
.. Low dio~e capacitance: Co = 0.65 pF typo at V R = -2 V 
.. Operation over the full military temperature range: -55 

to +125°C 

CAUTION: Although RCA-CA3039L is electrically 
similar to CA3039, it is not a pin-far-pin replacement 

NOTES: 
I. INDEX CONFIGURATION ON BEAM NO,I OPTIONAl,PROVIDED 

LEAD MAX: IS NOT INCREASED MORE THAN .002 

2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4.5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

Fig. 5-2- Terminal layout for CA3039L (14-lead configura
tion) 
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MAXIMUM RATINGS, A/noIute-Maximum Rati,.,.at TA - 2ff'c 

Peak Inve .... VoltegeVRM for: "01.05 •••••••••••••••• 5V 
, 06 .................. 0.5V 

TEMPERATURE RANGE: 
Operating. • • • • • • • • • • • • • • • • • • .. • • • •• -55 to +125"C 
Storage • • • • • • • • • • • • • • • • • • • • • • • • • • •• -65 to +1500C 

ELECTRICAL CHARACTERISTICS, at T A" 250(: 

Characterinics apply for eac1f diode" unit, unUm .otherwise 
lfJI1Cified. 

Peak Oiode-to-Substrate Vo"., VOl 
for 0 1.05 (tarm. 3, 4, 9, 13 or 14 to tarm. 71 +20,·1 V 

DC Forvverd Current, IF' •.•.••.••...• •.•.••..• 
Peak Recurrent Forward Current IFRM ••...••••.••. 
Peak Forward Surge Currant I FSM ••••••••••••• 

25mA 
l00mA 
l00mA 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS 
LIMIJ$ 

UNITS 
MIN. TYP. MAX. 

IF=50j.lA - 0.65 0.69 

DC Forward Voltage Drop VF 
lmA - 0.73 0.78 

V 
3mA - 0.76 0.80 

10mA - 0.81 0.90 

DC Reverse Breakdown Voltage V(BR)R IR = -10j.lA 5 7 - V 

DC Reverse Breakdown Voltage 
V(BR)R IR=-10j.lA 20 - - V 

Between any Diode Unit and Substrate 

DC Reverse (Leakage) Current IR VR =~4V - 0.D16 100 nA 

DC Reverse (Leakage) Current " 
VR,.,.10V - 0.022 100 .nA 

Between any Diode Unit arid Substrate IR 
Magnitude of Diode Offset Voltage" 

IVFl - 'vF21 (Difference in DC Forward Voltage IF= 1 mA - 0.5 5 mV 
Drops of any Two Diode Units) 

Temperature"Coefficient OfjVFl - VF~ 
.o.IVFi-VF~ 

IF= 1 mA - , - j.lV'!"C 
.o.T 

Temperature Coefficient of Forward Drop .o.VF 
IF=lmA - -1.9 - mVf>C --;r-r 

DC Forward Voltage Drop for 
VF IF= 1 mA 0.65 V Anode·ta-Substrate Diode (OS) - -

Reverse Recovery Time trr IF -10mA,.IR '" 10mA - 1 - n$ 

Diode Capacitance Co VR=-2V;IF=I}, - 0.65 - pf 

Oiode:ta-Substrate Capacitance COl VOl = +4 V, IF = 0 - 3.2 - pF 
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Linear Integrated Circuits 
Monolithic Silicon 

CA3045L 

Beam-Lead General-Purpose 
NooP· N T8"a~shst68" A8"!'a~ 
Three Isolated Transistors and One Differentiall-y 
Connected Transistor Pair. 
FOR LOW-POWER APPLICATIONS AT FREQUENCIES FROM 
DCTHROUGHTHEVHFRANGE 
Applications 

• General use in various types of signal processing systems 
operating anywhere in the frequency range from DC to 
VHF 

• Custom designed differential amplifiers 
• Temperature compensated amplifiers 

Features 

• Two matched transistor pairs: VBE matched ±5 mV, 
Input offsetcurrent2jJA'max. at Ic = 1 mA 

• 5 general-purpose monolithic transistors 
• Operatio'; from DC to more than 120 MHz 
• Wide operating current range 

RCA CA3045L is a beam-lead version of the CA3045 and 
contains an. array of general·purpose transistors for use in 
signal·level applications at frequencies up to more than 120 
MHz. The beam leads of this device are formed as an integral 
part of the IC chip during the batch fabrication process, • hFE leech transistor)=100 typo at VCE=3 V, IC=1 mA 

The CA3045L is particularly suited for use in hybrid type 
construction where compactness, hermeticity, ultra
reliability, and low cost are prime requirements. For 
suggested applications of transistor arrays, see RCA Applica
tion Note, ICAN-5296 "Application of the RCA·CA3018 
Integrated·Circuit Transistor Array", 

2 3 13 14 10 7 4 

vrlrlrl 
12 II 9 8 6 5 

ST~~'E 
92CS-19384 

Fig. 6-1- Schematic diagram of CA3045L 

CAUTION: Although RCA·CA3045L is electrically 
similar to CA3045, it is not a pin-far-pin replacement 

• Low·noise figure: 3.2 dB typo at 1 kHz 
• Operation over the full military temperature range: ·55 

to+125oC 

92CS-I"7& 

NOTES: 
I. INDEX CONFIGURATION ON BEAM NO.1 OPTIONAL,PROVIDED 

LEAD MAX:IS NOT INCREASED MORE THAN .002 

2. LEADS AT TRUE POSITION (TP) WITHIN ,002 TOTAL 
(REF. U,SANS YI4.5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

Fig. 6-2- Terminal layout for CA3045L (14-lead configura
tion/ 
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Temperature Range: 

MAXIMUM RATINGS. Absolute-Maximum Value. at T A = 25" C 

Collector-to-Emitter Voltage. VCEO •••••••••••••..••• 15 V 
Collector·to-Bi .. Voltage, VCBO •••••.•..•••.••••••. 20 V 
Coliector.to.Substrate Voltage, VCIO• ••.•••••••.••••.• 20 V 
Emitter.tQoBBse Voltage, VEBO ••.••••••••••••••••.•• 5 V 

Operating ••••••••••••••••.•••..••... ·55 to +12SoC 
Storage •.•....••••••••••••••••..•••• -65 to +150oC 

Collector Current, Ie ......•.................... 50 mA 
*The collector of each transistor is isolated from the substrate by an 
integral diode. The substrate (teI'mifllll5J must be more negative than 
all collectors to msintBin isolation between transistors and to provide 
for normal trtins;stor action. 

ELECTRICAL CHARACTE"ISTICS, at T A = 25°C 

Characteristics apply for each transistors 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS 
LIMITS 

UNITS 
MIN. TYP. MAX. 

STATIC CHARACTERISTICS 

Collector-to-Base Breakdown Voltage V(BR)CBO IC= lOIlA,IE=O 20 60 - V 

Collector-to-Emitter Breakdown Voltage V(BR)CEO Ic=lmA,IB=O 15 24 - V 

Collector·to-Substrate Breakdown 
V(BR)CIO IC = lOIlA,lCI = 0 20 60 V 

Voltage -

Emitter-to-Base Breakdown Voltage V(BR)EBO IE= lO IlA,IC=O 5 7 - V 

Collector-Cutoff Curre~t ICBO VCB=10V,IE=0 - 0.002 40 nA 

Coliector·Cutoff Curren\ ICEO VCE-l0V,IB=0 - 0:5 IlA 

Static Forwarc1 Current Transfer Ratio rc = 10mA - 100 - -

(Static Beta) hFE VCE = 3V IC = i mA 40 iOO - -
IC= 10llA - 54 - -

Input Offset Current for Matched Pair 
111°1-1102' VCE = 3V, IC = 1 mA - 0.3 2 IlA 

01 and 02 

Base-to-Emitter Voltage VBE 
_ {IE = 1 mA - 0.715 - V 

VCE - 3V IE = 10 mA - 0.800 - V 

Magnitude of I nput Offset Voltage for 
(V101-VI~1 VCE = 3V, IC = 1 mA - 0.45 5 mV 

Differential Pair 

Magnitude of Input Offset Voltage for 
VIO:J-VI04 

Isolated Transistors VI04-VI05' 
VCE=3V,lc=lmA - 0.45 5 mV 

V10s-V103 

Temperature Coefficient: I~vlol 
VCE = 3V, IC = 1 mA - 1.1 - IlV/oC 

Magnitude of Input-Offset Voltage ~T 

Temperature Coefficient of ~VBE 
VCE = 3V, IC = 1 inA - -1.9 - mV/oC 

Base-to-Emitter Voltage ~T 

Collector-to-Emitter Saturation Voltage VCES IB= 1 mA,lc= 10mA - 0.23 - V 

628 



File No. 515 ____________________________ _ 

Linear Integrated Circuits 
Monolithic Silicon 

CA3049L 

Beam· Lead Dual Independent 
Differential Amplifiers 

For Low-Power Applications at Frequencies up to 500 MHz 

Applications 

• VH F amplifiers 
• VHF mixers 
• Multifunction combinations -

a Balanced quadrature detectors 
• Cascade I i miters 
• Synchronous detectors 

RF/Mixer/Osciliator; ConverterllF - Balanced mixers 
• I F amplifiers (differential andlor cascode) • Synthesizers 

• Product detectors • Balanced (push-pull) cascode amplifiers 

• Doubly balanced modulators and 
demodulatO'rs 

• Sense amplifiers 

CA3049L is the beam-lead version of the CA3049 and consists Features 
of two independent differential amplifiers with associated 
constant-current transistors on a common monolithic sub
strate, The six n-p-n transistors which comprise the amplifiers 
are general-purpose high-frequency devices which exhibit a 
value of fT in excess of 1000 MHz. These features make the 
CA3049L useful"to 500 MHz. Bias and load resistors have 
been omitted to provide maximum application flexibility. 

The CA3049L is particularly suited for applications in hybrid 
circuits where hermetic packaging, low cost, and reliable 
operation are prime considerations. 

The monolithic construction of the CA3049L provides close 
electrical and thermal matching olthe amplifiers. This feature 
makes this device particularly useful in dual-channel applica
tions where matched performance of the two channels is 
required. 

Lv' 
~ 

614 013 

12 

SUBSTRATE 92CS-19386 

Fig. 7.1- Schematic diagram of CA3049L 

" Power Gain 23 dB (typ.) at 200 MHz 
" Noise Figure 4.6 dB (typ.) at 200 MHz 
II Two differential amplifiers on a common substrate 
a Independently accessible inputs and outputs 
• Full military temperature range capability- -5SoC to 

+12SoC 

I. INDEX CONFIGURATION ON BEAM NO.1 OPTIONAL,PROVIDED 
lEAD MAX. "IS NOT INCREASED MORE THAN .002 

2. LEADS AT TRUE POSITION (TP) WITHIN .002 ;rOTAl 
(REF. USANS YI4.5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

Fig. 7·2-Terminal layout for CA3049L (14·lead configuration) 

CAUTION: Substrate MUST be maintained negative with 
respect to all collector terminals of this device. 

Although RCA·CA3049L is electrically sim-
ilar to CA3049, it is not a pin-for·pin replacement. 
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The following ratings apply for each transistor 
in the device: 

MAXIMUM RATINGS. Absolute-Maximum Values, 
at TA =2!t'C 

Collector-to-Emitter Voltage, VCEO .. 15 
Collector-to-Base Voltage, VCBO' • . . . 20 

Temperature Range: Collector-to-Substrate Voltage, V CIO • . 20 
Qper.ting .. __ ........ _ .• _ ....•. _ -55 to +125 ·C Emitter-to-Base Voltage, VEBO' .• .. . 5 
Stor.ue ............ ,.............. I6!ito +150·C ColI~tor Current, IC . . . • . . . . . . . . . . 50 

*The collector of each transistor of the CA3049t., is isolated from the 
substrate by an integral diode. Tha stibstrat6 (terminal 13J must be 
connected to the mMt negstillfl point in the eKternal circuit to 
maintain isolation· between transistors and to pnwfde for nor:mal 
transistor action. 

ELECTRICAL CHARACTERISTICS, at TA = 2!t'C 

CHARACTERISTicS SVMBOU; TEST CONDITIONS 
MIN. 

STATIC CHARACTERISTICS (for each transistor) 

Input·Bias Currant liB VCE=3V, IC=1 rnA -
Collector-Cutoff Current ICBO VCB= 10V,IE=0 -

Callector-to-Emitter 
V(BR)CEO IC= 1 mA,lB =0 15 

Breakdown Voltage 

Collector-to-Base 
V(BR)CBO IC=10/.LA,IE=0 20 

Breakdown Voltage 

Collector-to-Substrate 
V(BR)CIO IC = 10/.LA, ICI = 0 20 

Breakdown Voltage 

Emitter·to-Base Breakdown Voltage V(BR)EBO IE = 10/lA, IC =0 5 
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CA3049L LIMITS 

TYP. MAX. UNITS 

10 33 /.LA 

- 100 nA 

- - V 

- - V 

- - V 

- - V 

V 
V 
V 
V 

rnA 
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Linear Integrated Circuits 
Monolithic Silicon 

CA3054L 

8eam· Lead Dual Independent 
Diffei'eii~h:iD AffipUiiers 
FOR LOW-POWER APPLICATIONS AT FREQUENCIES FROM 
DC TO 120 MHz ' 

Applications 

• Dual sense amplifiers 
• Dual Schmitt triggers 
• Multifunction combinations - RFlMixer!Oscillators; 

Converter!1 F 
• I F amplifiers (differential and!or cascocIe) 

The RCA CA3054L is the beam· lead version of the CA3054, 
and consists of two independent differential amplifiers with 
associated constant-current transistors on a common mono· 
lithic substrate. The beam leads of this device are formed as 
an integral part of the IC chip during the batch fabrication 
process. 

The CA3054L is particularly suited for applications in hybrid 
circuits where hermatic packaging, low cost, and reliable 
operation are prime considerations. 

• Product detectors 
• Doubly-balanced modulators and demodulaton 
• Balanced quadrature detectors, 
• Cascade limiters 
• Synchronous detectors 
• Pairs of balanced mixers 
• Syll1besizar mixers 
• Balanced (push·pull) cascoda amplifiers 

Features 

• Two differential amplifiers on a common substrate 
• Independently accessible inputs and outputs 
• Maximum input offset voltage - ±5 mV 
• Opention over the full military temperature range: ·55 

to +125oC 

• i~~~1P 

0000106 ~t 
1.0JOZj.oJOZl TYjP. 

C:rs6g)TP (2)>~':::~) 
.O~2-.o59 I 

10---- NO .. ,000----1 

NOTES: (~~:II:~) IZtl-II375 

I. INDEX CONFIGURATION ON BEAM NO.1 OPTIONAL,PROVIDED 
LEAD MAX:IS NOT INCREASED MORI:,: THAN .002· 

2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4.5-1966J 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

Fig.8-1- Terminal layout for CA3054L (14-11N1d configura
tion) 

CAUTION: Although RCA·CA3054L iI electrically 
similar to CA3054, it iI not a pin·for-pin raplacement 

14 013 
SUBSTRATE 

Fig. 8·2- Schematic diagram of CA3054L 

CAUTION: Substrate MUST btl maintained negatilltl with 
respect to all collector terminals of thil device. 
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MAXIMUM RATINGS. AbIolutrJ-Maximum Vslu ... n TA - 2fl'c 

The following ratings apply for each· transistor in the device: 

Collector·to-Emitter Voltage, VCEO •••••••••••••••••• 15 V 
CoIlector·to-Baso Voltoge, VCBO •••••••••••••••••••• 20Y 
Collector·to-Substrato Voltage, VCIO· ••••••••••••••••• 20 V 

-The collector of each transistor of the CA3054L is isolated from the 
substrate by an integrol diode. 77>. subnnltfI muIt be connected"' a 
vo/tIIgII whiCh Is more negative than any collector voltage In order to 

maintain isolation blltween tran.lnon and provide (Dr normal 

ELECTRICAL CHARACTERISTICS at T A = 250 C 

CHARACTERISTICS SYMBOLS 

STATIC CHARACTERISTICS 

For Each Differential Amplifier: 
Input Offset Voltage VIO 

Input Offset Current 110 
Input Bias Current II 

Ouiescent Operating Current IC(OI) IC(05) 
Ratio --or--

IC(02) IC(Os) 

Temperature Coefficient ~IViOI 
Magnitude of Input·Offset Voltage ~ 

For Each Transistor: 

DC Base·to·Emitter 
VBE Voltage 

Temperature Coefficient of Base-to- ~VBE 
Emitter Voltage aT 

Coliector·Cutoff Current ICBO 

Coliector·to·Emitter Breakdown 
V(BR)CEO Voltage 

Coliector·to·Base Breakdown 
V(BR)CBO Voltage 

Coliector·to·Substrate Breakdown 
V(BR)CIO Voltage 

Emitter·to-Base Breakdown 
V(BR)EBO Voltage 

632 

Emittor·to-Baso Voltage, VEBO ...................... 5 V 
Collector Current, IC ........................... 50 mA 
Temperature Range: 

Operating ............................ -55 to +125oa 
Storage • .' ••••••••••••••••••••••••••• .Qi to +1SOOC 

trIIn<isttJr action. .",. &llbotrlltfl should be maintflinad at lignal lAC) 
6fD4Ind by"..", of a suitllbie grounding cspacittH, to avoid unde,lret/ 
coupling b«wtNm hns/ston. 

TEST CONDITIONS LIMITS UNITS 
MIN. TYP. MAX. 

- 0.45 5 mV 

- 0.3 2 p.A 

VCB=3V - ·10 24 p.A 

IE(03) = IE(04) = 2 rnA 0.9Bto - - ~ 

1.02 

- 1.1 - p.vl'c 

r=50p.A - 0.630 0.700 V 
1 rnA - 0.715 O.BOO 

V VCB = 3 V 3 rnA - 0.750 O.B50 
lOrnA - O.Boo 0.900 

VCB=3V,IC= 1 rnA - -1.9 - mVtC 

VCB = 3V, IE = 0 - 0.002 100 nA 

IC = 1 rnA, IB = 0 15 24 - V 

IC = 10p.A, IE = 0 20 60 - V 

IC = 10p.A, ICI = 0 20 60 - V 

IE = 10llA, IC = 0 5 7 - V 



File No. 515 ______________________________ _ 

Linear Integrated Circuits 
Monolithic Silicon 

CA3083L 

General-Purpose High-Current 
N-P-N Transistor Array 

Applications 

• Signal processing and switching systems operating from DC to VHF 

• Lamp and relay driver 

• Differential amplifier 

• Temperature-compensated amplifier 

• Thyristor firing 

• See RCA Application Note, ICAN·5296 "Application of the RCA·CA3018 
Cil cuit Transistor Array" for suggested applications 

RCA·CA3083L is the beam·lead version of the CA3083. It 
consists of a versatile array of five high-current (to .100 rnA) 
n-p-n transistors on a common monolithic substrate. Inde
pendent connections for each transistor plus a separate 
terminal for the substrate permit maximum flexibility in 
circuit design. 

Features 
• High IC: 100 rnA max. 
• Low VCEsat (at 50 mAl: 0.4 V typo 

• Transistor pair (01 and 02): 
VIO ("VBE): 1.2 mV typo 

110 0.7 I'A typo 
• 5 independent transistors plus separate substrate connection 

16 

~r!~lJJ 
~5 rf-l 
l 1 l ITl 

92CS-22704 

Fig. 9-1- Schematic d;agram of CA3083L. 

CAUTION: Although RCA-CA3083L is electrically similar to CA3083, 
it;s not a pin·for-pin replacement. 

CAUTION: Substrate MUST be maintained negative vdth respect 
to all collector terminals of this device. 

• Operation over the full military temperature range: 
-55 to + 1250 C 

.~~~59:·.W:g) TYP. 

NOTES: 
I. INDEX CONfiGURATION ON BEAM NO.1 OPTIONAL,PROVIDED 

LEAD MAX:IS NOT INCREASED MORE THAN .002 

2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4.5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

NITRIDE 
EDGE 

Fig. 9·2- Terminal layout for CA3083L (tS-Iead configuration). 
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MAXIMUM RATINGS, Absolute-Maximum Values at T A ~ 250 C 

.Ambient Temperature Range: 

Operating. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55 to +125 °c 
Storage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65 to + 150 °c 

The following ratings apply for each transistor in the device: 

Coliector.to·Emitter Vo,tage (V CEO) ............ '.' .. '.' ..... " ... '. 15 V 

Coliector·to·Base Voltage (VCBOI ................. :..... ..... ... 20 V 

Coliector·to·Substrate Voltage (V CIO)·' ........ '.. .. .. .......... 20 V 

Emitter·to-Base Voltage (VEBO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . !; V· 

Collector Current (lei ....................... ,. . . . . . . ... . . . . . . . 100 rnA. 

Base Current (I B) . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . 20 . i1jA 

• The collector of each transistor of the CA3083L is isolated from·the substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any·collector voltage in order to maintain isolation 
between transistors and provide normal transistor action. :ro avoid undeSired coupling between transistors. th"e 
substrate terminal 15) should be maintained at either DC or signal" lAC) ground. A suitable bypass capar.it<;)T can'· 
be used to establish a signal ground. 

ELECTRICAL CHARACTERISTICS at T A = 250 C 

PMITS 

CHARACTERISTICS SYMBOL TEST CONDITIONS UII111's 
Min. ·Typ. Max: 

For Each Transistor: 

Coliector·to·Base 
ViBRICBO IC = .. 100iJA. IE = 0 20 60 - V 

Breakdown Voltage 

Coliector·to·Emitter 
V(BR)CEO IC = lmA. IB = 0 15 24 - V 

Breakdown Voltage 

Collector·to·Substrate 
V(BRICIO 

ICI = l00iJA.IB = O. 
20 60 V -Breakdown Voltage. IE = 0 

Emitter·to·Base 
V(BRIEBO IE = SOOiJA. IC = 0 5 6.9 - V 

Breakdown Voltage 

Collector·Cutoff·Current ICEO VCE = 10V. 18 = 0 - - 10 iJA 

Collector-Cutoff·Current ICBO VCB = .10V. IE = 0 - - 1 iJA 

DC Forward·Current ,llc= lOrnA 40 76 -
hFE V =3V 

Transfer Ratio CE. Ilc= 50mA 40 75 -

Base·to·Emitter Voltage VBE VCE = 3V. IC= lOrnA 0.65 0.74 0.85 V 
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Linear Integrated Circuits 
Monolithic Silicon 

CA3084L 

Beam - Lead General-Purpose 
P-N-P Transistor Array 

Applications 

• General use in signal processing systems having 
low-power and low-frequency requirements 

• Differentialamplifiers 
• Temperature compensated amplifiers 
• Active loads for differential amplifiers using n·p-n 

transistors 
• Complementary uses with RCA n-p-n transistor arrays 

RCA CA3084L is the beam lead version of the CA3084, a 
general·purpose . silicon p.n-p transistor array incorporating 
two independent transistors, a Darlington circuit, and a 
current·mirror pair with a shared diode. The beam leads of 
this device are formed as an integral part of the IC chip 
during the batch fabrication process. 

Features 
• A Darlington circuit (05 and 06) 
• A current·mirror pair with diode (03, 04, and 01) 
• Matched transistor pair (01 and 02) 

VIO (VBE matched): ±6.0 mV max. 
110 (at 100 /lAI: ±O.6/lA 

• Wida operating current range 
• Low noise figure - 3.2 dB typo at 1 kHz 

The CA3084L is particularly suited for applications in hybrid 
circuits where hermetic packaging, low cost, and reliable 
operation are prime considerations. 

The two independent transistors in the array may be 
used in a variety of circuit applications. The Darlington pair 
may be used as the equivalent of a single high·beta 
transistor. The. current·mirror pair is well suited for 
constant·current applications anil can also be used as the 
active loads in a differential amplifier which uses n·p·n 
transistors. 

• Operation over the full military temperature range: ·55 
to +l25oC 

SUBSTRATE 

ldJf 17 12 

rn 
13 14 I~ 8 

92CS-19378 

Fig. 10-1- SchematicdiagramofCA30B4L 
CAUTION: Substrate must be maintained negative with 
respect to a/l collector terminals of this device. 

NITRIDE 

~~----1t:)wrr~~~~§i~1-~( EDGE 

.45 u l I 
I I .0004-.0006 ... lit 

.0020-.0045yyp-! I-- (.0102-.01521 j'~ 
(,0510-.1140) . • I 

(g~i;)TP i;~::~~~) 
.062-.069 . I 

1----- NOM •. 065----l 
(~d;..~ ;:~g) 92C~-19372R2 NOTES: 

I. INDEX CONFIGURATION ON BEAM NO.1 OPTIONAL,PROVIDED
LEAD MAX.·IS NOT INCREASED MORE THAN .002 

2. LEADS AT TRUE POSITION (TP) WITHIN .002 TOTAL 
(REF. USANS YI4.5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER 
A BEAM. 

Fig. 10-2- Terminal layout for CA3084L (TB-Iead configura
tion) 

CAUTION: Although RCA-CA3OB4L is elecrrically 
similar to CA3084, it is not a pin·for·pin replacement 

635 
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MAXIMUM RATINGS, Ab6Dlure-Muimum VoluG at TA = 2s"C 

The following ratings apply for each transistor in the device: 

Colloctor·to-Emitter Voltage IVCEO) •••• : ••••••••••• -40 V 
Ambient Tempel"lltUre Range: 

Operating ••••••••••••.•••••••••••••• -5s" to +1250 C 
Storage ••• , ••••••••••••••••••••••••• -65 to +lso"C 

Coliector·to·Base Voltage IVCBO' •••••••••••••••••••• -4OV 
Bne-to-Subotra" Voluge (VBIO)" ••••••••••••••• ," • -40V. 
Emitter·to-Base Voluge IVEBO) •••.•.•••••••••••••• -40 V 
Collector CUrrent (lC) •••••••••••. , .............. -IOmA 

ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 

CHARACTERISTICS SYMBOL 

For Each Transistor: 

Collector·Cutoff Current ICBO 

Collector·Cutoff Current ICED 

Collector·to-Emitter Breakdown Voltage V(BR)CEO 

Collector·to·Base Breakdown Voltage V(BR)CBO 

Emitter·to:S,ase Breakdown Voltage V(BR)EBO 

Emitter·to·Substrate Breakdown Voltage "(BR)EIO 

Collector·to-Emitter Saturation Voltage VCEsat 

Base·to-Emitter Voltage VBE 

DC Forward·Current Transfer Ratio hFE 

For Transistors al and a2 (As a Differential Amplifier): 

Magnitude of Input Offset Voltage IVlol 

'nput Offset Current 110 

For Transistors a3 and a4 (Current· Mirror Configuration): 

Collector Current Normalized ICII17 

Magnitude of Collector Current Ratio IIC(Q3)/IC(a4)1 

For Transistors a5 and a6 (Darlington Configuration): 

Collector·Cutoff Current 'CEO 

Base·to·Emitter Voltage VSE 

DC Forward·Current Transfer Ratio hFE 

636 

·The base of each transistor of the CA3084L is isolated from the 
substrate by an integral diode. The wbltrete must btl conntJCted to. 
WJltIIt/II which i6 more IHIfIBtiflfl thMr MY blue voltage in order to 
maitt,.in iIolBtion bftwBen" trans/lion and provide normal tranlinor 
action. To aVoid utU:Jaired coupling between rtanslltOl'$l the sublt,... 
ttmni,..t 78 mould M mainl1liMti oUiMeT DC or .igmIl lAC) ground.' 
A ,uitable b'lPBSI cspacitor can btl ul!tH/ to enablish 8 signal ground. 

.[-

TEST CONDITIONS LIMITS UNITS 
MIN, TYP, MAX. 

VCB = -IOV,IE = 0 - -0.055 ·100 nA 

VCE = -IOV, IB = 0 - -0.12 -100 nA 

ICE;' -100IlA, IB = 0 -40 -70 - V 

ICB = -iOOIlA,IE = 0 ·40 -80 - V 

IEB = -IOOIlA, IC = 0 -40 -100 - V 

lEI = l001lA ·40 -100 - V 

IE = lmA, IB = l00IlA .:.. -0.125 ·0.25 V 

-0.50 -0.59 ·0.68 V 
IE = l00IlA, VCE = -10V , 

15 40 -

~ 0.422 6 mV 
IE = lOOj.lA, VCE = ·10V 

-0.6 0 I 0.6 Ill'> 

VCE = -5V, VCIO = -5V 0.B5 1.00 1.15 -
Term. 5= Gnd.l17 = ·1001lA ' 0.90' 1.00 1.10 I 

i 
VCE = -10V, 'B = 0 - - -1.0 IlA 

0.92 1.07 1.20 V 
IE = 10Oj.tA, VCE = -10V 

100 1230 -
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Linear Integrated Circuits 
Monolitl1ic Silicon 

CA3085L 

Positive Voltage Regulator 

Applications 
• Shunt voltage regulator 
• Current regulator 
• SWitching voltage regulator 

• High·current voltage regulator 
• Combination positive and negative voltage regulator 
• Dual tracking regulator 
II Operation over the full military temperature range: 

-55 to + 125°C 

Features 
a Excellent temperature coefficient 
• Input and output short-circuit protection 
CI Load and line regulation: 0.025% 
II Adjustable output voltage 

RCA-CA3085L is the beam-lead version of the CA3085_ It 
is designed specifically for service as a voltage regulator at 
output voltages ranging from 1.8 to 26 volts at currents up 
to 12 mA without the use of external pass transistors. How
ever the CA3085L can provide voltage regulation at load cur
rents greater than 100 rnA with the use of suitable external 

pass transistors. The voltage regulators provide important 
features such as: fr.equency compensation, short-circuit pro
tection, temperature-compensated reference voltage, current 
limiting, and booster input. These devices are useful in a wide 
range of applications for regulating high-current, switching, 
shunt, and positive and negative voltages. They are also appli
cable for current and dual-tracking regulation . 

It should be noted that the CA3085L chip has eleven active 
circuit-access terminals, whereas the CA3085 Series packaged 
units hav~ .only eight access terminals. The additional termi
nals in the CA3085L provide greater flexibility in circuit 
applications. 

. 052- .059 
NOM .. 055 

(~~~~',.~~) 

1(~~55)TP 
b~5rWD 2 L~ 4 6 I I I l .0004-.0006 I It 

.0020-.0045TYP. --I COI02-.0152ITjYP.--t1 
(.0510-.1140) I 

(:gg~gITP (.~05~=:~~~) 
.062-.06~ I 
NOM .. 06~ _______________ 

NOTES; CN~~~\:~g) 92CS-22107 

I INDEX CONFIGURATION ON BEAM NO.1 OPTIONAL, PROVIDED 
LEAD MAX:IS NOT INCREASED MORE THAN .002 

2. LEADS AT TRUE POSITION {TPI WITHIN .002 TOTAL 
(REF. USANS YI4.5-1966) 

3. SILICON MUST NOT EXTEND BEYOND NITRIDE OVER A BEAM. 

Fig. 11-1- Terminal layout for CA3D85L (1S-lead configuration). 

RESISTANCE VALUES 
ARE IN OHMS 

Caution: Although RCA-CA3085L is electrically limilar to the 
CA3085, it is not a pin-for-pi" replacement-

Fig. "-2-Schemaric diagram of CA3085L. 
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MAXIMUM RATINGS. Absolute-Maximum V.lues, .t T A - 25"C 

Temperature Range: 

Operating ••••• '" •••. '" -55 to +12SoC 
Storage ................. -65 to +lS00C 

Unregulated Input Volt. . . . . . . . .. 30 V 

MAXIMUM VOLTAGE RATINGS 

TERM-
INAL 7 10 11 14 15 16 1&17 

No. 

7 * * * * * * 
10 +5 

:;: * '" ::: 

-5 

11 * ::: :;: :;;: 

14 
+3 +10 +3 

-10 -1 -10 

15 
+5 * -1 

16 
+3 

-10 

1&17 

2 

4 

6 

2 

* 
:;: 

:;: 

:~: 

:;: 

* 

Maximum Vo'- Rot .... : 
The following chart gives the range of voltages which can be applied to 
the terminals listed vertically with respect to the terminals listed hori
zontallv. For example. the voltage range between venical Terminal No. 
14 and horizontal Terminal No.1 and 11 is +3 to -10 volts. 

4 6 

* +10 
0 

*- * 
*' oi:' '" Voltages are not normally 

+~O 
applied between these 

:;: terminals; however, voltages 0 
eppearing between these 

;;: ~, terminals are safe, if the 
specified voltage limits 

* * 
between all other terminals 
are not exceeded. 

+10 0 ->30 
-30 -30 0 

+30 
o 

+30 
o 

SuI)
straw 

MAXIMUM CURRENT RATINGS 

TERM-
INAL liN lOUT 
No. mA mA 

7 10 1 

10 1 -0.1 

11 1 -0.1 

14 1 -1 

15 0.1 10 

16 - -

1&17 20 150 

2 150 60 

4 150 60 

6 - -
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CHARACTERISTIC SYMBOL 

Reference Voltage VREF 

Quiescent Regulator 
Iquiescent Current 

Input Voltage Range VIN (range I 

Maximum Output 
Vo (max. I 

Voltage 

Minimum Output 
Vo (min.1 

Voltage 

Input-Dutput Voltage 
VIN,VOUT Differential 

Limiting Current ILiM 

Load Regulation- -

Line Regulation "" -

Equivalent Noise 

Output Voltage 
VNOISE 

Ripple Rejection -

Output Resistance rO 

Temperature Coef· 
tlVREF, ficient of Reference 

and Output Voltages tlVO 

Load Transient 
Recovery Time: 

Turn On tON 

Turn Off tOFF 

Line Transient 
Recovery Time: 

Turn On tON 

Turn Off tOFF 

*RSCp: Short·circuit protection resistance 

tlVOUT 
-Load Regulation -~:!!.-- X 100% 

VOUT (initiall 

TEST CONDITIONS 

TA = 250 C 

' (Unless indicated otherwise I 

V+IN= 15V 

V+IN=30V 

-
V IN= 30 RL =365n, 
Term. No.6 to Gnd. 

V+IN = 30 V 

-

V+IN = 16 V, V+OUT = 10 V 
RSCp* = 6n 

IL = 1 to 12 mA, RSCp = 0 

IL = 1 mA, RSCp = 0 

IL = 1 mA, RSCp=O 
TA = OoC to +700 C 

V+IW25V 
CREF = 0 

CREF = 0.22 p.F 

V+IW25V CREF = 0 

f= 1 kHz CR'EF = 2 p.F 

V+IN = 25 V, f = 1 kHz 

IL =0, VREF = 1.6 V 

V+IN = 25 V, +50 mA Step 

V+IN = 25 V, -50 mA Step 

V+IW25 V, f=l kHz, 2 V Step 

(tlVOUTI 
""Line Regulation = X 100% 

[VOUT (initialll (tlVINI 

LIMITS 

MIN. TYP. 

1.4 1.6 

- 3.3 

7.5 -

26 27 

- 1.6 

4 -

- 96 

- 0.003 

- 0.025 

- 0.04 

- 0.5 

- 0.3 

- 50 

- 56 

- 0.075 

- 0.0035 

- 1 

- 3 

- 0.8 

- 0.4 

CA3085L 

MAX. 

1.8 

~.5 

30 

-

1.8 

28 

120 

0.1 

0.1 

0.15 

-
-
-

-
1.1 

-

-

-

-
-

, 639 
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File No. 309 

D\lCI8OD MOS Field-Effect Transistors 
Solid State 
Division 

N-~nannel uepletlon Types 

3N128 
3N143 

Silicon MOS Transistors 
For Amplifier, Mixer, & Oscillator Applications in 
Military & Industrial VHF Communications Equipment 
Operating up to 250 MHz 

Applications 

• VH F amplifiers, mixers, converters and if-amplifiers in 
communication receivers. 

• High-impedance timing circuits 
• 0 etectors, oscillators, frequencv multipliers, phase 

.plltters,.pulse stretchers and current t!(ni1l!rs 
• Electrometer amplifiers 
• Voltage-controlled _nuators 
• High impedance differential amplifiers 

RCA·3N128 and 3N143 are N-channel depletion.type silicon 
insulated-gate field-effect transistors utilizing the MOS· 
construction. The 3N128 is intended primarily for VHF 
amplifier service in military and industrial applications. It 
also is extremely well suited for use in de and low·frequency 
amplifier appli~ations requiring a transistor having high 
power gain, very high input impedance, and low gate leakage. 

The 3Nl43 is designed for use as a VHF mixer and oscillator. 
Because of their improved transfer characteristic and in· 
creased dynamic range the 3N128 and 3N143 provide 
substantially better cross·modulation performance in linear 
amplifier applications than conventional (bipolar) transistors 
and are free from diode-current loading common to junction 
type FET's. These transistors are hermetically sealed in 
JEDEC TO·72 metal packages. 

Application data for RCA·3N128, including biasing reo 
quirements, basic circuit configurations, selection of opti· 
mum operating point, and methods for automatic gaill 
control are given in RCA Application Note AN·3193, 
"Application Considerations for the RCA·3N128 VHF MOS 
Field·Effect Transistor". 

• Metal-Oxide",Semiconductor. 
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Performance Features 

• Large dynamic range 
• Greatly reduces spurious responses in rceiver front ends 
• Permits use of vacuum·tube biasing techniques 
!!!! Excellent thermal stability 
• Superior crossmodulation capebility 

Device Features. 

• Low noise figure (3N128) - 3.5 dB typo at 200 MHz 
• High VHF amplifier gain (3N128) - 16 dB typo at 200 MHz 
• Low input capacitance - 5.5 pF typo 
• High transconductance - 7500 "mho typo 
• High input resistance - 1014 n typo 
• High conversion gain (3N143, mixer) - 13.5 dB typo at 

200 MHz 

ftIIaximum Ratings. Absolute-Maximum Value, at 1A - 25° c: 

*DRAIN·TO-SOURCE VOLTAGE, VDS .•..•..... +20 V 
°DRAIN·TO-GATE VOLTAGE, Voo .•....•.... +20 V 
*GATE-TO-SOURCE VOLTAGE, VGS: 
Continuous de .................... +1, ~8 V 
Peakac ...............•.......• ±15 V 

·DRAIN CURRENT, 10 .....••......•.... 50 rnA 

*TRANSISTOR DISSIPATION, "T: 
At Ambient up to 25°C .•.•..•.••....•.. 330 mW 
Temperatures above 25° •..........•. Derate 2.2 mWiC 

·AMBIENT TEMPERATURE RANGE: 
Storage and Operating •••••••••••••••• -65 to +175°C 

·LEAD TEMPERATURE (During soldering): 
At distances not closer than 1/32 inch to 
seating surface for 10 seconds maximum •••••.• 265 ° C 

°In accordance with Jedec Registration Data Format JS9·RDFllB. 
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File No. 309 ------------------______ 3N128, 3N143 

ELECTRICAL CHARACTERISTICS: (At T A = 25° C) 

Measured with Substrate Connected to Source Unless Otherwise Specified. 

CHARACTERISTIC SYMBOL CONDITIONS 

VOS = 0, VGS = -8 V T A = 250C Gale Leakage Current IGSS VOS =0, VGS =-8V TA = 1250C 

Zero·Bias Drain Current lOSS VOS= 15 V, VGS=O 

Orain-t()-Source Cutoll Current 10(011) VOS = 20V, VGS =-8V 

Gate-t()-Source Cutoll Voltage VGS(off) VOS = 15V,IO =50/-LA 

Forward Transconductance gls Vos = 15V,Io =5mA, I = 1kHz 

Orain-t()-Source Channel Resistance rOs(on) VOS = 0, VGS = 0, I = I kHz 

Small-Signal Short-Circuit 
Reverse Transler Capacitance A Crss VOS = 15V,IO=5mA,I=0.1 to IMHz 

Small-Signal Short-Circuit Input Capacitance Ciss VOS = 15V,IO =5mA,I=0.1 to IMHz 

Common. Source Conliguration 
Input Admittance Yis 1= 200MHz 
Forward Transler Admi ttance Yss Vos = IS Volts 
Output Admittance Yos 10 = SmA 

Maximum Avai lable Power Gain MAG VOS = 15V,IO = 5mA,I = 200MHz 
Insertion Power Gain (Fixed Neutralization) 

See Fig. I GpS 

Power Gain (Conversion VOS = IS V,IO = ImA,lin = 200 MHz 
(See Fig. 3) Gps(c) lout = 30MHz 

Noise Figure (See Fig. 1& 2) NF VOS = IS V, 10 = SmA, 1= 200 MHz 

"Inaccord..,c. with JEDEC Registration Data Format JS9-RDF-UB. 
A-rhree-Termlnal Measurement: Source Returned to Guard Terminal. ' 

~-------------l------------l 

1 CI 0.5* I I 
I . I I 

I Q I C5 OUTPUT 

LIMITS 
3NI28 3NI43 UNITS 

MIN. TYP. MAX. MIN. TYP. MAX. 

- 0.1 50 - 0.1 1000 pA 
- - 5 - - 200 nA 

5 IS 25 5 IS 30 rnA 

- - 50 - - 50 }1A 

-0_5 -3 -8 -0.5 -3 -8 V 

5,000 7,500 12,00 5,000 7,500 12,OO( /-Lffiho 

- 200 - - 200 - n 

0.15 0.25 0.35 0.12 0.25 0.38 pF 

- 5.5 7 - 5.5 7 pF 

- 0.4 + J7.3 - - - - mmho 
- 7 - J2 - - - - mmho 
- 0.28 + JI.8 - - - - mmho 

21 - - - - dB 

13.5 16 - - - - dB 

- - - 10 13.5 - dB 

- 3.5 5 - - - -

I son 
I lOAD 

I 
I 

CI, C2: 1.5·5 pF variable air capacitor: E. F. Johnson Type 160-102 
or equivalent 

T 
I 
I 
I 
I 
I 
I 
I 
I 

I 1 ;g-H~ITE TYPE ~ 
I EXTERNAL ~ Z235 OR EOUIVJ t 
I SHIELD I . I 

L ____ ~-----L_-- __ -- ~-------1 

24K 

Q.3NIS4 

L-------__ ..... -oV~I~V 
All Ruislors in ohms alld I 4 w 

vnlnsolh,rwiSfspKlfi,d 
All (apoeilo" ill pF 

• TUBULAR CERAMIC 
• DISC CERAMIC 9ZCS-1489ZRI 

C3: }~~~:'~ii~~~~Ki5~~i~~i:!;e~,:,acitor: JFD Type VAM-OIO, 

C4, C5: ~.rtU:/~~~?~~%~~ variable air capacitor: Roanwell Type 

LI: 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns Irom CI end 
01 winding 

L2: Same as LI except winding length approx. 0.7"; no tap. 

Fig. 1 - Test circuit used to measure 2O(J.MHz maximum 
usable power gain and noise figure for 3N 128 
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Fig. 2-Noise figure measurement setup for 3Hl28 

U.8VRMSl 
230 MHz LOCAL osc. OUTPUT 

~"'.F 
200:HI ~Ul t 

INPUT -=-
I.S,..H 

15,..H 

"nD"IOV 

Ll = 4 Turns 1/4" dia., 3/8".ong 
No. 22 Bare-Tinned Wire 

Q= 3N143 
92CS-148!8 

Fig. 3 - Conversion power gain test circuit.· for 3NI43 

Typical Characteristics for Types 3N128 and 3N143 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TA)-25·C 

25 

~ 20 

eJ 
15 15 .. 
~ 10 

'" 
c • 
a: 
Q 

o 5 '0 '5 
DRAIN-fO-SOURCE VOLTS (Yos) 

o 

-0.5 

-, 
-=i.5 
-2 

-2.5 

20 

9ZCS-16MO 

Fig. 4 -Drain current vs. drain-to-source voltage 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE tTA)-25·C 

15 ORAIN-TO-SDURCE VOLTS (VOS)-+15 

~ 
;; 

c 5 
a: 
Q 

o 
-3 

-, 
':2 
-3 -. -5 

-2 -I 0 
GATE-TO-SOURCE VOLTS evos) 

'2CS-160tf 

Fig. 5-Drain current vs. gate-to-source voltage (VGS) 

Typical V-Parameters for Types 3N128 and 3N143 

SUBSTRATE-TO-"'URCE 'LTS s.'~( :~3 

II . 
o 

-2 -, o 
GATE-TO-SOURCE VOLTS (VGS) 

,zeS-leolZ DRAIN MILLIAMPERES (Io) 

Fig. 6 - Forward transconductance vs. gate bias voltage Fig. 7 - Forward transconductance vs. drain current 
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Typical V-Paraineters for Types 3N128 and 3N143 

• • DRAIN MILLIAMPERES (:to) nCS-leOM 

Fig. 8 -Input admiHance vs. drain current 

DRAIN IIILLlAMP£R£S (I'01 

92CS-I&D9. 

Fig. 10- Reverse transadmiffance vs. drain current 

4 6 
DRAIN MILLIAMPERES lID I 

Fig. 12 - Forward transa.hniHance vs. drain current 

COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (T4)-25-C 
FREQUENCY If)· 200 MHz 
DRAIN MILLIAMPERES lID J .. 5 

5 10 15 
DRAIN-lO-SOURCE VOLTS (Vosl 

20 

92.CS-1609' 

Fig. 9 - Input admiHance vs. drain-to-source voltage 

-1.0 
o 

COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE CTA»a2'· 
FREQUENCY en· 200 MHz 
ORAIN MILLIAMPERES IIOI-5 

0,. IS NEGLIGIBLE AT THIS FREQUENCY, 

b,. 

5 10 15 
DRAIN-lO-$DURCE vOLTS (Vos' 

20 

92CS-16097 

Fig. II-Reverse transadmitklnce vs. drain-ta-source 
voltage 

10 15 20 
DRAIN-lO-SOURCE VOLTS 'Vos' ncs-Ieon 

Fig_ 13 - Forward transadmiHance vs. drain-to-source 
voltage 
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3N128.3N143 -----------------------

Typical Characteristics for Types 3N128 and 3N143 

o 

DRAIN MILLIAMPERES (ID) 8ZCS·11000 

5 10 15 
DRAIN"TO-SqURCE VOLTS (Yos) 

File No. 309 

••• 

' .. 
20 

92CS-17001 

Fig. 14 • Output admittance YS. drain current Fig. IS· Output admittance vs. drain.to •• ource voltage 
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OPERATING CONSIDERATIONS 

The nexible leads of the 3NI28 and 3NI43 are usually 
soldered to the circuit elements. As in the case of any high· 
frequency semiconductor device. the tips of soldering irons 
should be grounded. and appropriate precautions shoUld be 
taken to protect the devices against high electric fields. 

This device should not be connected into or discon· 
nected from circuits with the power on because high 
transient voltages may cause permanent danage to the device. 

TERMINAL DIAGRAM 

~ 
~ 

1 . Drain 

2 . Source 

3 . Insulated Gate 

4 • Bulk (Substrate) 
and Case 



File No. 283 

OOcn5LJO MOS Field· Effect Transistors 
Solid State 
Division 

N-Channel Depletion Type 

3N138 

Applications 
o Servo Amplifiers 
o Telemetry Amplifiers 
o Computer Operotional Amplifiers 
o Sampling Circuits 
o Electrometer Amplifiers 

Features 

SILICON INSULA TED-GATE 
FIELD-EFFECT TRANSISTOR 
N -Channel Depletion Type [mJ 

o excellent thermal stability 
o .ero inherent offset voltage 
o low leakage current: 10 pA max • 
• low "ontl resistance-

For CrHical Chopper Applications and 
Muhiplex Service up to 60 MHz: 

JEDEC 
TO.72 

",,(ani = 240n typo (VGS = OVI 
• high lIoff" resistance-

R,,,.Ioffl = 1 0 "'n typo 
o low feedback capacitance -

C,,, = O.lSpF typo 
o low input capacitance -

C,.. = 3pF typo 

RCA-3N138 is a silicon, insulated-pte field
effect transistor of the N-channel depletion type, 
utilizing the MOS· construction. It is intended pri

'marily for critical chopper and multiplex applica
tions up to 60MHz. 

The insulated gate provides a very high value of 
input resistance (101< ohms typ.) which is relatively 
insensitive to temperature and is independent of 
gate-bias conditions (positive, negative, or zero 
bias). The 3N138 also features extremely low feed
through capacitance <O.18pF typ.) and zero inherent 
offset voltage., 

The 3N138 is hermetically sealed in the JEDEC 
TO-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 

• Meti&I-Oxide:.SemiconductOr. 

TERMINAL DIAGRAM 

8-67 

~ 
~ 

1· Drain 

2 - Source 
3 • Insulated Gate 

4 - Bulk (Subslrale) 
and Cose 

iI MilHary Communications, Navigation, 
lid Instrumentation Equipment 

in Industrial Instrumentation and Control CicuHs 

Maximum Ralings, Abso/u/e-Maximum Values: 
(Substrate connected to source unless otherwise specified) 
DRAIN:TO.SOURCE 

VOLTAGE, Vus +35 max. V 
DRAIN·TO·SUBSTRATE 

VOLTAGE, VIIII' +35, -0.3 max'. V 
SOURCE· TO·SUBSTRA TE 

VOLTAGE, Vs. +35,-0.3 max. V 
DC GATE·TO·SOURCE 

VOLTAGE, VGS :!:10max. V 
PEAK GATE·TO·SOURCE 

VOLTAGE, VGS :!:14rnax. V 
PEAK VOLTAGE, GATE·TO·ALL 

OTHER TERMINALS: Vcs, VCI>, 
VGBt non·repetitive :t 45 max. V 

DRAIN CURRENT. ID (Pulee duration 
20 ms.duty factor 5. 0.10!. • • • • • • • • • 50 max. rnA 

TRANSISTOR DISSIPATION, PT: 
At ambient temperatures up to 25°C. 330 max. mW 
above 25"<: . • . • . . . • . . . . . . . • . . •. Derale linearly al 2.2 mW!"<: 

AMBIENT TEMPERATURE 
RANGE: 
Storage -65 to +150 ·C 
Operating -65 to +125 ·C 

LEAD TEMPERATURE 

(~~~~~~d~lWi2~ to 5ea~ing sur. 
face for 10 seconds max. 265 max. °C 

647 



3N138 FileNo. 283 

ELECTRICAL CHARACTERISTICS, at TA = 25° C, Unle •• Otherwi.e Specified. Sub.trate Connected to Source. 

LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS Type 3NI38 UNIT 

Min. Typ. Max. 

Gate·Leakage Current Ic;ss VGS = ±IO, Vos = 0, TA = 2S'C - 0.1 10 pA 
VGS = ±IO, VDB = 0, TA = 12S'C - 20 200 pA 

VGS = 0, VIlS = 0, I = I KHz, TA = 2S'C - 240 350 II 
Drain·to·Source "ON" Resistance rus(on) Vos = +10, VIlS = 0, f = I KHz, TA = 2S'C - 13S - II 

VGS = 0, VIlS = 0, I = I KHz, TA = 12S'C - 350 - II 

Drain·to·Source "OFF" Resistance Ros(oll) VGs= -IO,V ... =+I 2X 10' 1010 - II 

Drain·to·Source Cutoff Current 11l(01l) VG. = -10, VIlS = +1, TA = 2S'C - 0.01 5 nA 
V"s = -10, VIlS = +1, TA = 12S'C - 0.01 O.S "A 

Small·Signal, Short·Circuit, Reverse 
C~ V"s = -10, VIlS = 0, I = I MHz Transler Capacitance - 0.25 0.4 pF 

Small·Signal, Short·Circuit, Input 
Capacitance Ci!'ll V"s = -10, VIlS = 0, I = I MHz - 3 S pF 

Zero·Gate·Bias Forward Transconductance g" V,,,= 12, lo"'"SmA - 6000 - "mho 

Offset VoKage Vo V". = ±IO, Vlls = 0 - O' - V 

• In measurements of Offset Voltage, thermocouple effects and contact 
potentials in the measurement setup may cause erroneous readings of 1 
microvolt or merc. There errors m:lY be minimiz~ bV the uS! of !older 

having a low thermal e.m.f. such as Leeds & Northrup No.lii7·1.0.1, 
or.equivalent 

OPERATING CONSIDERATIONS 

The flexible leads of the 3N138 are usually 
soldered to the circuit elements. As in the case of 
any high-frequency semiconductor device. the tips of 
soldering irons should be grounded. and appropriate 
precautions should be taken. to protect the device 
against high electric fields. 
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This device should not be connected into or 
disconnected from circuits with the power on be
cause high transient voltages may cause permanent 
damage to the device. 
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DRALN-TQ-SOURCE VOLTS -15 
AMBIENT TEMPERATURE (TAI-25-C 

-3 -2 -I o 
GATE-TO-SOURCE VOLTS (VGS) 

92C5-19731 

Fig. 1 - Drain Current vs Gate-to·Source Voltage 
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Fig. 3 - Drain-fa-Source Static Resistance vs 
Gale-Io-Source Vollage 

DRAIN-la-SOURCE VOLTS <"os} 
9ZCS-1972 

Fig. 5 - Drain Current vs Drain Voltage 

12 

3N138 

suaSTRATE CONNECTED TO SOURCE 
AMBIENT TEMPERATURE CTa)e 2S·C 
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~150'~--+--+---4-1,~~~~-~ I ':'I---+--+---4~~~~~I--~ 
i ·50 
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DRAIN-to-SOURCE MlLLI\IOLTS tvDsl 
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Fig. 2 - Low-Level Drain Currenl v. 
Drain-Io-Source Vollage 

DRAIN MILLIAMPERES lID) 
92CS-19733 

Fig. 4 - 1 KHz forward transconductance vs drain current 

GATE-TO-SOURCE VOLTS tvGS) 
92C5-1173' 

Fig. 6 - Drain Current vs Gate-to-Source Voltage 
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File No. 284 

OOCD3LJD MOS Field· Effect Transistor$ 
Solid State 
Division 

RCA 3N139 is a silicon. insulated-gate field
effect lransistor of the N-channel depletion type. 
utilizing the MOS· construction. It is a general purpose 
lransistor especially suited for audio. video. and rf 
applications. and for wide-band amplifier designs. The 
insulated gate provides a very high input resistance 
no 14 n typ.l which is relatively insensitive to tempera
ture andis independent of gate-bias conditions (positive. 
negative. or zero bias). The 3N139 also has a high 
lransconductance. a low v!1lue of input capacitance 
(3 pF typ.). and a very low feedback capacitance 
(0.19 pF typ.). 

The 3N139 is hermetically sealed in the standard 
4-1ead JEDEC TQ-72 package. 

Maximum Rating., Absolute-Maximum Values: 

DRAIN-TO-SOURCE VOLTAGE. VDS • • • +35 max. V 

DRAIN-TD-SUBSTRATE VOLTAGE. VDB +35. -0.8 max. V 
SOURCE-TD-SUBSTRATE 

VOLTAGE. VSB'· ••••••••••••• , +85. -0.8 max. V 

DC GATE-TO-SOURCE VOLTAGE. VGS' tIO max. V 
PEAK GATE-To.soURCE VOLTAGE; VGS tI4 max. V 

. PEAK VOLTAGE. GATE-TO-ALL OTHER 
TERMINALS; VGS. VGD. VGB. non-
repetitiv.e • • . • • • • . • • • • • • • • • • • ±42 max. V 

DRAIN ·CURRENT. ID ••••••••••• • 50 max. mA 

TRANIlISTOR DISSIPATI()N. PT: 
At anibient temperatures up to 25°C. • . • . 330 mW 

above 250C •••..••••....•..••.. Derat.linearly at 2.2 mW/OC 
AMBIENT TEMPERATURE RANGE. 

Storage. • • • • • • • • • • • • • • • • • • •• -65 to +175 °c 
Operating. • • • • • • • • • • • • • • • • •• -65 to +175 °c 

LEAD TEMPERATURE <During Solderingl: 

At distance not closer tban 1132 inch to 
seatin, surface for 10 seconds max ... 

• Metsl-oxlde-Semlconductar 

650 

265 max. °c 

N-Channel Depletion Type 

3N139 

SILICON MOS TRANSISTOR 
For Audio, Video, and 
RF AmplHier Applications 00 

in MURary Communications, J~8_~~ 
Instrumentation, & Navigation Equipment 

in Mobile and Fixed Communication 
Equipment 

in Industrial Instrumentation and 
Control CircuRs 

FEATURES 

e high input resistance 
RGS :: 1014 n typo 

elow input capacitance 
Ciss :: 3 pF typo 

e.law feed backl capacitance 
Crss ~ 0.2 pF typo 

elow gate leakage cu.rent 
IGSS :: 0.1 nA typ~ 

ehigh d.ain-to-source voltage: +35 max. V 
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File No. 284 3N139 

ELECTRICAL CHARACTERISTICS, at TA = 2So C Unle .. Otherwise Specified. Bulk (Substrate) Conneded to Source 

FREQUENCY 
CHARACTERISTICS SYMBOLS 

f 

MHz 

Drain-tooSource Cutoff Current ID(DFF) 

Zero-Bias Drain Current" lOSS 

T. = 25·C 
Gate Reverse Current IGSS 

T.= lOO·C 

Gate-tooSource Cutoff Voltage VGS(OFF) 

SrnalioSignal, Shon-Circuit 
Crss Reverse-Transfer Capacitance 1 

(Drain-ta-Gate) 

Input Resistance fis 100 

Input Capacitance Ciss 100 

Output Resistance ros 100 

Output Capacitance Cess 100 

Forward Transconductance 9fs 1 kHz 

TEST CONDITIONS 

DC 
DRAIN-TO-

SOURCE 
VOLTAGE 

Vos 

V 

15 

15 

0 

0 

15 

15 

15 

15 

15 

15 

15 

DC DC 
GATE-TD- DRAIN 
SOURCE CURRENT 

VOLTAGE 
VG~ ID 

V rnA 

-8 

0 

tID 

±10 

0.05 

5 

5 

5 

5 

5 

5 

DRAIN-TO-SOURCE VOLTS -15 
FREQUENCY -100 MHz. 
SUBSTRATE GROUNDED 

Min_ 

-

5 

-

-

-2 

0.05 

-

-

o AMBIENT TEMPERATURE(TA )_25°C 

~'-OJ ~, 
1%: .... ·0. 
~ ... 
0" 

~~ 
~t:-Q3 

~! 
ii..o. 
~ 

8,. 

LIMITS 

Typ_ 

-

15 

-

-

--4 

a.2 

12 

3 

6 

1.4 

5 

5 10 15 

DRAIN MILUAMPERES (10) 

UNITS 

Max. 

50 "A 

25 rnA 

1 nA 

100 nA 

--6 V 

0.4 pF 

- kn 

10 pF 

- kn 

- pF 

- mmho 

FREQUENCY (f)-MHz 'ZCS-lt72S 
92CS-19725 

Fig. 1 -- Reverse Transadmittance lIS Frequency Fig. 2 -- Reverse Transadmittance lIS Drain Current 
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3N139 

DRAIN-TO-SOURCE VOLTS (Yos) 
92(:5-19128 

Fig. 3 - Reverse Transadmittance vs Drain-Source Voltage 

DRAIN-TO-SOURCE VOLTS (YDS •. 
92CS-19729 

Fig. 5 - Input Admittance vs Drain-Source Voltage 

FREQUENCY(f)-MHz 
92CS-19727 

Fig. 7 - Output Conductance vs Frequency 

662 

FREQUENCY (f )-MHz 

.Fig. 4 - Input Admittance vs Frequency 

1°.1 
I 0.1 

FREQUENCY(U-IOO MHz 
DRAIN-TO-SOURCE VOLTS-IS 
SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE{TA )-2 C 

o 
o 

10 '" DRAIN MILLIAMPERES (:to) 

Fig. 6 - Input Admittance vs Drain Current 

tlOJ'!! z 
I! u 
S o. 
8 
~a 

§ 
o 

boa 

... 
5 10 15 

llRAIN-lO-SOURCE VOLTS lib.) 

FileNo. 284-

92CS-19n6 

o 

20 

92CS-I9730 

Fig. 8 - Output Admittance vs Drain-Source Voltage 



FileNo.284 ____________________________ 3N139 

DRAIN-lO-SQURCE VOLTS-IS 
FREQUENCY (f) "IOOMHz 

IIJ SUBSTRATE GROUND 
~ 1.5 AMBIENT TEMPERATURE ITA).25.C 

i = 
~ 0 

2i~1 
;1 
~ 015 

G 
is as 
8 
~ Q2 

g 
o 

boo 

.oo 

10 
" 

20 
DRAIN MILLIAMPERES tID) 

9ZC$-19722 

Fig. 9 - Output Admittance vs Drain Current 

6,. 

FREQUENCY (f)-IOOMHz 
DRAIN-TO-SOURCE VOLTS-IS 
SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE' 

(TA)"2S"C 

10 ,. 

DRAIN MILLIAMPERES U: D) 
92CS-19718 

Fig. 11 - Forward Transadmittance vs Drain Current 

DRAIN-TO-SOURCE VOLTS Nos» 
92eS-19721 

Fig. 13 - Drain Current vs Drain Voltage 

DRAIN-lO-SQURCE VOLTS (VoSl 
92eS-19717 

Fig. 10 - Forward Transadmittance vs Drain·Source Voltage 

FREQUENCY If) -MHz 

92eS-19719 

Fig. 12 - Forward Transadmittance vs Frequency 

GATE-TO-SDURCE VOLTS (VGS) 
92CS-1973Z 

Fig. 14 - Drain Current vs Gate-to·Source Voltage 
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File No. 284 

DRAIN MILLIAMPERES (::to) 
92CS-19733 

Fig. 15 - 1 KHz forward transconductance vs drain current 

7 FREQUENCY (f)-III,Hz 
DRAIN-TO-SOURCE VOLTS-IS 
AMBIENT TEMPERATURE (TA )o:2S·C 0 

f 6 ,. 
E 
J.. 
§ 5 

~ 
;: ~ 

~ 

-3 -2 -I 

GATE-TO-SQURCE VOLTS (VGS) 

o 

92CS-19720 

Fig. 16 - 1 I<.Hz forward transconductance vs gate-to·source 
voltage 

TERMINAL ARRANGEMENT 
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1 - Drain 

2· Source 
3 - I nsu loted Gate 
4 • Bulk (Substrate) 

and Case 



File No. 285 

OOm5LJD MOS Field· Effect Transistors 
Solid State 
Division 

RCA-3N140 and 3N141* are n-channel silicon, depletion 
type, dual insulated-gate, field-effect transistors util
izing the MOS** construction. They have exceptional 
characteristics for rf-amplifier and mixer applications at 
frequencies up to 300 MHz. These transistors feature a 
series arrangement qf two separate channels, each 
channel having an independent control gate. 

The 3N140, used in a common-source configuration in 
which gate No.2 is ac grounded, reduces oscillator feed
through to the antenna thereby minimizing oscillator 
radiation. The 3N141 provides excellent isolation be
tween the oscillator and rf signals because each of the 
two signal frequencies being mixed has its own control 
element. 

The mixing function performed by the 3N 141 is unique in 
that the signal applied to gate No.2 is used to modulate 
the input-gate (gate No.1) transfer characteristic. This 
technique is superior to conventional "square law" 
mixing, which can only be accomplished in the non
linear region of the device transfer characteristic. 

The use of the 3N141 as described provides high useful 
conversion gains at all vhf frequencies, and the reduc
tion in spurious responses is substantial and easily 
obtainable in simple circuits. 

The 3N140 and 3N141 are hermetically sealed in metal 
JEDEC TO-72 packages. 

* "Fonnerly Dev. Nos. TA2644 and TA7274, respectively. 

** Metal-oxide-Semiconductor. 

Maximum Ratings, Absolute·Maximum Values~ at TA = 25°C 

DRAIN-TO-SOURCE VOLTAGE. VDS' • 

GATE No.l-TO-SOURCE VOLTAGE. VGlS: 

Continuous (de) ••••••.••••••• 

Peak Be ••••••••••••••••••• 

GATE No.2-TO-SOURCE VOLTAGE. VG2S: 

o to +20 

-8 to +1 

-8 to +20 

V 

V 

V 

Continuous (de) ••••••••••••• 0-8 to 40% of VDS V 

Peak Be • • • • • • • • • • • • • • • • • • • -8 to +20 V 

DRAIN-TO-GATE VOLTAGE, 
VDGl OR VDG2 •••••••••••••• 

DRAIN CURRENT, lD 

(Pulsed): Pulse duration < 20 ms, 
duty factor ~ 0.15 ••••• :-••••••• 

TRANSISTOR DISSIPATION, PT: 

At ambient ! up to 25°C •..•.••• 

temperatures above 25°C ••••••• 

AMBIENT TEMPERATURE RANGE: 

+20 V 

50 mA 

400 mW 

derate linearly at 
2.67 mW/oC 

N-Channel Depletion Types 

3N140 
3N141 

SILICON DUAL INSULATED-GATE 
FIElDaEFFECT TRANSISTORS 
N-Channel Depletion Types 

For Mil~ary and Industrial 
Amplifier and Mixer Applications 
Up to 300 MHz 

APPLICA T/ONS 

JEDEC TD-72 

• RF amplifier and mixer in militarY and industrial 
communications equipment 

• aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• wide dynamic range permits larg .... signal handling 
before overload 

• dual-gate permits simplified age circuitry 

• virtually no agc power required 

• greatly reduces spurious responses in fm receivers 

• permits. use of vacuum-tube biasing techniques 

• excellent thermal stability 

• sup~rior cross-modulation performance and greater 
dynamic range than bipolar or singl .... gate FET's 

DEVICE FEA TURES 

• low gate leakage currents - -
IG ISS & IG2SS = I nA max. at T A = 25°C 

• high forward transconductance - -
gfs = 6000 "mho min. 

Storage and Operating. • • • • • • • •• -65 to + 175 

LEAD TEMPERATURE (During soldering): 

°c • high unneutralized RF power gain - -

At distances> 1/32 inch from 
seating surface for 10 seconds m~x. • 265 

Gps = 16 dB min. at 200 MHz 

°c ..• low VHF noise figure __ 4.5 dB max. at 200 MHz 

:J.a8 
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3N140,3Nf41 --------'--------------------_ File No. 28& 

ELECTRICAL CHARACTERISTICS, at TA = 25°C Onle .. Otherwise Specified. Cammon-Source Circuit. 

LIMITS 

CHI\RACTERISTICS SYMBOLS TEST CONOITIONS TYPE,3NI40 TYPE 3NI41 UNITS RF AMPLIFIER MIXER 

MIN. TYP. MAX. MIN. TYP. MAX. 

Gate No.l·to·Source Cutoff Voltage VGIS<oll) VOS = +16V,IO = 200 p.A ·2 -4 · ·2 ·4 V 
VG2S = +4V 

Gate No.2·to·Source Cutoff Voltage VG2S<oll) VOS = +16V, 10 = 200 p.A .2 
VGIS = 0 

-4 ·2 ·4 V 

VGIS = ·20V, VG2S = 0 I · I nA 
VOS = 0, TA = 250C 

Gate No.1 Leakage CUllent 'cISS 
VGIS = +IV, VG2§ = 0 I · I nA 
VOS = 0, TA = 2S C 

VGIS = ·20V, VG2!\, = 0 . 0.2 
VOS=O, TA = 125 C · - 0.2 p.A 

VG2S = ·20V, VGI,j! = 0 I - . I nA 
VOS = 0, TA = 25 C 

Gate No.2 Leakaee CUllent 'c2SS 
VG2S = +IV 

VOS = 0, VGIS = 0, TA = 250C 
I · I nA 

VG2S = ·20V, VGI!\,= 0 . 0.2 · 0.2 p.A 
VOS '" 0, TA = 125 C 

Zero*8ias Drain Current lOSS· 
Voo = +14V, VGIS = 0, 5 18 30 5 18 30 mA 
VG2S = +4 

Forward Transconductance 
lIs 

VOO = +14V, 10 = 10 mA 6000 10000 18000 6000 10000 18000 p.mho 
(Gate No.1 to Orain) VG2S = +4V, i = 1 kHz 

Cutoff Forward Transconductance 
It.(oll) Voo = + 14V, VGIS = -O.5V 100 · . p.mho 

(Gate No.1 to Orain) VG2S = ·2V, I = I kHz 

Small.Sianal, Short-Circuit 
Ci• s 

VOS = +13V, 10 = 10 mA 3 5.5 7 3 5.5 7 pF 
Input Capacitance' VG2S = +4V, I = I MHz 

SmaU..$ienal, Short:.circuit Reverse 
C'SS 

VOS = +13V,10 = 10 mA 
Transfer Capacitance (Drain to 0.01 0.02 0.03 0.01 0.02 0.03 pF 
Gate No.1)' 

VG2S = +4V,1 = I MHz 

Small.Sianal Short·Circuit 
Coss 

VOS = +13V, 10 = 10 mA 
Output Capacitance VG2S = +4V, I = I MHz 

2.2 · 2.2 pF 

Power Gain (See Fil.1 Gps 
VOO = +15V, RS = 2700 16 18 . · dB 

for Measurement Circuit) I = 200 MHz, RG = soO 

VOO = +15V, RS = 1200, 
Conversion Power Gain Gpsc lIN = 200 MHz, lOUT = 30 MHz 

(See Fia.2 lor Measurement Circuit) Oscillator injection voltage-
13 17 dB 

= 2.5 V (rms) 

M.asured Noise Figure NF VOO = +15V, Rs = 2700 3.5 4.5 dB 
(See Fia.llor M~asurem.nt Circuit) I = 200 MHz, RG = 500 

* Pusle test: Pulse duration < 20 ms, duty factor < 0.15. 

• Capacitance between Gate No.1 and all other le,,;jnals. 
• Three-Terminal Measurement with Gate No.2 and Source Returned to 

Guard Terminal. 
• Measured from gate No.2 to source. 

656 



File No. 285 
_______________________ 3N140,3N141 

'6K 

Q = 3NI40. 

• Disc ceramic • 

• Tubular ceramic. 

# Ferrile bead (1/2 used); Indiana General No.HI742C·(A.147), 
F-1157-I-H 

All resistors in ohms 
All capacitors in pF 

1.5-5 pF variable air capacilor: E.F. Johnson Type 160-102 
or equivalent. 
1-10 pF piston-type variable air capacilor: JFDTypeVAM
DID, Johanson Type 4335, or equivalenl •. 

C4: ~~:i3 ~r :~~i~~i!~te variable air capacilor: Roanwell Type 

LI: 5 lurns silver-plaled 0.02' Ihick, 0.07 '0.08' wide copper 
ribbon. Internal diameter of winding :: 0.25"; winding 
lenglh appro,,- 0.65: Tapped al 1-1/2 lurns Irom Cl endol 
winding. 

L2: Same as Ll except winding length approx. 0.7 ~ no tap_ 

Fig.1 - 200 MHz power gain and noise ligure lesl circuil 
lor Iype 3H140. 

r-------l 
I L. I 

vLa~'60= I = ~----------l 
MHZ, 47*1000\ I 

I I au~PUT 
I a w_ 
I 2 

IN~UT 
200 MHz 

~o· 
I 
I 27K 
I 
I 
I 
I L __ _ 

270K 

UC5-1:l108 

Q = 3N141. 

,. Disc ceramic. 

• Tubular ceramic. 

All resistors in ohms 
All capacitors in pF 

CI, C2: !i~~~a~e'::i~ble air capacilor: E.F. Johnson Type 160-102 

C3: 1-10 pF piston-type variabl. air capacilor: JFDTypeVAM
. 010, Johanson Type 4335, or equivalent. 

C4: ~~:i3 ~r ':::~i~~i'%te variable air capacilor: Roanwell Type 

LI: ~ib~~.s S\~t~;f~~'~~a!2t!; 1~:c~in~P:g '0~080:tsi~e w~~~f:~ 
lenglh approx.0.65: Tapped al 1-1/2 lurns from CI endol 
winding. 

L2: Ohmile Z-144 RF choke or equivalenl. 
L3: J.W. Mill .. Co. #4580 0.1 !'H RF choke or equivalenl. 

Note: If SOn meter is used in place of sweep detector, a low pass 
filte, must be provided to eliminate local oscillator voltage 
Iram load. 

Fig.2 - Conversion power gain tesl circuil 
lor Iype lH141. 

OPERATING CONSIDERATIONS 

The flexible leads of the 3N140 and 3N141 are usually 
soldered to the circuit elements. As in the case of any 
high-frequency semiconductor device, the tips of sol
dering irons should be grounded, and appropriate pre
cautions should be taken to protect the devices against 

high electric fields. 
These devices should not be connected into or discon
nected from circuits with the power on because high 
transient voltages may cause permanent damage to the 
devices. 
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TYPICAL CHARACTERISTICS FOR TYPES 3Nl«1, 3N141 

GATE No. 2- TO-SOURCE VOLTS (Vc;2Sl 

,2eS-I,IO, 

Fig.3 - HF vs VG2S' 

GATE No. 2-TO-SOURCE VOLTS 

92es-15049 

Fig.S - GpS vs V G2S (For 3HJ40). 

AMBIENT TEMPERATURE (TA)-25°C 
DRAIN-lO-SOURCE VOLTS (YDS)-IS 

o 

GATE No.2 _TO-SOURCE 
VOLTS IVG2S1o - 1 

. -I 0 I 
GATE NO.I-lO-SOURCE VOLTS (VGIS) 

Fig.7 - '0 VS V GJS' 

92CS-147,ORI 

DRAIN MILLIAMPERES (101 

92CS-f5110 

Fig.4 - HF vs 'D. 

OSCILLATOR INJECTION VOLTAGE AT GATE No.2 (VLO)-VOLTS (~msl 
92eS-15111 

o 

Fig.6 - GpS(C) vs VLO (For 3HJ4J). 

COMMON-SOURCE CIRCUIT..GATE No.1 INPUT 
AMBIENT TEMPERATURE CTA}-25°C 
DRAIN-lO-SOURCE VOLTS (YOS).13 
GATE No.1-VOLTAGE (VeilS) IS ADJUSTED 

FOR 10 -IOmA WHEN VG2S·4 V 
GATE No.2 AT At-GROUND POTENTIAL 

-4 -3 -2 -I 0 I 2 3 4 
GATE Ho.2-TO-SOURCE VOLTS (VG2S) 

92CS-14411 

Fig.8. '0 VS VG2S' 
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TYPICAL CHARACTERISTICS FOR TYPES 3N140, 3N141 

M 
o 

0.' 

COMMON-SOURCE CIRCUI.T 
AMBIENT TEMPERATURE (TA'.Z'·C 
FREQUENCY (fI ~ 200 MHz 
DRAIN MILLIAMPERES 1101·8 
GATE NO.2-l0-S0URCE VOLTS IVC;ZS)· ... 4 

Gi. 

bis 

51015 
DRAIN-TO-SOURCE VOLTS (Vos) 

Fig.9· Yis vs VDS' 

92CS-14764RI 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA1-Z'·C 
FREQUENCY (f). 200 MHz 
DRAIN MILLIAMPERES(:Io'aS 
GATE No.2-l0-SOURCE VOLTS (VG2S) a4 

10 

o 

-5 

-10 
o 15 10 

DRAIN-TO-SOURCE VOLTS (VOSI 

Fig.ll - Yfs YS VDS' 

AMBIEHT TEMPERATURE (TA)·2S·C 
FREQUENCY (f),. 200 MHz 
DRAIN-fO-SOURCE VOLTS (VOS)" 15 

GIs 

~
COMMON~SOURCE CIRCUIT 

GATE NO. Z-TO-SQURCE VOLTS (VG2S'·4 

"I. 

I' 
92CS-14762RI 

o 5 10 15 
DRAIN MILLIAMPERES (101 

92CS-14771RI 

Fig.13 - Yis vs 'D' 

o 

-0.5 

-I 

-1.5 

-2 

DRAIN-lO-SOURCE VOLTS (YOS) 
getS 14183 

Fig. 10 - Yos vs VDS' 

G .. 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAl 825·C 
FRECUENCY (f) - 200 MHz 
ORAIN MILLIAMPERES (10)-8 
GATE NO,2-TO-SOURCE VOLTS(VG2S).c4 

br. 

o 5 10 
DRAIN-TO-SOURCE VOLTS (YOS) 

92CS-14786A,1 

Fig.12 - Yrs VS VDS' 

DRAIN MILLIAMPERES (ID1 
92CS 1477& 
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TYPICAL CHARACTERISTICS FOR TYPES 3Nl40, 3N141 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)a2S-C 
FREQUENCY If)· zoo MHI 
DRAIN-TO-SOURCE VOLTS (YOS'· 15 
GATE NO.2-TO-SOURCE VOLTS (YG2S'·4 

Gil 

bls 

5 .0 
ORAIN MILLIAMPERES (IO) 

Fig.IS - YI. vs 'D. 

GATE No. 2-TO-SOURCE VOLTS (Va2s1 

Fig.17 - Yis VS VG2S. 

4 6 
GATE No.2-YO-SOURCE VOLTS (VG2S) 

Fig.19 - Yis v. VG2S· 

15 

92CS-14763RI 

92CS-14765 

92CS-14775RI 

COMMON-SOURCE CIRCUIT 
IE 
0 

§s 

AMBIENT TEMPERATURE (TAI-2S-C 
FREQUENCY (f)a2QO MHz 
DRAIN-TO-SQURCE VOLTS (VOSI-IS 

... :z: GATE No.2-TO-~RCE VOLTS (VG2SI·4 

~~ 
~3 
" .. g 
~e 
... ... 
::.~ z .. 
~ ... 
...f!; -2' brs 
~~ 
15~ 
;;; 
IE 

-50 
0 5 10 15 

DRAIN MILLIAMPERES IIQ} 

Fig.16 - Yr. v. 'D. 
COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITAI a 2S-C 
FREQUENCY (fl- 200 MHz 

U) DRAIN-lO-SOURCE VOLTSIVDS'·,3 
~ GATE NO.I- TO-SOURCE VOLTS(VG1S'.·O.6 

~ 0.5 

" 1 .. 0.4 

:!o 

~ 0.3 

~ 
S 0.2 

.8 
~ 0.1 

~ 
o 

-2 -. 
GATE No.2-TO-SOURCE VOLTS IVG2S) 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITA) - 2S·C 
FREQUENCY (f) - 200 MHz 
DRAIN-TO-SOURCE VOLTS IVOS' -15 
GATE NO.I-TO-SOURCE VOLTS (VGIS'- -0.6 

-'0 
-I 0 I 2 4 

GATE No.2-TO-SOURCE VOLTS (~S) 

Fig.20 - Yr. v. VG2S• 

9lCS-14?73ftl 

2 ~ 
iil 

I ~ 
" 0 0 

• 
92CS 14767 

92CS-14759RI 
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TYPICAL CHARACTERISTICS FOR TYPES 3N140, 3N141 

COMMON-SOURCE CIACUIT,GATE NO. I INPUT 

-2 -I o 
GATE NO. 2-TO-SOURCE VOLTS (VG2S1 

92CS 14749RI 

Fig.21 • gl. and'D Y, VG2S. 

"':3 -2 -I 0 I 2 
GATE NO. i-TO-SDURCE VOLTS eVG2S) 

Fig.23 • gl.2 YS V G2S. 

TERMINAL DIAGRAM 

~ 
~ 

LEAD 1 • DRAIN 
LEAD 2 • GATE No.2 
LEAD 3 • GATE No.1 
LEAD 4 • SOURCE, SUBSTRATE 

AND CASE 

GATE No. I-TO-SOURCE VOLTS IVG1S) 

Fig.22. g,. Y, VG1S• 

'2CS 14711 

661 



File No. 286 

ffilffiLJD MOS Field· Effect Transistors 
Solid State 
Division 

N.Channel Depletion Type 

3N142 

Silicon MOS Transistor 
For Industrial and Military Applications to 175 MHz 

Applications 

• RF amplifier, Mixer, and Oscillator in: 
CB and Mobile Communication Receivers 
Aircraft and Marine Receivers 
CATV and MATV Equipment 

• Industrial Control Circuits 
• Variable Attenuators 
• Current Limiters 
• Instrumentation Equipment 
• High.lmpedance Timing Circuits 

The-3N142 is a silicon, insulated-gate field-effect 
transistor of the N-channel depletion type utilizing the 
MOS· construction. 

The-3N142 is intendcd primarily for use as the rf 
amplifier in FM receivers and general amplifier applica- . 
tions at frequencies up to 175 MHz. 

The wide dynamic range of the 3N142 reduces cross
modulation effects in AM receivers and .minimizes the 
generation of spurious responses in FM receivers. 

• Metal-Oxide-Semiconductor 

Maximum Ratings, Absolute-Maximum Values at TA = 25° C 

* DRAIN-TO-SOURCE 
VOLTAGE, VDS .•••........ +20 V 

*DRAIN-TO-GATE 
VOLTAGE, VDG 

* GATE·TO·SOURCE 
VOLTAGE, Vc;s: 

+20 

Continuous •.•...•..••.••. +1 to-8 
Peakac ••.••••..•..•.••. ::t15 

* DRAIN CURRENT, In 50 

"TRANSISTOR DISSIPATION, PT: 

V 

V 
V 

rnA 

At ambient ! up to 25·C ...... 330 mW 
temperatures I above 25°C ..•.•• Derate at 2.2mW/oC 

"AMBIENT TEMPERATURE 
RANGE: 
Storage ...........•...... -65 to +175 
Operating ................. -65 to +175 

662 

·C 
·C 

Performance Features 

• Large dynamic range 
• Enhanced signal.handling capability for low 

crcss .. mcc!u!cticn 

• Dual-polarity gate permits positive and negative 
swing without degradation of Input Impedance 

• Reduced spurious responses in FM receivers 
• Permits use of vacuum.tube biasing techniques 
• Excellent thermal stability for critical oscillator 

designs 

Device Features 

• High input resistance - 1000 megohms 
• Low feedback capacitance - 0.35 pF max. 
• Low noise figure - 2.5 dB typo 
_. High useful power gain -

neutralized - 16 dB min. at 100 MHz 
• Hermetically sealed TO - 72 metal package 

"LEAD TEMPERATURE 
(During Soldering): 
At distances;?: 1/32" from seating 
surface for 10 seconds max. . . .. 265 

* In accordance with JEDEC Registration Data Format J&9 
RDFll-B 

·C 



FileNo. 286 ------------------------ 3N142 

ELECTRICAL CHARACTERISTICS: (At TA = 25° C) 

Measured !lith Substrate Connected to Source Unless Otherwise i'f>eci(ied 

LIMITS 

CHARACTERISTICS SYMBOLS CONDITIONS UNITS 

Min. Typ. Max. 
VOS " 0, VGS" ·8 V, TA = 2So C 0.0001 I nA 

Gate Leakage Current 
VOS"O, VGS=·8V, TA=12SoC 200 nA 

IGSS VOS = 0, VGS = +1, TA = 2So C 0.0001 I nA 
VOS =0, VGS = +1, TA = 12So C 200 nA 

Zero· Bias Drain Current .. lOSS VOS = IS V, VGS = 0 S IS 25 rnA 

Orain·to·Source Cutoff Current 1010ifl VOS = 20 V, VGS =·8 V 50 }J.A 

Gate-to·Source Cutoff Voltage VGS(oll) VOS = IS V, 10 = 50",A -0.5 -3 ·8 V 
Forward Transconductance g,s VOS = 15 V. 10·5 rnA. 1 = I kHz SOOO 7500 12,000 }J.mho 
Orain-to·Source Channel Resistance roslon) VOS = 0, VGS = 0, 1 = I kHz 200 fl 

Small·Signal Short-Circuit 
• Reverse Transler Capacitance+ Crss VOS" 15 V. 10 = 5 rnA. I" 0.1 to I MHz 0.10 0.22 0.35 pF 

Small·Signal Short· Circuit Input Capacitance Ciss VOS = 15 V, 10" 5 rnA. 1 = O.lto I MHz 5.5 7 pF 

Input Admittance Vis Common Source Conliguration 0.l55+ J3.45 mmho 
I" 100 MHz 

Forward Transfer Admittance Vfs VOS" 15V - 7.5-JO.9 - mmho 

Output Ad mittance Vos 10 = 5 rnA - 0.2I+JO.9 - mmho 

Maximum Available Power Gain MAG 26 
Maximum Usable Power Gain MUG 17 

dB 
(Fixed Neutralization) VOS " 15 V .. 10 " 5 rnA, 1 = 100 MHz 

Insertion Power Gain--
"(Fixed Neutralization) Gps 16 dB 

Noise Figure .. NF VOS" 15 V, 10" 5 rnA, 1 "100 MHz 2.5 4 dB 

• In accordance with JEDEC Registration Data Format JS·g RDF-liB :I: Three-Terminal Measurement: Source Returned to Guard Terminal 

**See Fig. 1 

INPUT 
.00 

GENERATOR 

T 
I 
I L ____________ ~ _______ _ 

T1 N1 .. 6 Turnd20 Tinned Copper Wire; %" I.D. W' Long 
Co = 205. N l/N2 = 4.85 

~~---.-I 

+16V 
92e8-17034 

T2 Nl + N4 = R TurnMOTinned Copper Wire %"I.D.9flG"Long 
Co=t90Nl/N2=1.9 Nl/N3=12.3 Nl/N4-S 

C1 = 10 pF Variable Air Capacitor (Hammarlund Mac-10 or Equivalent) 
C2 = 6 pF Variable Air Capacitor (Hammarlund Mao-5 or Equivalent) 
g3 0: ~;!~F Piston-Type Variable Air Capacitor (Erie S35e or Equivalent) 

Fig. 1 - Test Set Up for 100 MHz Insertion Power Gain and 
Noise Figure 
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3N142 ________________________________________________ _ 

TYPICAL CHARACTERISTICS 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE tTA)-25-C 

o 
!:!20 

1:: 
i 
z 
.. 5 
~ 

o 

0.5 

-2.5 

o 5 JO " 20 
DRAIN-TO-SOURCEVOLTS (VOS) 9ZC8-11090 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)-2S-C 

15 DRAIN-TO-SOURCE VOLTS (VOS)-+15 

o 
-3 

-I 

~2 
-3 
-4 
-5 

-2 -I 0 
GATE-TO-SOURCE VOLTS (Yos) 

File No. 286 

nCI-I,oll 

Fig. 2 . Drain Current vs Drain-w-Source Voltage. Fig. 3 - Drain Current vs Gate-ta-Source Voltage (V gsI. 

G4TE-TO-SOURCE VOLTS (VGS' I2CS-180IZ "DRAIN MILLIAMPERES tID) 

Fig. 4 - Forward Transconductance vs Gate Bias Voltage. Fig. 5 - Forward Transconductance vs Drain Current. 

TYPICAL V PARAMETER CHARACTERISTICS 

~ 
~ 

! -0.1 

o 

COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE I TA I & 25·C 
FREQUENCY I f I- 100 MHz 
DRAIN MILLIAMPERES (ralaS 

!5 10 15 
DRAIN-TO-'SOURCE VOLTS tVOSl 

. " 
• 

tis 
2 

Fig. 6· Input Admittance VB. Drain-ta-Source Voltage 

664 

~ 
:z: ,. 
:i 
i 
I -. 
~ 

~ e 
~ 

~I 
• 6 • 

DRAIN MILLIAMPERES CIO I 12(1-17002 

Fig. 7 - Input Admittance vs. Drain Current 
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TYPICAL y PARAMETER CHARACTERISTICS (Cont'd) 

IUS COMMON-SOURCE CIRCUIT 
.. SOURCE AND SUBSTRATE GROUNDED 
4 AMBIENT TEMPERATURE {TA)-2S·C 

DRAIN-TO-SOURCE VOLTS eVosl D+15 
2 DRAIN MILLIAMPERES (101-5 

0.01 
4 6 8 6 8 

bis 

10 100 
FREQUENCY (f I-MHz 

Fig. 8 . Input Admittance ~. Frequency 

4 6 8 10 

4 •• 
1000 

92CS~17010 

DRAIN MILLIAMPERES (101 92Cs.17ooa 

Fig. 10· Output Admittance .... Drain Current 

Fig. 12 
Voltage 

DRAIN-TO-SOURCE VOLTS eVosl 92CS-17007 

Forward Transadmittance lIS. Drain·to·Source 

I ~~~~~E· -AlPO ~~T GROUNDED 
AMBIEN «TA I- 25·C 
FREQU MHz 
DRAIN ES (IOI-S 

•.. 
0 •• 

5 10 15 
DRAIN-TO-SOURCE YOLTS (Vasl 

20 
UCS-170ot 

Fig. 9· Output Admittance .... Drain·to·Source Voltage 

IDS COMMON-SOURCE CIRCUIT 
6 SOURCE AND SUBSTRATE GROUNDED 

AMBIENT TEMPERATURE (TAI=2S-C 

","' 4 DRAIN-TO-SOURCE VOLTS (VOsI ~ +15 
o~ z DRAIN MILLIAMPERES (ID'eS 

-'" J~ I / -'" • tll • 
~1 4 

/ / g~ 2 
Zz / i--0", 
0 .... 01 
... 0. • 

~~ 6 ,," . 
0'" L , 

(lO1 ./ , 4 .. , 4 .. 
10 100 

, 
FREQUENCY (f )-MHz 

Fig. 11 . Output Admittance \'S. Frequency 

4 8 8. 10 

~~ 

'.' 

4 .. 
1000 

92CS-17013 

o 
DRAIN MILLIAMPERES (IDl 92CS-1700fii 

Fig. 13· Forward Transadmittance .... Drain Current 
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TYPICAL y PARAMETER CHARACTERISTICS 

COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 

.. AMBIENT TEMPERATURE (TA)-2S0C 

~ i ~::::-~fC~~:~~~~~l£D\~gsl.+'5 
~ 3IO~--~--_r~_r~--_r--_+_1_+_r--_+--_4 

i!:iE 
go 1 "1==:f===l==I==I=:f===l===I=;;::\:::t±=--t---j 

ii;-r-., 8 ! 6;~--+---+_+_++---+--_+_1_++':':""_+"-_4 
"'w 
~ ~ 4f-----l---+-t-+-l---+---+---j-t+---+----I .... 
: ~ 2f-----l---+-t-+-l---+---I----j-t+---I-----I 
"':i\ ! : ol---l--+-t-++--+--+...j::::++-!::...",-, -1-----1 
e 0 -2~--+---+_+_++---+--_+_1_+_r--=""I.i';:-_4 

-4 
4 •• 

10 
FREQUENCY (f I-MHz 

. 
100 400 

92CS-I7012 

-Q.3 

o 

COMMON-SOURCE CIRCUIT 
SOURCE AND suaSTRATE GROUNDED 
~:~~JEn~~Ir::~: ITA)-25·C 
DRAIN MILLIAMPERES (X )., 

Ors IS NEGUGIBLE AT THIS FREQUENCY 

... 

:5 10 15 
DRAIN-TO-SOURCE VOLTS (YDS' 

File No. 286 

20 
9ZCS-17005 

Fig. 14 - Forward Transadmirtance 115- Frequency Fig. 15 
Voltage 

Reverse Transadmirtance vs. Drain-to-Source 

DRAIN MILLIAUPERES (ID"' 

~~MON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 

~ 3 ~;!~~;o~~:~::~~~T~~;~;:~5 
DRAIN MILLIAMPERES t[o)zs ..... 

~~ 2 
I!! ., ... 
g'! 

1 z'"' 3! 
~J 0 

~~ :;! 
~D.·QI 

~~ 
0:" w .. 
~",-Q2 
0: 0 

-Q3 
2 

9r• IS NEGLIGIBLE AT 

I THESE FREQUENCIES 

--+-
i ~ 

\ 
4 •• 10 
FREQUENCV (f)-MHz 

6 1100 400 

92CS-17011 

Fig. 16 - Reverse Transadmirtance vs. Drain Current Fig. 17· Reverse Transadmittance vs. Frequency 
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TERMINAL DIAGRAM 

~ 
~ 

LEAD 1 - DRAIN 
LEAD 2- SOURCE 
LEAD 3- INSULATED GATE 
LEAD 4 - BULK (SUBSTRATE) AND CASE 



File No. 314 _______________________________ _ 

OTIQ8LJD MOS Field· Effect Transistors 
Solid State 
Division 

N-Channel Depletion Type 

3N152 

Silicon MOS Transistor 

For Low-Noise RF Applications in Military & 
Industrial VH F Communications Equipment 
Operating up to 250 MHz 

TQ-72 

RCA-3NIS2 is an N-channel depletion-type silicon insulated 
gate field..,ffect transistor utilizing the MOS· construction. It 
is intended primarily for VHF amplifier applications up to 
250 MHz in military and industrial equipment. 

Because of its improved transfer characteristic and ex
ceptionally wide dynamic range, the 3Nl52 with the 
substrate. in the reversed bias mode can provide substantially 
better cross-modulation performance in linear amplifier 
applications than co·nventional bipolar transistors. The insu· 
lated g:;te with its extremely low reverse (leakage) current 
eliminates the problem of diode·current loading of the input 
circuit under strong input conditions, which is common to 
junction-type FET's. These features· in addition to low 
feedback capacitance permit the design of circuits providing 
superior high-frequency operation and high gain without 
neutralization. The 3NIS2 utilizes full-gate construction and 
is hermetically sealed in a JEDEC TO-72 metal package. 

• Metal-Oxide-Semiconductor. 

Maximum Ratings. Absolut~Maximum Values at TA = 2SOC: 

* DRAIN-T()'SOURCE VOLTAGE, VDS ......... +20 max. V 
*DRAIN-T().GATE VOLTAGE, VDG ........... +20 V 
IIGATE-TO-SOURCE VOLTAGE, VGS: * CONTINUOUS (de) ..................... +I, -8 max. V 
" PEAK ac ............................... ±15 max. V 
"DRAIN CURRENT, ID .. . .. . • . . . . . • .. . . . . . . . . 50 max. mA 

TRANSISTOR DISSIPATION: 
At ambient l up 1025"C ................. 330 max. mW 
temperaturesiabove 2SoC .............. derate at 2.2 mW/OC 

"AMBIENT TEMPERATURE RANGE: 
Storage................................. -6510+175 "C 
Operating............................... -6510+175 "C 

"LEAD TEMPERATURE (During Soldering): 
At distances notclo5er than 1/32 inch td 
seating surface for 10 seconds maximum ....... 265 max. °c 

II In accoldance with Jedec Registration Data Fonnal JI>-9 RDF II-B. 

12-67 

Features 

• Low gate leakage current .., 
IGSS = 0.1 pA typo 

• Low feedback capacitance -
erss " 0.25 pF typo 

• High forward transconductance -
gfs = 7500 IJII1ho typo 

• High vhf power gain -
GpS = 16 dB typo at 200 MHz 

.• Low vhf noise figure -
N F = 2.5 dB typo at 200 MHz 

• Exceptionally good cross-modulation characteristics 

Performance 

g Large dynamic range 

• Greatly reduced spurious responses 

• Permits use of vacuum·tube biasing techniques 

• Excellent thermal stability 

• Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 
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3N152 
____________________________ File No. 314 

ELECTRICAL CHARACTERISTICS AT TA = 25°C 
Measured with Substrate Connected to Source Unless Otherwise Specified 

.. 
.. 
.. 
.. 
.. 

CHARACTERISTICS 

Gate Leakage Current 

Zero-Bias Drain Current 

Drain-to-Source Cutoff Current 

Gate-to-Source-Cuto!f Voltage 

Forward Transconductance 

I;lrain-~o-Source Channel Resistance 

SmalioSignal Shan-Circuit 
Reverse Transfer Capacitance4 

Small.$ignal Short-Circuit Input Capacita~ce 

Input Admittance 

SYMBOLS 

'GSS 

lOSS 

Icloffl 

VGS(offl 

." 
rOSlon) 

Crss 

Ciss 

Vis 

CONDITIONS 

Ves '" 15 v. VGS '" 0 

VDS = 20 V. VGS =-8V 

VOS=15V,IO=50I'A 

Vos = 15 V. '0 '" 5 rnA, f '" 1 kHz 

VOS'" 0, VGS =0, f '" 1 kHz 

Vos = 15 V. 10 = 5 mA, f = 0.110 1 MHz 

VOS = 15 V, 10" 5 mA, f;; 0.110 1 MHz 

Common Source Configuration 
f = 200 MHz 

Forward Transfer AdmittancfiJ v" 
Output Admittance 
~------------------------~~~---;VDS=15V. 

v., 10 =5mA 

Power Gain 
Maximum Available Gain MAG 

Insertion Power Gain (Fixed 
Neutral!zation) Se~ Fig.1 

lization) GPS 
VOS <015 V. 10 = 5 rnA, f::. 200 MHz 

Noise Figure (See Figs. 1 & 21 NF VOS~ 15V,IO=5mA,f'=2ooMHz 

LIMITS 

f--:-M"';n-.---y-T--"'3N"-'!!5r2----t UNITS 
yp. Max. 

O.OC)()1 nA 

200 nA 

15 30 mA 

50 

-0.5 -3 -8 V 

5000 7500 . 12,000 ",mho 

200 l! 

0.15 0.25 0.35 pF 

5.5 pF 

0.4 + J7.3 mmho 

7·J2 mmho 

0.28 + Jl.8 mmho 

21 . dB 

14.5 16 dB 

2.5 3.5 dB 

.. Three-Terminal Measurement. Source Returned to Guard Terminal. 
~ In accordance with JEOEC Registration Oat8 Format JS-S RCF-11 B. 

r-------------,------------I 
I I I 
I I I 
I C, I I 
I I I I Q I OUTPs':in 

I LOAO 

I 
I 

INPUT 00· 
50n~f-~~~~ 
GEN. 1-

I' 
I 
I 
I 
I 
I 

I 
EXTERNAl-'"'"l 

SHIELD I 

470 
1%. 

II2W 

RFC 
(QHMITE TYPE 
Z235 OR EQUIV.l 

I L __ _ 0f-----L------- ~-----J 

Q.3Nl5f 

All R.sisters In ........... 1/4 W 
unl.ssolhen.lHSpecll ..... 

All Capacitors in pF. 

.. TUBUlAR CERAMIC 

.. DISC CERAMIC 
92CS-14892RI 

Fig. , - Test circuit used to measure 200-MHz maximum 
usable power gain and noise Figure_ 

668 

C,.C2: 

C3: 

C4.Cs: 

1.5-5 pF variable air capacitor: E. F. Johnson Tvpe 160·102 
or equivalent 
1-10 pF piston-type variable air capacitor: JFD Type 
VAM-010. Johanson Type 4335. or equivalent 
0.3-3 pF 'piston-tvpe variable air capacitor: Roanwell Type 
MH-13 or equivalent 

5 turns silver-plated 0.02" thick; O.07".().08" wide copper 
ribbon. ,nternal diameter of winding a 0.25"; winding 
length approx. 0.66". Tapped at 1-1/2 turns from C1 end 
of winding 
Same as L, except winding length approx. 0.7"; no tap 

Fig. 2 - Noise figure measurement setup. 



File No. 314 ----------------------------________________________ 3N152 

TEST SETUP AND TYPICAL CHARACTERISTICS 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TA)-2S0C 

.. 
Q 
t! 20 

o 5 10 15 
ORAIN-TO-$DURCEVOLTS (Vas) 

-0.5 

-I 

-1.5 

-2 
-2.5 

20 

92CS-IG090 

Fig. 3· Drain Current vs Drain·to·Source Voltage. 
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Fig. 5· Forward Transconductance vs Gate Bias Voltage. 

Fig. 7 - Input Admittance vs Drain Current. 
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Fig. 4 . Drain Current vs Gate·to·Source Voltage. 

92CS-I6093 

Fig. 6 - Forward Transconductance vs Drain Current. 

COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE ITA):r.ZS-C 
FREQUENCY (,),. 200 MHz 
DRAIN MILLIAMPERES CIo)"5 

.. 
",0 

~~IO 
Ui.J 

gil 

o 5 10 15 
DRAIN-TO-SOURCE VOLTS (Vosl 

bis 

20 

92CS-16095 

Fig. 8 . Input Admittance vs Drain·to·Source Voltage. 
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3N152 ________________________________________________ _ 
File No. 314 

TVPICAL 200 MHz COMMON-SOURCE ADMITTANCE (VI COMPONENTS 

DRAIN MILLIAMPERES tID) 
92CS-16096 

Fig. 9· Reverse Transadmittance vs Drain Current. 

'2CS-180ge 

Fig. 11 . Forward Transadmittance vs Drain Current. 

DRAIN MILLIAMPERES CIol 
'2CS~ITOOO 

Fig. 13· Output Admittance vs Drain Current. 
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COMMON - SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TAI-25· 
FREQUENCY (fl. 200 MHz 
DRAIN MILLIAMPERES 1101-5 

'r. IS NEGLIGIBLE AT THIS FRE~ENCY 

b" 

5 10 15 
DRAIN-TO-SOURCE VOLTS (VOS) 

20 

92CS-16097 

Fig_ 10· Reverse Transadmiftance lIS Drain·to·Source Voltage. 

F.ig •. 12· Forward Transadmittance lIS Drain·to·Source Voltage . 
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••• 
o • 0 

Btes-17001 

Fig. 14· Output Admittance lIS Drain·to-Source Voltage. 
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lOa COMMON-SOURCE CIRCUIT 
6 SOURCE AND SUBSTRATE GROUNDED 
4 AMBIENT TEMPERATURE (TA)-25-C 

en DRAIN-TO-SOURCE VOLTS (VOSI-+15 
o DRAIN MILLIAMPERES (I.D1-5 

~! 2 V 
bis 

~~ 18±:=$:=I=!=1$=$=t$a==$~$=$tJ ~l 6~ t! r---r-~-,rt~--+---t-+-~_~~;~f_~--rt~ 

~~ 2'r---r-~~rt~--+---t-+-~~_r--~_r44 

~ ~O.l~==$=:$:$$$:=~=l=tzt*=$:=~$:~ => '" • .. " 
~~ 4r---r-~~rt~--+---t,~~--_r--4__r44 

1/ 
0.01 

4 6 8 6 8 
10 100 

FREQUENCY (f)-MHz 

Fig. 7 b • mpur Admittance vs ,.,equency. 

COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TA)=25°C 
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92CS-17010 
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Fig. 17 - Forward Transadmlttance vs Frequency. 

400 
92CS-17012 

COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 

~ 3 ~:!~~Jo~;~~:~:~~~S(Te~~~~~~5 
;;;0 ORAIN MILLIAMPERES (IO):r5 
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I THESE FREQUENCIES 
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Fig. 16 - Reverse Ifansaamlttance vs I-requency. 

108 COMMON-SOURCE CIRCUIT 
6 SOURCE AND SUBSTRATE GROUNDED 

AMBIENT TEMPERATURE (TA):r25°C 

~~ 
4 ORAIN-TO-SOURCE VOLTS (VDSJ"'+15 
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z ORAIN MILLIAMPERES (IO)=5 
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Fig. 18 - Outpur ~amlttance vs Frequency. 
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File No. 320 

OOCIBLJD MOS Field· Effect Transistors 
Solid State 
Division 

RCA 3Nl53· is a silicon, insulated-gate field-effect 
transistor of the N-channel depletion type, utilizing the 
MOS- construction. It is intended primarily for critical 
chopper and multiplex applications up to 60 MHz. 

The insulated gate provides a very high value of 
input resistance (1010 ohms typ) which is relatively in
sensitive to temperature and is independent of gate-bias 
conditions (positive, negative, or zero bias). The 3N153 
also features extremely low feedback capacitance 
(0.34 pF typ) and virtually zero inher.ent offset voltage. 

This transistor features a Terminal Arrangement in 
which the gate and source connections are interchanged 
to provide maximum isolation between the output (drain) 
and the input (gate) terminals. Although this new bssing 
configuration does not appreciably change the measured 
device feedback capacitance, it permits the use of 
external inter-terminal shields to reduce the feedback 
due to external capacitances, particularly on printed 
circuit boards. This featore makes it possible to mini
mize feedthrough capacitance. 

The 3Nl53 is hermetically sealed in the JEDEC 
T0-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 

... Metal-Oxide-Semiconductor 

Maximum Ratings, A&so/ute~Max/mum Values: 
(Substrate connected to source unless otherwise specified} 

DRAIN-TO-SOURCE VOLTAGE, VDS •.• -t2O max. V 
DRAIN-TO-SUBSTRATE VOLTAGE, VD& +20, -0.3 max. V 
SOURCE-TO-SUBBTRATE 

VOLTAGE, VSB' ••.•.•••.•.••.. +20, -0.3 max. V 
DC GATE-TO-SOURCE VOLTAGE, VGS. -16, oS max. V 
PEAK GATE-TO-SOURCE 

VOLTAGE, vGS ....•..• , •.••• " ±14 max. V 
DRAIN CURRENT,ID 

(Pulse duration 20 ma, duty factor 
f. 0.10> •.•.•.••.••.•.••••• " 50 max. mA 

TRANSISTOR DISSIPATION, PT: 
At ambient temperatures 

from.a5 to +25OC .••.•.•.••.••• 400 max. mW 
above 25°C .•.•..•.•.• derate lineerly at 2.67 mWI"C 

AMBIENT TEMPERATURE RANGE: 
Storage ..•.....•..••...•••.•• 
Operating •••....•••.•..••...• 

LEAD TEMPERATURE 
(During soldering); 

At distance .~ 1132" to septing 
surface for 10 seconds max. • • • . . ••• 

672 

.a5 to +175 °c 

.as to +175 °c 

265 max. °c 

H-Chennel Depletion Type 

SILICON INSULATED 
GATE fiELD-EffECT 
TRANSISTOR 
APPLICATIONS 

3N153 

JEDEC TO.72 

TERMINAL DIAGRAM 
• Choppers 

• Multiplex.rs 

• Servo Amplifiers 

• Computer Operational Amplifiers 

• Sampling Circuits 

• Electrameter Amplifiers 

FEATURES 

~ 
~ 

1- Drain 

2 - Source 

• excellent thermal stability 3 - Insulated Gate 

• virtually zero inherent offset voltage 4 - B ~~~ ~~~~ate) 
• low leakage current: 50 pA max. 

• low "on" resistance - rOS(on) = 200 Q typo 

• high "off" resistance-ROS(off) = 1010 Q typo 

• low feedback capacitance - Crss = 0.34 pF typo 

• low input capacitance-Cis. = 6 pF typo 

SUBSTRATE CONNECTED TO SOURCE 
AMBIENT TEMPERATURE (TA l-2S·C 

2. 

D 
!:!20 .. 
~ 
Ir I. 
~ 
.J 

~ 10 

z 

" g • 

Yos =0 

OSlO 15 

-I 

ORAiN-TO-SOURCE VOLTS IVosl 

92CS-1494S 

Fig.1 - Drain current vs. drain-to.source voltage. 
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File No. 320 3N153 

ELECTRICAL CHARACTERISTICS, at T A = 250 C, Unless Otherwise Specified. Substrate Connected to Source. 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONOITIONS Type 3N153 UNITS 

Min. Typ. Max. 

Gate·Leakage Current IGSS 
VGS =+6,.8V; VOS =OV; TA = 25 0C 0.1 50 pA 
VGS =+6,.8V; VOs=OV; TA = l250C 1 nA 

Static Orain·to·Source rOS(on) VGS = OV, VOS = OV 200 300 n 
"ON" Resistance 

Orain·to-Source ROS(ol!) VGS = -8V, VOS = +IV 109 1010 n "a F F" Res istance 

Orain-to-Source IO(off) VGS=-8V, VOS=+IV, TA = 250C 0.1 1 nA 
Cutoff Current VGS =-8V, VOS =+ IV, TA =125oC 0.1 1 ,..A 

Small-Signal, Short-Circuit, Crss 
VGS =-8V, VOS =OV, 1=1 MHz 0.34 11.5 pF 

Reverse Transler Capacitance VOS =15V, 10 =5 mA, 1=1 MHz 0.25 0.38 pF 

Small-Signal, Short-Circuit, Ciss VGS =-8V, VOS =OV, 1=1 MHz 6 8 pF 
Input Capacitance 

Small-Signal, Drain-to-Source Cds VOS =OV, VGS =-8V, 1=1 MHz 3 pF 
Capacitance 

Zero-Gate-Bias 
gls V GS = OV, VOS = + 15V 10,000 I,mho 

Forward Transconductance 

Oflset Voltage Va VGS = +6,.8V; VOS =OV O· V 

* In measurements of Offset Voltage, thermocouple effects and contact potentials in the measurement setup may cause erroneous readings of 
1 microvolt or more. These errors may be minimized by the use of solder having a low thermal e.m.f., such as Leeds & Northrup No.107-1.0.I. 
or equivalent. 

OPERATING CONSIDERATIONS 

The flexible leads of the 3N153 are usually soldered 
to the circuit elements_ As in the case of any high-fre
quency semiconductor device, the tips of soldering irons 
should be grounded, snd appropriate precautions should be 
taken to protect the device against high electric fields_ 

This device should not be connected into or dis-
connected from circuits with the power on because 
high trsnsient voltages may cause permsnent damage 
to the device. 

TYPICAL CHARACTERISTICS 

Fig_2 - Low-level Jrain current 
VS. clrain-to-source voltage. 

92C5-14944 
GATE-lO-SOURCE VOLTS (YGsJ 

92CS-1494S 

Fig.3 - Drain-Io-source static resistance 
Vs. gate-to-source voltage. 673 



TO·72 

OOCD3LJD 
Solid State 
Division 

File No. 335 

MOS Field· Effect Transistor 

N-Channel Depletion Type 

3N154 

Silicon MOS Transistor 
For Critical Amplifier Applications in Military & Industrial 
VHF Communications Equipment Operating up to 250 MHz 

Device Feature: 

• Closely controlled lOSS - 10 to 25 rnA 
• Low gate leakage current - I GSS = 0.1 pA typo 
• Low feedback capacitance - Crss = 0.25 pF typo 
• High forward transconductance - gts = 7500 Ilmho typo 
• High vhf power gain - GpS = 16 dB typo at 200 MHz 
• Low vhf noise figure - N F = 3.5 dB typo at 200 MHz 
• Exceptionally good cross-modulation characteristics 

RCA 3Nl54 is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the MOS. 
construction. It is intended primarily for vhf amplifier 
applications up to 250 MHz in military and industrial 
equipment. 

Performance Features 
• Large dynamic range 
• Greatly reduced spurious responses 
• Permits use of vacuum·tube biasing techniques 
• Excellent thermal stability 
• Superior cross--modulation performance and greater 

dynamic range than bipolar transistors 

Maximum Ratings, Absolute-Maximum Values at T A = 25°C: 

*DRAIN-TD-SOURCE VOLTAGE, VDS ' •••• +20 

*DRAIN-TD-GATE VOLTAGE, VOO. • . • • . . +20 
*GATE-TO-SOURCE VOLTAGE, VGS: 

V 

V 

Because of its improved transfer characteristic and 
exceptionally wide dynamic range, the 3N154 can Jrovide 
substantially better crossmodulation . performance in 
linear amplifier applications than conventional bipolar 
transistors. The extremely low gate leakage current 
eliminates diode-cUlrent loading of the input circuit 
under strong signal conditions, a problem which is common 
to junction-type FET's. These features, in addition to 
low feedback capacitance, permit the design of circuits 
providing superior high-frequency operation and high gain 
without neutralization. The 3N154 utilizes full-gate 
construction and is hermetically sealed in a JEDEC 
TO-72 metsl package. 

* CONTINUOUS (de) ••••••••••••••• 

* PEAK ac ••••••••••••••••••••• 

*DRAIN CURRENT. IDA •••••••••••••• 
*TRANSISTOR DISSIPATION: 

+ 1, -8 

± 15 

50 

V 

V 

rnA 

• Metal·Oxide·Semiconductor 

674 

TERMINAL DIAGRAM 

~ 
~ 

1 • Drain 

2 • Source 

3· Insulated Gate 

4 - Bulk (Substrate) 
and Case 

At ambient } up to 25°C • • • • • • • • • • • 330 mW 
temperatures above 25°C •••••••• derate at 2.2 mW/vG 

*AMBIENT TEMPERATURE RANGE: 
Storage. • • • • • • • • • • • • • • • • • • • • •• ~5 to + 175 °c 
Operating •••• ; • • • • • • • • • • • • • • •• ~5 to + 175 °c 

LEAD TEMPERATURE <During Soldering}: 

At distances not closer than 1/32 inch to 
seating ~urface for 10 seconds maximum. 265 DC 

In accordance with JEOEC Registration Data Format JS9-ROF-11B 

A Pulsed: 

Pulse duration 5. 20 ms 
Duty factor 5. 0.15 
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File No; 335 ---------------------------- 3N154 

ELECTRICAL CHARACTERISTICS: (At TA = 25" C) 

Measured with Substrate Connected to Source Unless Otherwise Specified. 

CHARACTERISTICS SYMBOLS CONDITIONS 

Gate Leakage Current IGSS 

VOS=O, VGS=·8 V, TA=25° C 
VOS=O, VGS~·8 V, TA=1250C 
VOS = 0, VGS = + I, TA = 250 C 
VOS =0, VGS = +1, TA = 1250 C 

Zero· Bias Orain Current lOSS VOS= 15 V, VGS=O 

Orain·to-Source Cutoll Current 10(011) VOS = 20 V, VGS =-8 V 

Gate-to·Source Cutoff Voltage VGS(off) VOS = 15 V,IO = 50J1.A 
Forward Transsconductance gls VOS = 15 V, 10 = 5 rnA, 1= 1 kHz 
Orain·to·Source Channel Resistance rOsCon) VOS = 0, VGS = 0, I = 1 kHz 

Small-Signal Short-Circuit 
Crss VOS = 15 V, 10 =.5 rnA. I =0.1 to 1 MHz Reverse Transler Capacitance 

Small-Signal Short-Circuit Input Capacitance· Ciss VOS = 15 V, 10 = 5 rnA. 1= 0.1 to 1 MHz 

Input Admittance Vis Common Source Conliguration 

Forward Transfer Admittance Yls 
I =200 MHz, 
VOS=15V, 

Output Admittance Yos 10=5.mA 

Maximum Available Power Gain MAG 

Insertion Power Gain (Fixed Neutralization) 
VOS = 15 V, 10 = 5 rnA. 1= 200 MHz 

(see Fig. 1) GpS 

Noise Figure (see Figs.! & :n NF VOS = 15 V, 10 = 5 rnA, 1= 200 MHz 

* In Accordance with JEDEC Registration Data Format J5-9 RDF-liB 
• Three·Terminal Measurement: Source Returned to Guard Terminal 

LIMITS 

3NI54 UNITS 
Min. Tvp. Max. 

0.0001 0.05 nA 
5 nf'. 

0.0001 0.05 nA 
5 nA 

10 15 25 rnA 

- 50 J1.A 

-0.5 -3 ·8 V 
0000 7500 12,000 J1.mho 

200 n 

0.15 0.25 0.35 pF 

5.5 7 pF 

- 0.4 + J7_3 - mmho 

- 7-J2 - mmho 

- 0_28 + H.8 - mmho 

21 dB 

13.5 16 dB 

3;5 5 dB 

,-------------1------------1 
I CI 0.5- I I 

Cl' C2: 1.!;-5 pF variable air capacitor: E. F. Johnson Type 160-102 
or equivalent 

I I I 

I I Q I c5 OUTP~n 
I LOAD 
I 
I 
I 

INPUT 100' 
.011 ~II--""'_~ 
GEN . ..1 

T 4.7K 
I 
I 
I 
I 
I 

I 

EXTERNAL--1 
SHIELD I 

RFC 
(OHMITE TYPE 
Z235 OR EQUIV.) 

I L __ _ ~-____ L __ -----~ ____ ~ 

24K II IO-SmA 

Q.3NI54 I ___________________ ~~v~~v 

All ResislOII in ohms and 1/4 W • TUBULAR CERAMIC 
un'essoth.,Msespecified. 

All Capocilors in pF. • DISC CERAMIC 92CS-14892RI 

Fig. , - Test circuit used to measure 200-MHz maximum 
Ulllbifl power gain and noise figure 

C3: }~~':.l'.':.~i~~~~K~7:rl~~i:!:e~~acltor: JFD Type VAM-OIO, 

C4, C5: ~.t.U:,P~g~r~%~rVarlable air capacitor: Roanwell Type 

Q=3N154 
LI: 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide copper 

ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from CI end 
of wind in I 

L2: Same as Ll except winding length approx. 0.7"; no tap. 

Fig. 2 - Noise figure measurement setup 
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TYPICAL CHARACTERISTI.CS 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TA)-25-C 

2. 

c; 
!:! 20 

o 5 10 IS 
ORAIN·TO-SOURCEVOLTS (Vos) 

+0.5 

-I 

-us 
-2 

-2.5 
20 

92CI-16090 

Fig. 3· Drain current 1'$ drain·to-source voltage 

·COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T.):o25-C J FR!taUENCY (f). I kHz 

15 DRAIN-TO-SQURCE VOLTS (~9!t)·+15 

o 
-3 

SUBSTRATE-YO-SOURCE VOLTS-O 

-I 

-2 -1 0 
GATE-TO-SOURCE VOLTS (YGSl 

-. 
-3 

-4 

92CS':"6092 

Fig. 5· Forward transconductance vs gate· to-source voltage 

. COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T.)-25·C 

15 DRAIN-TO-SOURCE VOLTS CYOS)-+15 

3 ,. 
c 0 
0: 
Q 

o 
-3 

~q; -0 
~ 

fi 
-2 -I .0 

GATE-TO-SOURCE VOLTS (VGS) 
'ItS-16011 

Fig. 4 _. Drain current 1'$ gate-to-source voltage 

'DRAIN MILLIAMPERES CID) '2cs-llOn 

Fig. 6 - Forward transconductance 1'$ drain current 

TVPICAL 200 MHz COMMON-SOORCE ADMITTANCE 
(V) CoMPONENTS . . 

8 
DRAIN MILLIAMPERES t.ID} 

Fig. 7 - Input admittance 1'$ drain current 
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92C5-16094 

COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TAJ"'25°C. 
FREQUENCY (f) = 200 MHz 
DRAIN MILLIAMPERES (10) = 5 

" ",0 

~~IO 
Ui...J 

." 

o 5 10 15 
DRAIN-TO-SOURCE VOLTS (VOS) 

bis 

20 

92CS-16095 

Fig. 8 - Input lidmittance 1'$ drain-to-source voltage 
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TVPICAL 200 MHz COMMONoSOURCE ADMITTANCE (VI COMPONENTS 

4 6 8 
DRAIN MILLIAMPERES (I'D) 92CS-I6096 

Fig. 9 - Reverse transadmitl11nce vs drain current 

B2CS-16098 

Fig. 11· Forward transadmitt1Jnce vs drain current 

DRAIN MILLIAMPERES Clol 

Fig. 13 - Output admitt1Jnce vs drain current 

-1.0 
o 

CO"MON - SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE CTAI-25-
FREQUENCY In. 200 MHz 
ORAIN MILLIAMPERES (10)-5 

0,. IS NEGLIGIBLE AT THIS FREQUENCY 

b" 

5 10 15 
DRAIN-TO-SQURCE VOLTS I Vos) 

20 

9ZCS-16097 

Fig. 10 - Reverse transadmitl11nce vs drain-to·source voll11ge 

91CS-18099 

Fig. 12 - Forward transadinitl11nce v. drain·to-source- voitage 

o 5 10 15 
DRAIN-lO-SOURCE VOLTS IYos) 

bo• 

-0. 
20 

91CS-170DI 

Fig. 14 - Output admitt1Jnce vs drain·ta-source voltage 
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File No. 326 

OO(]3LJD MOS Field· Effect Transistors 
Solid State 
Division 

The 3N159 is an n-channel silicon, depletion_ type, 
dual insulated-gate, field-effect transistor utilizing the 
MOS •• construction. It has exceptional characteristics 
for rf - amplifier applications at frequencies up to 
300 MHz. This transistor features a series arrangement 
of two separate channels, each channel having _ an 
independent control gate. 

Type 3N159 has an exceptionally low-noise figure, which 
makes this type particularly suitable for critical vhf 
applications. When used in a Common-source con
figuration in which gate No.2 is ac grounded, this device 
reduces oscillator feedthrougb to the antenna thereby 
minimizing oscillator radiation. 

The 3N159 is hermetically sealed in the metal JEDEC 
TO-72 package. 

.. Metal-Oxide-Semiconductor. 

Maximum Ratings, Absolute-MCI%imum Values: 

at TA = 2SoC 

DRAIN-TO-SOURCE VOLTAGE. VDS ' .•••••• 0 to +20 V 

GATE-No.I-TO-SOURCE VOLTAGE. VGIS: 
Continuous (de) ......•.. .......... . -8 to +1 V 
Peak.ac ....................... -8 to +20 V 

GATE No.2-TO-SOURCE VOLTAGE. VG2S: 
Continuous (de) . . . . . . . . • . . . .. -8 to 40% of VDS V 
Peak Be ••••••••••••••••.••••••• -8 to +20 V 

DRAIN·TO-GATE VOLTAGE: 
VDGl or VDG2 •••••••••••••••••••••••• +20 V 

DRAIN CURRENT. In 
Pulsed: Pulse duration ::. 20 ma, 
duty factor ::: 0.15 •• ; •••••••••••••••••• SO mA 

TRANSISTOR DISSIPATl0c!" P T: 
At ambient } up to 25 C •••••••••••••••• 400 mW 
temperatures above 25°C ..... •... . derate linearly at 

2.67 mW/oC 

AMBIENT TEMPERATURE RANGE: 
Storage and Operating ........•..... -65 to +175 0 C 

LEAD TEMPERATURE (During soldering): 
At distances ~ 1/32 inch from seaUng 

surface for 10 seconds max. • • • • • • • • • • • • • •• 265 0 C 
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N-Channel Depletion Type 

3N159 

SILICON -DUAL INSULATED-GATE· 
FIELD-EFFECT TRANSISTOR 
N-Channel Depletion Type 
For MHilary and Industrial 
Low-Noise Rf-Am_ifier 
Applications Up to 300 MHz 

APPLICA TIONS 

[mJ 
TO·72 

• RF amplifier In military and industrial communications 
equipment 

• airc .... ft. II!t!rine and ".,hl""I"r rece,vers 

• CATV and MATV equipment 

• telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• wide dynamic range permits large-signal handling 
befare oyerload 

• dual.gate permits simplified age circuitry 

• Yirtually no age power required 

• greatly reduces spurious responses In FM receiYers 

• permits use of yacu~m.tube biaSing -techniques 

• excelleilt thermal stability 

• superior cross.modulatlon performance and greater 
dynamic range than bipolar or single-gate field.eHect 
transistors 

DEVICE FEA TURES 

• low gate leakage currents -
IG1SS & IG2SS = 1 nA max. 

• high forward transconductance -
gfs = 7000 .. mho min. 

• high- unneutralized RF power gain -
Gps = 16 dB min. at 200 MHz 

• low Yhf noi se figure - -
NF = 3.5 dB max. at 200 MHz 



File No. 326 

ELECTRICAL CHARACTERISTICS, at T A = 2SoC unle.s otherwi.e .pecified 

CHARACTERISTICS SYMBOLS 

Gate·No.1·to·Source Cutoff Voltage VGIS(off) 

Gate·No.2·to·Source Cutoff Voltage V G2S(off) 

Gate·No.l·Leakage Current IGISS 

Gate-No_2-Leakage Current IG2SS 

Zero-Bias Orain Current lOSt 

Forward Transconductance 
gls (Gate-No.1-to-Orain) 

Cutoff Forward Transconductance 
gls(off) (Gate·No.1·to·Orain) 

Small-Signa I, Short-Circuit 
Ciss Input Capacitance" 

Small-Signal, Short-Circuit, Reverse Transler Crss Capacitance (Orain-to-Gate No.1)· 

Small-Signal, Short-Circuit 
Coss Output Capacitance 

Maximum Usable Power Gain MUG 
(See Fig.1 lor Measurement Circuit) 

Measured Noise Figure NF 
(See Fig.1 lor Measurement Circuit) 

* pulse Test: Pulse dUration < 20 ms, duty factor < 0.15 • 
.t. CapaCitance between Gate N;'-I and all other termi;;'als. 

TEST CONOITIONS 

VOS = +16V, 10 = 200 I"A 
VG2S = +4V 

VOS = +16V, 10 = 200 I"A 
VGIS = 0 

VGIS = ·20V, VG2~ = 0 
VOS = 0, T A = 25 C 
VGIS = +IV, VG2S = 0 
VOS = 0, T A = 250C 
VGIS = ·20V, VG2S = 0 
VOS = 0, TA = l250C 

VG2S = -20V, VGl~ = 0 
V~ =0, TA =25 C 

VG2S = +1, VOS = 0 
VGIS = 0, TA = 25 0C 
VG2S = -20V, VGIS = 0 
VOS = 0, TA = l250C 

VOO = +14V, VGlS = 0 
VG2S = +4V 
VOO = +14V, 10 = 10 rnA 
VG2S = +4V, I = I kHz 

VOO = +14V, V GIS = -0_5V 
VG2S = -2V, I = I kHz 

VOS = +13V, 10 = 10 rnA 
VG2S = +4V, I = I MHz 

VOS = +13V, 10 = 10 rnA 
VG2S = +4V, I = I MHz 

VOS = +13V, 10 = 10 rnA 
VG2S = +4V, I = I MHz 

VOO = +15V, RS = 270n 
RG = 50n, I = 200 MHz 

Voo = +15V, RS = 270n 
I = 200 MHz, RG = 50n 

• Three-Terminal Measurement with Gate No.2 and Source Returned to Guard Terminal. 

3N159 

LIMITS 

3NI59 UNITS 
Min. Typ. Max. 

·2 ·4 V 

·2 ·4 V 

I nA 

I nA 

0.2 I"A 

I nA 

I nA 

0.2 I"A 

5 18 30 rnA 

7000 10,000 18,000 I"mho 

100 I"mho 

3 5.5 7 pF 

0.01 0.02 0.03 pF 

2.2 pF 

16 18 22 dB 

2.5 3.5 dB 
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,..--------,- ----- - -- --1 
I 1 I 
I c, 3. 1 I 
I l * OUTPUT 

:- ·nfc-'lr.-~-.___...--:>ft.-~ 
I 

36K 

1'00" 
RFe 

(OHMITE TYPE 
Z235 OR EQUIV.! 

• Tubular ceramic 
Y Disc ceramic 

FiJe No. 326 

# Ferrile bead (1/2 used); Indiana General No. H 1742C{A·147) or 
F1l57-I'H or equivalent. 

t VHF plug in socket Jettron CD72·148 and CD72I49 (part No.7977·I) 
or equivalent. 

CI. C'2: 1.5·5pF variable air capacitor: E. F. Johnson Type 160·102 
or equivalent. 

. C3: 1·10 pF piston·type variable air capacitor: JFO Type 
VAM·OlO, Johanson Type 4335, or equivalent. 

C4: 0.3-3 pF piston·type variable air capacitor: Roanwell Type 
MH·13 or equivalent. 

LI: 5 turns si Iver·plated 0.02" thick, 0.07'"0.08" wide copper 
ribbon. Inlernal diameter of winding = 0.25'~ winding 
length approx. 0.65". Tapped at 1·112 turns from CI end 
of Winding. 

L2: Same as LI except winding length approx. 0.7"; no tap. 

Fig. I • 200·MHz power gain and noise-figure tes'" circuit for type 3NI59. 

TYPICAL CHARACTERISTICS 

DRAIN MILUAMPERES U:O' '2CS~15048 

Fig.2 • Noise figure vs gate No.2·fo·source vo/foge. Fig.3 - Noise figure vs drain current. 

10000 COMMON-SOlACE CIRCUIT COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)-25-C' 
DRAIN-TO-SOURCE VOLTS (Vos). +15 
DRAIN MILLIAMPERES (IO)"'8 

100 
GATE NO.2-TO-SOURCE VOLTS (\1025>"'+4 

,f--f--Ht++--+-+-t-+A,.+-+-H-/" 

::1 • • ~ 

1 i 4 

!:of, r.88 :~ , 
'I'. ~ w 

u 

~ 10 10% · 8 5 
~ • • 

~ 4 4 .. c ... '\ 
~ ~ .. , , 

" 0 
1 0 

4 68,0 2 46810 2 468,00 . 4 .. , 4 . . , 4 .. 
10 100 1000 

FREQUENCY {f )-MHz 
92CS-1476ORI FREQUENCY (1 J-MHz 92CS 14179 

Fig.4· Inpuf resistance and capacifance vs frequency. Fig.5 • Oufput resistance and capar:itance vs frequency. 
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TYPICAL SMALL·SIGNAL y PARAMETERS at 200 MHz 

GATE NO. 2-TO-SOURCE VOLTS 

., 
o 

'" :Ii 

:: 
i , 

9ZCS 14765 

Fig.6 - Input conrluctance anrl susceptance vs 
gate No.2-to-source voltage. 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAl -2S·C 
FREQUENCY Ifl- 200 MHz 
DRA1N-TO-SQURCE VOLTS (Vas) -15 
GATE NO.I-TO-SOURCE VOLTS (VGIS)· -0.6 

-50 
-, 0 

GATE No.2-TO-SOURCE VOLTS (VozsI 
9I!:CS-14759RI 

Fig.8 - Reverse transfer conductance or susceptance 
vs gate No.2-to-source voltage. 

0.5 
o 

~ ;COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAI-ZS·C 
FREQUENCY If)· 200 MHz 

b DRAIN-TO-SOURCE VOLTS (VOs)-15 
r GATE NO. 2-TO-SOURCE VOLTS (VG2S)-4 

.,. 
',. 

5 10 15 
DRAIN MILLIAMPERES (IO) 

15 :e 

92CS-14771RI 

Fig.IO -Input conrluctance anr/ susceptance vs 
rlrain milliamperes. 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITA'. 2S·C 
FREQUENCY If). 200 MHz 

In DRAIN-lO-SOURCE VOLTS(VOS)· ... 13 
~ GATE NO.I- TO-SOURCE VOLTS (VG1SI--0.6 

j 0.5 

:Ii 

.!. ... O.4 

~. 

~ 0.3 

§ 
Q 0.2 

8 
... 0.1 

~ 0 
-2 -, 

GATE NO.2-TO-SOURCE VOLTS (VG2S) 

·0. 

'0. 

., 
o 

'" " 5 j 

'l' ... 
e 
"' 3 l;1 

S 
2 u 

~ 
I~ 
0 0 

• 
9ZCS 14767 

Fig.7 - Output conrluctance anrl susceptance vs 
gate No.2-to-source voltage. 

GATE No.2-l0-S0URCE VOLTS (VG2S) 92CS-147715RI 

Fig.9 - Forwarrl transfer conrluctance or susceptance 
vs gate No.2-to-source voltage. 

MILLIAMPERES (ID) 

Fig.II - Output conrluctance anrl susceptance vs 
rlrain milliamperes. 
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TYPICAL SMALL-SIGNAL 'I PARAMETERS at 200 MHz 

'0 

o 

-5 

-'0 
o 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE CTA)·2S·C 
fREQUENCY (f). 200 MHz 
DRAIN-TO-SOURCE VOLTS (VDS)· 15 
GATE NO.2-TO-SOURCE VOLTS (YG2S}·4 

VI-

5 10 
DRAIN MILLIAMPERES c:[o) 

92C$-147fi3R I 

Fig.12 - Forward Iransler conduclance and susceplance 
vs lrain cu"enl. 

'0 

o 

-. 
-'0 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMP£RATURE (TA)·2S·C 
FREQUENCY en '" 200 MHz 
DRAIN MILLIAMPERES tID)· S 
GATE NO.2-TO-SOURCE VOLTS (VG2S)a4 

o • 10 ,. 
DRAIN-Wo-SOURCE VOLTS (VOS) 

92CS-14762RI 

Fig.14 - Forward Iransler conductance and susceplance 
vs drain-to-source vo/lage. 

2 ;, 4 15 6 7 B 9 10 II 12 II 14 15 
DRAIN-TO-SOURCE VOLTS (Yos) 92CS 14713 

Fig.16 - Output conductance and susceptance vs 
drain-la-source voltage. 

682 

'" 0 

18 ... " U," 
Zo 

Gfi ",. 
~J.. 
~e-
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... u "z i:! 
... il; 
... u 
~~ ..... 
~ 

0 

-25 

-50 
o 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAJ-eaC 
FREQUENCY (f):o2OO IIHf 
ORAIN-TO-SOURCE VOLTSCVDS)-15 
GATE NO.2-TO-SOURCE VOLTS (VG2S'·4 

V,. 

b .. 

• 10 
DRAIN MILLIAMPERES IIOI 

92CS-14773RI 

Fig.13 - Reverse Iransler conductance and susceptance 
vs J..rain current. 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA) • 2S-C 
FREQUENCY (1). 200MHz 
DRAIN MILLIAMPERES (ID) • 8 
GATE NO. 2-TO-SOURCE VOLTS (VG2S)· 

4 5 • 
DRAIN-TO-SOURCE.VOLTS (VOS) 

92CS .. 1.4 

F ig.1 5 - Input conductance and s usceplance vs 
drain-Io-source vo/lage. 

i!S 
-e .. 
2~ 
... '" u 0 

Z '" e ~ 
~! a 
81 
f!i ~ -500 

~~ 
~ § -1000 

~ ~ 
~ -1500 

-2000 

Gr. 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAI·~oC 
FREQUENCY(f' - 200 MHz 
DRAIN MILLIAMPERES (!0)-8 
GATE No.2-TO-SOURCE VOLTS(VG2S)=4 

o 5 10 15 
DRAIN-TO-SOURCE VOLTS (YDS) 

92CS-14786RI 

Fig.17 - Reverse Iransler conductance and susceptance 
vs drain-Io-source voltage. 
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TYPICAL CHARACTERISTICS 

-, 
FREQUENCY (t J -MHz GATE No. I-TO·SOURCE VOLTS IVGi$» 

9ZCS 14771 

Fig.IS - Forward transler conductance and susceptance 
vs Irequency. 

Fig;19 - Forward transler conductance vs 
gate Ho.l-ta-source voltage. 

Fig.20 - Power gain vs gate Ho.2-to-source voltage. 

TERMINAL DIAGRAM 

~ 
~ 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 
LEAD 4 - SOURCE, SUBSTRATE AND CASE 

3N159 
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mrnLJD MOS Field-Effect Transistors 
Solid State 
Division· N-Channel Depletion Types 

3N187 

Silicon Dual Insulated - Gate 
Field - Effect Transistor 
With I ntegrated Gate-Protection Circuits 

For Military and Industrial Applications up to 300 MHz 

Device Feotures 

• Back-to-back diodes protect each gate against handling and in-circuit transientS 

JEDEC TO-72 
• High forward transconductance - 9fs = 12,000 "mho (typ.) 
• High unneutralized RF power gain - Gps = 18 dB(typ.) at 200 MHz 

.• Loy! VHF noise figure - 3.5 dB(typ:) at 200 MHz 

App/{cotions RCA-3N187 is an n-channel silicon, depletion type, 
dual insulated-gate field-effect transistor. • RF amplifier, mixer, and IF amplifier in mi litary, and 

Special back-to-back diodes are diffused directly into 
the MOS'" pellet and are electrically connected between 
each insulated gate and the FET's source. The diodes 
effectively bypass any voltage transients which exceed 
approximately ±10 volts. This protects the gates against 
damage in all normal handling and usage. 

A feature of the back-to-back diode configuration is 
that it allows the 3N187 to retain the wide input sigual 
dynamic range inherent in the MOSFET. In addition, the 
junction capacitance of these diodes adds little to the 
total capacitance shunting the signal gate. 

The excellent overall performance characteristics of 
the RCA-3N187 make it useful for a wide variety of rf
amplifier applications at frequencies up to 300 MHz. 
The two senially-connected channels with independent 
control gates make possible a greater dynamic range 
and lower cros&-modulation than is normally achieved 
using devices having only a single control element. 

The two-gate arrangement of the 3N187 also makes 
possible a desirable reduction in feedback capacitance 
by operating in the common-source configuration and ae
grounding Gate No.2. The reduced capacitance allows 
operation at maximum gain without neutralization; and, 
of special importance in rf-amplifiers, it reduces local 
oscillator feedthrough to the antenna. 

The 3N187 is hermetically sealed in the metal JEDEC 
TG-72 package. 

.. Metal-OXide-Semiconductor 

684 

industrial communications equipment 
• Aircraft and marine vehicular receivers 
• CATV and MATV equipment 
• Telemetry and multiplex equipment 

Per/orn'anc:e Features 
• Superior cross-modulation performance and greater 

dynamic· range than bipol ar or single-gate FET's 
• Wide dynamic range permits large-signal handling 

before overload 
• Virtually no agc power required 
• Greatly reduces spurious responses in FM receivers 

Maximum Rathtgs, 

Absolute-Maximum Values, at T A =250 C 

DRAIN-TO-SOURCE VOLTAGE. VDS • " -{J.2 to +20 
GATE No. l-TO-SOURCE VOLTAGE, VGlS: 

Continuous (de) •••••••••••••••• -6 to +3 
Peak ae ••••••••••••••••••••• -6 to +6 

GATE No. 2-TO-SOURCE VOLTAGE, VG2S' 
CootinuouB (de) ••••••••••••• -6 to 30% of VDS 
Peak·ae ••••••••••••••••••••• -6 to is 

*DRAIN-TO-GATE VOLTAGE, 
VDGl OR VDG2 ••••••••••••••• +20 

* DRAIN CURRENT, ID • • • • • • • • • • • •• 50 
* TRANSISTOR DISSIPATION P T: 

At ambient }up to 250 C ••••••••• 330 
temperatures above 250 C ••••••• derate linearly at 

* AMBIENT TEMPERATURE RANGE: 2.2 rnW/oC 
Storage and Operating -65 to +175 

• LEAD TEMPERATURE (During Soldering): 
At distances 2 1/32 inch from 
seating surface for 10 seconds max. 265 

* In accordance with JEDEC Registration Data Format 
.18-9 RDF-l9A 

V 

V 
V 

V 
V 

V 

rnA 

rnW 

5·70 
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ELECTRICAL CHARACTERISTICS, at TA = 25°C unless otherwise specified 

CHARACTERISTICS SVMBOL 

• Gate No. 1· to-Source Cutoff Voltage VGIS(olf) 

• Gale No. 2-to-Source Cutoff Voltage VG2S(01f) 

• Gate No. I-Terminal Forward Current IG1SSF 

• Gale No. I-Terminal Reverse Current IG1SSR 

• Gate No. 2-Terminal Forward Current IG2SSF 

• Gate No. 2-Terminal Reverse Current IG2SSR 

• Zero-Bias Drain Current lOS 

Forward Transconductance 
gls (Gate No. l-ta-Orain) 

• Small-Signal, Short-Circuit Input Capacitancet Ciss· 

• Small-Signal, Short-Circuit, 
Reverse Transler Capacitance Crss 
(Orain-to-Gate No. I). 

• Small-Signal, Short-Circuit Output Capaci tanc Coss 
Power Gain (see Fig; 1) GpS 
Maximum Available Power Gain MAG 

Maximum Usable Power Gain (unneutralized) MUG 

Noise Figure (see Fig. 1) NF 

Magnitude 01 Forward Transadmittance Ivisl 

Phase Angle 01 Forward Transadmillance e 
Magnitude 01 Reverse Transadmillance IVrsl 
Angle 01 Reverse Transadmillance I1rs 
Input Resistance fjss 
Output Resistance ross 
Gate-to-Source 
Forward Breakdown Voltage: 

Gate No.1 V(BR1G1SSF 
Gate No.2 V(BR)G2SSF 

Gate-to-Source 
Reverse Breakdown Voltage: 

Gate No.1 V(BR1G1SSR 
Gate No.2 V(BR)G2SSR 

.. 
"'Limited only by practical design considerations~ 
t Capacitance between Gate No.1 and all other terminals 
• Three-terminal measurement wfth Gate No.2 and 

Source returned to groundJerminal. 
• In accordance with JEDEC Registration Data· Format JSo9 RDF-l9A 

TEST CONOITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

VOS = +15 V, 10 =50/LA 
-0.5 -2 -4 V 

VG2S =+4 V 

VOS = +15 V, 10 = 50 /LA -0.5 -2 -4 V 
VGlS = 0 

VGlS = +1 V TA = 250 C - - 50 nA 
VG2S = VOS = 0 TA -100uC - - 5 /LA 

VG1S =-6 V TA = 250 C - - 50 nA 
VG2S = VOS=O TA=1000C - -. 5 /LA 

VG2S = +6 V TA = 250C - - 50 nA 
VGlS = VOs=O TA = 1000C - - 5 /LA 

VG2S =-6 V TA =250 C - - 50 nA 
VGlS =VOs=O TA = 1000 C - - 5 /LA 

VOS = +15 V 
VG2S = +4 V 5 15 30 rnA 
VGlS = 0 

VOS = +15 V, 10 = lOrnA 
7000 12,000 18,000 /Lmho 

VG2S = +4 V, I = 1kHz 

4.0 6.0 8.5 pF 

VOS = + 15 V, 10 = 10 mA 
VG2S = +4 V, I "1 MHz 0.005 0.02 0.03 pF 

- 2.0 - pF 

16 18 22 dB 

- 20 - dB 

- 20" - dB 

- 3.5 4.5 dB 
VOS = +15 V,IO = IOmA - 12,000 - /Lmho 
VG2S = +4 V, I - 200 MHz - -35 - Oegrees 

- 25 - /Lmho 

- -25 - Degrees 

- 1.0 - kll 

- 2.8 - kll 

IG ISSF- IG2SSF - 100 /LA 6.5 • 10 - V 

IG1SSR -IG2SSR --100/LA -6.5 -10 - V 

OPERATING CONSIDERATIONS 

The flexible leads of the 3N187 are usually soldered to the 
circuit elements. As in the case of any high-frequency 
semiconductor device, the ·tips of soldering irons MUST 
be grounded. 
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, EXTERNAL SHIELD " : 
, C4 OUTPUT 

I 
I , , , 
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9m,Q6111 

# f~~HJ~~~D~ ~:0?{~.f~~:cO~3 ·;~a::[~i:;. ~ Oi~ '~:ramic. 
All resistors in ohms • Tubular ceramic. 
All capacitors in pF 

C,: ~;Se;.Jar~~ariable air capacilor: E.f. Johnson Type 161).104, 

C2: 1.5-5 pf variable air capacilor: E.f. Johnson Type 16IJ.102, 
or equivalent 

C3: J,;i;!~.':,~ O/:~:Wt. :~~:~i~a~~nf."paCiIOl: JfD Type VAM-OlO; 

,C4: 0.S-4.S pf pislon Iype variable air capacilor: Erie 56IJ.013 or 
equivalent. 

• Ll: 41urns silver·plaled 0.02·in. Ihick, 0.07"O,OS"in. wide, copper 
ribbon. Internal diameter of winding =0.25 in, winding length 
approx. 0.08 in. 

L2: 4',Iurns silver·plaled 0.02-in Ihick, O.OS"O.09"in. wide, ~'I6-in. 
ID. Coil =.90 in. long. 

Fig. I- 200-MHz Power gain and noise-figure test. eircuit 

GATE No, 2- TO-SOURCE VOLTS (V02S) 

92CS-15109R1 

Fig. 2. NF vs. VG2S 

if 
43 

! 
! 20 

~ 
i 10 

o 

Fig. 4. CPS vs_ VG2S 

DRAIN MILLIAMPERES (10) 

Fig. 3. NF vs. 'D 

100 200 
FREQUENCY (U-MHz 

300 

Fig. 5· MAG. vs. I 

92CS-I!l1I0R1 

400 

1255-4011 
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AMBIENT TEMPERATURE (TA).2~·C 
DRAIN-lO-SOURCE VOLTS (VOS'-15 

.. '!> 

o 

GATE No.2 - TO-SOURCE 
IiOLTS lVG2Sl ·- 1 

-I 0 I 
GATE NO.I-lO-SOURCE VOLTS (VGIS' 

Fig. 6. '0 vS. VGIS 

COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)a2S-C 

FREQUENCY (11·2.00 MHz 
DRAIN MILLIAMPERES tID'· 10 
GATE No.2-fO-SOURCE VOLTS (VGi~S)·+4 

VIs 

bis 

10 15 
DRAIN-TO';'SOURCE VOLTS"(VOS) 

Fig. 8· Yis vs. VOS 

10 15 

DRAIN-lO-SOURCE VOLTS (Vos) 

Fig. 10· Yfs vs. VOS 

·2 

92CS-14790R2 

I? :g 
!Ii 

~ 
I 

10 l 
w 
l;l 
I! 

• ~ 
i 

92CS~15342RI 

9255-4087 

z • .. 
15 

·2.5 

COMMON-SOURCE CIRCUIT. GATE No.1 INPUT 
AMBIENT TEMPERATURE (TA).25-C 
DRAIN-lO-SOURCE VOLTS (VOS).,5 
GATE NO.1-VOLTAGE (\tIS' IS A[).JUSTEO 

FOR 10 -IOmA WHEN VG25·4 V 
GATE No.2 AT AC-GROUND POTENTIAL 

3N187 

o 
-4 -2 -I 0 I 2 3 4 

GATE NO.2-TO-SOURCE VOLTS (VG2S' 
9ZCS-14411RI 

Fig. 7.10 vs. VG2S 
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Fig. 9· Yos VS. VOS 

CDUON-SOURCE ORCUIT 
AMBlEMTTEMPERATURE(T~. 251' C 
FREQUENCY {Q • ZlO aH. 
DRAIN IlIWAMPERES (Io). 10 
GATE NO. Z, TO-SOURCE VOLTS (YG2S)-. 

8" 

IY"I 
5 10 15 
DR .... H-TO-SOURCE VOLTS (VOs! 

Fig. ,,- Yrs VS. VOS 
92SS-1S11 
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COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAl-25·C 
FREQUENCY (f)-ZOO MHz 
ORAIN-TO-SQURCE VOLTS (V~.15 
GATE No.2-l0-S0URCE VOLTS lVG 

10 15 
ORAl" MILLIAMPERES UOI 

Fig. 12. Yis VS. ID 

10 15 
DRAIN MILLIAMPERES-(ID' 

Fig. 14. YI5 V5. ID 

CONMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)- 25-C i 1.2 :i?~~~~sbfukcl~L~SH( VOS) • 15 

3 GATE NO.I-lO-SQURCE VOLTS t VGISle-D.S 

i , 
!! 1.0 ... 
u z 
G s 
13 0.6 
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GATE NO.2-TO-SOURCE VOLTS (YGZSI 

Fig. 16. Yi5 VS. VG2S 

1255-4011 
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DRAIN MILLIAMPERES (IDI 

Fig. 13· Y05 V5. ID 

COMMON·SOURCE CIRCUIT 

i =:~EU"iN~~r=.R:::~I(TA) • 250 C 
I 0.03 DRAIN-TO-SOURCE YOLTS(YOS) -15 
;: GATE NO. 2-TO-SOURCE VOLn(Y .. 
~ 

~ ! 0.02 

~ 
m 
~ 0.01 

g 0.2 

8 
I- 0.1 

~ 0 

10 15 

DRAIN MILLl4MPERES (10) 

Fig. 15. Yr5 V5. 'D 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)" 2!5"C 
FREQUENCY (1).200 MHz 
DRAIN- TO- SOURCE VOLTS (VDS) - 1!5 
GATE No.l- TO-SOURCE VOLTS(VG1S 1--O.6 

-2 -I 0 I 2 4 

File No. 436 

0.1 

boo 

92CS-14776RI 

925$-4574 

2 ~ 

I ~ 
I!: 
" 0 0 

• 
GATE NO.2-TO-SOURCE VOLTS IVG2S1 

92CS -14767RI 

Fig. 17. Y05 V5. VG2S 
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Fig. 18. Yfs vs. YG2S 

o 100 200 300 
FREQUENCY ttl- MHz 

Fig. 20· Yis vs. frequency 

COMMON SOURCE CIRCUIT . 
~ AMBIENT TEMPERATURE {Tt)·25·C 

~ 15 g~::: J~L-l~~~~iR~~L~~ )~r81.15 
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DRAIN-TO-SOURCE VOLTS Nas)-IS 
DRAIN MILLIAMPERES Uo)· 10 
GATE NO.2-l0-SOURCE VOLTS (VG2s)o+4 

'0. 

bo • 

100 200 300 
FREQUENCY (t)- MHI 
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COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T,)-25·C 
FREQUENCY CU-' KHz 
CRAw-tO-SOURCE YOLTS (VDS).I~ 

GATE NO.2-lO-SOURCE VOLTS Va2 )-+4 

-I 

+3 

+2 

+1 

o 
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GATE NO. 2-l0-S0URCE VOLTS (YGU ) -2 -I 0 +1 
9ZCS-15l45R1 

Fig. 24. gfs anJ'D vs. VG2S 

-2 -I , 

GATE No.2-l0-S0URCE VOLTS (Va2S) 

Fig. 26· 9fs2 vs. VG2S 

TERMINAL DIAGRAM 

LEAD I·DRAIN 
LEAD 2·GATE No.2 
LEAD 3 ·GATE No. I 
LEAD 4·S0URCE. SUBSTRATE 

AND CASE 

GATE NO.l~TO-SOURCE VOLTS (Vors) 
12SS-4018 

Fig. 25 .• gfs vs. VG1S 
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OO(]5LJ[] MOS Field-Effect Transistors 
Solid State 
Division 

N-Channel Depletion Types 

3N200 

Silicon Dual Insulated - Gate 
Field - Effect Transistor 
With Integrated Gate-Protection Circuits 

For Military and Industrial Applications up to 500 MHz 

Applications 

• RF amplifier, mixer, and IF amplifier in military and industrial 
communications equipment 

• Aircraft and marine vehicular receivers 
• CATV and MATV equipment 

JEDEC TO·72 
• Telemetry and multiplex equipment 

RCA-3N200 is an n-<:hannel silicon, depletion type, dual 
insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into the 
MOS, 'pellet and are electrically connected between each 
insulated gate and the FET's source. The diodes effectively 
bypass any voltage transients which exceed approximately 
'10 volts. This protects the gates against damage in .11 
normal handling and usage. 

A feature of the back·ta-back diode configuration is that it 
allows the 3N200 to retain the wide input signal dynamic 
range inherent in the MOSFET. In addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate. 

The excellent overall performance characteristics of the 
RCA-3N200make it useful for a wide variety of rf-amplifier 

Maximum Ratings, Absolute-Maximum Values, at TA = 2jOC 

DRAIN·TO-SOURCE VOLTAGE, VDS . . • . .0.2 to +20 
GATE NO.1·TO-SOURCE VOLTAGE, VG1S: 

Continuous {del. . . . . . . . . . . . . . . . . . . -6 to +3 
Peak ae ..•.•.•..•............... ·6 to +6 

GATE No.2·TO-SOURCE VOLTAGE, VG2S: 
Continuous (de). . . . . • . . . . . . . . . .. -6 to 30% of VOS 
Peak ae . . . . . . • . . • . . . . • . . . . . • • . ·6 to +6 

• DRAIN·TO·GATE VOLTAGE, 
VDG1 OR VDG2 ............ ,. 

'DRAIN CURRENT,IO ........... . 
'TRANSISTOR DISSIPATION, PT: 

At ambient l up to 250 C .... . 
temperatures f above 250 C .... . 

• AMBIENT TEMPERATURE RANGE: 

+20 
50 

330 
derate linearlv at 

2.2mW/oC 

Storage and Operating .......... ·65 to +175 
* LEAD TEMPERATURE (During solderingl: 

At distances~1/32 inch from 
seating surface for 10 seconds max. 265 

V 

V 
V 

V 
V 

V 
mA 

mW 

oC 

oC 

°In accmdance with JEDEC registration data format (J5-9 RDF·19A) 
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applications at frequencies up to 500 MHz. 'The two 
serially-<:onnected channels with independent control gates 
make possible a greater dynamic range and lower cross
modulation than is normally achieved using devices having 
only a single control element. 

The two-gate arrangement of the 3N200 also makes possible a 
desirable reduction in feedback capacitance by operating in 
the common-5ource configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization; and, of special im
portance in rf·amplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 3N200 is hermetically sealed in the metal JEDEC TO-72 
package. 

Performance Features 
• Superior cross-modulation performance and greater 

dynamic range than bipolar or single-gate FET s 
• Wide dynamic range permits large-Signal handling 

before overload ' 
• Dual-gate permits simplified agc Circuitry 
• Virtually no agc power required 
• Greatly reduces spurious r'esponses ill FM receivers 

Device Features 
• Back-to-back diodes protect each gate against 

handling and In-circuit transients 
• High forward transconductance -

gfs = 15,000 II mho (typ.) 
• High unneutrallzed RF power gain -

Gps = 12.5 dB (typ.) at 400 MHz = 19 dB (typ.) at 200 MHz 
• Low VHF noise figure - 3.9 dB (typ.) at 400 MHz 

3.0 dB (typ.) at 200 MHz 
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ELECTRICAL CHARACTERISTICS LIMITS 
at r" = 25°C SYMBOLS TEST CONDITIONS UNITS 
unl ••• otIt.,wi ••• pecili.J Min. Typ. Max. 

Gate No. I-to-Source Cutoff Voltage VGI9:off) 
V"OS = + IS V, 10 = 5DI-'-A 

-0.1 -I -3 V 
VG2S =, +4V 

• 

Gate No. No-Source Cutoff Voltage " VG29:oft) 
VOS = + IS V, 10 = 5DI-'-A 

-0.1 -I -3 V VGIS = 0 • 

Gate No. I·Terminal Forward Current IGISSF 
VGIS=+IV TA = 25°C - - 50 nA 
VG2S;; VOS '1 0 TA = 100°C - - 5 p.A 

• 

Gate No. I-Terminal Reverse Current IGISSR 
VGIS=-6V TA = 25°C - - 50 nA 
VG2S = VOS = 0 TA = 100°C - - 5 p.A 

• 

VG2S = +6 V TA = 2SoC - - 50 nA 
Gate No.2-Terminal Forward Current IG2SSF VGlS=VOS=O TA = 100°C - - 5 p.A 

VG2S = -6 V TA = 250C - - 50 nA 
Gate No.2-Terminal Reverse Current 'IG2SSR VGIS = VOS =0 TA = loooe - - 5 p.A 

• Zero-Bias Drain Current lOS 
VOS=+15V, VGlS=O 

0.5 5.0 12 mA 
VG2S=+4V 

Forward Transconductance gfs f = 1kHz 10,000 15,000 2O,OO( p.mho 
(Gate No. I-ta-Drain) 

• 

Small-Signal~ Short-Circuit Input 
Capaci tance Ciss 4.0 6.0 8.5 pF 

Small-Signal, Shrirt'Circuit, VOS=+15V 
Reverse Transfer Cap'acitance Crss 10 = lOmA f = I MHz 0.005 0.02 0.03 pF 
(Orain-to-Gate-No. 1)., VG2S = +4V 
Small-Signal, Short·Circuit Output 
Capaci tance Coss - 2.0 - pF 

Power Gain (see Fig. 1) GpS 10 12.5 - dB 

Noise Figure (see Fig. 1) NF f = 400 MHz - 3.9 6.0 dB 

Bandwidth BW 28 - 38 MHz 

Gate-to-Source Forward 
IGlSSF = Breakdown Voltage Gale No. I V(BR)GISSF 
IG2SSF = VG2S = VOS· 0' 

6.5 - 13 V 
Gate No.2 V(BR)G2SSF 100 p. A VGlS = VOS = 0 

• Gate-Io-Source Reverse IGISSR = Breakdown Voltage Gate No.1 V(BR)GlSSR IG2SSR = VG2S=VOS=0 
lOOp.A -6.5 - -13 V 

Gate No.2 V(BR)G2SSR VGIS=VOS=O 

• 10 accordance with JEDEC reeistlalion data format, 
(JS-9 RDF·19Al 

t Capacitance between Gate No.1 and' all other terminals • 
'Three-terminal measurement with Gate No.2 and 

692 

SOurce returned to lUald terminal. 

OPERATING CONSIDERATIONS 

The flexible leads of the 3N200 are usually soldered to the 
circuit elements. As in the case of any high·frequency 
semiconductor device, the tips of soldering irons MUST 
be grounded. 
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__________ ~ ________________________________________ 3N200 

r--------T------~' 

I H-\-..!' ___ --.-_ ....... --,Il~O)OUTPUT 

l:utER. 

IlEADLfS'r DISC 

I = 
I ~J:R.DISC. 

INPUT ~f-~-~---1 
1 c) 1M 

I -:n 
L -=- 1000 1000 L Zl60 
----F-~- ----

T 
I 
I 

470 I 
CERAMlCi 

] UBULAR 
-=-STANDOFFI 

h- J 
Vos -=
.I5V 

All re.lstance. in ohm. 
All capacitances in pF 

CI • C2: 1.3-5.4 pF vatiable air capacitor: 
Hammerland Mac 5 type or 
equivalent 

C3: 1.9-13.8 pF variable air capacitor: 
Hammer land Mac IS type or 
equivalent 

C4: Appro •• 300 pF· capacitance lor ... 
ed between socket cover & chassis 

CS: 0.8-4.5 pF piston type variable 
air capacitor: Erie 560-013 or 
equivalent 

L I .L2: Inductance to tune circuit 

Fig. I • 400 MHz power g"in "nJ noise figure test circuit 

Typic,,1 Characteri.tic. 
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yond. Parameter. VI. Frequency 
TEST CONDITIONS; Draln·t ... Source Volts (VDsl = 15, Drain Milliampere. (lD) = 10, 

Gate No. 2·t ... Source Volt. (V G2Sl = 4 

CHARACTERISTICS SYMBOL FREQUENCY (MHz) 

100 200 300 400 

Maximum Available Power Gain MAG 32 24 17.5 13 
Maximum Usable Power Gain (Unneutralized)* MUG 32 24 17.5 13 

Y Parameters 

Input Conductance gis 0.25 0.8 2.0 3.6 
Input Susceptance bis 3.4 5.8 8.5 11.2 
Magnitude of Forward Transadmittance IYfsl 15.3 15.3 15.4 15.5 
Angle of Forward Transadmittance LYfs - 15 -25 -35 -47 
Output Conductance 205 0.15 0.3 0.5 0.8 
Output Susceptance bos 1.5 2.1 3.6 4.25 
Magnitude of Reverse Transadmittance I Yrsl 0.1112 0.025 0.06 0.14 
Angle of Reverse Transadmittance LYrs -60 -25 0 14 

S Parameters 

Magnitude of Input Reflection Coell. ISisl 0.97 0.90 0.84 0.78 
Angle of Input Reflection Coell. LSis -20 -32 -55 -68 
Magnitude of Forward Transmission Coell. I sfsl 1.50 1.40 1.25 1.1 
Angle of Forward Transmission Coell. £sfs 153 133 112 90 
Mangitude of Output Reflection Coeff. ISosl 0.985 0.95 0.93 0.92 
Angle of Output Reflection Coell. LSos -7.5 -16 -22 -28 
Magnitude of Reverse Transmission Coell. ISrsl OJJ01 0.0025 0.005 0.010 
Angle of Reverse Transmission Coeff. "Srs 100 125 141 150 
.. *Llmltedonly by practical desllP' conSiderations 

Typical y Parameters vs. Vos 
AUi~ TUPiIATUIIE (T~ • 2PC , .... ENT reol'E1llorun (TV' 2S'C 
FRlQUI!NCY (I) •• lHa Flt!QU!IICY (I) •• ilHa 

::.:~=~g~~cy 
... 

:''::~~=~~(YG2$l .• IIZsl' • .I 

i i i 
3 3 a 12.5 
• ~ , iii 
1· ~. 

"} ! " 
~ , ~ 1 

' .. 15 S g 7.5 

L be i 5 
10 ~ ... 

~, ~ 
ii,.5 
... :j ... iI • • • • 1 • 12 " 16 • • 10 12 

500 

10 
10 

6.2 
15.5 
16.3 
-60 
1.1 
5.0 
0.26 

20 

0.70 
-82 
0.9 

70 
0.91 
-34 
0.0165 
142 

I, " DRAfH. TO-SOURCE VOLTS (YDSI _·TlJ.5OURCE .... nIV.sI 
".,,'" 

Fig. 6-Yi$ vs. Vas Fig. 7- Yol VI. VDS 
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UNITS 

dB 
dB 

mmho 

mmho 
mmho 

degrees 
mmho 
mmho 
mmho 
degree~ 

degrees. 

degrees 

degrees 

degrees 

11 ,. 
....... 
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AMBIENT TEMPERAlVRE (T..,). 250C 
f'REQUENCY (1'1. 4OO"H, 
DRAIN MILLIAMPERES (to) • 10 
GATE NO. Z.YQ.SOURCE VOLTS ('tGZs) ... 

.. 

1",1 

Lrf, 

DRAIN-TO-SOURCE VOL T5 (VOs) 

Fig. 8'Yls vs. VOS 

IS 

~ 
14 

~ 1 

iil 
8 2 .. 
~ 

AMBIENT TEMPERATURE (TN. 2SOC 
FREQUENCY (I) • 4DOMHz 
DRAIN·TO·SOURCE VOL 15 (VaS! • 15 
GATE NO. z.'rO-SOURCE VOLTS (VG2s) • 4 

'il 

bj, 

.. 
DRAIN MILLIAMPERESllol 

Fig. 10. Yio v •• 10 

In, 

L'b 

12 

12 

6 • 10 12 

DRAIN MILLIAMPERES (10) 

Fig. 12-YI. vs.IO 

TVPical V Parameters vs. Vos (cant'd) 

Ii! 
AMBIENT TEMPERAtuRE (TA). 25'C 
FREQUENCY II). 400MHa 
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I 
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~ 
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Typical y Parameters ys. VG25 
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Typical Characteristics 

AMBIENT TEMPERAnlRE (TAl" ZSOC 
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_1 0 Z 

GATE NO. l·TO-SOURCE VOLTS (YG2sJ 

Fig. lB. g,.2 VS. YG2S 

696 

!l2S$.15St 

-. 

f! _0.5 
II! 
if 

AMBIENT TEMPERATURE IT AI .. 25'C 
DRAIN·TO·SOURCE YOLTS(YoS)" 15 

GATE NO. f.ll).SOURCE VOLTS (YGIV 

Fig. 19- g,. v •. VGIS 



File No. 437 

Typical Characteristics (Cont'd) 

AMBIENT TEIlPERA TURE (1 A). ZSOC 
FREQUENCY F • 400 MIt .. 

~ 15 NOISE AGURE • 4.0 d8 

:l 
~ 12.5 

fJ i 10 
]~d8 

U48 

3.14B 

3.04 

-22.S -10 -17.5 _IS _12.5 _10 _7.S -5 -1.5 

GENERATOR SOURCE SUSCEPTANCE - IILLIMHOS .... ,. 
Fig. 20. Noise figure vs. generator source admittance 

TERMINAL DIAGRAM 

LEAD I·DRAIN 
LEAD 2·GATE No.2 
LEAD 3·GATE No. I 
LEAD 4.S0URCE, SUBSTRATE 

AND CASE 

3N200 
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TO·72 

rnrnLJD 
Solid State 
Division 

MOS Field· Effect Transistors 
N·cnannel Depletion Type 

Silicon MOS Transistor 
For VHF Tuners and Other VHF Amplifier 

40467A 

Applications in Industrial & Commercial Electronic Equipment 
Operating up to 220 MHz 
Device Features: 
• Low feedback capacitance' Crss = 0.25 pF typo 
• High forward transconductance· gfs = 7500 j.II1Iho typo 
• High vhf power gain' GpS = 16 dB typ at 200 MHz 
• Low vhf noise figure· NF =.3.5 dB typ at 200 MHz 
• Exceptionally good cross·modulation characteristics 

Performance Features: 

• Large dynamic range 
• Greatly reduced spurious responses 
• Permits use of vacuum-tube biasing techniques 
• Excellent thermal stability 
• Superior cross-modulation performance and greater 

dynamic range than bipolar transistors 

Maximum Ratings, Absolute~.\taxjmum Values at T" = 2,t;°C: RCA· 40467 A is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the MOS· 
construction. It is intended primarily for vhf-amplifier 
applications in industrial and commercial electronic 
equipment. 

DRAIN-TO-SOURCE VOLTAGE, VDS . . . . . . +20 V 

The 40467 A is useful in vhf applications requiring 
devices capable of providing high useful power gains 
at frequencies up to approximately 220 MHz. 

The 40467 A features high forward transconductance, 
high dc gate-to-source resistance, and low feedback 
capacitance. Because of the improved transfer charac
teristic and increased dynamic range, the 40467 A 
provides substantially better cross-modulation per
formance in linear-amplifier applications than con
ventional (bipolar) transistors and is free from diode
current loading, a problem that exists in junction type 
FET S. This device is hermetically sealed in the 
TO-72 metal case and utilizes full-gate construction. 

• Metal~Oxide Semiconductor 

698 

DRAIN-TO-GATE VOLTAGE. VDG ....... . 

GATE-TO-SOURCE VOLTAGE, VGS: 
CONTINUOUS Ide) •............... 

PEAK Be •••••••••••••••••••••• 

DRAIN CURRENT, ID ........•..... 

TRANSISTOR DISSIPATION: 

+20 

+ I, -8 

±l5 

50 

v 

v 
V 

rnA 

At ambient jup to250C .•••........ 330 mW 
temperatures above 25°C . . . . . . .. derate at 2.2 mW/oC 

AMBIENT TEMPERATURE RANGE: 
Storage .........•........... -65 to + 175 °c 
Operating .......•........... -65 to + 175 oC 

LEAD TEMPERATURE lDuring Soldering): 

At distances not closer than V32 inch to 
seating surface for 10 seconds maximum ..• 265 
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40467A 

ELECTRICAL CHARACTERISTICS AT T le= 25°C WITH BULK (SUBSTRATE) CONNECTED TO SOURCE 
TEST CONDITIONS LIMITS 

DC 
DRAIN. DC 

CHARACTERISTICS SYMBOLS FREQUENCY TO- DRAIN RCA 
SOURCE CURRENT 40467A 
VOLTAGE 

f VDS ID 

MHz V rnA Min Typ. 

Gate-to-Source Cutoff Voltage V GS(off) 12 0.1 

0 VGS = .IV· 
Gale Leakage Current IGSS 0 VGS = -8V 

Zero-Bias Drain Current IDSS 15 VGS = 0 5 15 

Sma"-Signal, Short-Circuil 
Forward Transconductance gfs 1 KHz- 15 5 4000 7500 

Sma",Signal, Short·Circuit 
Reverse-Transfer Capacitance Crss 1 15 5 0.12 0.25 
(Drain-to-Gate) . 

Sma" Signal Short-Circuit 
Ciss I 

Input Capac itance 
15 5 5.5 

Input Admittance Yis Common Source Configuration 0.4 • j7.3 
f ~ 200 mHz 

Forward Transfer Admittance Yfs VDS = 15V 7 • 1l. 

Output Admittance Yos ID = 5 rnA 0.28 +J1.8 

Maximum Available Power Gain MAG 200 15 5 21 

Maximum Usable Power Gain 
(unneutralized) MUG 200 15 5 12 

Maximum Usable Power Ga in MUG 200 15 5 12 16 
(neutralization) 

Noise Figure NF 200 15 5 3.5 

TYPICAL CHARACTERISTICS 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TA)-25·C 

25 

~ 15 

~ 
::I 10 
i 
z 
C • 
0: .. 

o 

Fig. 1 

• 10 I. 
DRAIN-TO-SOURCEVOLTS (Vosl 

.... 0.5 

o 

-0.' 

-I 

-1.5 

-2 -2.' 
20 

GATE-TO-SOURCE VOLTS (VGS) 

nCS-liOeO 

Fig. 2 

UNITS 

Max. 

-8 V 

1 nA 

1 nA 

30 rnA 

"mho 

0.35 pF 

pF 

dB 

dB 

dB 

5 dB 

8zeS-IIOIl 
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Fig. 3 
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Fig. 5 

Fig. 7 
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TYPICAL ADMITTANCE CHARACTERISTICS 

GATE-TO-SOURCE VOLTS evGs,) 
92CI-11012 

DRAIN MILLIAMPERES (%01 SICS-180M 

Fig. 4 

COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TAJ"25-C 
FREQUENCY(')- 200 MHz 
DRAIN MILLIAMPERES ('I J. 5 

.. 
.. 0 

~~,o 
.~ -" ~I z_ ... 
I-A 

~~5 
i'lz 
u;! .... :ow 
"u 
~~ II, 

0 5 10 15 
DRAIN-TO-SOURCE VOLTS (Yos) 

Fig. 6 

COMMON-SOURCE CIRCUIT 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERA11..fiE ITAI·~· 
FREQUENCY ef). 200 MHz 
DRAIN MILLIAMPERES CIDI·~ 

FileNo. 324 

·1. 

20 

9IeS-160'5 

Ira' IS NEGLIGiBlE AT THIS FREQUENCY 

9ZCI-I609. 

-1.0 
o 

Fig. 8 

'" 

5 ,10 15 
DRAIN-to-SOURCE VOLTS CYDS} 

20 



File No. 324 
________________________________________________ 4~~A 

TYPICAL ADMITTANCE CHARACTERISTICS (cont'd) 

,zeS-II09a 

Fig. 9 Fig. 10 

o 

DRAIN MILLIAMPERES rID) 
IZCS-17000 

Fig. " Fig. 12 

S 10 15 
DRAIN-fO-SOURCE VOLTS (YDS) 

bOI 

VOl 

20 

92CS-17001 

TERMINAL DIAGRAM 

~ 
~ 

1 - Drain 

2 - Source 

3 - Insulated Gale 

4 - Bulk (Substrate) 
and Case 

OPERA TING CONSIDERATIONS 

The flexible leads of the 40467 A are usually solder
ed to the circuit elements. As in the caSe of any high
frequency semiconductor device. the tips of soldering 
irons should be grounded. and appropriate precautions 
should be taken to protect the devices against high 
electric fields. 

This device should not be connected into or dis
connected from circuits with the power on because high 
transient voltages may cause permanent damage to 
the devices. 
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oornLJD MOS Field· Effect Transistors 
Solid State 
Division 

N~Channel Depletion Types 

m\ I,! 
I 

TO·72 

MOS Silicon Transistors 
For RF Amplifier and Mixer Applications 
in FM and AM/FM Receivers 

Device Features: 
• high forward transconduc:tance •• 

gh a 7500 pmho typo for 40468A 

• low feedback capacitance' • 
"no = 0.35 pF max. for 40468A 

0.38 pF max. for 40559A 

• high useful poww gains· • 
neutralized· 17 dB typo 
unneutralized • 14 dB typo 

• hermetically _led in TO·72 metal package 

RCA-40468A and 40559A are silicon insulated-gate Performance Features: 

40468A 
40559A 

field-effect transistors· of the n-channel depletion type • reduced spurious respon_ in FM tuners 
utilizing the MOS" construction. They are intended . 
primarily for use as the rf amplifier and mixer, respec- • --bias on substrate improves Iinaity 
tively, in FM receivers covering the 88 to 108 MHz • reduced crolH1lCldulation effects iii AM recaiven 
band, but can be used for general amplifier applications 
at frequencies up to 125 MHz. For circuit design and ! Maxim.m Ratings Absolute-Maximum Values at TA = 250C: 
typical performance data refer to RCA Application Note • 
AN3535 "An FM Tuner Using Single-Gate MOS Field- DRAIN-T().SQURCE VOLTAGE. VDS' • • • • • +20 V 
Effect Transisters as RF Amplifrer and Mixer". DRAIN-T()'GATE VOLTAGE. VDG .•••••• +20 V 

GATE-T().SQURCE VOLTAGE, VGS: 
The wide dynamic range of these transistors re- CONTINUOUS (de~ •.•.•.•••.••.••• 

duces cross-modulation effecta in AM receivers and PEAK ae ...................... . 
minimizes the generation of spurious responses in DRAIN CURRENT. 10 .••••••.•.••••• 

FM receivers. TRANSISTOR DISSIPATION: 

+1. -8 
±l5 

25 

V 

V 

mA 

. l' d l' . the At ambient } up to 25°C. • . • • • • . • • • 330 mW 
Operatmg as a neutra lze amp lfler at 100 MHz, t t b 250C d t t 2 2 W/oC 'd . d empers urea a ove • • • • • • •• era ea. m 

40468A c~ praVI e a power gam of 17 ~ (typ.~. A I AMBIENT TEMPERATURE RANGE: 
powerl.gal~ of 14 dB (typ.l can be realIzed WIthout Storage •••••..••••••••••..•••• -65 to +175 0c 
neutra lZation. Operating . . . . . . . . . . . . . . . . . . . .. -65 to + 175°C 

.. Metal-oxide-Semieonduetor. 
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LEAD TEMPERATURE <During Soldering): 
At distances not closer than 1/32 inch to 
seating surface Cor 10 seconds maximum • 265 
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File No. 323 ________________________ 40468A, 40559A 

ELECTRICAL CHARACTERISTICS, at T A = 2SaC 
With Bulk (Substrate) -Connected to Source Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

DC DC 

Characteristics Symbols Frequency Drain·to· Drain RCA·40468A RCA-40559A Units 
Source Current RF Amplifier Mixer 

f VDS 10 

MHz V mA Min. Typ. Max. Min. Typ. Max. 

Drain-to-Source Cutoff Current ID(off) 12 VGS = -8V 100 500 f1A 
Gate Leakage Current IGSS 0 VGS = -8V 1. 1. nA 

0 VGS = +IV I I nA 

Zero-Bias Drain Current lOSS 15 VGS = 0 5 15 30 5 15 30 mA 

Small-Signal, Short-Circuit gfs I kHz 15 5 7500 JAIlho 
Forward Transconductance 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance Crss I 15 5 0.25 0.35 0.25 0.38 pF 
(Drain-to-Gate) 

Input Capacitance Ciss I 15 5 5.5 5.5 pF 

Admittance - RF JMixer RF Mixer - - -
Input Admittance Vis 100MHz 15 5 3 0.155 + j 3.45 0.14 + j 3.38 mmho 
Forward Transfer Admittance Vfs 100 MHz 15 5 3 7.4 + j 0.9 mmho 

Output Admittance Vas 100! 110.7 
MHz MHz 

15 5 3 0.21 + j 0.9 0.076 + j 0.153 mmho 

Forward Conversion Transconductance gfs(c) I kHz 15 3 2800' JAIlho 

Maximum Available Power Gain MAG 100 15 5 26 dB 

Maximum Usable Power Gain MUG 
(Unneutralized) 

100 15 5 - 14 - dB 

Maximum Usable Power Gain MUG 100 15 
(Neutralized) 

5 14 17 dB 

Maximum Available Conversion MAGe fin = 10.0 15 3 - 22 dB 
Gain fout = 10.7 

Noise Figure NF 100 15 5 3.5 5 - - dB 

• Bulk (Substrate)-to-Source Volts (VBS) = -3. 

OPERATING CONSIDERATIONS 

The flexible leads of the 4046BA and 40559A are 
usually soldered to the circuit elements. As in the 
case of any high-frequency semiconductor device, the 
tips of soldering irons should be grounded, and appro
priate precautions should be taken to protect the devices 
against high electric -fields_ 

These devices should not be connected into, or dis
connected from, circuits with the power on because 
high transient voltages may cause permanent damage 
to the devices. 
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TYPICAL y·PARAMETER CHARACTERISTICS 

o 

SOURCE ANO SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TA}·2~·C 
FREQUENCY (f) = 100 MHz 
DRAIN-TO-SOURCE VOLTS (VOS)- +15 

5 10 15 
DRAIN MILLiAMPERES (101 

20 

92CS-14149RI 

F ig.1 - Input admittance (Yis) vs drain curre.nt (lD). 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TA}-25°C 
FREQUENCY (fl -100 MHZ' 

~ .. DRAIN-TO-SOURCE VOLTS IVos)" + 15 
~ '" ::E ~ 

::l 
~ 

i I I 
1 

~ ~ 
1! ~ 
~ ~ 8 a.. ." ~ ~ g 8 

0 • 10 15 20 
DRAIN MlLLlAMPERESlIol 

92CS-14152Rt 

Fig.3 - Output admittance (Yos) vs drain current (lD). 

o 
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SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TA)-2S0C 
FREQUENCY If) = 100 MHz 
DRAIN-TO-SOURCE VOLTS (Vos); +15 

5 10 15 
DRAIN MILLIAMPERES (Io) 

Is 

b,s 

20 

92CS-14154R1 

Fig.S - Forward transadmittance (YI.) vs 
drain·current (lD). 

o 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TAI.25-
FREQUENCY (f) • 100 MHz 
DRAIN MILLIAMPERES (101.5 

5 10 '" 
DIWN-TO-SOIJRCE VOLTS (Vosl 

20 

Fig.2 - Input admittance (Yis) vs drain-to-source 
voltage (VDS). 

o 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE ITA)-2S· 
FREQUENCY If) - 100 MH:r 
DRAIN MILLIAMPERES (I ) ~ 5 

5 10 15 
DRAJN-TO-SOURCE VOLTS IVDS) 

20 

92CS-I4I!53R1 

Fig.4 - Output admiHance (Yos) vs drain-to-source 
voltage (VDS). 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TA)-2S· 
FREQUENCY If) -IOOM,",z 
DRAIN MILLIAMPERES (10)- S 

10 IS 

DRAIN-TO-SOURCE VOLTS 'Yes' 
IZCS-141!5SRI 

Fig.6 - Forward trans admittance (Yls) vs drain-to-source 
voltage (VDS). 
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-0100 
o 

TYPICAL y-PARAMETER CHARACTERISTICS 

SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE (TA)· 25°C 
FI,?EQUENCY (t I: 100 MHz 
DRAIN-TO- SOURCE VOLTS (Vas)· ... 15 

5 10 
DRAIN MILLIAMPERES (IO) 

20 

92CS-141!50RI 

. bra 

-0.1 

-0.2 

-0.3 

-0,4 

-os 
5 10 15 20 

DRAIN-TO-SOURCE VOLTS (vos) 92.CS-141~IRI 

Fig.7 - Reverse transaelmiHance (Yrs) vs 
elrain current (10). 

Fig.8 - Reverse transaelmittance (Yrs) vs elrain-to-source 
voltage (VOS). 

GATE-TO-SOURCE VOLTS (VGS) 

92CS-14090 

F ig.9 - Typical characteristic··ol elrain current (10) vs 
gate-to-sou;ce voltage (VGS). 

TERMINAL DIAGRAM 

~ 
~ 

LEAD 1 - DRAIN 
LEAD 2 - SOURCE 
LEAD 3 - INSULATED GATE 
LEAD 4 - BULK (SUBSTRATE) AND CASE 
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OOCD5LJD 
Solid State 
Division 

MOS Field· Effect Transist~rs 
4060Cf 
40601 
40602 

RCA 40600, 40601, and 40602 are n·channel de
pletion type, dual-insulated-gate, field-effect transistors 
utilizing the MOSconstruction. These devices have char
acteristics which make them highly desirable for rf-ampli
fier applications (40600), mixer applications (40601), 
and first-if-amplifier applications (40602) in vhf TV re
ceivers and other types of commercial equipment oper
ating at frequencies up to approximately 250 MHz. 

These transistors feature a series arrangement of 
two separate channels, each channel having an inde
pendent control gate. In amplifier applications the 40600 
and 40602 with their wide dynamic range provide sub
stantially better cross-modulation performance than is 
obtainable with bipolar or single-gate field-effect tran
sistors. In mixer applications the 40601 provides ex
cellent isolation between the oscillator and rf signals 
because each of the two signal frequencies being mixed 
has its own control element. The wide dynamic range 
of the 40601 minimizes cross-modulation which is gener
ally encountered in mixer stages. 

Provision of two insulated gates also results in 
extremely low feedback capacitances (0.02 pF typ.), a 
feature which enables the 40600 and 40602 to provide 
high maximum useable power gains in unneulralized 
circuits - for example, 20 dB at 200 MHz typo for the 
40600, and 35 dB typo at 44 MHz for the 40602. The 
gain of the rf and if stages can be controlled by apply
ing agc voltage to gate No.2 and agc delay is easily ob
tained. Virtually no agc power is required for full gain 
reduction. 

Types 40600, 40601, and 40602 are hermetically 
sealed in metal JEDEC TO-72 packages. 

Maximum Ratings, Absolute-Maximum Values at TA = 25°C: 

DRAlN-TO-SOURCE VOLTAGE, VDS • • • •• 0 to +20 

GATE No.l-TO-SOURCE VOLTAGE, VG1.S: 
Continuous (de) • . . . . . . . . . . . . . . .. + 1 to -8 V 
Peak Be . . • . . . . . . . . . . . . . . . . . •. +20 to .-8 V 

GATE No.2-TO-SOURCE VOLTAGE, VG2S: 
Continuous (de) •••• •••••••••• •• -8 to 40% ofVbs V 

Peak Be • • . • • • • • • • • • • • • • • • • • •• ...8 to +20 V 

DRAIN-TO-GATE VOLTAGE, VDGl orVDG2. +20 V 

DRAIN CURRENT, ID (Pulsed): 
Pulse duratl9D L 20 ma, 
duty factor ~ o:IS. . . . . . . . . . . . . . . . SO mA 

TRANSISTOR DISSIPATION, PT: 
, At a~bient l up to 25°C . . . . . . . . . . 400 mW 

temperalures i above 2SoC . ......... deral2.1A7e:'~~0-g 

AMBlENT TEMPERATURE RANGE: 
Storage and Operating . ........... . -65 to + 175 °c 

LEAD TEMPERATURE (During soldering): 
At distances> 1/32" from seating 
surface for l<fSeconds max. . . • . . . . . . 265 °c 
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SILICON DUAL 
INSU LATED-GATE 
FIELD-EFFECT 
TRANSISTORS 
N-Channel Depletion Types 
For VHF TV Receiver Applications 

APPLICA TIONS 

• VHF TV Receiver 
40600 for rf amplifier applications 
40601 for mixer applications 
40602 for first-if-amplifier applications 

PERFORMANCE FEATURES 

TO-72 

• superior cross-modulation performance and greater 
dynamic range than bipolar and single-gate field-effect 
transistors 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

DEVICE FEA TURES 

• extremely low feedback capocitance 
erss = 0.02 pF typo 

.• high power gain 
MUGu = 20 dB typo for 40600 
MAG = 35 dB typo for 40602 
MAGe = 14 dB typo for 40601 



File No. 333 _________________________ 40600-40602 

ELECTRICAL CHARACTERISTICS, at T A = 2SaC 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

Gale No.I-lo-Source Culoff Vollage VGlS(ol!) 
VOS = +15V, 10 = 200 "A 
VG2S = +4V 

Gale No.2-lo-Source Culoll Vollage VG2S(ol!) 
VOS =+15V,IO = 200 "A 

VGIS = 0 

Gate No.1 Leakage Current IGISS VGIS = -20V, VG2S = 0, VOS = 0 

Gate No.2 Leakage Current IG2SS VG2S = -20V, VGlS = 0, VOS = 0 

Drain Current lOSS VOS = +13V, VGlS = 0, VG2S = +4V 

Forward Transconductance gls 
VOS = +13V, 10 = 10 mA 

VG2S = +4V, I = I kHz 

TYPICAL PERFORMANCE CHARACTERISTICS, at T A = 25°C 

CHARACTERISTICS SYMBOLS 

Small-Signal, Short Circuit 
Reverse-Transfer Capacitance ·C,ss 
(Orain-Io-Gale No.1) al I = I MHz 

Oulpul Capacilance Cos s 

Input Capacitance Ciss 

Input Resistance 'iss 

Output Resistance 'oss 

Magnitude of Forward Transadmittance IYlsl 

Phase Angle of Forward Le Transadmittance 

Maximum Available Power Gain MAG 

Maximum Usable Power Gain 
MUGu (Unneulralized) 

Power Gain GpS See Fig.1 for measurement circuit 

Noise Figure NF 

* Magnitude of forward conversion transadmittance 

•• Maximum available conversion gain 

.. Limited by practical design considerations 

40600 40602 
RF AMPLIFIER IF AMPLIFIER 

1= 200 MHz 1= 44 MHz 

ci'a~~sNi;.~~tU~~dg:~~~g p~teOn~:1 
VOS = 13V, VG2S = +4V 

0.02 Iyp. 0.02 Iyp. 
0.03 max. 0.03 max. 

2.2 2.2 

5.5 5.5 

1.2 IP 

2.8 12 

11000 11000 

-46 -11 

20 35 

20" 
I Slage 28 
2 Slages 26 
3 Slages 24 

17.5 -
5 max. -

LIMITS 

40600, 40601, 40602 
UNITS 

Min. Typ. Max. 

-2 V 

-2 V 

I nA 

I nA 

18 - mA 

10000 - ,umho 

40601 
MIXER 

f = 200 MHz 

Local·oscillator injection 
Voltage on UNITS 

Gale No.2 = 750 mV 
VOS = 15V 

VG2S = +0.6V 
VGlS = 0.75V 

0.02Iyp. 
0.03 max. pF 

2.2 al I = 44 MHz pF 

5.5 pF 

1.2 Kll 

12 al I = 44 MHz Kll 

2700* ,umho 

degrees 

14** dB 

- dB - dB - dB 

- dB 

- dB 
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~-------....,-----------l 

:: I 

I c, l ",lTPUT • Tubular ceramic. 
: 0 Y Disk ceramic. 

I ., # Ferrite bead (I,~ used); Indiana General No. H1742C-(A-147) 
I or F1l57-l-H, or equivalent. 
I 
I 
I roY : 

tOHMWrCTYPE I 
Z235 OR EQUIY.) I 

I I 

Cl, C2: 1.5-5 pF variable air capacitor: E. F. Johnson Type 160-102, 
or equivalent. 

C3: 1-10 pF piston-type variable air capacitor: JFD Type VAM-OI0, 
Johanson Type 4335, or equivalent. 

L ___ ~---~.L.L---T-----J 
C4: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 

MH-13,.or equivalent. 

'OK 

0.' 
o 

'" o 

.... '" .. ,.. U 
0" 

'" " .. ., 
i 

708 

~~ __ ~ __ ~vl2vO~K ____ ~~f3 

TOP~ ______ ...JI/', K",,"-o(:~g, 

5 turns silver-plated 0.02" thick, 0.07"_ 0.08"wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Cl end 
of winding. . 

L2: Same as Ll except winding length approx. 0.7"; no tap. 

Fig.! - 200 MHz Power Gain and Noise Figure Test Circuit lor 40600 and 40602 

TYPICAL SMALL-SIGNAL Y-PARAMETER CHARACTERISTICS at 200 MHz 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)·2~·C 
FREQUENCY (f)- 200 MHz 
ORAIN-TO-SOURCE VOLTS (VoS) a 15 
GATE NO. 2-TO-SDURCE VOLTS (VG2S'-4 

'" 
"I. 

5 10 15 
DRAIN MILLIAMPERES (IO) 

Fig.2 - Yis VS. '0 

COMMON-SOURCE CIRCUIT 

92CS-14771RI 

AMBIENT TEMPERATURE (TA)a25-C 
FREQUENCY (f)-200 MHz 
DRAIN-TO-SOURCE VOLTS (VoS) a 15 

10 

-. 
-10 

o 

GATE NO. 2-TO-SOURCE VOLTS (YG2S1a4 

5 Kl 15 
DRAIN MILLIAMPERES tiD) 

92CS-14763RI 

Fig.4 - V,. VS. '0 

-.a 
o 

" DRAIN MILLIAMPERES (IO) 

Fig.3 - YOS vs. '0 
COMMON-SOURCE CIRCUIT 

92es 1477& 

AMBIENT TEMPERATURE (TA)-25-C 
FREQUENCY (1)-200 MHz 
DRAIN-TO-SQURCE VOLTS (VOS)-15 
GATE No.2-TO-SOURCE VOLTS IVG2S1-4 

9 .. 

b,. 

5 10 ·,5 
DRAIN MILLIAMPERES (rO' 

92CS-14773RI 

Fig.5 - Yrs vs. '0 
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D.' 
0. 

TYPICAL SMALL·SIGNAL Y.PARAMETER CHARACTERISTICS at 200 MHz 

10. 

·5 

·10. 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (1A)-25·C 
FREQUENCY Ifl ~ 200 MHz 
DRAIN MILLIAMPERES (Io)-e 
GATE No. 2-TO-SOURCE VOLTS (V(;zsl- 4 

VI. 

bis 

5 ID 15 
DRAIN-lO-SOURCE VOLTS (Vos) 

Fig.6· Y is VS. VOS 

COMMON-SOURCE CIRCUIT 

10 a 
i 
:l 
" I 

8 ~ .. 
u z 

~ 

92CS-14764RI 

AMBIENT TEMPERATURE 11A)-25-C 
FREQUENCY (fl c 200 MHz 
DRAIN MILLIAMPERES tIDI- 8 
GATE No.2-l0-S0URCE VOLTS (VG2S)·4 

0. • ~ 15 
DRAIN-lO-SOURCE VOLTS (Vos) 

92C5-14762RI 

Fig.8. Y,s VS. VOS 

92C5-147615 

Fig. 10 • Y is VS. VG2S 

~ 
o 

~ 0.5 

;; 
1 .. 0.4 

:!o 

~ 0.3 

~ 0 0 .2 

8 
~ 0.1 

~ 
o 0. -. 

92CS 14713 

Fig.7. Yos VB. VOS 

COMMON"SOURCE CIRCUIT 
AMBIENT TEMPERATURE CT,I-ZS-C 
FREQUENCV U). 200 MHz 
DRAIN MILLIAMPERES (Io)-8 
GATE No.2-YO-SOURCE VOlTS(V02S1-4 

o 
Vro 

·0.5 

·1 

"'1.5 .. 
o 5 10 

DRAiN-lO-SOURCE VOLTS (Vos) 

·Fig. 9· 'Yrs VS. VOS 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA'" 25-C 
FREQUENCY ({I ~.200 MHz 
DRAIN"'TO.-.~~V!~CE VOL. TS (VOS) ·I~ 
GATE NO.·I-. Tp..,60URCE VOL.TS (VG1S).-0.6 

·1 

Fig.11 • Yas vs. V G2S 

92CS-14186RI 

·0. ... 
3 u 

~ 
2 ~ 

I~ 
~ 

DO 

• 
9ZCS 14767 
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a 0.1 

8 
~ z 

0.0. 
o 

710 

TYPICAL Y -PARAMETER CHARACTERISTICS at 200 MHz 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (1A)-2'·C 
FREQUENCY (f). 200 MHz 
DRAIN-lO-SDURCE VOLTS (Vasl-US 
GATE No.I-lO-SOURCE VOLTS 1VOIS).-0.6 

GATE No. Z-lO-SOURCE VOLTS (VGlS) 

92CS-14775RI 

Fig. 12 • Yls vs. VG2S 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITA) -25-C 
FREQUENCY U» • 200 MHz 
DRAIN-TO-SOURCE VOLTS 1YOS' -15 
GATE NO.I-TO-SOURCE VOLTS (VGIS)· -0.6 

o 

-25 

-'0 
-I 0 I 4 

GATE No.2-l0-S0URCE VOLTS ('t2;S) 

Fig.13. Yrs vs. VG2S 

TYPICAL SMALL·SIGNAL Y-PARAMETER CHARACTEklSTICS at 44 MHz 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (fA). 25-C 
FREQUENCY ttl· 44. MHz 
DRAIN-fO-SOURCE VOLTS (Voslal5 
GATE No.2-l0-S0URCE VOLTS (VG25)-4 

01, 

5 10 15 
DRAIN MILLIAMPERES 11Dl 

Fig. 14 - Yis vs. 'D 

DRAIN MILLIAMPERES tID) 

Fig.16 - Y Is vs. 'D 

~ 
" :l 
" 1.5 ~ 
§ 

.. 
,.25~ 

~ 
~ 
~ 

92CS-1471SRI 

92CS-14770AI 

l'l 
~ 0.1 

.. 
I 

10.1 ... 

~ 

COMMON - SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA). 2S·C 
FREQUENCY (f) .. 44 MHz ' 
DRAIN - TO- SO.URCE VOLTS (VOS) '"15 
GATE NO.2 - TO - SOURCE VOLTS (VG2S) -4 

boo 

5 10 15 
DRAIN MILLIAMPERES (10) 

Fig. IS - Yos vs.ID 

COMMON - SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAl., 25·C 
FREQUENCY ef) - 44 MHz 
DRAIN-TO-SOURCE VOLTS (VOS).'5 
GATE No.2-TO-$O\.ftCE VOlTS (Vs2S1-4 

bra 

-I 
o 10 IS 

DRAIN MILLIAMPERES (101 

Fig. 17 - Yrs vs. 'D 

92CS-1479RI 

0.5 ~ 

~ 
5 

92CS-14111R1 

-10 
20 

92CS-14713Rl 
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TYPICAL SMALL·SIGNAL Y·PARAMETER CHARACTERISTICS at 44 MHz 

Fig. 18 • Y is VS. VOS 

92CS-1471fRI 

Fig.20. Y,s vs. VOS 

Fig.22. Yis vs. VG2S 

COMMON - SOURCE CIRCUIT 
AMBIENT TEMPERATURE CTA)-Z5·C 
FREQUENCY {f} • 44 MHz 
DRAIN MILLIAMPERES CIo}. 8 
GATE NO.2-l0-SOURCE VOLTS (VG2S)-4 

-5 
o 

bos 
~ 10 15 

ORAIN-TO-SOURCE VOLTS '''os) 

Fig. 19 • Yos vs. VOS 

COMMON - SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA).25·C 
FREQUENCY If). 44 MHz 
DRAIN MILLIAMPERES CIo) '" 8 
GATE No.l- TO- SOURCE VOLTS (VGIS)-O.6 

-I 
o 

'lrs 

br. 

, 10 15 
DRAIN-lO-SOURCE VOLTS (VOS) 

Fig.21 - Yrs VS. VOS 

GATE NO.2-TO-SOURC[ VOLTS IVG2S) 

Fig.23 - Yos VS. V G2S 

92CS -14710RI 

-10 

92CS-14712RI 

SiCS-14708 
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TYPICAL SMALL·SIGNAL Y·PARAMETER CHARAC;TERISTICS at 44 MHz 

GATE No. 2-TO-SOURCE VOLTS (VG2S) 

92CS-14714RI 

Flg.24 • Y Is vs. V G2S 

GATE No. 2-TO-SOURCE VOL T5 (VG2S) 

92CS-14709RI 

Flg.25 . Y,s VS. V G2S 

TYPICAL SMALL.SIGNAL CHARACTERISTICS vs. FREQUENCY 

COMMON-SOURCE CIRCUIT 

468,0 468,0 2 

~QUENCY (f )-MHz 

4 

Flg.26 - Clss and Rlss vs. I 

100 

:l • • I 

-: 4 

~ 
2 , 

~ 

l:l 
;! 

JO I • 4 
0-

j ~ 

~ e 10 • i:i • 
'" 4 
0-

~ 2 

5 
6 8'000 

92C$-14760RI 

I 
FREQUENCY (f 1 - MHz 

Flg.28 - Y Is vs. I 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)·.2~·C 
DRAIN-TO-50URCE VOLTS IYoS)·15 
DRAIN MILLIAMPERES (10)" 8 . 
GATE NO.2-TO-SWRCE VOLTS C't12s)-4 

2 4 6 8 2 4 6 8 
10 100 

FREQOENCY (f)-MHz 

4 •• 
1000 

9iCS 14719 

Flg.27· Coss and Ross vs. I 

UCS 14178 
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'" 
Q 
!:! 

~ 10 

~ .. 
:J ,. 
z .. 
is 

0 
-2 

TYPICAL TRANSFER CHARACTERISTICS 
AMBIENT TEMPERATURE ITA)-25·C 
DRAIN-lO-SOURCE VOl.TS (VOS)·,5 

a 

GAlE No.2-la-SOURCE 
VaLlS lVG2S1·- 1 

-I 0 I 
GATE No. 1- TO-SOURCE VOLTS (VGIS) 

92CS-14790RI 

Fig.29. '0 vs. VG7S Fig.30·'O v~. VG2S 

TYPICAL OPERATING CHARACTERISTICS 

GATE No. I·TO·SOURCE VOLTS (VG1S) 

Fig.37 • 9'S7 VS. VG7S 
9ZCS-'4721 

-I 2 
GATE NO.2-TO-SOURCE VOLTS (YG2S1 

Fi9·32 . 9'S2 VS. VG2S 

TERMINAL DIAGRAM 

~
3 

I 4 

lead I - Drain 
Lead 2 - Gale No. 2 
Lead 3 - Gate No. 1 
Lead .. - Source. Subslrat. and Cas. 

92CS-14789RI 

92CS 14787RI 
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OO(]5LJD 
Solid State 
Division 

MOS Field· Effect Transistors 
40603 
40604 

RCA 40603 and 40604 are n-channel silicon, deple
tion type, dual .insulated-gate, field-effect transistors 
utilizing the MOS construction. 

These devices have exceptional characteristics for 
rf-amplifier (40603) and mixer applications (40604) in 
FM tuners and other commercial equipment operating 
at frequencies up to approximately 150 MHz. These tran
sistors feature a series' arrangement of two separate 
channels, each channel having an independent control 
gate. For amplifier applications the 40603 with its wide 
dynamic range provides substantially better cross-modu
lation performance' and relative freedom from spurious 
responses than is obtainable with bipolar or single-gate 
field-effect transistors. The mixing function performed 
by the 40604 is unique in that the signal applied to gate 
No.2 is used to modulate the input-gate (gate No.1) 
transfer characteristic. This technique is superior to 
conventional "square law" mixing, which can only be 
accomplished in the non-linear region of the device trans
fer characteristic. 

Because of the low feedback capacitance (0.02 typo 
pF) the 40603 can provide a power gain of 25 dB (typ.) 
at 100 MHz in an unneutralized amplifier circuit; 

The gain of the ~f stage can be controlled by apply
ing agc voltage to gate No.2. Virtually no age power is 
required for full gain reduction. 

The 40603 and 40604 are hermetically sealed in 
JEDEC TO-72 packages. 

Maximum Ratings, Absolute .. Maximum Values at TA : 2SoC: 

DRAIN-TO-SOURCE VOLTAGE, VDS. • • • 0 to +20 V 

GATE No.l-TO-SOURCE VOLTAGE, VG1S: 
Continuous (de) • • • • • • • • • • • • • • • • -8 to +1 V 

Peak ae • • . • • • • . • . • • • • • • • • • • • -8 to +20 V 

GATE No.2-TO-SOURCE VOLTAGE, VG2S: 
Continuous (de) ...•............ -8 to 4CW" of Vns V 

Peak ae • • • • . . • . • • • • • • • • • • • •• -8 to +20 V 

DRAIN-TO-GATE VOLTAGE, 
VDGl or VDG2. . • • • . • • • • • . • • . • • +20 V 

DRAIN CURRENT, ID (Pulsed): 

Pulse durati9n £:. 20 ms, 
duty factor!::. 0.15. • • • • • • • • • . • • • • 50 mA 

TRANSISTOR DISSIPATION, PT: 
At ambient l up to 25°C • • • • • • • . • 400 mW 
temperatures r above 2s"C ••••••••• derate linearly at 

2.67 mWI"C 
AMBIENT TEMPERATURE RANGE: 

Storage and Operating • . • • • . • • • • • • 

LEAD TEMPERATURE (During soldering): 

At distances> 1/32" from 8eatin~ 
surface for Urseconds max. • • • • • • • • 

714 

-65 to +175 °c 

SILICON DUAL 
INSULATED· GATE 
FlELD·EFFECT 
TRANSISTORS 
N~Channel Depletion Types 
For FM Tuner Applications 

PERFORMANCE FEATURES 

TO-72 

• large dynamic range permits large.signal handling be
fore overload 

• dllal gates allow product mixing with extremely low 
harmonic generation 

• greatly reduces spurious responses in FM receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross-modulation performance and greater dy
namic range than bipolar and single-gate field-effect 
transistors 

DEVICE FEATURES 

• extremely low feedback capacitance 
Crss = 0.02 pF typo 

• high unneutralized RF power gain 
MUG = 25 dB (typ,) for 40603 

• low nai se figure 
NF = 2.5 dB typo for 40603 
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ELECTRICAL CHARACTERISTICS, at T A = 25°C 

LIMITS 

40603 40604 
CHARACTERISTICS SYMBOLS TEST CONDITIONS RF AMPLIFIER MIXER UNITS 

Typ. Max. Typ. Max. 

Gate No.1-la-Source Cutoff 
vGls(aff) VOS = +15 V. 10 = 200 "A ·2 ·2 V - -Valtage VG2S = +4 V 

Gate No.2-la-Source Cutoff 
VG2s(aff) 

VOS = +15 V, 10 = 200 "A 
·2 -2 V 

Valtage VGlS = 0 
-- --

Gate No.1 Leakage Current IGISS VGlS = -20 V. VG2S = O. VOS = 0 -- I - I nA 

Gate No.2 Leakage Current IG2SS VG2S = ;20 V, VGIS = 0, VOS = 0 - I -- I nA 

Zero-Bias-Voltage Drain Current lOSS VG2S = +4 V. VGlS = O. VOS = +13 V 18 -- 18 - rnA 

Small-Signal, Short-Circuit 
VOS = +13 v. Iii = 10 rnA. I = I MHz Reverse-Transfer Capacitance C'SS 0.02 0.03 0.02 0.03 pF 

(O,ain-la-Gale-Na.l) VG2S = +4 V 

Input Capacitance Ciss 
VOS = +13 V. 10 = 10 rnA 

5.5 - 5.5 - pF 
VG2S = +4 V, I = I MHz 

Output Capacitance Cass 
VOS = +13 V. 10 = 10 rnA 2.1 -- 2.3 - pF 
VG2S = +4 V. I = 100 MHz 

Input Resistance rjs 
VOS = +13 V. 10 = 10 rnA 

3.5 - 3.5 - kD 
VG2S = +4 V. I = 100 MHz 

V?~ ~ ~~~~ 1= 100 MHz 4 - - - kO 
Output Resistance 'as kD VG2S=+4V -' I = 10.7MHz - - 20 --
Forward Transcooductance gls 

VOS = +13 V, 10 = 10 rnA 
10,000 - 2800' .- p.mha 

VG2S = +4 V, I = I kHz 

Maximum Available Power Gain MAG VOS = +13 V, 10 = 10 rnA 
26 - 21 -- dB 

Maximum Usable Power Gain 
MUG 

VG2S = +4 V 25" ,- dB -- -(Unneutralized) I = 100 Mttz, laul la, 40604 

Noise Figure NF (mixer) = 10.7 MHz 2.5 - - - dB 

'" conversion transconductance 
·01 limited by practical design considerations 
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TYPICAL Y·PARAMETER CHARACTERISTICS at 100 MHz 

DRAIN TO SOURCE VOLTS (VDsl DRAIN~TO-SOURCE VOLTS (VoS) 

Fig. I • Yis vs. VDS Fig.2. Y DS vs. VDS 

I 2 5 4 • 
GATE No. I-TD-SDURCE VDLTSCVGIS) 

Izes 1475'1 . t2CS-147ITRI 

Fig.3 - Y,s VS. VG2S Fig.4 - Yrs vs. VDS 

TYPICAL TRANSCONDUCTANCE CHARACTERISTIC 

I I 5 
GATE No.2-TD-SDURCE VOLTS CYezs) 

Flg.S - Yrs vs. VG2S 
92CS-14711R1 

GA~)'t. .. t.;to-SOURCE VOLTS (VGlSl 

Flg.6 - Y,s VS. VGIS 
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TYPICAL Y·PARAMETER CHARACTERISTICS at 100 MHz 

4 

DRAIN MILLIAMPERES (%D) 

Fig.7· Yis ys. '0 

DRAIN MILLIAMPERES (ID) 

Fig.9. Y,. YS. '0 

12 14 

92CS-14719RI 

sus 14751 

DRAIN MILLIAMPERES (ID) 

Fig.8 • Yos YS. '0 

DRAIN MILLIAMPERES (ID) 

Fig.IO. Yrs Y'. '0 

TERMINAL DIAGRAM 

~ 
~ 

lead 1 - Drain 
lead 2 - Gote No. 2 
..... ~ 3-GaI. No. 1 
Lead .. - Source, .sub.frate and Cos. 

'2CS~"7Z2 

92CS-I4720RI 
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OO(]3LJIJ MOS Field· Effect Transistors 
Solid State 
Division 

RCA40673 is an n-channel silicon, depletion type, dual 
insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into· the 
MOS· pellet and are electrically connected between each 
insulated gate and 'the FET's source. The diodes effectively 
bypass any voltage transients which exceed apprOximately 
flO volts. This protects the gates against damage hi all 
normal handling and usage. . 

A feature of the back-to-back diode configuration is that it 
allows the 40673 to retain the wide input signal dynamic 
range inherent in the MOSFET. In addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate. 

The excellent overall performance characteristics of the 
RCA40673 make it useful for a wide variety of rf-arnplifier 
applications at frequencies up to 400· MHz. The two 
serially-connected channels with independent control gates 
make possible a greater dynamic range and lower cross
modulation than is normally achieved using devices haVing 
only a single control element. 

The two gate arrangement of the 40673 also makes possible a 
desirable reduction in feedback capacitance by operating in 
the common-oource configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without 'neutralization; and, of special bn
portance in rf-arnplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 40673 is hermetiea1ly sealed in the metal JEDEC TO-72 
package. 

*Metal-oxlde-Semlconductor. 

Maximum Ratings,Absolut .. Maxlmum Valuer,.t TA = 250C 
DRAIN·TO-SOURCE VOLTAGE. VDS • • • • -0.2 to +20 
GATE No.l·T0-60URCE VOLTAGE, VG1S: 

Continuous Idel • . • • .. • • . .. . . . . .. . . -6 to +1 
Peak ae .......................... -6 to +6 

GATE NO.2·T0-60URCE VOLTAGE, VG2S: 
Continuous Cdel. • . • .. .. .. . .. .. .. -6 to 30% of VDS 
Peak Ie ... . . . . . . . . . . . . . . . . . . . . . -6 to +6 

DRAIN·TO·GATE VOLTAGE, 
VDG1 OR VDG2 ............ .. 

DRAIN CURRENT, 10 .......... .. 
TRANSISTOR DISSIPATION, PT: 

At ambient 1 up to 250C ..... 
temperatures f above 250C .. : .. 

AMBIENT TEMPERATURE RANGE: 

+20 
50 

330 
derate linearlv at 

2.2mWI"C 

Storage and Operating •••••..••. -65 to +175 
LEAD TEMPERATURE lOuring soldoringl: 

At distai1cos2:1/32 inch from 
seating surface for 10 seconds max. 265 
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V 

V 
V 

V 
V 

V 
mA 

mW 

OC 

OC 

40673 

SILICON DUAL INSULATED·GATE 
fiELD· EFFECT TRANSISTOR r------. 

I·Channel Depletion Type li'I,'~" 
With Integrated 
Gate .protection Circuits 
for Rf Amplifier 
Applications up to 400 MHz 
APPLICATIONS 

• RF amplifier, mixer, and IF amplifier 
in military, industrial, and consumer 
communications equipment 

• aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• superior cross·modulation performance and greater 
dynamic range than bipolar or single·gate F ET s 

• wide dynamic range permits large·signal handling 
before overload 

• dual·gate permits simplified age circuitry 

• virtually no age power requ irea 

• greatly reduces spurious responses in fm receivers 

• permits use of vacuum·tube biasing techniques 

• excellent thermal stability 

DEVICE FEATURES 

• back ·to.-back diodes protect each gate against 
handling and in-circuit transients 

• low gate leakage currents --
IG1SS & IG2SS = 20 nA(max.) at T A = 250 C 

• high forward transconductance --
!lis = 12,000 \lmho (typ.) 

• high unneutralized RF powar gain --' 
Gps = 18 dB(typ.) at 200 MHz 

• low VHF noise figure - 3.5 dB(typ.) at 200 MHz 

JEDEC 
TO·72 

3-69 
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___________________________________________________ 40ID3 

ELECTRICAL CHARACTERISTICS, at T A = 250 C unless otherwl .. specified 

CHARACTERISTICS SYMBOLS 

Gate-No.l·to·Sourc6 Cutoff Voltage VGIS(off) 

Gate·No.2·to·Source Cutoff Voltage VG2S(off) 

Gate-No.l·L.'k.S' Current IGISS 

G.ate·No.2·Leakage Current IG2SS 

Zero·Bias Drain Current lOSS 

Forward Transconductance 
(Gate·No.I·!o·Orain) Ufs 

Small·Slgnal, Short·Circuit Input 
Ciss Capacitance t 

Small-5ignal, Short,Circuit, 
Reverse Transfer Capacitance Crss 
(Orain·to-Gate No.1) • 

Small-5ignal, Short·Circult Output 
Coss Capacitance 

Power Gain (see Fig. 1) GpS 

Maximum Available Power Gain MAG 

Maximum Usable Power Gain 
MUG (unneutralized) 

Noise Figure (sea Fig. 1) NF 

Magnitude of Forward Transadmittance IVfsl 

Ph_ Angle of Forward Tran .. e edmlttance· 
Input Resistance 'iss 

Output Resistance ross 

Protective Olode Knee Voltage Vknee 

-Limited only by practical design considerations. 

tC~ai:ltance between Gate No.1 and all other terminals 

TEST CONOITIONS 

VOS = +15V,10 = 200IA 
VG2S=+4V 

VOS'= +15V, 10 = 200IA 
VGIS=O 

VGIs=+lor-SV 
Vos = 0, VG2S = 0 

VG2S= 1SV 
VOS = O,VGIS = 0 

VOS = +15V 
VG2S = +4V 
VGIS=O 

VOS = +15V,10 = lOrnA 
VG2S = +4V, f = 1kHz 

VOS = +15V, 10 = lOrnA 

VG2S = +4V, f-1MHz 

VOS = +15V, 10 = lOrnA 

VG2S = +'IV, f = 200 MHz 

IOIOOE(REVERSE)=1100IA 

. Uhree-termlnal measurement with Gate No.2 and Source returned to guard terminal. 

OPERATING CONSIDERATIONS 

Min. 

-

-

-

-

5 

-

-

0.005 

-
14 

-

-
-
-

-
-
-
-

The flexible learls of the 40673 are usuaJIy soldered to the 
circuit elements. As in the case of any high.frequency 
semiconductor device, the tips of soldering irons MUST be 
grounded. 

LIMITS 
UNITS 

Typ. Max. 

-2 .:.4 V 

-2 -4 V 

- 50 nA 

- 50 nA 

15 35 rnA 

12,000 - )lffiho 

S - pF 

0.02 0.03 pF 

2.0 - pF 

18 - dB 

20 - dB 

20' - dB 

3.5 S.O dB 

12,000 - Ilmho 

-35 - degrees 

1.0 - kO 

2.8 - 1.0 

110 - V 
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40673 

r-"-------.:...-- --Q_':'-"":" --;.....------, 
I -EXTERNAL SHIE1.07" I 

C4 OUTPUT 

: ~-1~~'---r~~~~~ 
I 
I 
I 
I 
I 

I,'· T 
I 
I 
I 
I 
I 

100· : . I I 

I ~f~v~,y.) ~ 
~ ____ I ___ ~ ____ --l 

1000 1000 

#Ferrite bead (4); Pyroferric Co. ~'Carbonyl J" 
0.09 in. 00; 0.03 m. 10; 0.063 in. thickness. 

All resistors in ohms 
All capacitors in pF 

File No. 3S1 

Q" 40673 
" Disc ceramic_ 
"Tubular ceramic. 

CI: 1.8- 8.7 pF variable air capacitor: E.F. Johnson Type 16lH04, . 
or equivalenL 

C2: 1.5- 5pF variable air capacitor: E.F. Johnson Type 16D-I02, 
or equivalenL 

C3: 1- 10 pF piston-type variable air capacitor: JFO Type VAM-DIO; 
Johanson Type 4335, or equivalent_ 

C4: O:S- 4.5pF piston type variable air capacitor:Erie 560-013 or 
.. equivalent. 

LI: 4 turns silver-plated 0.02-in. thick.0.075-D.085-in. Widicopper 
ribbon.· Internal diameter of winding s 0.25 in, winding ength 
approx. 0.80 in. 

L2: 4~ tu"!s silver7plated·0.02-in. thick, 0.OS5-D.095-in. wide, 5/16-in. 
10. COIl = .90 m. long_ 

Fig. J. 20o-MHz Powe, gain anrl nois.
figure fest circuit 
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GATE No. 2- TO-SOURCE VOLTS Nus} 

Fig. 2. HF vs. VG2S 92CS-I!lI09RI 

.. 
~ 

s· .. 
:! 
z 

" "'40 .. 

o 

DRAIN MILLIAMPERE$ (11)1 

Fig. 3. HF vs. 'D 

100 200 300 
FREQUENCY (f)-MHz 

Fig. 5. MAG.v._ I 

92CS-I!t110ft1 

400 

12SS-401. 
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Q 
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i 
:l ,. 
z .. 
:'S 

10 

0 
-2 

0.6 
o 

AMBIE~T TEMPERATURE,ITA).2:i-C 
DRAIN-lO-SOURCE VOLTS 1VOS)·15 

.. '!> 

o 

GATE No.2-TO-SOURCE 
VOLTS (VG2 10 -1 

-I a I 
GATE No. 1- TO-SOU~E VOLTS (VGIS) 

Fig. 6. '0 vs. VGIS 

COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITAI-2S-C 
FREQUENCY (f).2DO MHz 
DRAIN MILLIAMPERES (10)- 10 
GATE No.2-l0-S0URCE VOlTS (VG2S)1I+4 

Qis 

.,, 

10 15 
DRAIN-tO-SOURCE VOLTS (Vas) 

Fig. 8. Yis VS. VOS 

'" COMNON-SQURCE 'CIRCUIT 

I-~ AMBIENT TEMPERATURE (TA) 1I 25"C 

I :i~i.~tl,!~~E~g~~~~,o I .ATE NO.2-TO-SOURCOJ'VOLTS IV.2S)·+4 

~~ I~sl 1-,. 
o~1 
", ... 
~i 

"" e.;. 

5 10 15 
DRAIN-lO-SOURCE VOLTS (Yosl 

Fig. 10. Yfs vs: VOS 

92CS-14790R2 

z oj .. 
i!i 

o 

COMMON-SOURCE CIRCUIT. GAtt No.1 INPUT 
AMBIENT TEMPERATURE ITA)·2S-C 
DRAIN-lO-SOURCE VOLTS (Vosl=IS 
GATE No.1-VOLtAGE (VGIS) IS ADJUSTED 

FOR 10 -IOmA" WHEN VG2S·4 V 
GATE No.2 AT AC-GROUND POTENTIAL 

-4 -3 -2 -lOt 2 3 
GATE No.2-l0-S0URCE VOLTS lVG2S) 

92CS-14411RI 

Fig. 7. '0 vs. VG2S 

Typical Y Parameters YS. VOS 

92CS·I~342RI 

9255-4087 

o 

-0.5 

-I 

-1.0 

-2 
o 

DRAIN-TO-SOURCE VOLTS (Vas) 
92CS-14783RI 

Fig. 9. Yos VS. VOS 

CO_ON-SOURCE CIRCUfT 
AMBIENT TEMPERATURE (TA) -25-C 
FREQUENCY tt)· 200 MHz 
DRAIN MILLIAMPERES (ID) -10 
GAtE NO.2-tO-SOURCE VOLTStVG2S) .. 4 

bra 

5 10 15 
DRAIN-TO-SOURCE VOLTS (VOS) 

Fig. II. Yrs YS. VOS 
9ZC5-14786R2 
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0.6 
o 

o 

COMMON SOURCE CIRCUIT 

~::~~tc~~~~~~~T~~~ (TAl-2S-C . 
DRAIN-lO-SOURCE VOLTS (Y~·15 
GATE NO.2-TO-SOURCE VOLTS tvo2sJo+' 

'II 

Ojl 

10 15 
DRAIN MILLIAMPERES au) 

Fig. 12. I'ls VS. '0 

10 15 
DRAIN MILLIAMPERES-Clu) 

Fig. 14. 1'1. vs. '0 

Typical I' Parameter. VI. ID 

~ 
o ,. 
'" ::: 

10 T 
1 

USS-40a. 

-100 

1255-408' 

-so 
o 

DRAIN MILLlAIiPEREStIol 
92CS-14776R1 

Fig_ 13. I'as vs.'D 

COMMON-SOURCE CIRCUIT 
AEIENT TEMPERATURE (TAI-25-C 
FREQUENCY In-zoo MHz 
DRAIN-TO-SOURCE VOLTS (VOS)-15 
GATE No.2-TO-SOURCE VOLTS CVG2S)-4 

bra 

5 10 15 
DRAIN MtLLIAMPERES (Io! 

92CS-14'113RI 

Fig. 15_ Yr. VI. '0 

Typical I' Parameters VI. VG2S 

COMMON SOURCE CIRCUIT 
AMalENT TEMPERATURE (T,,)- 25·C 

l!I FREQUEIICY I II • 200 11Hz . 
z: 1.2 DRAIN aTO-SOURCE VOLTS (VD,J). 15 
! GATE NO.I-TO-SOURCE VOLTS l V.)--O.6 

:I 
i 
I .. 
!!:I ... ... 
Z 

~ 
Ao.e 

I 
-2 

722 

'II 

0 4 

GATE NO.2-TO-SOURC£ VOUS 1 .... 1 

Fig. 16. 1'18 VI. VG2S 

6 

1281-40'0 

COIIMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAl. 25-C 
FREQUENCY (fl- 200 MH. 
DRAIN- TO - SOURCE VOLTS (Vosl -IS. g GATE NQI-TO-SOURCE VOLTsevG1SI--O.6 

30.5 

'" ! 0.4 
0; 

~ 0.3 

S 
S 0.2 

8 
i 0.1 
I-

~ 0 
-2 -I 0, 2 4 

'.1 

b .. 

GATE NO. 2-TO-SOURCE VOLTS (V02S) 

Fig. 17. I'os VS. VG2S 
92CS-14767RI 
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\1 
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I

" 

0 -. 

!li I 

o 

0 4 

Typical y Parameters ys. VG2S (Cont"d) 

tI 

~ 
§ .. 
u 

o I 
-
25 1 
-50~ 

1!5 

~ 
-75 :i 

ill 
100 

6 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAl -2S-C 
FREQUENCY If)· 200 MHz 
DRAIN-TD-SOURCE VOLTS (Vos. ·15 . 
GATE NO.I-TO-SOURCE VOLTS IVGIS)--O.6 

o 

-.. 
-'0 

-I 0 

GATE NQ.2-TO-SOURCE VOLTS ( V02S ) GATE No.2-TO-SOI}RCE VOLTS (\tizs) 

40673 

9255-4091 92CS-147~RI 

Fig. 18. Yfs vs. VG2S Fig. 19. Yrs vs. VG2S 

Typical Y Parameters vs. Frequency 

• on 

" 
0 
% 
::t 

:I 
" I 

":"!! 
10 e 

'" u z .. 
e 

5 ~ 
on 
I-

~ 
! 

100 .00 300 400 
FREQUENCY (t) - MHz 

9255-4092 

Fig. 20. y/s vs. frequency 

100 200 300 
FREQUENCY UI-MHz 

9255-4094 

Fig. 22. Yfs vs. frequency 

on 
0 
% 

3 
1.0 .• 

;a4 
z .. go. 
0 z 
8 0.2 
l-
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COMMON-SOURCE CIRCUIT,GATE NO. I INPUT 
.... _100 AMBIENT TEMPERATURE (TA).-25-c 
=9 : DRAIN-lO-SOURCE VOLTS NOSI-15 
~; 2 GATE NO. I-TO SOURCE VOLTS tYGIS)--O.5-V -+----1 

COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA'-215-C 
FREQUENCY (U-IKHz 
DRAIN-lO-SQURCE VOLTS (Vos'.'S 

~ 5 10 GATE NO.2 AT AC-GROUND POTENTIAL 

j!a. 6=====_ T~ 
GATE NO.2-1O-S0URCE VOlTStYG )a+4 

g~ 4 ~ 
X~ ,2 / .".-
U", 6 

= 
~~ : 7 
!~ OJ -f 

r;~ :=, 

~i 1~~~~~~~~~~~~~~~~~~ i3oD~ 
fi 4 , 2'~-~+---+---+---~--~--~ 

ODOI 
-2 -, 

-, 
-2 -I 

.. 
+2 

+1 

o 

+1 
GATE NO. 2-TO- SOURCE VOLTS (Y02S) GATE NO.I-lO-SOURCE VOLTS (VGrs) 

724 

92C$-1534SRI 

Fig. 24. gls and'D VS. V G2S Fig. 25. gls vs. V G 1 S 

-I 0 
GATE NO. I-TO-SOURCE. VOLTS (Van) 

92CS-14787R2 

TERMINAL DIAGRAM 

LEAD I-DRAIN 
LEAD 2-GATE No.2 
LEAD 3-GATE No. I, 
LEAO 4-S0URCE. SUBSTRATE 

AND CASE 
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OO(]5LJO 
Solid State 
Division 

MOS Field· Effect Transistors 
N-Channel Depletion Type 

40819 

Silicon Dual-insulated-Gate 
Field-Effect Ta-ansistoa-
With Integrated Gate-Protection Circuits 

For RF Amplifier Applications up to 250 MHz 

Device Features 
a back-to-back diodes protect each gate against'handlingand in-circuit transients 

" high forward transconductance: 9fs = 12,000 I'mho (typ.) 
a high unileutralized R F power gain: Gps = 18 dB (typ.) at 200 MHz 

a low VHF noise figure: 3.5 dB (typ.) at 200 MHz 

JEDECTO·72 
a low gate leakage currents: I G tss & IG2SS = 50 nA at T A = 250 C 
" increased drain-to-source voltage rating: VOS = -0.2 to +25 V 

RCA-40819 is an n-channel silicon, depletion type, dual in
sulated-gate field-effect transistor (FET). 

The excellent overall performance characteristics of the 
RCA-40819 make it useful for a wide variety of rf-amplifier 
applications at frequencies up to 250 MHz. The two serially
connected channels with independent control gates make 
possible a greater dynamic range and lower cross-modula
tion than is normally achieved using devices having only a 
single control element. 

The two-gate arrangement of the 40819 also makes possible 
a desirable reduction in feedback capacitance by operating 
in the common-source configuration and ac grounding Gate 
No.2. The reduced capacitance allows operation af maxi
mum gain without neutralization and reduces local oscillator 
feedthrough to the antenna - features of special importance 
in rf and if amplifiers. 

Special back-to-back diodes are diffused directly into the 
MOS' pellet' and are electrically connected between each 
insulated gate and the FET's source. The diodes effectively 
bypass any voltage transients which exceed approximately 

, ± 10 volts and protect the gates against damage in all normal 
handling and usage. 

The back-to-back diode configuration permits the 40819 to 
retain the wide input signal dynamic range inherent in the 
MOSFET. In addition, the low junction capacitance of these 
diodes adds little to the total capacitance shunting the signal 
gate. 

*Metal~Oxide-semiconductor 

10-70 

Applications 
a RF amplifier, mixer, and IF amplifier in military, 

industrial, and cons,umer communications equipment 

a aircraft and marine vehicular receivers 

a CATV and MATV equipment 

" telemetry and multiplex equipment 

Performance Features 
• superior cross-modulation performance and greater 

dynamic range than bipolar or· single-gate FET s 

a wide dynamic range permits large-signal handling before 
overload 

" virtually no age power required 

" greatly reduces spurious responses in FM receivers 

" dual gate permits simplified AGC circuitry 

The 25-volt drain-to·source rating permits the use of higher 
voltage power supplies. 

The 40819 ishermtically sealed in the metal JEOEC TO-72 
package. 
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Maximum Ratings 
Continuous Working Voltage#, at TA = 25"C: 

Gate NO.l-to-Source Voltage, VG1S-. -6 to +3 V 
Gate No.2-to-Source Voltage, VG2S .. -6 to +6 or V 

411% of VOS 
(whichever value is less) 

Drain-to-Gate Voltage, VOG1 or 
VOG2 ..... _ .. , . __ .. _ ... +25 V 

Absolute Maximum Values, at TA = 25"C: 

Orain-to-Source Voltage, VOS . . . . . -0.2 to +25 
GatB Terminal Current. 

IG1S or IG2S ... - - .. - ..... . 
Drain-to-Gate Voltage, 

VOGI or VOG2' .... - ..... . 
Drain Current, 10- •...•......... 

Transistor Dissipation, "T: 
At TA up to 25"C ......... _ 

±.100 

+31 
50 

330 

V 

V 

mA 

mW 
At TA above 25"C ....•..... derate linearlv 2.2 mW/oC 

Ambient Temperature Range: 
.;::Continuous Work ing Voltage Ratings must be observed to maintain 

device characteristics. These ratings are based on long-term con
tinuous voltage operation but may be exceeded for short durations 
(e.g. testing of device characteristics). provided the absolute Maxi
mum Ratings are not exceeded. 

Operating and Storage ........ -65 to +175 

Lead Temperature (During Solderingt: 

At distances 1/32 in from seating 
surface for lOs max. ......... 265 

ELECTRICAL CHARACTERISTICS, at TA = 250 C unless otherwise specified 

SVMBOlS 
LIMITS 

CHARACTERISTICS TEST CONOITIONS 
Min. Typ. Max. 

Gale-No.1-1o-Source CU101! Voltage VG1S(off) 
VOS = +15 V, 10 = 200 pA - -2 -4 
VG2S=+4 V 

Gale-No.2-to·Source CUloff Voltage VG2S(0ff) 
VOS = +15 V, 10 = 200 pA - -2 -4 
VG1S= 0 

Gate·No.l-leakage Current IGISS 
.VG1S=±.6 V - - 50 
VOS = 0, VG2S = 0 

Gale·No.2·leakage Currenl IG2SS 
VG2S=±6V -. - 50 
VOS=O,VG1S=0 

Zero·Bias Drain Currenl lOSS 
VOS=+ 15 V 

5 15 35 VG2S = +4 V, VG1S = 0 

Forward Transconductance (Gate-No.l-to·Orain) ~fs 
VOS = +15 V,IO = 10 mA 
VG2S = +4 V, f'= 1 kHz - 12,000 -

Small-Signal, Short-Cireuit Input Capacitancet Ciss - 6 -
Small-Signal, Short-Cireuil, VOS = +15 V,IO = 10 mA 

Reverse Tranmr Capacitance C ... VG2S = +4 V, 1 = 1 MHz 0.005 0.02 0.03 
(Orain-lo-Gate No.U' 

Small-Signal, Short-Circuit Output Capacitance Coss - 2 -
Power Gain (see Fig. 1) GPS 14 lB -
Maximum Available Power Gain MAG - 20 -
Maximum Usable Power Gain (unneutralized) MUG - 20' -
Noise Figure (see Fig. 1) NF 

VOS = +15 V,IO = 10 mA 
VG2S = +4V, 1 = 200 MHz - 3.5 6.0 

Magnilude 01 Forward Transadmil1ance IV"I - 12,000 -
Phase Angle 01 Forward Tren.admil1ance 8 - -35 -
Input Resislance riss - 1 -
OUlput Resistance ross - 2.8 -

Protective Diode Knee Voltage Vknee Idiode (reverse) = ± 100 pA - ±10 -

UNITS 

V 

V 

nA 

nA 

mA 

/lI11ho 

pF 

pF 

pF 

dB 

dB 

dB 

dB 

/lI11ho 

degree. 

kn 

kn 

V 

• Limited only by practical design considerations. t Capacitance between Gate No.1 and all other terminals. 
, Three-terminal measurement with Gate No.2 and Source returned to guard termInal. 
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i----~;,.:;;;-~,--Q------------: 

r ' C4 OUTPUT 

#Ferrite bead (4); Pyroferric Co. 
"Carbonyl J" 0.09 in 00; 0.03 
in 10; 0.063 in thickness. 

All resistors in ohms 
All capacitors in pF 

Q= 40673 
~ Disc ceramic. 
• Tubular ceramic. 

Cl: 1.8 - 8.7 pF variable air capacitor: E. F. Johnson 
Type 16IJ.104, or equivalent. 

C2: 1.5 -'5 pF variable air capacitor: E. F. Johnson Type 
160·102, or equivalent. 

C3: 1 - 10 pF piston·type variable air capacitor: JFD 
Type VAM·Ol0; Johanson Type 4335, or equivalent. 

C4: 0.8 - 4.5 pF piston type variable air capacitor: Erie 
560·013 or equivalent. 

L 1: 4 turns silver·plated 0.02·in thick, 0.075·0.0.85 in 
wide, copper ribbon. Internal diameter of winding = 
0.25 in, winding length approx. 0.80 in. 

L2: 4-1/2 turns silver'plated 0.02 in thick, 0.085·0.095· 
in wide, 5/16·in; ID Coil = .90 in long. 

Fig. 1. 200 MHz power gain and noise figure test circuit 

GATE No. 2-TO-SOURCE VOLTS (V02S) 

92C5-ISI09RI 

Fig. 2. NF vs. VG2S 

t2CS-15049R1 

Fig. 4. GpS vs. VG2S 

.. 
v , 
~ 
~ 

~ 
" 4. 
w 

• 

DRAIN MILLIAMPERES lID) 

92CS-I!5110RI 

Fig. 3. NF vs. ID 

100 zoo 300 
FREQUENCY (f)-MHz 

IZS5-40" 

Fig. 5. MAG vs. f 
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'J! 

I S 

~ 
~ 
~ 
8 0.8 
l-
::J .. 
Z 

O.S 
0 

AMBIENT TEMPERATURE (TA)-2S0C 
ORAIN-TO-SOURCE VOLTS (VOS)-IS 

o 

GATE. No.2 _TO-SOURCE 
VO~TS (VG2SI·-1 

-I 0 I 
GATE No.l-lO-SOURCE VOLTS (VGIS) 

Fig. 6. 10 vs. VG1S 

COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAI"'25°C 
FREOUENCY (f)-200 MHz 
DRAIN MILLIAMPERES (tD)- 10 
GATE No.2-TO-SOURCE VOLTS (VG2S)-+4 

gl. 

bis 

10 15 
DRAIN-tO-SOURCE VOLTS (Yos) 

Fig. 8. Vis vs. VOS 

i COMMON -SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)"25°C 

IS :~~~~E~,!UPE~g~r~~lo I-

~ GATE NO.2-TO-SOURC£DvOLTS CVo2S1-+4 .. 
" .. z., 
"0 Iv,.1 "':< 
1-:0 
..... 1 
", ... 

ill" 
15' "" . ". 
:0; 

'" !!l 
~ .. 
" ,. 

0 10 ,. 
DRAIN-TO-SOURCE YOLTS (VoS) 

Fig. 10. Vfs vs. VOS 

128 

92CS-14190R2 
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:15 

2.5 

o 
-4 

COMMON-SOURCE CIRCUIT,GATE No.1 INPUT 
AMBIENT TEMPERATURE (TA)=2S·C 
DRAIN-TO-SOURCE VOLTS (VOS)=IS 
GATE No.1-VOLTAGE (YGISI IS ADJUSTED 

FOR ID -IOmA WHEN VG2S-4 V 
GATE No.2 AT AC-GROUND POTENTIAL 

-2 -I 0 I 3 
GATE No.2-TO-SOURCE VOLTS (VG2S) 

92CS-14411RI 

Fig. 7. 10 VS. VG2S 

Tvpical V Parameters vs. VOS 
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Fig. Y. VOS vs. VOS 

! 1 COMMON-SOURCE CIRCUIT 
i:l AMBIENT TEMPERATURE (TA) = 250 C 
~ FREQUENCY" (f) .. 200 MHz 
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~ GATE NO. 2-TO-SOURCE VOLTS {YG2s);4 
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-. 

o!!i 
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Fig. 11. Vrs vs. VOS 
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COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T,v-2SoC 
FREQUENCY W-200 MHz 
DRAIN-TO-SOURCE VOLTS lVosl.'5 
GATE NO.2-l0-S0URCE VOLTS (VG2s1a.t4 

",. 

10 15 
DRAIN MILLIAMPERES (,IO) 

Fig. 12. Vis vs. 10 

10 us 
DRAIN MILLIAMPERES-(ID) 

Fig. 14. Vfs vs. 10 

COMMON- SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITA}. Z:S·C 

~ 1.2 ~:~?~~~g!SbfJR~legL~~( YOS) • 15 
::E GATE NQ.I-TO-SOURCE VOLTS (VGtS)--D.S 
j 

" , 
~ 1.0 

'" u z 
t! 
~ z 
8 0 .• 

i 
0 .• 

-2 

',. 

",. 

o 4 
GATE NO.2-TO-SOURCE VOLTS (you) 

Fig: 16. Visvs. VG2S 

Tvpical V Parameters vs. 10 
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DRAIN MILLIAMPERES(IO) 

::l 

I 
..!. 

'" '" .~ 
~. 

~ 
-25 CI 

i -50 i!s 

-75 ~ .. m 

:I 
"100 ::c 

92SS-4089 

Fiel. 13. Vas vs. 10 

COMM.ON·SOURCE CIRCUIT 

i :::~~NETN~~~~:R~::It(TA)" 250 C 
I 0.03 DRAIH·TO.SOURCE VOL 15 (Ves) = 15 

;E GATENO.2-TO SOURCE VOLTS (V )=4 

~ ,. 
~ 0.02 

~ 
m 
it; 
~ 0.01 

S. 10 15 

D~AIN /IULLIoUIPERES 110> 

Fig. 15. Vrs vs. ID 

Tvpical V Parameters vs. V G2S 
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50.2 
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t- 0.1 
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COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)· 25·C 
FREQUENCY (f) .. 200 MHz 
DRAIN-lO-SOURCE VOLTS(VDSJ"15 
GATE No.l- TO-SOURCE VOLTS (VG1S )--O.6 

-I 0 I 2 4 
GATE NO. 2-fO-SOURCE VOLTS (VG2S) 

Fig. 17. Vosvs. VG2S 
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GATE NO.2-TO-SOURCE VOLTS ( VIIS) 

Fig. 18. Yfs vs. VG2S 

COMMON SOURCE CIRCUIT 

i. 

II. 

100 200 300 
FREQUENCY (f)- MHz 

Fig. 20. Vis VI. frequencY 

COMMON SOURCE CIRCUIT 
u AMBIENT TEMPERATURE (Tfo)· 2S·C 
2 

i! 15 g:=-~:tL~~R;:R::L~~D)~fB)·115 
GATE NO.2-TO-SOURCE VOLTS lllazs-.. 

li 
Ii .... 
20 
~:z: IY .. I 
""10 0::1 
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fZ~ 8 
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0 

~ 
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!i 
'" 0 100 ZOO lIDO 

FREQUENCY (fI-UH. 

Fig. 22. Yls VI. frequencY 
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COMMON-SOURCE CIROIIY 
AMBIENT TEMPERATURE (TA)" 2SO C 
FREQUENCY (f) .. 200 MH .. 
DRAIN-TO-SOURCE VOL 15 (VDY. 15 
SET VGlS FOR ID .. 10 iliA AT VG2S. 4 V 

8,. 

-2 -I 

GATE NO. Z-TO-5OURCE VOLTS (VG2S) 

Fig. 19. Yrs vs. VG2S 

Typical Y Parameters VI. Frequency 
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COMMON SOURCE CI RCUIT 
AMBIENT TEMPERATURE (TAJ-25·e 
DRAIN-TO-SOURCE VOLTS (VDS}-15 

g:~M ':'~:~~~~~E (S8L~O 1VG2si-+4 

0 •• 

o 100 200 lIDO 
FREQUENCY (f) - 11Hz 

Fig. 21. Yas vs. frequency 

a COMMON SOURCE CIRCUIT 
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~ 
COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)·2S-C 

3 
FREQUENCY (f)-' KHz 
DRAIN-lO-SOURCE VOLTS 'YOS)-15 

" i'~ GATE NO.2-TO-SDURCE VOLTSCVG )· ... 4 

.. 
~Io.o 
;! 

~ 7.. +. 

l;l 
::;0.0 
:: +2 
0 

125 
+I 

-I 0 

COMMON-SOURCE CIRCUIT. GATE NO. I INPUT 
__ 100 AMBIENT TEMPERATURE (T.)-25-C 
00 • DRAIN-lO-SOURCE VOLTS (VOS) -15 :!::! 4 

=:3 2 

GATE NO. I-TO SOURCE VOLTS CYGIS)·-O.5V 

~:!i 10 
GATE NO.2 AT AC-GROUND POTENTIAL 

i! Q. 6 I ~ u" 4 -"'. 2 !P ./ ./ o:! I u" • Qt. "z 4 
~- I .. : / =0 OJ : . 
... ~ 4 

I ~i 2 
1!1:Jo.o1 .. -' . 
oj 4 
.. , 2 

ODOI 
-2 -I 0 I 2 • 4 -2 -I 0 +1 

GATE NO. 2-TO-SDURCE VOLTS (YG2S) 
92CS-I5l45R1 

GATE No.l-IO-SOURCE YOLTS t YGIS) 

Fig. 24 9fs and ID vs. VG2S Fig. 25. 9fs vs. VG1S 

GATE NO. 2-TO-SQURCE VOLTS eYG2S) 
92CS-14787R2 

Fig. 26. g($2 vs. VG2S 

OPERATING CONSIDERATIONS 

The flexible leads of the 40819 are usually soldered to the 
circuit elements. As in the case of any high·frequency semi· 
conductor device, the tips of soldering irons MUST be 
grounded. 

TERMINAL DIAGRAM 

~ 
~ 

LEAD 1· DRAIN 
LEAD 2 • GATE No.2 
LEAD 3· GATE No.1 
LEAD 4· SOURCE, SUBSTRATE, AND CASE 

9255-4096 
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OO(]5LJ[] MOS Field-Effect Transistors 
Solid State 
Division 

N-Channel Depletion Types 

40820-40821 

JEDECTD-72 

Silicon Dual-Insulated - Gate 
Field-Effect Transistors 
With I ntegrated Gate-Protection Circu its 
For VHF-TV Tuner Applications 

40820 - R F Amplifier 

Device Features 

40821 - Mixer 

" back-to-back diodes protect each gate against handling and in-circuit transients 

• high forward transconductance: gfs = 12,000 pmho hyp_) 
• high unneutralized RF power gain: Gps = 17 dB (typ.) at 200 MHz (40820) 
• low VH F noise figure: 3.5 dB (typ.) at 200 MHz (40820) 

• low gate leakage currents: IGISS & IG2SS = 50 nA 

RCA-4082O and 40821 are n-channel silicon, depletion type, 
dual-insulated-gate, MOS. field·effect transistors for R F 
amplifier (40820) and mixer (40821) applications in 
VHF·TV receivers and other commercial equipment 
operating at frequencies up to 250 MHz. 

Performance Features 

• superior cross·modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

• wide dynamic range permits large'signal handling 
before overload 

• virtually no age power required 

• dual gate permits simplified AGe circuitry 

These devices designed for VHF performance, provide 
excellent power gain, low-noise figures and have wide 
dynamic range. The dual-gate feature offers good cross· 
modulation performance over the AGC range and reduces 
feedback capacitance by shielding Gate No.1 from the drain. 
The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces local oscillator feed
through to the antenna. 

The dual-gate arrangement also makes it possible to isolate 
the local oscillator signal from the incoming signal by 
applying each signal to a separate gate. 

Virtually no AGe power is required because·of the high gate 
input resistance of the MOS F ET types. Automatic AGC 
delay can be achieved with a very slight change in the input 
impedance by the application of AGC voltage to Gate No.2. 

• Metal.Qxide..semiconductor. 

TERMINAL DIAGRAM 

Integral back-to-back diodes protect the gates against damage 
in normal handling and usage by limiting transient voltages 
that exceed ±10 volts. The 40820 and 40821 are hermeti· 
cally.sealed in metal JEDEC TO-72 packages . 

~ 
~ 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 
LEAD 4 - SOURCE, SUBSTRATE, AND CASE 

"-73 
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Maximum Ratings 
Continuous Working Voltage#, at TA = 25"C: 40820 40821 

Gate No. l-to-Source Voltage. V GIS -6 to +3 -4.5 to +3 
Gate No. 2-to-Source Voltage, V G2S -6 to +6 or 40% of VDS 

(whichever value is less) 
-4.5 to +4.5 or-4.5t040%0fVDS 

(whichever value is less) 
+20 

V 
V 

Drain-to-Gate Voltage, VDGl or VDG2' ............ __ . . . +20 V 

Absolute Maximum Values, at T A = 25" C: 

Drain-to-Source Voltage, VDS ....................... . 
Gate Terminal Current, IGIS or IG2S ..... _ .......... __ 
Drain-to-Gate Voltage, V DG 1 or V DG2 .. _ ........... _ .. 
Drain Current, I D ............... _ ................. . 
Transistor Dissipation: 

At TA up to 25°C .. _ .......... _ .. _ ...... __ .. _ . _ 
At TA above 25°C ......... _ ................ . 

Ambient Temperature Range: 
Operating and Storage ......... _ ............. . 

Lead Temperature (During Soldering): 
At distances 1/32 in from seating 

surface for 10 s max. .. _ .................. . 

-0.2 to +20 
±100 
+26 
50 

330 

-0.2 to +20 
±100 
+24.5 

50 

330 
derate linearly 2.2 mWfC 

-65 to +175 -65 to +175 

265 265 

V 

iJA 
V 

mA 

mW 

°c 

°c 

# Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long·term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratingsare 
not exceeded. 

TYPICAL CHARACTERISTICS 

DRAIN-TO-SOURCE VOlTS(VOS).,5 
AMBIENT TEMPERATURE (T A) ·25"C 

'5 

o 
-I 0 I 

GATE NO.I-TO-SQURCE VOLTS (YGIS ) 

92CS'17462 

Fig. 1 -10 ... VGIS for types 40820 and 40821. 

GATE NO.2-TO-SOURCE VOLTSeVG2S)-4 
AMBIENT TEMPERATURECTA)-25-C 

DRAIN-TO-SOURCE VOLTS (VDS1 

92CS-17464 

Fig_3-10 '" Vos for ty_40820and40821_ 
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DRAIN-TO-SOURCE VOLTSeVcs)·U5 
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Fi9_2 - 10 .... V G;?S for typea 40820 and 40821_ 

OSCILLATOR INJECTION VOLTAGE AT GATE NO.2 (VLO)-YOLTS (,ml) 

92CS-15111RI 

Fig.4 - GpS(C) ... VLO for type 40821. 
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ELECTRICAL CHARACTERISTICS. at TA = 2S0C 

LIMITS 

CHARACTE A!STleS SYMBOLS TEST CONDITIONS 40820 40821 UNITS 

Min. Typ. Max. Min. TVp. Max. 

Gate No. '·to-Source Cutoff Voltage VG1SIoffl VOS'" +15V,IO""200",A,VG2S'" +4V - -I -3 -1 -3 V 

Gate No. 2'la-Source Cutoff Voltage VG2SIoffJ Ves- +1SV,JO"200pA.V.G1S""O -1 -3 -1 V 

Gate·la-Source Forward Breakdown Voltage: 'G1SSF 
GaleNa. 1 VIBRIG1SSF 'G2SSF VG2S· VOS = 0 11 V 

Gate No.2 VI8RIG2SSF lDOpA 
VG1S VOS·O 11 V 

Gate·la-Source Reverse Breakdown Voltage: 'G1SSR 
Gale No. 1 V,BRIG1SSR 

'G2SSR VG2S - VOS 0 11 V 

Gate No.2 V,BRIG2SSR l00Pfi:. 
VG1S - VOS = 0 11 V 

VG1S= 6V 50 nA 
Gate No. '-Terminal Forward Current 'G1SSF VOS VG2S 0 

VG1S ~ 4.5 V 50 nA 

VG1S' --6V 50 nA 
Gate No.-'·Terminal Ra.erse Current 'G1SSR VOS VG2S 0 

Vr.1< ·-4.5 V 50 nA 

VG2S - 6 V 50 nA 
Gate No. 2·Terminal Forward Current 'G2SSF VOS VGtS 0 

VG2S ·4.SV 50 nA 

VG2S -6V 50 nA 
Gate No. 2·Terminal Reverse Current· 'G2SSR VOS VG1S 0 

VG2S ··4.5 V 50 nA 

Zero-Bias Drain Current lOS Vos f15 V, VG1S ~ O,VG2S .4 V 0.5 15 0.5 20 mA 

Forward Transconductance 
IGate No. l-Io--Orainl .'s f 1 kHz 12000 2000 pmho 

Smllll·Signal, Short-Circuit Input Capacitancet Ciss 8.5 OF 

Small·Signal, Shorl·Circuil, Reverse Transfer 
Crss Vos +15V f 1 MHz 0.005 0.02 om 0.005 0.02 0.04 of Capacitance (Orain·to·Gate-No. II' 

10 10mA 
Small·Signal, Short·Circuit Output Capacitance Co" VG2S .4V pF 

Power Gain (see Fig. 61 GpS 14 17 d8 

Noise Figure (see Fig. 61 NF t - 200 MHz 4.5 dB 

Conversion Gain GpSfC) I 200/44 MHz 11 dB 

• Capacitance between Gate No.1 and all other terminals. , Three·terminal measurement with Gate No.2 and Source returned to {JJard terminal. 
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1------;.;-, . 
VLO~I 430= : 
244 ~----------l 
MHz I 4 79 1000 ~ I 

I l a OU~PUT 
: 2 N_ 

I 
INPUT 

200MH: 

no" T 
I 27K 

1 
I 
1 
1 
L __ 

100 K 

92CS-'7466 

Q = 40821 
"Disc. ceramic. 
* Tubular ceramic. 
All resistors in ohms 
All capacitors in pF 

Cl, C2: 1.5-5 pF variable air capacitor: E.F. Johnson Type 
160·102 or equivalent. 

C3: 1·10 pF piston·type variable air capacitor: JFD Type 
VAM·Ol0, Johanson Type 4335, or equivalent. 

C4: 0.9-7 pF compression·type capacitor: ARCO 400 
or equivalent. 

Ll: 5 turns silver·plated 0.02" thick, 0.07"-0.08" wide 
copper ribbon. Internal diameter of winding = 
0.25"; winding length approx. 0.65". Tapped at 
1·1/2 turns from Cl end of winding. 

L2: Ohmite Z·235 R F choke or equivalent 

L3: J. W. Miller Co. #4580 0.1 j.tH RF choke or 
equivalent. 

Note: If 50n meter is used in place of sweep detector, a 
low pass filter must be provided to eliminate local 
oscillator voltage from load. 

Fig. 5 - Conversion power gain test circuit for type 40821. 

r---~~~~;;~~:-------------l 
1 AGe- -4 TO+8V .... , Q C4 OUTPUT #Ferrite bead (4); Pyroferric Co. 

11000 

1 
I 
1 
I 
I 

27K 

Q= 40820 
lOOK 2. "Carbonyl J" 0.09 in 00; 0.03 

-- in ID; 0.063" in thickness. 
Y Disc ceramic. 
• Tubular ceramic. 

~l I 
I L2 1.5- 1 

~ i i 
1000 I--J-, I 

• I...L 
1= : 

n!' 1 1 
112W I 1100. I I'OK 

All resistors in ohms 

All capacitors in pF 

Cl: 1.8 - 8.7 pF variable air capacitor: E. F. Johnson 
Type 160·104, or equlvalent. 

1:4: 

1.5 - 5 pF variable air capacitor: E. F. Johnson Type 
160-102, or equivalent . 

1 - 10 pF pistan·type variable air capacitor: JFO 
Type VAM·Ol0; Johanson Type 4335, or equivalent. 

O.S - 4.5 pF piston type variable air capacitor: Erie 
560·013 or equivalent. 

I liFe = I 

I 1 (~~~J.Y~UIV.I: 
L 1: 4 turns silver·plated 0.02·in thick, 0.075·0.085 in 

wide, copper ribbon. Internal diameter of winding = 
0.25 in, winding length approx. 0.80 in. L ______ !_::L:_-----~----I---!_::L:_ ____ -1 

1OO0"=' -=- loao'=' 

'--_____________ .... _. ~D$ 92C.S-I7485 

4·1/2 turns silver·plated 0.02 in thick,O.085·0.095· 
in wide, 5/16·in,; ID Coil ~O.90 in. long. 

Fig. 6 - 200 MHz power gain and noise fillure test circuit for type 40820. 

Table 1 - y parameters vs. frequency 

CHARACTERISTICS SYMBOL 
FREQUENCY (MHz) 

UNITS 
50 100 200 250 

Y Parameters 
Input Conductance gis 0.08 0.33 1.0 1.6 mmho 

Input Susceptance bis 1.8 3.6 7.5 9.8 mmho 

Magnitude Forward Transadmittance IYfsl 12 12 12 12.3 mmho 

Angle of Forward Transadmittance <Yfs -2 -13 -'35 -45 degrees 

Output Conductance gos 0.10 0.18 0.36 0.42 mmho 

Output Susceptance b05 0.5 1.0 2.0 2.6 mmho 

,.,agnitude of Reverse Transadmittance IYrsl 8 12 25 40 j.tmho 

Angle of Reverse Transadmittance <Vrs -88 -73 -25 -10 degrees 
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j1 
E 
E 
1 .. 
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H 
~ 4 
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TEST CONDITIONS: Drain-to-Source Volts (VDS' = 15, Drain Milliamperes (10' = 10, 
Gate No.2-to-Source Volts (VG2S' = 4 

DRAIN-TO-SOURCE VOLTS(VDsl a I5 
AMBIENT TEMPERATURE (TA1=25·C 

GATE NO.I-TO-SOURCE VOLTS (VGIS)"" 

0.5 

TYPICAL CHARACTERIS'rICS 

DRAIN-TO-SOURCE VOLTS(VOS) -15 
AMBIENT TEMPERATURE' TA)· 25·C 

-0.5 

-2 -I 0 I 2 3 4 5 -I a 1 2 
GATE NO.2-TO-SOURCE VOLTS (VG2S) 

92CS-17461 

F;g_ 7 - gfs v,. V G2S for types 40820 and 
40827. 

DRAIN SUPPLY 
AMBIENT TE!IPEIWlJRE 
FREQUENCY (f 

4 
ABC VOLTS (VASe) 

GATE NO.I-TO-SOURCE VOLTS tVGIS) 
92CS-17460 

Fig. 8 - 91s 10'$. VGIS for types 40820 and 
40827. 

92CS-174159 

Fig. 9 - G PS os. V AGe for type 40820. 

OPERATING CONSIDERATIONS 

The flexible leads of the 40820 and 40821 are usually 
soldered to the circuit elements. As is the case with any 

high-frequency semiconductor device, the tips of soldering 
irons MUST be grounded. 
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COMMON SOURCE CIRCUIT 
.. AMBIENT TEMPERATURE (TA)· 25° C 

~ 1.2 FREQUENCY (1)·200 MHz 
:::IE DRAIN MILLIAMPERES (IO)· 10 
:j GATE NO.2-l0-S0URCE VOLTS (VG2S)·+"4 

::& 

I 
1 , ~ .. 
l:;! 
i! 

i OB 

~ bls 

~ 

0.6 
o '0 '5 

DRAIN-lO-SOURCE VOlTS (YOSI 

Fig. 10 - Yis VS. VOS 

'0 
,. 

DRAIN-lO-SOURCE VOLTS evos) 

Fig. 12 - Vfs vs. VDS 

COMMON SOURCE CIRCUIT 

~::~~~1c~~~~~~~T~~~ CTAI"2S-C 
~ 1.2 DRAIN-TO-SOURCE VOLTS (VD~.15 . 
::IE GATE NO.2-TO-SOURCE VOLTS CVs2S1-+4 
:l 
'I' 
"':"!! 
oS 1.0 
~ 
:ii 

~ 
8 o.B 

O.S 
o 

',. 

10 IS 
DRAIN MILLIAMPERES (10) 

Fig. 14 - Vis vs. 'D 

40820,40821 

TYPICAL y PARAMETERS 

y parameters vs. VOS 

12 ~ 
::& 

:l 
" I 

10 ! .. 
u z 
i! e; 
l;l 

B .~ 

~ 

92CS-15342RI 

92S5-4087 

~ 
11 
~ 1.0 

~0.75 

~ 
~ 0.5 
w 
Q 
~ 
1-0.25 

~ 

y parameters vs. 10 

~ 
::& .. .. 

10 i 

~ 
§ 

9255-4088 

DRAIN-TO-SOURCE VOLTS (Vos) 

Fig. l1-yosvs. VDS 

COMMON. SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAl .. 2SO C 
FREQUENCY (f) " 200 MH.t 
DRAIN MILLIAMPERES (10) " 10 
GATE NO. 2-TO·SQURCE VOLTS (VGZS>=" 

8" 

10 

DRAIN-TO-SOURCE VOL 15 (VaS> 

Fig. 13 - Yrs vs. VDS 

" 

, 
DRAIN MILLIAMPERES(ID) 

Fig. 15 - Yos vs.ID 

92CS-147B3RI 

92SSo4513 

92CS-14776RI 
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o 10 15 
DRAIN MILLIAMPERES-CEDI 

Fig. 16- Vf.IIS.'O 

COMMON-SOURCE CIRClJIT 
AMBIENT TEMPERATURE (T.I_ U·C 

~ 12 r.~~~~!sWRCl~"~:~ 1-15 
! GATE NO.I-TO-SOURCE VOLT~V6lS).-O.6 
:I 
i , .. 
~LO 

~ e 
i! 
8o.s 
i 
5 

-2 

OJ 

" :> 
!:: z 
:i ,. 

0 

-" 
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'1. 

'1. 

0 4 

GATE NO.2-TO-SOURCE \IOI.TS C_I 

Fig. 18 - Yis lIS. V G2S 

o 
GATE NQ2-TO-SOURCE VOLTS ( Vats) 

Fig. 20 - Vfs llS. VG2S 

File NO_464 

TYPICAL y PARAMETERS 

-100 
10 15 

DRAIN MILLIAMPERES (lD) 
laS-40" 

Fig.I7-y,.IIS·'O 

y parameters VI. V G2S 

'0. 

'" 

• -I 0 I 2 3 4 
GATE No.2-l0-S0URCE VOLTS (YG2S) 

92S5-4091 

I 
r~ 
tK°.03 

~ 
111:0.02 
l'; 
l!I 
~ 0.01 

~ 
• 0 

Fig. 19 - Vos vs. VG2S 

COMMON-SOURCE CIRCUIT 
AMBIENT TBlnRATURE (TAl- 25" C 
fREQUBfCY (f) .. 200 MHr: 
DRAIN·TO-SOURCE YOLTSIVDs). 15 
SET VOIS FDR ID. 10 iliA AT Vczs. 4 Y 

-2 -1 

GATE NO. 2-TO-SOURCE VOLTS (yczs) 

Fig. 21 - V,.. os. VG2S 

92CS-14167RI 



File No. 465 ________________________________ _ 

oocraLJO MOS Field-Effect Transistors 
Solid State 
Division 

N-Channel Depletion Types 

40822-40823 

JEDEC TO·72 

Silicon Dual-Insulated - Gate 
Field-Effect Transistors 
With Integ .. ated Gate-Protection Circuits 

For FM Tuner Applications 
40822 - RF Amplifier 

Device Features 

40823- Mixer 

II back·to·back diodes protect each gate against handling and in·circuit transients 

II high forward transconductance: gfs = 12.000 "mho (typ.) 
II high unneutralized RF power gain: Gps = 24 dB (typ.) at 100 MHz (40822) 

a low VHF noise figure: 2 dB (typ.) at 100 MHz (40822) 

a low gate leakage currents: IG1SS & IG2SS = 50 nA at TA = 250 C 

RCA·40822 and 40823 are n·channel silicon, depletion type, 
dual·insulated·gate, field·effect transistors for. RF amplifier 
(40822) and mixer (40823) applications in FM receivers and 
other cO!f1mercial equipment operating at frequencies up to 

150 MHz. 

Performance Features 

.. superior cross-modu1ation performance and greater 
dynamic range than bipolar or single·gate FErs 

• wide dynamic range permits large·signal handling 
before overload 

• virtually no age power requ ired 
• greatly reduces spurious responses in FM receivers 
.. dual gate permits simplified AGC circuitry 

These devices designed for VHF performance, provide 
excellent power gain, low·noise figures arid have wide 
dynamic range. The dual·gate feature offers good cross· 
modulation performance over the AGC range and reduces 
feedback capacitance by shielding Gate No.1 from the drain. 
The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces local oscillator feed· 
through to the antenna. 

arrangement also makes it possible to isolate the local 
oscillator signal from the incoming signal by applying each 
signal to a specific gate. 

Virtually no power is required in AGC utilizing the 40822 
and 40823. In addition, these devices minimize input 
impedance variations and automatically achieve AGC delay 
when AGC is applied to Gate No.2. The dual-gate 

Back·to·back diodes, diffused directly into the MOS pellet, 
protect the gates against damage in normal handling and 
usage by limiting transient voltages that exceed +10 volts. 
The 40822 and 40823 are hermetically sealed· in metal 
JEDEC TO·72 packages. 

11·73 

TERMINAL DIAGRAM 

~ 
~ 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 
LEAD 4 - SOURCE. SUBSTRATE AND CASE 
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Maximum Ratings 
Continuous Working Voltage#, at TA = 25"C: 

40822 

Gate No. Ho-Source Voltage, VG1S _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -6 to +3 

Gate No_ 2-to-Source Voltage, VG2S ___________ -6 to +6 or 40% of VDS 
(whichever value is less) 

Drain-to-Gate Voltage, VDGI or VDG2- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ +20 

Absolute Maximum Values, at T A :, 25" C: 

Drain-to-Source Voltage, VDS ___ .... " ........... _ . _ . _. -0.2 to +18 
Gate Terminal Current, IGIS or IG2S ........... ___ .. _ . ±100 
Drain-to-Gate Voltage; VDGI or VDG2 ........ _ .. __ ... ". +24 
Drain Current, I D _ .... _ .. _ . _ .... _ ........... _ . _ . . . . 50 
Transistor Dissipation: 

40823 

-4.5 to +3 
-4.5 to +4.5 or 40% of VDS 

(whichever value is less) 
+20 

-0.2 to +18 
±100 
+22.5 

50 

330 At T A up to 25° C ...... _ . _ ........ __ ...... _ . . . . 330 
At T A above 25°C ........ _ ......... _ ...... _ . derate linearly 2_2 mWfC 

Ambient Temperature Range: 
Operating and Storage ....... _ ....... _ .... __ . . -65 to +175 -65 to +175 

Lead Temperature (During Soldering): 
At distances 1/32 in from seating 

surface for 10 s max .... _ ......... _ ..... __ . 265 265 

V 
V 

V 

V 
p.A 

V 

mA 

mW 

# Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exce~ded for short durations (e.g. testing of device characteristics), provided the Ab:solute Maximum Ratings are 
not exceeded. 

IS 

" !:! 12.5 
00 

'" ~ 
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-' 
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TYPICAL CHARACTERISTICS FOR TYPES 40822 AND 40823 

DRAIN-T O-SOURCE VOLTS(VOS )-1 

AMBIENT TEMPERATURE (TA)-ZSOC o 

-2 

1 
I:! 
~ 

lJ 
J 
~ 

12 
~ 

c· 

'" /!f 
<! 

-1 

-I 

0 

IS 

~ 
~ 10 

" .. 
-' 
oJ 7.5 

" z 
: 5 
o 

2.5 

o 

-0.5 

DRAIN-TO-SOURCE VOLTS (YOS)-!!5 

AMBIENT TEMPERATURE (TA)"2~~ 

-1 -I+l+ 

-2 -I 0 I 2 3 4 
GATE NO.I-TO-SOURCE VOLTS (VGlS) GATE NO.2-TO-SOURCE VOLTS {VGZS} 

Fig. 1 -ID IIS_ VG1S 

-' 
oJ 7.5 ,. 

2.5 

92C5-17474 

GATE NO.2-TO-SOURCE VOLTS (VG2.S) -4 
AMBIENT TEMPERATURE ITA) ·25-C 

Fig. 2-ID lIS. VG2S 

GATE NO.I-TO-SOURCE VOLTS (VGlS)-O 

10 12 
DRAIN-TO-SOURCE VOLTS (Vos) 

Fig. 3 -ID lIS. VDS 

14 

-0.2 

-0.4 

-0.6 

-O.B 

-1.0 

-I.Z 

I. 
92CS-17476 



File No. 465 40822,40823 

ELECTRICAL CHARACTERISTICS at T A = 250 C 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONOITIONS 40822 40823 UNITS 

Min. Typ. Max, Min. TVp. Max. 

Gate No. l-ta-Source Cutoff Voltage VGlSloffi VOS= +15V,IO=200I'A, VG2S +4V -2 -4 -2 -4 V 

Gate No. 2-to-Source Cutoff Voltage VG2SIolfi VOS= +15V,IO=2OOI'A,VG1S=O -2 -4 -2 -4 V 

Gate-ta-Source Forward Breakdown Voltage: IGISSF' 
Gate No.1 VI8RIGISSF IG2SSF. VG2S' VOS' 0 11 V 

Gate No.2 VIBRIG2SSF 100~A VG1S' VOS' 0 11 V 

Gate-ta-Source Reverse Breakdown Voltage: IGlSSR' 
Gate No.1 VIBRIGISSR IG2SSR' ." VG2S' VOS' 0 11 V 

Gate No.2 VIBRIG2SSR l00~A 
VG1S' VOS' 0 11 V 

VG1S' 6V 50 nA 
Gate No. '-Terminal Forward Current IGISSF VOS'VG2S' 0 

VG1S' 4.5 V 50 nA 

VG1S--6V 50 nA 
Gate No. '-Terminal Reverse Current IGlssR VOS' VG2S' 0 

V",.' -4.5 V 50 nA 

VG2S' 6V 50 nA 
Gate No. 2·Terminal Forward Current IG2SSF VOS' VGlS' 0 

VG2S' 4.5 V 50 nA 

VG2S '-6 V 50 nA 
Gate No. 2·Terminal Reverse Current IG2SSR VOS' VGlS' 0 

VG2S' -4.5 V 50 nA 

Zero-Bias Drain Current 105 VOS' +15 V, VGlS' 0,VG2S' +4 V 15 30 15 35 rnA 

Forward Transconductance 
<Gate No. l·to-Drain) 9fs f = 1 kHz 12000 2000 pmho 

Small-Signal. Short-Circuit Input Capacitance t Ciss 6.5 9.5 6.5 10 pF 

Small·Signal, Short-Circuit, Reverse Transfer 
Crss VOs' +15 V f= 1 MHz 0.005 0.020 0.03 0.005 0.025 0.04 pF 

Capacitance COrain-to-Gate-No. 1)6 
'O"'10mA 

Small·Signal, Short·Circuit Output Capacitance Co .. VG2S=+4V pF 

Power Gain (see Fig. 5) Gps 19 24 dB 

Noise Figure (see Fig. 6) NF t=100MHz 3.5 dB 

Conversion Gain" Gps(CI t·100to'1O.7MH 14 lB dB 

t Capacitance between Gate No. 1 and all other terminals. 6 Three·terminal measurement with Gate No.2 and Source returned to guard terminal. 

OPERATING CONSIDERATIONS 

The flexible leads of the 40B20 and 40B21 are usually 
soldered to the circuit elements. As is the case with any 

high·frequency semiconductor device, the tips of soldering 
irons MUST be grounded. 
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LOCAL OSCILLATOR 
ISIIRMSr-:--- -,------ ---, 

MHz _ ~ Q I C3 OUTPUT 
1I07t=:f5600 IOOOrF I 

I 0.33p.H 2 10.7 
I MHz 
I -=- 3 

I 
I 
I 
I 

C, 

INPUT I I~ IOO'cUl MHJ:~ L\ 

T 
I 
I 1000 27 100 

II PFI kn kn 
1000 

L_ pF 

RS 
560n 

I 

i= 
I 
I 

~g I 
EXTERNAL J 
SHlELO----l _____ L_ 

.01 
I'F 

1000 
pF 

0: 

i 15 vOD 

1.3·5 pF variable air capacitor: E.F. Johnson Type 160·102 or 

equivalent. 

2.7·19.6 pF variable air capacitor: E.F. Johnson Type 
160·110 or equivalent. 
80 pF max. compression·type capacitor: Areo 405 or 
equivalent 
8 turns No. 22 wire on 1/4" diameter air core. One turn 
spacing between windings, Tapped at one turn from low end. 
37 turns No. 34 wire on 3/16" diameter air core. Unloaded 0 
= 63 
40623. 

Fig. 4· TOO/TO.7·MHz conversion power gain test circuit for type 40823. 
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C"C2: 1.3-5.4 pF variable air capacitor 
C3:-'-10 pF variable air capacitor, piston type: Johanson Co., No. 

4335 
C4: 1-15 pF variable air capacitor, precision piston type: Roanwell 

Corp. SG 111291 AG 
Ll.L2: 0.22 J1H RF choke (7T): Miller. No. 4584 

*Ferramic toroid (1/2 used): Indiana General, No. CF10HO·6) 

Fig. 5 - TOO-MHz power gain and noise figure test circuit for type 40822. 

TYPICAL CHARACTERISTICS FOR TYPES 40822 AND 40823 

COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE CTA}=-25°C 
FREQUENCY (f)-1KHz' 
ORAIN-TO-SOURCE VOLTS tvOsl'C15 

GATE NO.2-TO-SOURCE VOLTSeVG2S}-+4 

-I 

+3 

+2 

+1 

o 

-2 -I +1 
GATE NO.I-TQ-SOURCE VOLTS «vGrs 1 

Fig. 6 - 9fs vs. VGTS 

92SS-4096 

"' u z 
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~ 
" ~ 
d z 

"' ~ 
":3 -2 -I 0 I 2 

GATE NO.2-TO·SOURCE VOLTS (VG2S) 

Fig. 7 - 9fs2 vs. V G2S 
9ZCS -14787R2 
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TYPICAL y PARAMETERS FOR TYPES 40822 and 40823 

~ I 
.!. 
§ .. 
~ 
i 

GATE NO.2-TO-SOURCE VOLTSIV02S1-4 
DRAIN MILLIAMPERES (101 • 10 
FREQUENCY It) .100 MHz 
AMBIENT TEMPERATURE (TA) -25·C 

i 
i! boa 

0.15 

0 5 10 15 
DRAIN-TO"SOLRCE YOLTS (VDs I 

Fig. 8· Vis vs. Vos 

GATE NO.2 -TO-SOURCE YOLTS (YG2S)-4 
tI DRAIN MILLIAMPERES (10) • 10 
I 15 FREQUENCY (f) -100 MHz 
I: AMBIENT TEMPERATURE ITA'- 20-C 
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10 15 
DRAIN-TO-SOURCE VOLTS (Vos) 

Fig. 10· Yis vs. Vos 

DRAlN-To-SOURCE \JOLTS eVos)-15 
GATE NO.2-TO-SOURCE VOLTS l'Jo2s).4 
FRE<lUENC'Ilf) _100 MHz 
AMBIENT TEMPERATURE (TA).25-C 

o 5 ~ ~ 
DRAIN MILLIAMPERES 110) 

Fig. 12· Vis vs. 10 

gil 

I 

y Parameters vs. VDS 

-20 ~ 

92C5-17461 
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GATE NO.2-TO-SOURCE WLTS (YGU)- 4 

DRAIN MILLIAMPERES (Io) -10 

FREQUENCY (f) -100 MHz 
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Fig. 9· Yas vs. Vos 

GATE NO.2-TO-50URCE VOLTSIVG2S)
RAIN MILLIAMPERES (to) -10 
REQUENCYU) -100 11Hz 
MSIENT TEMPERATURE (T ). 2'·C 
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40822,40823 File No. 466 

TYPICAL y PARAMETERS FOR TYPES 40822 and 40823 

0.02 

0,01 

'5 10 15 o 
DRAIN MILLIAMPERES tID) 

92CS-17470 

Fig. 14· Yfs vs. ID 

DRAIN-TO-SDURC,E VOLTS lVOS)·'S 
GATE No.2-TO-SOURCE VOLTS (VG2S}.4 
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Fig. 15· Y,s vs. ID 

"'rtl 

oI.Yn 

y Parameters ¥S. V G2S 

.... 0.2 
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~ DRAIN MILLIAMPERES fLo,elOAT VG2S-4V 
i! 15 FREQUENCY ttl -100 MHz 
!: AMBIENT TEMPERATURE (TA) .25·C 

2! 
~t 
~ilO 
~~ 
I" 
~-
... 
o 5 

I!I 

I o 
-2-101234 

.ATE NO.2-TO-SOURCE VOLTS \YG2S1 

Fig. 18· Yfs lis. VG2S ' 
744 

92CS-17475 

~ 
... 1iI 
0" 

~f z.... 
u 

o li ,.. 
t: 

.IO~ 

6 

92C5-17472 

~O.3 
E 
E 
I 

1 
~O.2 

i 
8 
J- 0.1 

~ 
5 

DRAIN-TO-SDURCEVOLTS (YDS) '""5 
DRAIN MILLIAMPERESUO' -10 AT VG2S - 4V 
FREQUENCY (f) -100 MHz 
AMBIENT TEMPERATURE (TAl - 25·C 

boo 

o 
-2 o 2 4 

o 

GATE NO. 2-TO-SOURCE VOLTS (VG2Sl 

Fig. 17· Yos vs. VG2S 

DRAIN-TO-SOURCE VOLTS (VOSl -15 
DRAIN MILLIAMPERES (ID) -10 AT VG2S .4 V 
FREQUENCY U ) -100 MHz 
AMBIENT TEMPERATURE (TA) ·2'·C 

11 .. 1 

1.3 .. 

-2 ~ 0 I 2 3 4 
GATE NO.2-TO- SOURCE VOLTS (V'S2S) 

Fig. 19 - Yrs vs. VG2S 

-70 i 
-100 

15 

g2CS-1746' 

2,.. 

~ ,.. 
15 

92CS-17479 

'6 

92CS-17471 



File No. 489 

OOOBLJD MOS Field - Effect Transistors 
Solid State 
Division 

N-Chanilel Depletion Types 

40841 

Silicon Dual-Insulated Gate 
Field· Effect Transistor 
With Integrated Gate-Protection Circuits 
General-Purpose Economy Type for Applications 
from DC to 500 MHz 
Applications: 
• DC amplifie .. 
• R F amplifiers 
• mixers 
Ii I F amplifiers 
• video amplifiers 

JEDECTO·72 • differential amplifiers 
• frequency multipliers 

RCA-40841' is an n·channel silicon, depletion type, dual· 
insulated gate, field·effect transistor intended for general· 
purpose applications from DC to frequencies up to 500 MHz. 

This MOS/FET provides excellent power gain, linear·circuit 
operation and has a wide dynamic operating range. Its 
square-law characteristics result in low cross-modulation 
performance over the AGe range. Its dual-gate construction 
reduces feedback capacitance by shielding Gate No. 1 from 
the drain, and makes it possible to isolate the local oscillator 
signal from the incoming signal bv applying the two signals 
to separate gates. The very low feedback capacitance of this 
device eliminates the need for neutralization in circuits using 
the dual·gate configuration. Use of the device in the RF 
input stage of a receiver reduces local oscillator feed·through 
to the antenna. The 40841 requires negligible AGC power, 
provides automatic delay when AGC is applied to Gate No. 
2. and exhibits slight input impedance variations during AGC 
functioning. The device has exceptionally high input im· 
pedance, an attribute for timing·circuit design. 

Back·to·back diodes are fabricated on the same monolithic 
silicon pellet as the MOS/FET to protect the gates against 
damage due to electrostatic charges frequently encountered 
during normal handling. These back·to·back diodes also 
function as "transient trappers" by limiting in-circuit 
transient voltages that exceed ±10 volts. 

Maximum ratings and electrical characteristics are included in 
the data for operation of the 40841 as the equivalent of a 
single'gate device. For single·gate operation •. connect Gate 
No.1 (Term. 2) to Gate No.2 (Term. 3), as shown in the 
Terminal Diagrams on Page 2. The 40841 MOS/FET is 
hermetically sealed in the metal JEDEC TO·72 package. 

The following dual-gate MOS/FET types are specified for 
applications requiring premimum-grade performance: 3N200, 
3N1B7, 40673, 40819, 40B2O, 40821, 40822, and 40823. 

4-71 

• choppers 
• voltage~controlled attenuators 
• constant-current source 
• voltage regulators 
• telemetry & mUltiplex 
• servo amplifiers 
• proximity switches 

- phase splitters - thyristor trigger circuits 
III industrial timers - long time delays 

Device Features: 

- back-to-back diodes protect gate insulation against damage 
due to static changes frequently encountered during handling 

- high forward transconductance: 91. = 12,000 pmho (typ.) 
- high power gain: Gps = 32 dB (typ.) at 44 MHz 
- gate leakage currents: IGISS and IG2SS = 60 nA (max.) 

atTA=250 C 
- high input impedance 
- excellent thermal stability 

Performance Features: 

- superior cross-modulation performance and greater dynamic 
range than bipolar and junction-gate FETs 

- wide dynamic range permits large-signal handling before 
overloading 

- virtually no age power required 
- greatly reduced spurious responses in AM and FM receivers 
- dual-gate configuration 'permits simplified AGCcircuitry 
- operates at frequencies to 500 MHz without neutralization 

in circuits utilizing the dual-gate configuration 
- operates up to UHF with low-noise performance 

Detailed information, utilizing RCA dual·gate protected 
MOS/FETs in RF applications, is given in the following RCA. 
Application Note.: AN-4431 "R F Applications of the 
Dual·Gate MOS/FET up to 500 MHz" and AN-4otB "Design 
of Gate·Protected MOS Field-Effect Transistors". 

• Formerly Developmental Type TA8242. 
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Maximum Ret!np 

AbIOlur. MBlmum V.,U..llt TA - 2!PC: 
Drain·to·Source Voltage, VDS •••• , ••••.•.•••.••..••.•••••• 
Gate Terminal Current, IGIS or IG2S .•••..••....•.••.•••••• 
Gate Terminal Current,IGS .............................. . 
Drain·to·Gate Voltage, VDGI or VDG2 •..•••.••.•..•.••..... 
Drain·to·Gate Voltage, VDG ..•••••••.••.•••••.••.•..••••.• 
Drain Current, 10 ••••••••••••••••••.•••••••••••••••••••• 
Transistor Dissipation: . 

D .... -Gm 
Configumion 

-0.2 to +18 
:tUX) 

+24 

50 

330 

Sln~ 
ConfIgur.tlon 

-0.210+18 

:tl00 

+24 
50 

330 AtTA up to 250 C .•.•..•....•••.•.......•.••.• q •••• 

At T A abQve 250 C ......•.•...••.•..•...........•...• derate linearly 2.2 mW JOC 
Ambient Temperature Range: 

Operating and Storage .•.•..••...•...••....•.•......... 
Lead Temperature (During Solderingl: . 

At distances 1/3~)n frQlll seating surface for 10 s max. 

Continuous Working Voltage#, lit TA = 2!PC: 
Gate No. l·to·Source Voltage, VG1S .••....•..•..•.....•..•• 
Gate No. 2·to·Source Voltage, VG2S ..••.•......••••........ 

·Gate·to·Source Voltage, VGS . '.' ............ '.' ....•......•. 
Drain·to·Gate Voltage, VDGI or VOG2 .•..••.....•.........•. 
Orain·to·Gate Voltage, VDG ..•..•..••..•.....••.•....•...• 

-65 to +175 

265 

.,.4.5 to +3 
·4.5 to +4.5 or 4O'l!. of VOS 
. (whichever value is less) 

+20 

-65 to +175 

265 

-4.5 to +3 

+20 

#Continuous Working Voltage Ratings must be observed to maintain device characteristics. The .. ratings are based on long·tarm continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics). provided the Absolute Maximum Ratings 
are not exceeded .. 
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TERMINAL DIAGRAMS 

DUAL-GATE CONFIGURATION 

LEAD 1-DRAIN 
LEAD 2-GATE No.2 
LEAD3-GATENo.l 
LEAD 4-SOURCE 

SUBSTRATE AND CASE 

SINGLE-GATE CONFIGURATION 

LEAD I-DRAIN 
LEAIl&-2 AND 3-GATE 
LEAD 4-S0URCE, 

SUBSTRATE AND CASE 

V 
pA 
pA 

V 
V 

mA 

mW 

V 
V 

V 
V 
V 



File No. 489 

ELECTRICAL CHARACTERISTICS at T A= 25°C 

LIMITS 
CONFIGURATION CHARACTERISTICS SYMBOLS TEST CONDITIONS 

DUAL-GATE SINGLE-GATE 
MIN. 

Gate-to·Source Cutoff Voltage: 
Dual-Gate (Np. 11 VG1S(olil VOS· +16V .ID-2DO~A. VG2S· +4V 
Dual-Gate (No.2) VG2S oil ves· +16V,IO-200",A,VG1S"O 
Single Gate VGS(olil Yes· +15V,lo-20o,.A 

Gate-to-Source Forward Breakdown Voltage: IG1SSF· 
Dual-Gate (No.1) V(BRIGISSF IG2SSF· VG2S· VOS· 0 
DUDoI·Gtlto (No.2) VIBRIG2SSF loopA VG1S· VOS- 0 
Single-Gate V(BRIGSSF IGSSF· loopA, VOS· 0 

Gate-to-Source Reverse Breakdown Voltage: IG1SSR· 
Dual-Gate (No.1) VIBRIGISSR IG2SSR· VG2S· VOS· 0 
Dual-Gate (No.2) VIBRIG2SSR lOO"A VG1S' VOS· 0 
Single-Gate V(BRIGSSR IGSSR - loo"A. VOS· 0 

Gate Terminal Forward Current: 

Dual·Gate (No. 1) IGISSF VOS· VG2S' 0, VGlS· 6 V 
Dual Gate (No. 21 IG2SSF VOS· VG1S - O. VG2S· 6 V 
Single-Gate IGSSF VOS' 0, VGS- 6V 

Gate Terminal Reverse Current: 
Dual-Gate (No.1) IGISSR VOS = VG2S = 0, VGlS· -6 V 
Dual·Gate (No. 21 IG2SSR VOS' VGlS - 0, VG2S- 6V 
Single-Gate IGSSR VOS· O,VGS' 6V 

Zero-Bias Drain Current: 
Dual-Gate lOS VOS' +15 V. VG1S = O. VG2S = +4 V 
Single-Gate lOSS VOS· +15 V, VGS.' 0 

Forward Transconductance (Gate-to-Orainl 
Dual-Gate 9b 1 kHz 
Single-Gate 9b 

SmaU·SilJ'lal, Short·Circ,,:,lt Input Capacitancet Ciss 
f'" 1MHz 

Small·Signal, Short·Circuit, Reverse Transfer 
Crss VOS'" +15V Capacitance (Orain·to·Gate·No. 1)' 

Small·SilJ'lal, Short·Circuit Output Capacitance Co .. 
10" lOmA 

Audio Spot Noise Figure· [Dual.Gate only J 
Dual·Gate NF 

VG2S= t4V 
f= 1 kHz 

Single·Gate NF f - 1 kHz 

Power Gain Go. 44MH. 
Conversion Gain GpslCI 

t Capacitance between Gate No.1 and all other terminals (Dual·Gate), Gate and all other terminals (Single·Gate) 

, Three-terminal measurement with Gate No.2 and Source returned to guard terminal (Dual·Gate) 

TYP. MAX. 

-2 
2 

9 
9 

60 
60 

60 

60 

10 

12000 -

6.5 

0.02 

0.46 -

32 
24 

• Noise Figure"" ,0109,0 [1 + en 
2 1 where K = 1.3B x 10-23; T = Temperature in "Kelvin; BW. Bandwidth in Hz; 

4 KT BW RJ Rg " Generator resistance •. 

MIN. TYP. MAX. 

1.6 

120 

120 

3.7 

7000 

11 

0.54 

0.29 

40841 

UNITS 

V 
V 
V 

V 
V 
V 

V 
V 
V 

nA 
nA 
nA 

nA 
nA 
nA 

mA 
mA 

Ilmho 
~ho 

pF 

pF 

pF 

dB 
dB 

dB 
dB 
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TYPICAL CHARACTERISTICS FOR 40841 IN DUAL-GATE CONFIGURATION 

DRAIN-lO-SOURCE VOLTStVDS)e, 

10 AMBIENT TEMPERATURE ITA'·25-C 

o 
-2 -,I 0 

~ATE NO.I-lO-SOURCE VOLTS (VOIS' 

Fig. 1-10 vs. VG15-

GATE NO.2-l0-S0URCE VOLTSIVG2S1-4 
AMBIENT TEMPERATURE tTA) ·25·C 

o 

-I 

92CS-18041 

10 
GATE NO.I-lO-SOURCE VOLTS (VGIS)-O 

-0.2 

-0.4 

-0.6 

-O.B 

-1.0 

-1.2 

o 4 10 12 14 16 
DRAIN-lO-SOURCE VOLTS (VOS) 

92CS-18043 

Fig.3-IO vs. Vos. 

-I I 
GATE NO. 2-TO-SOURCE VOLTS (Vazs) 

92CS-14787R2 

Fig.5-gfs2 vs. VG2S-
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'0 
" 
i 
:: ... 

10 

... 5 

" z 

~ 

o 

o 

-0.5 

DRAIN-TO-SOURCE VOLTS (Vos)· 15 

AMBIENT TEMPERATURE (TAl· 2~;;' 

-1++++ 

-2 -1 0 I 2 3 4 
GATE NO.2-l0-S0URCE VOLTS (VG2S) 

Fig.2-lo vs. VG2S. 

COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)-25-C 
FREQUENCY en-, KHz 
DRAIN-TO-SQURCE VOLTS (Vos,-IS 

GATE NO.2-TO-SOURCE VOLTS (VG2 )e+4 

-I 

+2 

+1 

o 

~ -I 0 +1 
GATE NO.I-lO-SOURCE VOLTS (VGrs' 

Fig.4-gfs VS. VG1S. 

92CS-IB042 

9255-4096 

!i00: INITIAL ADJUSTMENT: GATE No.I-TO-SOURCE VOLTAGE IVGISl 
FOR DRAIN CURRENT II'D )0:10 rnA WITH VG2S =+-4.0 V 

'l: 4 ORAIN-TO-SOURCE VOLTS IVDS)= 15 

1 ~B l 2 

1?O~~ ... 
'" 100 l! • g • 
III 4 

I"'I!I (5 ~ z 2 .. 
GATE No. 2-TO-SOURCE VOLTS (VG2s1: ~ ;;;;:;:0 

~ 10 
!; • Ao:+4.0 .. • 9"'+2.0 A z 
~ 4 C=O.O 

!!I 0=-1.0 

5 
, 

iii I 

• 4 . . 2 4 •• • 4 •• • 4 •• 
10 100 Ik 10k 100 k 

fREQUENCY If)-Hz 
92CS-18050 

Fig.6-en VS. f. 



File No. 489 40841 

TYPICAL CHARACTERISTICS FOR 40841 IN SINGLE-GATE CONFIGURATION 
(Terminals 2 and 3 tied together to comprise effective single-gate) 

AMBIENT TEMPERATURE CTA).25·C 

15 

;;; 
z 

~ 5 

o 
-2 -1.5 -I .-W5 0 0.5 I 1.5 

DRAIN-TO-SQURCE VOLTS eVosl 

92CS-I8044 

Fig.7-lo lIS. VOS. 

DRAIN-TO-SOURCE VOLTS (VOS)-15 
FREQUENCY (Ue, kHz 

.8 .. ~BIENT TEMPERATU~E ~TA1.25·C f f~ 
~ 
~ 
~ 

o 

Fig.9-fIfs lIS. '0. 

GND. 

3-12 
pF 

S 10 15 
DRAIN MILLIAMPERES (XOJ 

VOlTAGE RANGE r-----, 
/ I 

I '/ 

ALL RESISTANCE VALUES 
ARE IN OHMS 

92CS-IS04S 

2.5 !5 17.5 
DRAIN-lO-SOURCE VOLTS (YDSI 

92CS-18047 

Fig.8-IO lIS. VOS. 

TYPICAL CHARACTERISTICS FOR 40841 IN 
SINGLE·GATE & DUAL·GATE CONFIGURATION 

1000s AMBIENT TEMPERATURE (TA).25·C 

Ii! .6 
'5 1--1--++++-1-++ SINGLE-GATE CONFIGURATION: 

~ ~ I I ADJJt,t~A~JFv~T~-~g~~~EAIN 
1: 2 ~ I I DR~~R_~~~~~~~~O~~TS.15 
~IOO.I--I-- ~ • .., S'''G (-g., g 6 (E'-G.4 ' 

~ 
!i 

~ 
I-

~ 
!I 
~ 

• I I IE' c '--is'IH, 1+--11-+-+-H 

I I I I I I ~.J-~-+--++-H 2 

10 · 6 

• 
2 

I 

10 

DUAl-GATE CONFIGURATION: ~=1e:a~f~~~ ADJUST GATE No.l-lO-SOURCE 
VOLTAGE ('/GIS) FOR DRAIN 
CURRENT (ID)-IOmA 

DRAIN-TO-SOURCE VOLTS 
(VOSI',5 

GfTE ~··~i~O-S~URC~ 'rLT 4 

2 468 2468 2468 2 468 
100 Ik 10k lOOk 

FREQUENCY (f) - Hz 
92CS-18046 

Fig.10-en lIS. f. 

I 
cw 
o 

2.4K 

600 

2.7K 

'----+13V 

'-------- -13V 

92CM-1804~ 

Fig. 1 1 - Typical differential amplifier utilizing the 40841 in the vertical input st1lge of a solid·st1ltr1 oscilloscope. 
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SOLID-STATE TIMER FOR INDUSTRIAL APPLICATIONS 

~~~~-4r~----~~~-~~------~--, 
r I 100 ~F + 

120 V AC'" 50 V DC -

601HZ TYPE R,' 
IN3756 T 

Ik 
8W 

1.2k 
2W 

D3 

Cornell-Dubilier Electronics-Type MMW or equivalent. 
• R controls duration of time delay. At R = 60 Mn up to 

5-minute delay (lRC resistor, Type CGH or equivalent) 
:(:" This circuit can also be used at supply voltages of 240 V AC 

and 24V AC (60Hzl by changing the.alues of Rl and 03. 

D, 
TYPE 

IN3754 

, k 
112W 

TIMING CIRCUIT CHARACTERISTICS 

T A = _25°C to +SOOC 
Accuracy: ±to" lover temperatura) 
Repeatability: :13% (at 2SoCI 

Reset Time: Less than 160 ms 

Fig. 12-Typica/ timing circuit utilizing the 40841 in a single-gate configuration. 

OPERATING CONSIDERATIONS 

'00 

0.05 

92CM-18049 

02: VORM - 60V 

IGT= 200"A 
IT= O.SA 

03: IRa InA 

VR = 60V 

The flexible leads of the 40841 are usuallv soldered to the 
circuit elements. As in the case with any high·frequency 

semiconductor device, the tips of soldering irons MUST be 
grounded. 
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DIMENSIONAL OUTLINES FOR LINEAR INTEGRATED CIRCUITS AND MOS/FET'S 

JEDEC MO-OO2-AL 8-LEAD TO-5 STYLE 

NOTES 

1. Ref,r to Rules for Dimensioning Axial Lead Product Oullines. 

2: LINd.a. putt plane wil~i" 0.007" (O.178mm. radius of True 
POlition (1"') at maximum material condition. 

3. 41'8 applies between Ll and L2. fPB2 applies between L2 and 
0.500" f12.70mml from seating plane. Diameter IS uncontrolled 
in LI and beyond 0.500" 112.70mm). 

4. Measure from Max. ~O. 

5. N 1 is the quantity of allowable missing -teads. 

6. N is the maximum Quantitv of lead positions. 

SYMBOL 

• 
AI 
A2 
OB 

OBI 
OBZ 
00 

¢Ol 

FI 
i 
k 

II 
lZ 

L3 . 
N 

NI 

INCHES 
MIN. MAX. 

0.200TP 
0.010 0.050 
0.165 0.185. 
0.016 0.019 
0.IZ5 0.160 
0.016 O.OZI 
0.335 0.370 
0.305 0.335 
0.020 0.040 
0.OZ8 0.034 
0.029 0.045 
0.000 0.050 
0.Z50 0.500 
0.500 0.562 

45 TP 
8 
3 

MilliMETERS 
NOTE .-

MIN. I MAX. 

2 5.88 TP 
0.26 1.27 
4.20 4.69 

3 ''0.407 0.482 
3.18 4.06 

3 0.407 0.533 
8.51 9.39 
7.75 8.50 
0.51 1.01 
O.71Z 0.863 

4 0.74 1.14 
3 0.00 1.27 
3 6.4 IZ.7 
3 IZ.7 14.27 

45 TiO 
6 8 
5 3 

8-LEAD TO-5 STYLE WITH DUAL-IN-L1NE FORMED LEADS (DIL-CAN) 

.looi.OIO 
12.54t·2M) 

3 SPACES) 

10-LEAD TO-5 STYLE PACKAGE JEDEC MO-006-AF 

SYMBOL 
INCHES 

NOTE 
MIN. MAX. -. O.230TP 2 

A • .. 
A O.1~ 0.18& 
,a 0.016 0.019 3 .. • • 
'·2 0.016 0.021 3 
,0 •. 335 0.370 
,D 0.305 •. 335 ., 0.020 0.040 
i •. 028 •. 034 
k •. 029 ..... • 
L, ..... ..... 3 
L2 D.2S0 MOO 3 
L3 ~5" 0.562 3 

r--~ 
380TP 

• '0 • ., , 5 

NOTES: 
1. Refer to Rules for DimenSioning Axial Lead Product Out· 

lines. 
2. Leads at gauge plane within 0.007" (0.178 mm) radius of 

True Position (TP) at maximum material condition. 

3. q,B applies between L 1 and L2. q,82 applies betwean L2 
and 0.500" (12.70 mm) from seating plane. Diamerer i, 
uncontrolled in LI and beyond 0.500" (12.70 mm). 

4. Measure from Max. ¢D. 

5. N1 is the quantity of allow:ab1e missing leads. 

6. N is the maximum quantity of lead positions. 

752 

MILLIMETERS 
MIN. MAX. 

S.B4TP 

• • 
4.19 4.70 
0.401 0.482 

• • 
•• 4117 0.533 
8.51 9.39 
7.75 9'" 
0.61 1.01 
0.712 •. 863 
0.74 1.14 .... '.27 
U 12.7 

12.7 14.27 
36'TP 

'0 , 

.300±.OIO 
(7.62:1.2541 

NON CUMULATIVE 

92CS~20296R2 

10 FORMED LEADS RADIALLY 
ARRANGED TO-5 TYPE 

.335-.370 

~::::~~~:) ~7.~-8.501 I I DIA .070-.100 
----L..-....! . 11.78-2.541 

.Iao Jli.71 I _ L . 
-r-~nnl'i1f->:I..J. 

T::--::- .120-.160 
.235-.26~ n D D D (3.05-3.81) 

(5.9716.731 _0 10 LEADS --r 
......,14-:016-.019 

(.407-.482) 
OIA. 



12-LEAD TO-5 STYLE PACKAGE JEDEC MO-006-AG 

SYMBOl 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

1°0'1 
0.230 5.84 TP 

0 0 NOTES: fOO~ A, 

S~\. ~rr+A: 
A2 0.165 0.185 4.19 4.70 1. R.f., lO Rules for Dimensioning A"ial Lead Product Oul' 

~- 0.016 0.019 0.407 0.482 lines. 

oB 0 0 0 
2. Leads at gauge plane withm 0.007" 10.178 mml radius of 

:'~~~E ID'O'O: L, oB2 0.016 0.021 0.407 0.533 
True Position (TPI al maltimum material conditIOn. 

3. oB applies between Ll and L2. 082 applies between L2 PLAN 00 0.335 0,370 8.51 9.39 and 0.500" (12.70 mml from saating plane. Oiamerer is ,\:~B 
~~~~~R ~J I 

OB, 00, 0.305 0.335 7.75 8.50 unc:ontrolled in L, and beyond 0.500"112.70 mml. 

LINE ~ I 2 F, 0.020 0.040 0.51 1,01 4. Measure from Malt. 00 . ..j N,··,' 0.028 0.034 0.712 0.B63 5. N,IS the quantity of allowable missing leads. t " 0.029 0.045 0.74 1.14 
K r.i '0 L, 0.000 0.050 0.00 1.21 

6. N is the maximum quantity of lead positions. .. 
L2 0.250 0.500 6.' 12.7 

~B, L3 0.500 0.562 12.1 14.27 

1-0 30 TP 30 TP 

92CS-19774 I-----c-"- --.---~ ~ ,2 
N, , 5 

B-LEAD. DUJ.\L-iN-L1NE pLASTIC PACKAGE (MINI-DIP) 

I MIN. MAX. MIN. MAX. 

BAse PLANE A 0.155 0.200 3.94 5.DB 

~.l-,Ql SYMBOL ·INCHES NOTE MILLIMETERS 

\' -T* A A, 0.020 0.050 0.508 1.21 NOTES: 
SEATING PLANE L ~-----.I.... 1. Rafw to Rules for Dimensioning IJEDEC PubliCition No. 13) 

G~A;UG~E~PL~A;N'~== ~ L 81 ~: :: ::: ~:s 2.~:::th-::.=~.~::~·radiUIOfTru.posltionITPI 
--1 -i,',' i--:JL.A' L, ::: :::- ~:: ,::: ~~,:::.planewithmuimummItefIIllCOnditionndunlt 

!--,:-_!--,=+--=-+_--I-=-==-+-::=-"" 3. IA applies in zone L2wMn unit installed. 
0.300 0.325 7.82 8.25 4. II applies to spread leads prior 10 installation. 

" 0.240 0.260 6.10 -6.60 5. N is the maximum quMitity of Iud positionl. 

" D.l00TP 2.54TP 6. N, is the quantity of allowable missing liIIIdL 

'A D.300TP 2.3 7.62TP 
• WhIn dllvice i. supplied solder dipped, the maximum load 

thickness (narrow portion) will not exceed 0.013"' • 
L O-12S 0-'50 .. 16 "8' 
L, 0.000 •• 030 •• 000 0.762 ,2CS·24026 

NOTES, 

ctl '5· ctl 
N 
N, 
0, 0.040 0.075 '.02 
S 0.015 0.060 0.381 

S-LEAD DUAL-IN-LINE FRIT-SEAL 
PACKAGE 

,.-

'.90 
,.52 

VMBOL 

A 

A, 

B 

B, 

C 

0 
E 

E, 

", 
"A 

L 

L2 

a 

N 

N, 

0, 

S 

INCHES 
NOTE 

MIN. MAX. 

0.'55 0.200 
0.020 O.OSO 

0.014 0.020 
0.050 0.065 

0.008 0.012 

0.376 0.396 

0.315 0.345 

0.240 0.260 

O.,ooTP 2 

0.300 TP 2.3 

0.100 0.150 
0.000 0.030 

00 '5° • 
B 5 
0 6 

0.040 0.075 

0.020 0.060 

1. Refer to Rules tor Dimensioning (JEOEC Publication No. 13) 
for AXial Lead Product Outlines. 

3. eA applies 10 zone l2 when umt installed. 

4. a applies to spread leads prior to installation 

MILLIMETERS 
MIN. MAX. 
3.94 5.08 
0.5OB '.27 

0.366 0.508 
1.27 1.65 

0.203 0.304 
9.55 10.05 

8.00 8.76 

6.'0 6.60 

2.54 TP 

7.62TP 

2.54 3.Bl 
0.000 0.762 

00 I 15° 

8 
0 

1.02 1.90 

O.SOB 1.52 

92CM·20827 

2. leads within 0.005" (0.12 mm) radiUS of True Position (TP) at 
guage plane with maximum matenal condition and unit installed. 

5. N IS the maximum quantity of lead positions. 

6. N 1 IS the quantity at allowable missing leads. 
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1 .... LEAD DUAL·IN·L1NE PLASTIC AND FRIT-SEAL PACKAGE 
JEDEC MO·001·AB 

--r 5 D "11. 
\~mT.· SEATING PLANE L ~ 

G~AU~G~E~P~L'~.~E==J I l AI L 

La;" ~.jl L, 

BASE PLANE 

SYMBoL 
INCHES 

NOT. 
MILLIMETERS 

MIN. MAX. MIN. MAX. 
A 0.155 0.200 3." 5.08 
AI •. 020 0,050 0.61 1.27 
8 0.01. 0.020 0.358 D.5OB 
81 0.050 0.066 1.27 I .• 
e 0.008 0.012 0.204 0.304 
0 0.745 0.770 18.93 19.55 

• 0.300 0.325 7.62 8.25 
.1 0.240 0.2BO 8.10 .... 
·1 O.100TP 2 2.54 TP 

eA O.300TP 2.3 7.&2TP 

~ 0.125 0.150 3.18 3.81 
L2 0.000 0.030 0.000 0.76 . oa 150 • oa 150 
N I. 5 I. 
Nl • • 0 
Ql 0.040 0.076 1.02 1.90 
S •. 065 •• 080 1.66 2.28 

NOTES: 
1. Refer to Rules for Dimensioning (JEDEC Publication No, 13) 

for Axial lead Product Outlines. 

2. Leads within 0.005" (O.12 mm) radius of True Position (TPJ at 
guage pJane with maximum material condition and unit installed. 

3. EtA applies in zone L2 when unit installed. 

4. a applies to spread I~ds prior to installation. 
5. N is the maximum quantity of lead positions. 

6. Nl is the quantity of allowable missing leads . 

• When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013". 

16·LEAD DUAL·IN·LINE PLASTIC AND FRIT· SEAL PACKAGE 
JEDEC M.o·001·AC 

-I- s D _1°1 

~m-.l-l 
\ . -T. • 

SEATING PLANE L 0±d --!-1 

G~'UGEP~L"E == I L --i'1 ~ Jl ~=---Jf 
-l B} B- 2 

BASE PLANE 

NOTES: 

1. Refer to Rules for Dimensioning (JEDEC Publication No, 131 
for Axial Lead Product Outlines. 

2. Leads within 0.005" (0.12 mmJ radius of True Position {TPJ at 
gauge plane with maximum material condition and unit installed. 

3. eA applies in zone L2 when unit installed. 
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~YMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.155 0.200 3.94 5.08 

AI 0.020 0.050 0.51 1.27 

8 0.014 0.020 0.356 0.508 

8, 0.035 0.065 0.89 1.65 

C 0.008 ·0.012 0.204 0.304 

D 0.745 0.785 18.93 19.93 

E 0.300 0.325 7.62 8.25 

E, 0.240 0.260 6.10 6.60 

e, 0.100TP 2 2.54 TP 

eA 0.300TP 2.3 7.62 TP 

L 0.125 0.150 3.18 3.81 

L2 0.000 0.030 0.000 0.76 

a 0° .15° 4 rf> 15° 

N 16 5 16 

NI 0 6 0 

0 , 0.040 0.075 1.02 1.90 

S 0.015 0.060 0.39 1.52 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. Nl is the quantity of allowable missing leads. 

• When this device is supplied solder-dipped. the maximum lead 
thickness (narrow portion) will not exceed 0.013"". 



14·LEAD DUAL·IN·LINE CERAMIC PACKAGE JEDEC MO·001·AD 

BASE PLANE 

SEATING PLANE 

GAUGE PLANE 

SYMBOL 

A 

Al 

B 

Bl 

C 
0 
E 
E, 

01 

°A 
L 

L2 . 
N 

N, 

0, 

S 

INCHES 

MIN. MAX. 

0.120 0.160 
0.020 0.065 

0.014 0.020 

0.050 0.065 

O.OOB ·0.012 
0.745 0.770 

0.300 0.325 
0.240 0.260 

0.100TP 

0.300 TP 

0.125 0.'50 
0.000 0.030 

00 150 

14 
0 

0.050 0.OB5 

0.065 0.090 

NOTE 
MILLIMETERS 

MIN. MAX. 
3.05 4.06 

0.51 1.65 

0.356 0.50B 
1.27 1.65 

0.204 0.304 

lB.93 19.55 
7.62 B.25 
6.10 6.60 

2 2.54 TP 

2,3 7.62TP 

3.1B 3.Bl 
0.000 0.76 

4 00 '50 
5 14 

6 0 

1.27 2.15 

1.66 2.2B 

16·LEAD DUAL·IN·LlNE CERAMIC PACKAGE JEDEC MO·001·AE 

Notes for 14~ and 16-Lead Dual·in-Line Ceramic Packages 

1. Refer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 

2. Leads within 0.005" 10.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed. 

3. eA applies in zone L2 when unit installed. 

YMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 
A 0.120 0.160 3.05 4.06 

A, 0.020 0.065 0.51 1.65 

B 0.014 0.020 0.356 0.508 

B, 0.035 0.065 0.B9 '.65 

C 0.008 ·0.012 0.204 0.304 
0 0.745 0.785 18.93 '9.93 

E 0.300 0.325 7.62 8.25 

E, 0.240 0.260 6.10 6.60 

0, O.l00TP 2 2,54 TP 

eA O.300TP 2,3 7.62 TP 

L 0.125 0.150 3.18 3.B' 
L2 0.000 0.030 0.000 0.76 . 00 '50 4 <f' '50 
N '6 5 '6 
N, a B 0 

0, 0.050 0.085 1.27 2.15 

5 0.015 0,060 0.39 1.52 

.92SS·4286R3 

4. a applies to spread leads prior to installation, 

5. N is the maximum quantity of lead positions. 

6. N1 is the quantity of allowable missing leads. 

.When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013", 

16·LEAD DUAL·IN·LlNE "POWER·STUD" PLASTIC PACKAGE 0.104 (2.642)01A. 
0.107(2.717) ~ 

TERMINAL I 

0.240(6.10) 
0.260 (6.60) 

...-MECHANICAL INDEX 

~'rrT"TT"rrr"TT"rrr~ 

----L 0.0400.02 I' -I 
0.116(2.947) jO.075(1.90) .-----r-____ ~ __ ~0~.1~22~1~1..~0~1 

g~~~((~~~kl 

0'02~~ 0.0500.271 

0.015(0.3') 
0.060(1.521 0.035(0.89) 'TYP.j t 

0.065(1.65) . 

8:g:J?03~Jf'p, DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 9ZCS-Z41~4 
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14-LEAD QUAD-iN-LINE PLASTiC PACKAGE 

:%~gC:~T) 

.200e';\! 1 .155 3.94 

,It {2~ 
(2.54) TYp. 

MIN. 

~oo 
(10.16) 
TYP. 

.300 
(7.62) 

TYP. 

92CS-t48nRl 

Recommended Mounting - Hole 
Dimensions and Spacing 

4
Pt~~~E 

k-- +++ (T-- -+..-
(~j~~~+ --+ --+ TOP VIEW 

,/ A.lOO l~'030!0IA' 
(!4JS) --1(2.54) (IN CIRCUIT BOARD) 

TYP. 92CS-14B73 

16-LEAD QUAD-iN-LINE PLASTiC PACKAGE 

t .785 (, •. '3) 
.745 18.93 

:g~g(:~~)R 16 15 14 13 12 II 10 9 I 
INDEX ---L 
POINT .260(6.60) 

.240 6.10 

INDEX 
NUMERAL 

APPRDX •. 062 (1.57) , 2 3 4 5 6 7 .1 

J i~"<'(!llL 
TYP. 

.300 
(1.62) 
TYP. 

--I~060(1.'0) I .015 .39 ----1.. 
.050 (1.27) .200(5.08) 
.020 L .155 3.94 

~ ~ ~ JLJ II U .065 (1.05)TY. 
.100 12'.~~) -11-- .035 .89 . 

(2.54) TYP. .020 (,SOB) TYP. 
MIN. .014 .356 

92CS-17533 

Recommended Mounting - Hole 
Dimensions and Spacing 

Y,41 
L~_",_",_L7((:N~1 

.100 'l' 'l' /'f' 
(~$-$-' $-}P-
(5~g~) I - TERMi"NALN;! --- --- TOP VIEW 

, Gl-$-$-¥
_--I $L!-$-

-I ~(l~~) .03~ ~6tk~'A. 
TYP. (IN CIRCUIT BOARD) 

92CS-175BO 

20-LEAD QUAD-iN-LINE PLASTIC PACKAGE 

I, 
INDEX 
NOTCH 

234567B9 

.260(6.60) 

.240 6.10 

.-------,~ 
'. 200( 5,.OB) 
. 155 3.94 
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J (~~:"L 
.300 
(7.62) 
TYP. 

92CS-17587 

Recommended Mounting - Hole 
Dimensions and Spacing 

~--~--¢--$--¢-
(=r----+-f-$-¢-¢-
.200 ;4t------------ TOP VIEW 

(5.09) TERMINAL No I 

~ ~Gl--$-'-$--¢--
y{ -$-! $-Lt.-$-¢-

(3"548'0/ I I .100 .030 (.76) DIA . . -I !-(2.54) 19 HOLES 
TYP. TYP. (IN CIRCUIT BOARD) 

92CS-175BI 



MODIFIED l6-LEAD QUAD-IN-LiNE PLASTIC PACKAGE 
WITH INTEGRAL BENT DOWN WING-TAB HEAT SINK 

0.100(2.54) 
TYP. 

DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EOUIVALENTS OF THE BASIC INCH DIMENSIONS 

Jl 9.100 (2.54) TYP. 

0.200 (5.08) TYP. 

0.008-0.012.1 (0.204-0.304) 

0.677 
U7.20) 

92CM-25()44 

MODIFIED l6-LEAD QUAD-IN-LiNE PLASTIC PACKAGE 
WITH INTEGRAL FLAT WING-TAB HEAT SINK 

INDEX AREA 

"'-- MECHANICAL 

., r-0~::~:065 rl ?2~~1~)~ 
(0.89-1.65) 0.400[ 
8 LEADS UO.16) 

TYP. 

0.053 DIA. 0300 
(1.35) ,0.040-0.075 ('7.62) 

;=,-,,=--:-_2_H_0_L.,E~ (1.02-1.90) TYP. 

--.-
..t 0.125-0.150 
T(3.18-3.81) 

0.100 (2.54) 
TYP. 

DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EOUIVALENTS OF THE BASIC INCH DIMENSIONS 

Jl ~.I00 (2.54) TYP. 

0200 (5.08) TYP. 

0008-0012 
(0 204-Q 304) 

92CPoI-25045 

757 



758 

14 LEAD FLAT PACK 
JeDeC MO.OO4·AF 

~-

,-

1 

-
I 

l4-LEAD CERAMIC FLAT PACKAGE JEDEC MO-004AF 

OPTIONAL END 
CONFIG. TYPICAL 
BOTH ENDS 

SYMBOL 

A 

B 

C 

e 
E 

INCHES 
NOTE 

MIN. MAX. 

0.008 0.100 

0.Q15 0.019 1 

0.003 0.006 1 
0.050TP 2 

0.200 0.300 

MILLIMETERS 

MIN. MAX. 

0.21 2.54 

0.381 0.482 

0.077 0.152 

1.27TP 

5.1 7.6 - - nll 0.600 

-

. 

II 
>" .- ~ e z I 
r-lllJ p 
Ii 

I ! 

c-- """' 

92SS-4300RI 

H 1.000 15.3 25.4 
L 0.150 _I 0.350 3.9 J. 8.8 
N 14 3 14 
Q 0.005 0.050 0.13 1.27 

S 0.000 0.050 0.00 1.27 
Z 0.300 4 7.62 

ZI 0.400 4 10.16 

NOTES, 

1. Refer to Rules for Dimensioning Peripheral Lead Outlines. 

2. Leads within .005" (.12 mm) radius of True Position (lP) at 
maximum material condition. 

3. H is the maximum quantity of lead positions. 

4. Z and Zl determine a zone within which all body and lead 
irregularities tie. 

MODIFIED l6-LEAD DUAL-IN-liNE -PLASTIC PACKAGE 
WITH INTEGRAL HEAT SINK 

_BOO 
(21.159) 

MAX. 

DIMENSIONS IN PARENTHESES ARE IN 
MILLIMETERS AND ARE DERIVED 
FROM THE BASIC INCH DIMENSIONS 
AS INDICATED. 

Jj~ 
.2~(t~~) L 1i''''''--''''--''''--Hr"H""H""1-f>l 

TtD40(IOI6) -t: .on 1.905 

,.... 7 SPACES (2.~~g) -I .:~& (i ~g) 
I .01. ( 381) TYP. I 
r.oeo 1.524 
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