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RCA 
Linear Integrated Circuits 
and MOS/FET's 
This DATABOOK contains complete 
technical information on the full line of 
RCA standard commercial linear inte-
grated circuits and MOS Field-Effect 
Transistors (MOS/FET's). An Index to 
Devices provides a complete listing of 
types. 

The DATABOOK is divided into seven 
major sections. The first section includes 
type-selection charts, photographs of basic 
package types together with a chart that 
shows package options available for each 
generic type, a cross-reference guide that 
indicates RCA types recommended as 
direct replacements for other manuf-
acturers' types, recommended operating 
and handling considerations, and a list of 
special terms and symbols used in the 
characterization of RCA linear integrated 
circuits and MOS/FET's. 

Three separate data sections provide de-
finitive ratings and electrical character-
istics for (1) linear integrated circuits for 
industrial applications, (2) linear inte-
grated circuits for consumer applications, 
and (3) MOS field-effect transistors. Data 
pages for individual devices are included 
as nearly as possible in alpha-numerical 
sequence of type numbers. Because some 
devices are grouped together to show 
similarity of function or data, individual 
type numbers may be out of sequence. If 
you don't find the type number you're 
looking for where you expect it to be, 
check the Index to Devices. 

The data sections are followed by sections 
that show package outlines and dimen-
sions, abstracts of RCA application notes 
on linear integrated circuits and MOS/ 
FET's, and listings of RCA Sales Offices, 
Manufacturers' Representatives, and Au-
thorized Distributors. 
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Index to Devices 

Index to Devices 

This index does not include package designation 
suffix. letters for individual type numbers; the 
various packages available are shown in the 
Package Options Chart on pages 14 and 15 and 
in the data sections. However, notations are 

included to show the availibility of chip versions 
I•I and beam-lead version I•I; detailed infor-
mation on these versions is available in the 
following publications: 

Beam-Lead Linear LCs: Data Bulletin File 
No.515 

Linear IC Chips. Data Bulletin File No.516 
Other Chip Versions: Individual Data Bul-

letins 

Data 

Bulletin 

Type No. Page File No. 

CA101 26 786 

CA101A 26 786 

CA107 30 785 

CA108 33 621 

CA108A 33 621 

CA111 38 797 

CA124 42 796 

CA139 45 795 

CA139A 45 795 

CA158 47 1019 

CA158A 47 1019 

CA201 26 786 

CA201A 26 786 

CA207 30 785 

CA208 33 621 

CA208A 33 621 

CA211 38 797 

CA224 42 796 

CA239 45 795 

CA239A 45 795 

CA258 47 1019 

CA258A 47 1019 

CA270 290 879E 

•CA301A 26 786 

•CA307 30 785 

CA308 33 621 

CA308A 33 621 

•CA311 38 797 

•CA324 42 796 

•CA339 45 795 

CA339A 45 795 

CA358 47 1019 

CA358A 47 1019 

• CA555 54 834 

•CA555C 54 834 

•CA723 58 788 

•CA723C 58 788 

•CA741 62 531 

•CA741C 62 531 

CA747 62 531 

•CA747C 62 531 

CA748 62 531 

•CA748C 62 531 

CA758 293 760 

CA810 296 — 

Data Data 

Bulletin Bulletin 

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

CA810A 296 •CA3043 322 331 

CA920A 299 CA3044 324 340 

CA1190GQ 301 — ••CA3045 130 341 

CA1310 304 761 CA3046 130 341 

CA1352 307 — CA3047 120 360 

CA1391 308 CA3047A 120 360 

CA1394 308 — •CA3048 133 377 
CA1398 310 686 ••CA3049 136 611 

•CA1458 62 531 CA3050 140 361 

CA1541 66 536 CA3051 140 361 

CA1558 62 531 CA3052 327 387 

CA2002 312 — CA3053 115 382 

CA2111A 69 612 ••CA3054 111 388 

CA2904 47 1019 CA3058 143 490 

•CA3000 71 121 •CA3059 143 490 

•CA3001 73 122 •CA3060 148 537 

•CA3002 76 123 CA3060A 148 537 

CA3004 78 124 CA30608 148 537 

•CA3005 81 125 CA3062 154 421 

CA3006 81 125 CA3064 331 396 

CA3007 84 126 CA3065 333 412 

CA3008 86 316 CA3066 336 466 

CA3008A 90 310 CA3067 336 466 

CA3010 86 316 CA3068 339 467 

CA3010A 90 310 CA3070 341 468 

CA3011 94 128 CA3071 341 468 

•CA3012 94 128 CA3072 341 468 

CA3013 96 129 •CA3075 157 429 
CA3014 96 129 •CA3076 159 430 

••CA3015 86 316 •CA3078 161 535 

CA3015A 90 310 CA3078A 161 535 

CA3016 86 316 CA3079 143 490 

CA3016A 90 310 •CA3080 165 475 

••CA3018 99 338 CA3080A 165 475 

CA3018A 99 338 •CA3081 171 480 

•CA3019 102 236 •CA3082 171 480 

•CA3020 104 339 41•CA3083 173 481 

CA3020A 104 339 ••CA3084 175 482 

CA3021 108 243 ••CA3085 178 491 

•CA3022 108 243 CA3085A 178 491 

•CA3023 108 243 CA30856 178 491 

•CA3026 111 388 CA3086 181 483 

••CA3028A 115 382 CA3088 348 560 

CA30286 115 382 CA3089 350 561 

CA3029 86 316 CA3090 353 684 

CA3029A 90 310 •CA3091 183 534 

CA3030 86 316 •CA3093 189 533 

CA3030A 90 310 •CA3094 192 598 

•CA3033 120 360 CA3094A 192 598 

CA3033A 120 360 CA3094B 192 598 

•CA3035 315 274 •CA3095 200 591 

CA3036 124 275 •CA3096 205 595 

CA3037 86 316 CA3096A 205 595 

CA3037A 90 310 •CA3097 212 633 

CA3038 86 316 •CA3098 218 896 

CA3038A 80 310 •CA3099 222 620 

••CA3039 125 343 •CA3100 225 625 

CA3040 127 363 •CA3102 136 611 

CA3041 316 318 •CA3118 228 532 

CA3042 319 319 CA3118A 228 532 
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Index to Devices 

Data Data Data 
Bulletin Bulletin Bulletin 

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

CA3120 355 907 CA3160 262 976 3N204 417 959 

CA3121 359 688 CA3160A 262 976 3N205 417 959 

CA3123 361 631 CA3160B 262 976 3N206 417 959 

CA3125 363 685 CA3170 392 — 3N211 422 875 

CA3126 364 860 CA3172 228 532 3N212 422 875 

•CA3127 233 662 •CA3183 228 532 3N213 422 875 

CA3128 366 — CA3183A 228 532 40467A 426 324 
CA3130 236 817 •CA3401 274 630 40468A 427 323 

CA3130A 236 817 CA3600 276 619 40559A 427 323 

CA31308 236 817 CA3724 281 884 40600 428 333 

CA3131 367 — CA3725 281 884 40601 428 333 

CA3132 367 — CA6078A 283 592 40602 428 333 
CA3134 368 — CA6741 283 592 40603 429 334 
CA3135 370 1021 CD2500 285 392 40604 429 334 

CA3136 374 — CD2501 285 392 40673 430 381 

CA3137 377 970 CD2502 285 392 40819 431 463 
CA3138 246 — CD2503 285 392 40820 432 464 

CA3138A 246 — 3N128 398 309 40821 432 464 

CA3139 381 905 3N138 400 283 40822 434 465 

CA3140 248 957 3N139 401 284 40823 434 465 

CA3140A 248 957 3N140 402 285 
CA3140B 248 957 3N141 402 285 
•CA3141 260 906 3N142 405 286 

CA3142 355 907 3N143 398 309 

CA3143 384 — 3N152 406 314 

CA3144 386 — 3N153 407 320 
•CA3146 228 532 3N154 408 335 

CA3146A 228 532 3N159 409 336 
CA3147 302 — 3N187 410 326 

CA3151 390 — 3N200 414 436 

40841 435 489 
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Type Selection and 
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Operational Amplifiers 
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Sample and Hold a a a a a a Switching MOROI 
111 M•11•II•B BMW IM Mane V Schmitt Trigger a a a a 

1111 • 11 MMUSIIUM • a a MIMI. 3 Multivibrator a min •aaue a mamma • a a a sauna a Modulator  
- 

a mum ma 
Mixer • a RROR UMW • 
Detector a ma 
Comparator a •• Mae • Be BB   @@@   II DC Amplifier a • a • a   

• Timer • a ••   
u Widebancl Large Signal 
a 

Fe
at

ur
es

 

Multiple Unit a a 
AGC Capability Rana a a • 
Balanced Input • ea Mull • B• •MIIIIM•BIBM III • • Bungle • 
Short-Circuit Protection a mama a 'mammon am • a 
Internal Frequency Compensation a a • a a a 
Offset Adjustment awn a ••••• V • • • •_ 
Negative VicR near V • Mu 11•11 BOMB • a I, 
Low Power Supply Current V 1 mAl • • U • • • a a a a 
Ultra•Low 118 a an gm mama • • • 
Very Low VIO & 110 

TYPE DESIGNATION SUFFIX I,ETT_U=1 (See Note 1 

— t 
Flat Pack Ceramic 

Dual In Line Ceramic (DICI D 0 a a 
Hermetic Gold CHIP (DIP) 

' 
G GGGGGGGG 

Dual In Line Plastic (DIP) E E • EE • E' E" E• E• E• E' E• E• ë 
-g 

TO 5 Style Straight Lead a a T T TTTTTTTTTTT TT T TT TT T 

0- 
TO-5 Style Dual•In•Line (DIL-CAN) S S S S SSSSSSSSSSS SS S SS SS S Frit Seal Dual•In-Line Ceramic 

, 

Beam Lead 
L Chip H H H H H H H H H H Gold Chip 

GH GH GH GH 

Note 1 The indicated suffix letter identifie the package for the device ype numbe haying a suffix lette ia black square is shown for a type number with 
no suffix letter. 

• Operational Transconductance Amplifier • Micropower Type • 8-lead DIP (MINI-DIP) package. #Not available in 8-lead 

DIP (MINI-DIP) package. 
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Operational Amplifiers 

.. 
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Switching am Bernell Banana 

Schmitt Trigger amain amaze 
h 

mama 

Multivibrator Bean e a BB Beaune II Bee e a Banana 

Modulator 

Mixer 

Detector 

Comparator mama a•a a a•ai mamas 

DC Amplifier am Ban 
, 

Bee Marna an an an Bean 

Timer amnia 

Wideband Large Signal 
h.- .- a 

Fe
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Multiple Unit BUBB 
...-
Manila 

AGC Capability 

Balanced Input BUBB a Ban a BBB a a Bea e BB 

' 

Banana 

Short-Circuit Protection We Ballanale Banana 

Internal Frequency Compensation BUBB UMW @Wee 

Offset Adjustment a a • Bee a a e Be 

Negative VicR near V- mean a a a 

Low Power Supply Current PT 1 mAl mama a Beaune 

Ultra-Low lig Bean Weenie 

Very Low V10 & 110 mama a a e 

TYPE  DrSItNAT ON §UrFIX LETTER (See Note 1) 

8, 60 
x 
u go 
o-

Flat Pack Ceramic 
__. 

a a 

Dual In-Line Ceramic (DIC) a a 

Hermetic Gold CHIP (DIP) GGGG GGGGGGG 

Dual In-Line Plastic (DIP) E E E•E" E E E a a E* E* 

TO-5 Style Straight Lead T T T TTTT a a a TTTTTTT 

TO-5 Style Dual In-Line (DIL-CAN) S S S S S SSSSSSS 

Frit Seal Dual In-Line Ceramic --, 
Beam Lead L 

Chip H H HHHH H H 

Gold Chip GH 
t--. 
„..,1-4Gli 

• GH GH GH _ 

NOTE 1. The indicated suffix letter identifies the package type for the device type number having a suffix letter; a black square is 

shown tor a type number with no suffix letter. 

• 8-lead DIP (MINI-DIP) 
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Arrays 

Transistor Arrays 
1 

Amplifier Arrays 

Differentially 

Connected 
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Individual 
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Comparator • • 

Detector B • • • • • la Munn 

Differential Amplifier a a a a a ow 
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Mixer • • • • • • • 

Modulator , • 
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TYPE DESIGNATION SUFFIX LETTER (SEE NOTE 1) 
Flat Pack Ceramic 

Dual In•Line Ceramic a 

Dual In-Line Plastic ••CEE E E E E • • 

TO-5 Style Straight Lead • im • 

10-5 Style Formed Lead VI 

Frit Seal Dual-In-Line Ceramic F F F 

Chip H H H H HHHHH H 

Beam-Lead L L L 

• Programmable Unijunction Transistor • Silicon Controlled Rectifier 
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Arrays 
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TYPE DESIGNATION SUFFIX LitTTER (See Note 1) 

Flat Pack Ceramic 

Dual In-Line Ceramic 
a 

Hermetic Gold CHIP (DIP) G G 
-E 

G 

Dual In-Line Plastic a a a • EE E a 

?r, 
l' TO-5 Style Straight Lead • • • • • T T 

u 
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a 

Frit Seal Dual-In-Line Ceramic F F F 

Chip H H H HH IT Fr F:r H H H 

Gold Chip GH GH GH 

Beam-Lead L 
_ 

L L L L 

NOTE 1 The indicated suffix letter identifies the package type for the device type number having a su ix letter, 

a black square is shown for a type number with no suffix letter. 
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Broadband (Video) and Differential Amplifiers, and 
AM/FM Communications Circuits 

Broadband (Video) 

Amplifiers 
Differential Amplifiers AM/FM Communications Circuits 
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Freq. Doubler, Mult., Divide, 

Sq. Root, Squarer 

Display Decoder-Driver 

Timer 

Fe
at
ur
es
 

Balanced Input a a a a a   • a 
Balanced Output a • a •   ••• a UBO 

Low Noise (1 1f) 

_Fbulated Power Supply a a maaaaaa 
Class B Output a a 

AGC Capability a a a • le •   • • a a ae 
Multiple Unit a a UM BB 

VVide Band a a a a a alien BM 

Micropower • 

Decimal Pt. Output 

Ripple Blanking 

P
a
c
k
a
g
e
 

Type Designation Suffix Letter (See Note 1 
Flat Pack (FP) 

Dual-In-Line Ceramic )DIC) a 
Dual-In-Line Plastic (DIP) E • • E •:r E E E,C1 E 
TO-5 a a a a a a a ace a a sea a I- a a arne 

Chip H H H HHH H H H H H H HHH 
Beam Lead L L L 
Fr it Seal F F F F 
TO 5 Style Dual-In-Line (DIL CAN) S S S 

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 a 
type number with no suffix letter. 

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

In quad-in line package (0) 



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

Power Control 

Voltage 

Regulators 

4n
al

og
 
Mu
lt
ip
li
er
 Computer 

Inter face 

Circuits 

ThyristorSwitch/ 

Control 

Power 

Control 

Ampl. 

Program- 

mable 

Compar- 

ator 

`î 

E 

t 
i3 
o 

15 

Se
ns

e 

A
m
p
l
.
 

D
e
c
o
d
e
r
 

Dr
iv

er
s 

05 

S 
rn 
4 
L) C

A
3
0
5
9
 

C
A
3
0
7
9
 

 

C
A
3
0
9
7
 

 

C
A
3
0
9
4
A
,
 C
A
3
0
9
4
B
  

ST 
01 
00 
en 
.< 
O 

CO 
CS) 

el 
< 
O 

07 
o) 
o 
r', 

.1 
o 

e 
L.o 
in 
< 
C.) C

A
5
5
5
C
 

 

N 
(0 
O 
es 
4 
(-) 1C

A
7
2
3
,
 C
A
7
2
3
C
 

C
A
3
0
8
5
 

 

C
A
3
0
8
5
A
 

 

C
A
3
0
8
5
B
 

 

r 
C) 
O 
en 
4 
u C

A
1
5
4
1
 

I
 C
D
2
5
0
0
E
,
 C
D
2
5
0
2
E
 

I 
C
D
2
5
0
1
E
,
 C
D
2
5
0
3
E
 

C
A
1
1
1
,
 C
A
2
1
1
 

C
A
3
1
1
 

C
A
3
1
9
,
 C
A
1
3
9
A
 

C
A
2
3
9
,
 C
A
2
3
9
A
 

 

C
A
3
3
9
 

C
A
3
3
9
A
 

Page 
No 

Z? 
e- 

e.;t1 
,— 
? .-s2 
e• N 

col 
e— 

`à 
‘. 

c° 
N 

gl 
N 

L'I•1; n e, 
r 

CC CO 
r 

;:p c,2' 
r r 

gD' 
r 

1' cu,3 
NI 

g,"?,3 
N 

CO g,' gr' .uj ::0, 
V 0 I t aq .• Regulator . • • MOM 

Comparator Biwa ea • a a • • 

Comparator High Current Output • • • g • • • al a • 

Control Relays, Heaters, 

LED's, Lamps, Etc g a • • ••••• 

Detector • • 111 • al 

Off-rental Amplifg, a a a g gl • • 

Se
ns
e 
Am

pl
if

ie
r 

Lt11,It, 
.., 

o Mix, 
• • • 

1,75, Modula/or U we Bag • 

• la II • • a 1. -É 
'2 

Multi \.ibrator ••••• a 

< 
0cllator II il a • g a a • g g 

MU ••• a Schmitt Tr,gger Mg113 • 

St•flw AITIplif,, 

S\VIICtling • II • g a II • • a 

Thy r su, & SCR C)ill ,oI a • • • g • B • • BBB 

Frog Doubler Mult Dv (h 

Sq. Root, Squarer • 

u • D ',play Decode , Dr .s, 

TIM, •••111g111M ••• 

Fe
at

ur
es

 

13..0,1:1Cf•11 Ir.; ,,./ g B • • UM gla• • 

Bai Id need Output • 

Low Noise II If • • • • • 

Regulated Power Supply • • U • 

Class B Output 

AGC Capab I ty u • 
BUBB Multiple Unit 

Wide Band 

M cropovver gill • II 

a Decimal Pt Output 
• Ripple Blanking 

I ype Dcjignation Suffix Lette (See Note 1) 

Flat Pack (FP) 

Dual In Line Ceramic (DIC) • D 0 

-Hermetic Gold CHIP (DIP) G G E GGGGGG 

?i, Dual In-Line Plastic (DIP) a • E E E E E' T E' E E E'EEEE 

i!, TO.5 T T T T • H yen T T 
ro 
°- Chip H H H H H H H H H H H 

Gold Chip GH GH   GH 

Beam Lead L 

Ent Seal --t 
_ 

TO •5 Style Dual•In Line (DIL CAN/ S S S S S S 
„ 

S S 

NOTE 1 The indicated suffix letter identifies the package type for the device type number having a su 
type number with no suffix letter • 8 lead DIP (MINI D P) package 
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Consumer Circuits 

Audio 

Circuits 
Multiplex 

Decoders 

AM 

Rcvr. 

Ckts. 

FM Receiver 

Ciicuits 

Pre-Amp. Drivers 

Power 

Amplifiers 
FM IF 

Subsystems 

FM IF 

Gain 

Blocks 
C
A
3
0
3
6
 

C
A
3
0
5
2
 

C
A
3
0
9
4
 

C
A
3
0
9
4
A
,
 C
A
3
0
9
4
B
 

< 
0 
r-
CO 
4 
U 

CD' 

00 
< 
u 

N 
0 
o 
N 
< 
U C

A
3
1
3
1
,
 C
A
3
1
3
2
 

C
A
7
5
8
 

C
A
1
3
1
0
 4 

o 
a) 
0 
ro 
< 
0 

co 
co 
0 
rn 
< 
u C

A
3
1
2
3
 ‘Z 

.— 
e- 
1- 
CNI 
< 
u 

o) 
CO 
0 
co 

< 
u C

A
3
0
7
5
 

'
 C
A
3
0
4
3
 

C
A
3
0
1
3
,
 C
A
3
0
1
4
 

.— 
I-
o 
ri 
< 
U C

A
3
0
1
2
 

C
A
3
0
7
6
 

Page 
No. 

è 
rsi 

i'li 
,-, 

i;i 
.-- 

rei 
e-.- 

'cf.) 
cs,1 

,{j• 
in 

cró 
ri 

CO 
N 

Ó 
Co 

ell/ 
ri 

ge3 
ri 
G 
ri 
$ $ ri 'L c.ii e e, e 

, 

In 

Ci
rc
ui
t 
Fu

nc
ti

on
s 

Aud,o Driver u a 

St
er

eo
 M
ul

ti
pl

ex
 D
e
c
o
d
e
r
 

Audio Preamplifier mom a • • • e 
ACC 

AFC/AFT • 
AFPC 

AGC • • a • 
Chroma Amplifier 

Chrome Demodulator 

Chroma Signal 

Processor 

Converter • • 

Detector • am • 
Video Amplifier g e g 

Sync Processor 
..• 

IF Amplifier • • • a • • • a • • 
Limiter • • • ii • • a • 
Oscillator • 
Audio Power Amplifier • • a 

T,nt Control 

I
Pa

ck
ag

e 

TYPE DESIGNATION SUE 1- IX LE TTE R I Sue Note II 

Dual-In , Line Plat lc • EM E E EEEE 
Quad-In-Line Plastic 0.0M o u . 
TO-5 Standard Lead • T T a • Mein 

TO-5 Formed Lead 

TO-220 Style Plastic • 

Note:1: Where a code letter is shown 1E, EM, CI, T, V11, add the code letter as a su fix to the type number to iden ify the package 

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

option. 

QM =Quad-in-line plastic with heat sink 

EM Dual-in-line plastic with heat sink 
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Consumer Circuits 

TV Receiver Circuits 

R
e
m
o
t
e
 C
on

tr
ol

 
I
 

IF Systems Chroma Systems 

I 
Ci
rc
ui
t 

 

I
 H
or
iz
on
ta
l 

Sy
st
em
s 

Automatic 

Fine. 

Tuning( AFT Sound Piz 1 Package 2 Package 3 Package 

1 § 
.E C 
E • e 2 
-i a• 

C
A
3
0
3
5
 

I
 

CI 
4 
C.) 

Î C•1 
4 
Q C

A
3
1
3
9
 

I
 

C.1 C
A
3
1
3
4
 

C
A
3
0
4
1
 

C
A
3
0
4
2
 

_
 

 
l
d
i
.
3
1
.
1
0
D
 

C
A
2
1
1
1
A
 

c.) 
ai 
g N t, 0 g 
NI CI 
oe 4 C.) C.) C

A
1
3
5
2
 

 

C
A
3
1
3
6
 

 

C
A
3
1
5
1
 to 

8 
el 
,CC 
C.3 

8 ̀.; 
n el 
4 '4 
U U 1C

A
3
1
2
1
 

 
C
A
3
0
6
7
 

C
A
3
1
2
6
 

 

C
A
1
3
9
8
 

 

C
A
3
1
2
5
 

 

C
A
3
1
2
8
 

 

C
A
3
1
3
7
 

 

C
A
3
0
7
0
 

 

, 
N0  
PI 
..4 U iC

A
3
0
7
2
 

 
C
A
3
1
7
0
 

ICA3
1
7
2
 

 
C
A
3
1
3
5
 

 

C
A
3
1
4
4
 

 

C
A
3
1
4
3
 

C
A
3
1
2
0
 

C
A
3
1
4
2
 

 

I
 C
A
9
2
0
A
 

Page 

• No. 

in e 5 g?" - gi" . M (74; 
as 

49 ee gi- e g; eeggieLc.icil egri î era 

« 

.z.o 

'i 

2 

/t 

?. 
i...) 

Audio Driver • • • 

Audio Preamplifier • • muuts 

ACC 
• a leg BM O • • 

AFC/AFT U • • • 

AFPC • • • • • • 

AGC 
• • is 

Chroma Amplifier 
• a e •• Minn • 

Chroma Demodulator 
• sm la al U U • 

Chroma Processor • la • • 

PAL Systems 
al 

Luminance Processor • 

Converter  

Detector U U • •• WM@ U a U U al 

Video Amplifier 
•• a • • • U MUM 

Sync Processor 
• a • 

IF Amplifier U • B• • •••• •• • 

Limiter U • • We • e a 

Oscillator 
• • a ••• MOB a 

Audio Power Amplifier • O 

Tint Control 
a • a an a 

Nor Oscillator 

Nor Driver 
• 

Noise Gate y 

Vert. Sync. Output 

g 
1 

•- 

TYPE DESIGNATION SUFFIX LETTER (See Note Ill 

Dual-fn Line Plastic E E E,EM E E E i.- 
e E E E E • U • E E E E 

Clued (n Line Plastic 0 CI OM ••••Owe a • a 0 a 

TO.5 Standard Lead • • 

TO-5 Formed Lead VI VI • 

Hermetic Gold CHIP (DIP) G G G G 

No e 1 Where a code letter is shown (E. EM. 0, T. VI), add the code letter as a suffix to the type numbe to identify the package (and lead configura-

tion) option A black square indicates no suffix code is added to the type number for that package option. 

OM = Ouad•on•line plastic with heat sink 

EM = Dual-in.line plastic with heat sink 

W Modified Ouad•in-line plastic 
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MOS Field-Effect (MOS/FET) Devices 

u 
Chopper 

a 0 
< .t= 

Industrial Types 

Single-Gate 
Dual-

Gate 

Dual-

Gate 

Pro-

tected 

Consumer Types 

o 

is 

is 

Dual-Gate 

Protected 

CO 

2 

CO 01 
CI 

22 
CI CI 

N N 

2 

CI CI' 
111 

Z Z 
CI CI 

o 
Mr 'CS 

Z Z 
CI Cl 

o 
coo 

N 
2 Z 
CI CI 

e- (.0 
CO MS' 
0 0 

LO 
o 

co 
co 
o 

o 
co 
o 

N 
0 

e e CV 
2 

LC) 
o 

co 
N 

(NI 
c.r 
ct• 

4
0
8
2
0
,
 4
0
8
2
1
 

N 
CO 

N 
co 8 
á 

Page 

No. 

RF Amplifier, Mixer 

SL 

is 

Gain-Controlled  

Premium-Performance 

General-Purpose Amplifier 

Oscillator 

co 
a) 
o 
o o 

LO 
o 

co co 
o o 

co 
o o o 

a 
o 
o 
:Tr 'Jr 

co 
N N 

CO 
N  

Cr) 
N 
o N N 

N 
S1" 

N 

.4" 

LO 

Low-Noise 

Low-Leakage 

High-Gain 

a 

All MOS/FET devices are supplied in the JEDEC TO-72 lackage 

Package Options 

Type 
Number 

Package 
Suffix 

Type 
Number 

Package 
Suffix 

Type 
Number 

Package 

Suffix 

CA101 
CA101A 
CA107 
CA108 
CA108A 
CA111 
CA124 
CA139 
CA139A 
CA158 

CA158A 

CA201 
CA201ATSG 

CA207 

CA208 
CA208A 
CA211 
CA224 
CA239 

CA239A 

CA258 
CA258A 
CA270 
CA301A 

T 
T 
T 
T 
T 
T 
E 
E 
E 
T 

T 
T 

T 
T 
T 
T 
E 
E 
E 

T 
T 
W 
T 

S 
S 
S 
S 
S 
S 
G 
G 
G 
S 

S 
S 

S 
S 
S 
S 
G 

G 
G 

S 
S 

S 

G 
G 
G 

G 

G 

G 
G 

G 

G 

G 
G 

E* G H 

CA307 
CA308 
CA308A 
CA311 
CA324 
CA339 

CA339A 
CA358 
CA358A 
CA555 
CA555C 
CA723 

CA723C 
CA741 

CA741C 
CA747 

CA747CTE 
CA748 
CA748C 
CA758 
CA810 
CA810A 
CA920 
CA1190 

TS 
T 
T 
T 
E 
E 

E 
T 
T 
T 
T 
T 

T 
T 

T 
T 

T 
T 

E 
Q 
Q 
E 
0 

S 
S 
S 
G 
G 

G 
S 
S 
S 
S 
E 
E 

S 
S 
E 

S 
S 

QM 
QM 

E* 

E* 
E* 
H 
H 

G 
G 
E* 
E* 

H 

E* 
E* 
G 

GH 
E* 
E5 

G 

H 
G 
HG 
HG 

G 
G 

G 
G 

G 
G 

H 

H 

L 
H 

HG 

H 

HG 

HG 

CA1310 
CA1352 

CA1391 
CA1394 
CA1398 
CA1458 
CA1541 
CA1558 
CA2002 
CA2111A 
CA2904 

CA3000 

CA3001 
CA3002 

CA3004 
CA3005 

CA3006 
CA3007 
CA3008 
CA3008A 
CA3010 
CA3010A 

CA3011 
CA3012 

E 
E 

E* 
E* 
E 
T 
D 
T 
• 
E 
G 
• 

• 
• 
• 

• 

• 
• 
A 

• 
• 
• 

• 

• 

S 
H 
S 

() 

H 

H 
H 
H 

H 

H 

E* 

E* 

G 

G 

H HG 
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Package Options 

Type 
Number 

Package 

Suffix 

Type 
Number 

Package 
Suffix 

Type 
Number 

Package 
Suffix 

CA3013 
CA3014 

CA3015 
CA3015A 
CA3016 
CA3016A 
CA3018 
CA3018A 

CA3019 
CA3020 
CA3020A 
CA3021 
CA3022 
CA3023 
CA3026 

CA3028A 
CA3028B 

CA3029 
CA3029A 
CA3030 
CA3030A 

CA3033 
CA3033A 
CA3035 

CA3036 
CA3037 
CA3037A 

CA3038 

CA3038A 

CA3039 
CA3040 

CA3041 
CA3042 
CA3043 
CA3044 

CA3045 

CA3046 
CA3047 

CA3047A 

CA3048 
CA3049 

CA3050 
CA3051 
CA3052 
CA3053 
CA3054 
CA3058 
CA3059 

I
 •
 -I" 
•
 •
 •
 •
 -I" 

--I 
•
 •
 •
 --F
 .4. 
•
 mo
re
ls
 a
 -s. 

-I
. 

-I
. 

-
+
 
B
 
a
 

-I
. 

-I
. 
 

 
I
 

L 

L 

HCA3131 

H 
H 
S 
S 

VI 

L 

H 

VI 

F 

L 

S 
L 

H 

H 

H 

L 
F 

H 

H 

L 

HCA3725 

F 
H 

F 

H CA3095 

H 

CA3060 
CA3060A 
CA3060B 
CA3062 
CA3064 

CA3065 
CA3066 
CA3067 
CA3068 
CA3070 

CA3071 
CA3072 
CA3075 

CA3076 
CA3078 

CA3078A 
CA3079 

CA3080 
CA3080A 
CA3081 

CA3082 

CA3083 
CA3084 
CA3085 

CA3085A 
CA30858 
CA3086 
CA3088 
CA3089 
CA3090A 

CA3091 
CA3093 
CA3094 

CA3094A 
CA3094B 

CA3096 

CA3096A 
CA3096C 
CA3097 

CA3098 
CA3099 
CA3100 
CA3102 

CA3118 
CA3118A 
CA3120 

D 
D 
D 
• 
E 
• 
I 
é 

é 
• 

• 
• 
é 
• 
T 
T 

• 
• 
• 

• 

• 

* 
• 
• 

• 
• 
• 
E 
E 
CD 

D 
E 
T 
T 
T 
E 

E 
E 
E 
E 

T 
E 
T 
E 
T 

T 
E 

E 

• 

H 
H 

S 
S 

E 

E 
F 

F 

F 
L 
E 

S 
S 
F 

H 
H 
S 
S 
S 
H 

H 

H 

S 
H 
S 
H 
H 

H 

F 
F 

S 
S 
H 

H 

L 
H 
S 
E 

E 

F 

HCA3136 

H 
H 

H 

L 

H CA6078A 

H CD2500 

H 

CA3121 
CA3123 

CA3125 

CA3126 
CA3127 
CA3128 
CA3130 
CA3130A 
CA3130B 

CA3132 

CA3134 
CA3135 

CA3137 

CA3138 
CA3138A 
CA3139 
CA3140 
CA3140A 

CA3140B 

CA3141 
CA3142 
CA3143 

CA3144 
CA3146 
CA3146A 
CA3151 
CA3160 
CA3160A 
CA3160B 
CA3170 

CA3172 

CA3183 

CA3183A 
CA3189 
CA3401 
CA3600 
CA3724 

CA6741 

CD2501 
CD2502 
CD2503 

E 

E 
0 
T 
T 
T 
EM 
EM 
E 
G 

E 
G 
G 
E 
T 
T 

T 

E 
E 
E 

G 
E 
E 
G 
T 
T 
T 
E 

G 

E 

E 
E 
E 
E 
G 
G 
T 
T 
E 

E 
E 

S 
S 
S 

EM 

HG 

0 
S 
S 

S 

H 

S 
S 
S 

H 

G 

HG 
HG 
S 
S 

QM 

H HG 

• No designated suffix letter for this type in TO-5 style 
formed-lead package 

• No designated suffix letter for this type in TO-5 style 
package 

• No designated suffix letter for this type in ceramic flat 

package 
• No designated suffix letter for this type in dual-in-line 

plastic package 

t No designated suffix letter to this type in - 
ceramic package 

é No designated suffix letter for this type in quad-in-line 

plastic package 

* In 8-lead dual-in-line MINI-DIP package 
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Package Photographs 

14 

D Suffix 

Dual-In-Line Welded-Seal 

Ceramic Package 

_ 

— 

et, 

H1644 

and 16-lead versions 

F Suffix 

Dual-In-Line Frit-Seal 

Ceramic Package 

H1806 

814, and 16-lead versions 

E Suffix 

Dual-In-Line Plastic Package 

1 1 1 
H1817 , 

8,14, and 16-lead versions 

0 Suffix 

Quad-In-Line Plastic 

Package (QUIP) 

, 

* 

H1706 

14 and 16-lead versions 

E Suffix EM Suffix EM Suffix Q Suffix 
Power Stud Plastic Modified 16-lead Dual- Modified 16-lead Dual- Modified 16-lead 
Dual-In-Line Package In-Line Plastic Package In-Line Plastic Package QUIP 

. 4> 

....„ 

OF- 4 

1. o -».. t 

• 
H1825 

I 
1-11828 H1827 CA810Q, CA810AQ, 

H1843 and CA11900 only 
(A flat wing-tab version, QM suffix 

CA3134E is also available for the CA810, only CA3131EM, CA3132EM only CA3134EM only CA810A). 

VERSA-V TO-220 Style K Suffix S Suffix T Suffix 
Plastic Package Ceramic Flat Package TO-5 Style Package with TO-5 Style Package 

Dual-In-Line Formed with Straight Leads 

. 
H1887 

V 

,.. , \ 
„ 

Leads (D1L-CAN) 

r „,i, 
H1787 

, 
II, 
e ‘, H1383R1 H1463 

CA2002 only 14 and 16-lead versions 8-lead version only 8,10, and 12-lead versions 

V1 Suffix JEDEC TO-72 L Suffix H Suffix 
TO-5 Style Package Beam-Lead Chip 

with Radial Formed Leads 

••, 
L4tu 

iyiVi ellie  S 

4 i 

i . 

I 

a 

d 

. 113— fre'lle 

92CS-22137 

I-11561 
f i 

H1299 

Note: Some types may have an additional "M" suffix follow the 

package designation suffix, i.e. CA3131EM. The additional "M" 

suffix simply indicates that the device is a mechanical variant of the 
8,10, and 12-lead versions MOS/FET's only basic package type. 
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RCA Direct Replacement Guide 

Advanced RCA Fairchild RCA /41DC CA741CG* 
Micro Devices Direct Semiconductor Direct 7410M CA741G* z 
Type No. Replacement Type No. Replacement 741 HM CA741T 

HC 
AMLM101H CA101T AD741CH CA741 CT 741 CA741CT 741TC CA741CG 
AMLM101AH CA101AT AD74ICN CA741CG, 741TC CA741 E 
AMLM101AD CA101AG* zt CA74 1 CE 747 DC CA747CGe 
AMLM107H CA107T LM101D CA101G*# 747DM CA747Gzt 
AMLM107D CA107Ge LM101AD CA101AG*e 747HC CA747CT 
AMLM108H CA108T LM101AH CA101AT 747HM CA747T 
AMLM108AH CA108AT LM101H CA101T 748DC CA748CG*e 
AMLM111H CAI11T LM107H CA107T 748DM CA748G* 
AMLM111D CA111G *e LM108AH CA108AT 748HC CA748CT 
AMLM201H CA201T LM 1 08H CA 1087 748HM CA748T 
AMLM201AH CA201AT LM111H CA 1117 748TC CA748CG 
AMLM201AD CA201AGe LM139D CA139Ge 748TC CA748CE 
AMLM201D CA201Ge LM201D CA201 G* MC1458G CAI 458T 
AMLM207H CA207 T LM201AD CA201 AG# MC1458P1 CA1458G 
AMLM207D CA207Ge LM201AH CA20 I AT MC1458P1 CA 1 458E 
AMLM208H CA208T LM201H CA201T MC1558G CAI 558T 
AMLM2I1H CA211T LM207H CA207T íV1C3401P CA3401G 
AMLM211D CA211Ge LM208AH CA208AT FP03724P CA3724G 
AMLM301H CA301T LM208H CA208T FPQ3725P CA3725G 
AM LM301AH CA301AT LM301 AD CA301AG*# TBA810S CA8100 
AM LM301AD CA301AG*# LM301 AH CA301AT TBA810AS CA810QM 
AMLM307H CA307T LM301AN CA301 AG U5B7748312 CA7487 
AM LM307D CA307Ge LM301AN CA301AE U5B7748393 CA748CT 
AM LM308H CA308T LM307H CA307T U5R77233I 2 CA723T 
AMLM308AH CA308AT LM307 N CA307G U5R7723393 CA723CT 
AMLM3I1H CA311T LM307N CA307 E U6A77 23393 CA723CG 
AMLM3110 CA311Ge LM308AH CA308AT U6A7723393 CA723CE 
AM723HC CA723CT LM308H CA308T U9T 7558393 CAI458G 
AM723HM CA7237 LM311H CA311T 
AM741DC CA741CG*, LM339D CA339G# Intersil RCA Direct 

CA74 ICE* LM339N CA339G, Type No. Replacement 
AM741DM CA741G*, CA339E LM101AH CA101AT 

CA741E* pA720 CA3123E LM107H CA107T 
AM741HC CA741CT pA723DC CA723CE LM108AH CA108AT 
AM74 1 HM CA741T pA723DM CA723E LM 108H CA108T 
AM747DC CA741CG*, pA723HC CA723CT LM111D CA111Ge-

CA74 ICE* LM111H CA111T 
pA723HM CA723T 

AM747DM CA741G*, LM207H CA207H 
pA746PC CA3072 CA741E* LM 208AH CA208AT 
pA758PC CA758E 

AM747HC CA747CT LM208H CA208T 
pA780PC CA3070 

AM747HM CA747T LM211D CA2I1G# pA781PC CA3071 
AM748DC CA748CG* LM211H CA211T pA787PC CA31260 
AM748DM CA748G* LM301AH CA301AT pA3018HM CA3018 
AM748HC CA748CT LM301AD CA301AG # 

pA3018AHM CA3018A 
AM748HM CA748T LM301AN CA301AG, 

pA3019HM CA3019 CA301AE 
Analog RCA pA3026HM CA3026 LM307H CA307T 
Devices Direct pA3036HM CA3036 LM307N CA307G, 
Type No. Replacement pA3039HM CA3039 CA307E 
A0101AH CA101AT pA30450M CA3045 LM308AH CA308AT 
AD101 AN CA101AG, pA3046DC CA3046 LM308H CA308T 

CA101E pA3054DC CA3054 LM3I1D CA311G# 
AD108H CA108T pA3064PC CA3064E 
AD108AH CA108AT pA3064HC CA3064 LM3I 1H CA3I1 T 

AD201AH CA201AT pA3065PC CA3065E NE555T CA555CT 
AD201AN CA201AG, pA3066PC CA30660, NE555V CCAA55555C5CGE, 

CA201AE CA3066E 

AD 208H CA208T pA3067PC CA3067 SE555T CA555T 
AD208AH CA208AT pA3075PC CA30750, SE555V CCAA55555G5E, 

AD301AH CA301AT CA3075E 
AD301AN CA301AG, pA3075DC CA30750, LM723H CA7237 L CA301AE CA3075E M723CH CA723CT 

AD308H CA308T pA3076HC CA3076 LM723N CA723E 
A0308AH CA308AT pA3086DC CA3086 LM723CN CA723CE 
Pg2,741H CA741T pA3089PC CA3089E U5B7741312 CA741T 
AD741N CA741G, pA 1391T CAI391 E U5B7741393 CA741CT 

CA741 E pA1394T CAI 394E U977741393 CCAA74741C10GE, 
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Motorola RCA MLM301AP1 CA301AG LM723CH CA723CT 
Semiconductor Direct MLM307G CA307T LM723H CA723T 
Type No. Replacement MLM307P1 CA307G, LM723N CA723E 

CA307E LM723CN CA723CE 
MC1310P CA1310E MLM308AL CA308AG= LM741CD CA741CG*= 
MC1311P CA758E MLM308AG CA308AT LM741CH CA741CT 
MC1328P2 CA3072 MLM308G CA308T LM741CN CA741CG 
MC1352P CA1352E MLM308L CA308G= LM741CN CA7410E 
MC1357P CA211AE MLM308P1 CA308E LM741H CA741T 

MC1357PQ CA2111AQ MLM308P1 CA308G LM747CD CA747CG .----

MC1358P CA3065 MLM311G CA311T LM747CH CA747CT• 
MC1364P CA3064 E MLM311P1 CA311G LM747CN CA747CE• 
MC1370P CA3070 MLM311P1 CA311E LM747D CA747Ge= 
MC1371P CA3071 MLM324L CA324G. LM747H CA7477 
MC1375P CA3075 MLM324P1 CA324 E LM748H CA7487 
MC1389P CA3089E MLM324G CA324T LM748CH CA748CT 
MC1391P CA1391E MLM339AL CA339AG= LM748CN CA748CG 
MC1394P CA1394E MLM339AD CA339AG, LM748CN CA748CE 
MC1398P CA 1398E CA339E LM1310N CA1310E 
MC1441L CA1541D= MLM339L CA339G = LM1458H CA14587 
MC1455G CA555CT MLM339P CA339G, LM1458N CA1458G 
MC1455P1 CA555CG CA339E LM1458N CA1458E 

MC1455P1 CA555CE MPQ3724P CA3724G LM 1558H CA15587 
MC1458G CA1458T MPQ3725P CA3725G LM 1800N CA758E 
MC1459CP1 CA1458G LM1391N CA1391E 
MC1458CP1 CA1458E National RCA LM1394N CA1394E 

MC1541L CA1541D= Semiconductor Direct LM2111N CA2111AE 
MC1555G CA555T Type No. Replacement LM2901N CA339G 

MC1555P1 CA555G LF356H CA3140Te LM3011H CA3011T 
MC1555P1 CA555E LM101AD CA101AG*= LM3018H CA3018T 
MC1558G CA1558T LM101AH CA101AT LM3018AH CA3018AT 
MC1558P1 CA1558G, LM101H CA101T LM3019H CA3019T 

CA 1558E LM107D CA107G *= LM3026H CA3026T 
MC1732CG CA723CT LM107H CA107T LM3028AH CA3028AT 
MC1723G CA723T LM108AH CA108AT LM3028B CA3028BT 
MC1741G CA741 T LM108H CA108T LM3039H CA3039T 
MC1741CG CA741CT LM111H CA111T LM3045D CA3045 
MC1741CL CA741CG* LM 1 24D CA124G= LM3046N CA3046 
MC1741L CA741G* LM139D CA139G= LM3053H CA3053T 
MC1741CP1 CA741CG LM139AD CA139AG= LM3054N CA3054 
MC1741CP1 CA7410E LM201AD CA201AG*= LM3064H CA3064T 
MC1741CP2 CA741CG* LM201D CA201G= LM3065N CA3065 

MC1741CP2 CA7410E* LM201AD CA201AG= LM3066N CA3066 
MC1747CL CA747CG= LM201AH CA201AT LM3067N CA3067 
MC1747L CA747G= LM201H CA201T LM3070N CA3070 
MCI 747G CA747T LM207D CA207G*= LM3071N CA3071 
MC1747CG CA747CT LM207H CA207T LM3072 CA3072 
MC1748G CA748T LM208AH CA208AT LM3075N CA3075 
MC1748CG CA748CT LM208H CA208T LM3086N CA3086 
MC3346P CA3046 LM211H CA211T LM3089 CA3089 
MC3346P CA3086 LM224D CA244G= LM3126N CA3126E, 
MC3401P CA3401E LM239D CA239G= CA3126Q 
MLM101AG CA101AT LM239AD CA239AG = DN372CN CA3724G 
MLM107G CA107T LM301AH CA301AT DH3725CN CA3725G 
MLM108AG CA108AT LM301AN CA301AG LM3900N CA3401G4 

MLM108L CA108G= LM301AN CA301AE Precision RCA 
MLM108G CA108T LM307H CA307 T 
MLM111G CAI 1 IT LM307D CA307*. Monolithic Direct 

MLM124L CA124G. LM307N CA307G, Type No. Replacement 
MLM139AL CA 139AG = CA307E SSS101AJ CA101AT 
MLM139L CA139G= LM308AH CA308AT SSS101AP CA101AG, 
MLM201AG CA201AT LM308H CA3081- CA101AE 
MLM201AP1 CA201AG LM311H CA311T SSS107J CA107T 
MLM201AP1 CA201AE LM324D CA324G= SSS107P CA107G, 
MLM207G CA207T LM324N CA324G, CA107E 

MLM208AG CA208AT CA324E SSS201AJ CA201AT 
MLM208G CA208T LM339AD CA339AG= SSS201AP CA201AG, 
MLM211G CA211T LM339AN CA339AG CA201AE 
MLM224L CA224G= LM339AN CA339AE SSS207J CA207T 
MLM224P CA224G, LM339D CA339G = SSS207P CA207G, 

CA224E LM339N CA339G, CA207E 
MLM239AL CA239AG = CA339E SSS301AJ CA301AT 

MLM 239L CA239G= LM555H CA555T SSS301AP CA301AG, 
MLM239AP CA239AG LM555CH CA555CT CA301AE 
MLM239P CA239G LM555CN CA555CG SSS741BP CA741G • 
MLM301AG CA301AT LM555CN CA555CE SSS74ICJ CA741CT 
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Precision RCA 
Monolithic Direct 
Type No. Replacement 
SSS741CP CA741Ce, 

CA7410E° 
SSS741J CA741T 
SSS741P CA741G', 

CA741E* 
SSS747BP CA747G 
SSS747CK CA747CT 
SSS747CP CA747CG, 

CA747CE 
SSS747P CA747G, 

CA747E 
SSS1458J CA1458T 
SSS1558J CA1558T 

Raytheon RCA Direct 
Type No. Replacement 
LM101AD CA101G*= 
LM101D CA101G*e 
LM101AH CA101AT 
LM101H CA1017 
LM101N CA101G, 

CA101E 
LM107H CA107T 
LM108AH CA108AT 
LM108H CA108T 
LM111H CA111T 
LM124D CA124E* 
LM201AH CA201AT 
LM201AD CA201AG*e 
LM201D CA201G*e 
LM201H CA201T 
LM207H CA207T 

LM208AH CA208AT 
LM208H CA208T 
LM211H CA211T 
LM224D CA224E* 
LM224N CA224E 
LM301AH CA301AT 
LM301AD CA301AG*= 
LM301AN CA301AG, 

CA301AE 
LM307H CA307T 
LM307N CA307G, 

CA307E 
LM308AH CA308AT 
LM308H CA308T 
LM311H CA311T 
LM311N CA311G, 

CA311E 
LM324D CA324E* 
LM324N CA324E 
RM723T CA723T 
RC723T CA723CT 
RC723DP CA723CE 
RM741T CA741T 
RC741T CA741CT 
RC741DN CA741G, 

CA 
RM741D CA741G*e 
RC741D CA741CG*= 
RC741DP CA741G*, 

CA741E* 
RM747T CA7477 
RC747T CA747CT 
RM747D CA747G= 
RC747D CA747CG= 
RC747DP CA747G 
RM748T CA7487 
RC748T CA748CT 
RM748D CA748G* 
RC748D CA748CG*e 
RC748DP CA748CG* 

RC1458T CA14587 
RM1558T CA1558T 
RC1458DN CA1458G, 

CA1458E 

Signetics RCA Direct 
Type No. Replacements 
LM101D CA101G*. 
LM101H CA1017 
LM101N-14 CA101G*, 

CA101E* 
LM101AT CA101AT 
LM101AF CA101 AG*et 
LM107H CA107T 
LM 107N CA107G, 

CA107E 
LM108AT CA108AT 
LM108H CA108T 
LM124F CA124G*= 
LM139A CA139G, 

CA139E 
LM 139F CA139G# 
LM201D CA201G*# 
LM201H CA201T 
LM201N CA201G, 

CA201E 
LM201N-14 CA201G*, 

CA201E* 
LM201AT CA201AT 
LM201AV CA201AG, 

CA201AE 
LM201AF CA201AG*# 
LM207H CA207T 
LM207N CA207G, 

CA207E 

LM208T CA208T 
LM208AT CA208AT 
LM224A CA224G, 

CA224E 
LM224F CA224Ge 
LM 239A CA239G, 

CA239E 
LM239F CA239G 
LM301AT CA301AT 
LM301AV CA301AG, 

CA301AE 
LM301AF CA301AG*# 
LM307H CA307T 
LM307N CA307G, 

CA307E 
LM308AT CA308AT 
LM308T CA308T 
LM311T CA311T 
LM324A CA324G, 

CA324E 
LM324F CA324G# 
LM339A CA339G, 

CA339E 
LM5065 CA3065 
LM5070 CA3070 
LM5071 CA3071 
LM5072 CA3072 
NE546A CA3123E 
NE555V CA555CG, 

CA555CE 
NE555T CA555CT 
SE555V CA555G, 

CA555E 
SE555T CA555T 
TDA1200 CA3075 
pA723A CA723E 
pA723CA CA723CE 
pA723L CA723T 
pA723CL CA723CT 
pA741CA CA741CG*. 

CA7410E* 
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pA/411 CA741T 
mA741CT CA741CT 
pA741CV CA741CG, 

CA7410E 
pA747A CA747CG, 

CA747E 
pA747CA CA747CG, 

CA747CE 
pA747K CA747T 
pA747CK CA747CT 
pA748A CA748G*, 

CA748E* 
pA748CA CA748CG*, 

CA748CE* 
pA748T CA748T 
pA748CT CA748CT 
pA748CV CA748CG, 

CA748CE 
MC1310A ,CA1310E 
ULN2111A CA2111AE 

Silicon RCA 
General Direct 
Type No. Replacement 
SG101AT CA101AT 
SG1017 CA1017 
SG107T CA107T 
SG108AT CA108AT 
SG108T CA108T 
SG111M CA111G, 

CA111E 
SG111T CA111T 
SG201AT CA201AT 
SG201T CA201T 
SG207T CA207T 
SG208AT CA208AT 
SG208T CA208T 
SG211M CA211G, 

CA211E 
SG211T CA211T 
SG239AN CA239AG, 

CA239AE 
SG301AM CA301AG, 

CA301AE 
SG301AN CA301AG, 

CA301AE 
SG301AT CA301AT 
SG301N CA301G 
SG301T CA301T 
SG307M CA307G 
SG307N CA307G 
SG307T CA307T 
SG308AT CA308AT 
SG308M CA308G 
SG308T CA308T 
SG311M CA311G, 

CA311E 
SG311T CA311T 
SG324N CA324G, 

CA324E 
SG339N CA339G, 

CA339E 
SG339AN CA339AG, 

CA339AE 
SG339N CA339G 
SG555CM CA555CG, 

CA555CE 
SG555CT CA555CT 
SG 555T CA555T 
SG723CN CA723CE 
SG723CT CA723CT 
SG723T CA723T 
SG741M CA741G, 

CA741E 
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Silicon 
General 
Type No. 
SG741CM 

SG741CN 

SG741CT 
SG741T 
SG747CD 
SG747CT 
SG747D 
SG747T 
SG748M 

SG748T 
SG748CM 

SG748CT 
SG1458M 

SG1458T 
SG1558T 
SG3058 
SG3059 
SG3079 
SG3081N 
SG3082N 
SG3083N 

Siliconix 
Type No. 
LM101H 
LM101AH 
LM101D 
LM101AD 
Sprague 
Type No. 
ULN2111A 
ULN2114A 
ULN2124A 
ULN2125A 
ULN2127A 
ULN2137A 
ULN2165 
ULN2211 
ULN2212 
ULN2264 
ULN2267 
ULN2269A 
ULN2289 
ULN2298P 
ULN2741D 
ULN2747A 
ULN2747A 
ULS2741D 
ULX2210A 
UL X2244 

Texas 
Instruments 
Type No. 
SN52101AJ 
SN52101AJA 
SN52101AJP 
SN 52101AL 
SN52101AN 
SN 52101AP 
SN 52101 L 
SN52107J 
SN52107JA 
SN52107JP 
SN52107L 
SN52107N 

RCA 
Direct 
Replacement 

CA741CG, 
CA7410E 
CA741CG, 
CA7410E 
CA741CT 
CA7417 
CA747CG 
CA747CT 
CA747G* 
CA747T 
CA748G, 
CA748E 
CA748T 
CA749CG, 
CA748CE 
CA748CT 
CA 1458G, 
CA 1458E 
CA 14581 
CA1558T 
CA3058 
CA3059 
CA3079 
CA3081 
CA3082E 
CA3083 E 

RCA Direct 
Replacement 
CA101T 
CA101AT 
CA101G* 
CA101AG* 

RCA Direct 
Replacement 
CA2111AE 
CA3072 
CA3070 
CA3120E 
CA3071 
CA3123E 
CA3065 
CA3011 
CA3012 
CA3064 
CA3067 
CA3121E 
CA3089E 
CA1398E 
CA741T 
CA747CG 
CA747CE 
CA741CT 
CA1310E 
CA758E 

RCA 
Direct 
Replacement 
CA101AG* 
CA101 AG* 
CA101AG 
CA101 AT 
CA101AG* 
CA101AG 
CA101T 
CA107G* 
CA107G* 
CA107G 
CA107T 
CA107G* 

SN52107P 
SN52108L 
SN52108AL 
SN52111JP 
SN52111L 
SN52111P 
SN52555JP 
SN52555L 
SN 52555P 

SN52723N 
SN52723L 
SN52558JP 
SN52558L 
SN 52558P 

SN52741J 
SN52741JA 
SN52741JP 
SN52741L 
SN52741N 

SN52741P 
SN52747J 
SN52747JA 
SN52747L 
SN52747N 

SN52748J 
SN 52748JA 
SN52748JP 
SN52748L 
SN52748N 

SN52748P 

SN72301AJ 
SN72301AJA 
SN72301AJP 
SN72301AL 
SN72301AN 
SN72301AN 
SN72301AP 
SN72307JA 
SN72307JP 
SN72307L 
SN72307 N 

SN 72307P 
SN72307P 
SN72308L 
SN 72308AL 
SN72311JP 
SN72311L 
SN72311P 
SN72555JP 

SN72555P 

SN72555L 
SN72558JP 
SN72558L 
SN72558P 

SN72558P 
SN72723N 
SN72723L 
SN72741J 
SN72741JA 
SN72741JP 
SN72741L 
SN72741N 

SN72741P 
SN72741P 

CA107G 
CA108T 
CA108AT 
CA111G 
CA111T 
CA111G 
CA 555G 
CA555T 
CA555G, 
CA555E 
CA723E 
CA723T 
CA1558G 
CA1558T 
CA1558G, 
CA1558E 
CA741G* 
CA741G* 
CA741G 
CA7417 
CA741G*, 
CA741E* 
CA741G 
CA747G 
CA747G 
CA747T 
CA747G, 
CA747E 
CA748G* 
CA748G* 
CA748G 
CA748T 
CA748G*, 
CA748E* 
CA748G, 
CA748E 
CA301AG* 
CA301AG* 
CA301AG 
CA301AT 
CA301AG* 
CA301AE* 
CA301AG 
CA307G* 
CA307G 
CA307 T 
CA307G*, 
CA307E* 
CA307G 
CA307 E 
CA308T 
CA308AT 
CA311G 
CA311T 
CA311G 
CA555CG 

CA555CG, 
CA555CE 
CA555CT 
CA1458G 
CA1458T 
CA1458G, 
CA1458E 
CA1458E 
CA723CE 
CA723CT 
CA741CG* 
CA741CG* 
CA741CG 
CA741CT 
CA741CG*, 
CA7410E* 
CA741CG 
CA7410E 

SN72747 CA747CT 
SN72747J CA747CG 
SN72747JA CA747CG 
SN72747N CA747CG, 

CA747CE 
SN72748J CA748CG* 

SN72748JA CA748CG* 
SN72748JP CA748CG, 

CA748CE 
SN72748L CA748CT 
SN72748N CA748CG*, 

CA747CE* 
SN72748P CA748CG 
SN72748P CA748CE 
SN76110N CA1310E 
SN76111 CA758E 
SN76116N CA758E 
SN76298N CA1398E 
SN76242 CA3070 
SN76243 CA3071 
SN76246 CA3072 
SN76266 CA3066 
SN76267 CA3067 
SN76564 CA3064 
SN76650N CA1352E 
SN76665 CA3065 
SN76675 CA3075 
SN76676HC CA3076 
SN76689 CA3089 

* Can be substituted for the correspond-
ing 14-lead dual-in-line type by inserting 
device into 14-pin socket (or board) 
so that terminal No. 1 of the 8-lead 
RCA Gold-CHIP ("G" suffix) or "E"-
tuf f ix type coincides with socket (or 
board) terminal No. 3 of the 14-lead 
type to be replaced. 

*In most applications, an RCA Gold-
CHIP type is considered to be a suitable 
direct replacement for a particular 
ceramic-package type. The RCA Gold 
CHIP type employs a Hermetic Chip 
in a plastic package and is rated for 
operation over the full military-temper-
ature range (-55°C to +125°C). 

6 Can be selected to replace LM3900N. 

• Terminals 9 and 13 must be externally 
tied. 
• In majority of applications. 

RCA Suffix-Letter Package Code 

Suffix 
Letter Package 

D dual-in-line white ceramic 
E dual-in-line plastic 
F dual-in-line frit -seal ceramic 
G hermetic Gold-CHIP in dual-in-

line plastic 
K ceramic flat pack 
S TO-5 style with dual-in-line 

formed leads (see Note below) 
T TO-5 style with straight leads 

Note: RCA types in TO-5 style packages 
with dual-in-line formed leads ("OIL-CAN" 
package), identified by suffix-letter "S", 
are both pin and electrical direct replace-
ments for corresponding 8-lead "Mini-Dip" 
dual-in-line types. 



Operating and Handling Considerations 

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 
linear integrated circuits and MOS field-effect transistors. 

The ratings included in RCA 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 integrated circuits and 

MOS/FET's makes possible their use in a broad range of 
applications and under many different operating conditions. 
When incorporating these devices in equipment, 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 these devices provides obvious ad-
vantages to the designers of electronic equipment. How-
ever, 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. 

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. 

TESTI NG 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. 

MOUNTING 

Intègrated 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 wills 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 puck" 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 
done with care to avoid damage to lead plating. In no case 
should 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-lead 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. 

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-

* MIL-38510A, paragraph 3.5.6.1(a), lead material. 
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Operating and Handling Considerations 
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 
insertion into conductive material such as "ECCOSORB* 
LD26" or equivalent. 
(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. 

*Trade Mark: Emerson and Cumming, Inc. 

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: 

I. Chips must be stored under proper conditions to insure 
that they are not subjected to a moist and/or contain-
Mated 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, 400C max. 
B. Relative humidity, 50% 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. 
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Terms and Symbols 
A 

AAF 

A DIFF 
ACC 
AFC 
AFT 
AGC 
AMR 

AOL 
Av 
bfs 

bis 

bos 

brs 

BW 

BWOL 

C BI 
C CB 

C EB 
C EXT 
CFB 
Cl 
Cios 
Cis 

C iss 

CMMR 
Co 
Cos 

C oss 

Cop 

C fSS 

ei 

EN 

eN 

eN(total) 

e01 /e02 
EON 
fCL 

max 

IP 

ft 

Gm  

fe 

hFE 

hfe 

I+ 

closed-loop voltage gain 
audio amplifier gain 
differential voltage gain 
automatic chroma control 
automatic frequency control 
automatic fine tuning 
automatic gain control 
am rejection 
open-loop voltage gain 
amplifier voltage gain 
small-signal, common-source, 

forward transfer susceptance 
(imaginary part of corresponding 
admittance; see yfs) 

small-signal, common-source, 
input susceptance (imaginary 
part of corresponding admittance; 
see yis) 

small-signal, common-source, 
output susceptance (imaginary 

part of corresponding admittance, 
see yos) 

small-signal, common-source, 
reverse transfer susceptance 
(imaginary part of corresponding 
admittance, see yrs) 
bandwidth (unity gain) 
open-loop bandwidth 

base-to-substrate capacitance 
collector-to-base capacitance 

emitter-to-base capacitance 
external capacitance 
feedback capacitance 
input capacitance 
small-signal output capacitance 

small-signal input capacitance 
small-signal, common-source 
short-circuit input capacitance 
input-to-output capacitance; 
data in/out capacitance 

common-mode rejection ratio 
output capacitance 

feedthrough capacitance 
small-signal, common-source 
short-circuit output capacitance 

charge-pump capacitance 
small-signal, common-source 
short-circuit, reverse transfer 
capacitance 
input sensitivity 
I/F noise voltage 
low-frequency noise voltage: 

equivalent short-circuit input 
noise voltage (uV I.Tz) 
wideband noise voltage 

referenced to input 
channel separation 
broadband output noise voltage 
clock input frequency 
maximum operating frequency 
charge-pump input-pulse fre-
quency 

unity-gain crossover frequency; 
gain-bandwidth product 
input-pulse frequency 
power gain 
forward transconductance 
(large-signal) 
static forward-current transfer 
ratio (beta) 
small-signal forward-current 
transfer ratio 
dc supply current 

dc supply current 

IA 

'ABC 
IAGC 
IB 

IC 
ICB0 
ICED 

ICE(OFF) 
ID 
ID(ON) 
IDARK 
IDF 
IDDO 

I DS 

IDSS 

I F 

IG 

'GA 

'GS 

'GIS 

IG2S 

IGSSF 

IG1SSF 

IG2SSF 

IGSSR 

IG1SSR 

IG2SSR 

IGT 

1i 
II B 

II BC 

II0 
el lo 

ILIM 
IMTR 
IN 

iN 

10 
10(DIFF) 

100 

amplifier supply current 
amplifier bias current 
AGC source current 
base current 
collector current 
collector cutoff current 
collector cutoff current 
output leakage current 

drain current 
dc on-state drain current 
dark current 
diode forward current 
supply current for drain supply 
voltage (Voo) 
zero-gate (bias) drain current 
(dual-gate types) 

zero-gate (bias) drain current 
(single-gate types) 
forward current 
channel (input) gate lead 
current 
channel (input) gate reverse 
current 
gate terminal current (single-

gate types) 

gate-No.1 terminal current 
dual-gate types 
gate-No. 2 terminal current 
dual-gate types 

gate-to-source forward leakage 
current, all other terminals 
shorted to source (dual-gate 

types). 
gate-No.1 source forward leakage 
current, all other terminals 
shorted to source (dual-gate 

types). 
gate-No. 2-to-source forward 
leakage current, all other 

terminals shorted to source 
(dual-gate types), 
gate-to-source reverse leakage 
current, all other terminals 
shorted to source (single-gate 
types). 
gate-No. 1-to-source reverse 
leakage current, all other 
terminals shorted to source 
(dual-gate types). 
gate-No.2-to-source reverse 
leakage current, all other 
terminals shorted to source 
(dual-gate types), 
gate trigger current; gate 
terminal current 
input current 
input bias current 
internal bias current 
input offset current 
average temperature coefficient 
of input offset current 
temperature coefficient of input 
offset current (drift) 
short-circuit limiting current 

current-mirror transfer ratio 
I/F noise current 
equivalent open-circuit noise 
current (pA/ sr17-1z) 
output current 

differential output current 
(sink) 
output offset current 
output leakage current, low 

ISSO 

ISX0 

'TH 
ITOTAL 
kN 

MAG 
MUG 

NF 

PO 
"D 
PSRR 
rds(of f) 

rdslon) 

R GS 
Ro 
Ro 

'0 
ross 

R1 

riss 

Ri 

RON 

S/N 
SR 

TA 
to 

tDR 
tf 

tfo 

THD 

t of f 

ton 
tr 

tRO 

trr 
Is 

ISTG 
tw  

v* 

v-
V ABC 
VBB 

V BE 

peak output current 
magnitude of peak output 
current 
maximum output current 
(source) 
maximum output current 
(sink) 
photo current 
peak-to-peak output current 
total quiescent current 
charge-pump input current 
dc reverse (leakage) current 
supply current for reference 
supply voltage 

strobe load current 

voltage (VSS) 
supply current for supply 
voltage 

threshold current 
total supply current 
normalized factor (k N = k/kd 

maximum available power gain 
maximum useable power gain 

(unneutralized) 
noise factor 
power output 
device dissipation 
power supply rejection ratio 

small-signal drain-to-source 
off-state resistance 
static drain-to-source on-state 
resistance 

gate leakage-current resistance 

output resistance 
low-frequency output resistance 
small-signal output resistance 
small-signal, short-circuit, 

common-source output 
resistance 
differential input resistance 
small-signal input resistance 

small-signal, short-circuit, 
common-source input resistance 
low-frequency input resistance 

ON resistance; the ON-state 
resistance of an analog switch 
at specified input and load 

conditions. 

AON resistance; the difference 
in ON-state resistance between 
any 2 analog switches at speci-

fied input and load conditions. 
signal-to-noise ratio 
slew rate 
ambient temperature 
delay time 

differential recovery time 

fall time 

input-pulse rise time 

total harmonic distortion 

turn-off time 

turn-on time 

rise time 
input-pulse rise time 
reverse recovery time 

setup time 
storage time 
pulse width 

DC positive supply voltage 
DC negative supply voltage 

amplifier bias voltage 
substrate voltage 
base-to-emitter voltage 
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V BE(sat) base-to-emitter saturation VG2S 
voltage 

V (BRICB0 collector-to-base breakdown 
voltage 

V (BR/CES collector-to-emitter break-
down voltage 

%RID' dc breakdown voltage be-
tween diode and substrate 

V (BRIR dc reverse breakdown voltage VIL 

V (BRIEBO emitter-to-base breakdown v11-1 

voltage v10 

VIBRIGSSF dc gate-to-source forward 'Viol 
breakdown voltage, all other 

terminals shorted to source 
(single-gate types) 

v (BRIG1SSF dc gate-No.1-to-source 
forward breakdown voltage, 
all other terminals shorted to 
source (dual-gate types) 

V(BRIG2SSF dc gate No.2-to-source forward 
breakdown voltage, all other 
terminals shorted to source 

(dual-gate types) 

v (BRIGSSR dc gate-to-source reverse 
breakdown voltage, all 
other terminals shorted to 
source (single-gate types) 

v (BRIG2SSR dc gate-No.2-to-source 
reverse breakdown voltage, 
all other terminals shorted 
to source (dual-gate types) 
collector-to-base voltage 
drain supply voltage 
used as a second positive 

supply voltage. It is VD D 
and referenced to VSS 

VCO voltage controlled oscillator 

V CEO collector-to-emitter voltage 

v CE0(sus) collector-to-emitter 
sustaining voltage 

V CIO collector-to-substrate voltage 
V CP charge pump voltage 

VDD drain supply voltage (the most 
positive supply voltage; 
always referenced to ground) 

drain-to-gate voltage (single-
gate types) 
drain-to-gate-No.1 voltage 
(dual-gate types) 
drain-to-gate-No.2 voltage 
(single-gate types) 
diode-to-substrate voltage 
diode reverse voltage 
drain-to-source voltage 
source voltage (the most 
negative supply voltage in a 

3-supply voltage system) 

VF dc forward voltage 
AV F /,1" temperature coefficient of 

forward voltage drop 

VGH channel gate input voltage, 
high level 

VGL channel gate input voltage, 
low level 

VGS gate-to-source voltage 

V GS (TH) gate-to-source threshold 
voltage 

V GS (°f f) gate-to-source cutoff voltage 
(single-gate types) 

VG1 S gate-No.1-to-source voltage 

(dual-gate type) 
VG1S (Off) gate-No.1-to-source cutoff 

voltage (dual-gate types) 

Terms and Symbols (cont'd) 

V C B0 
V CC 

VDG 

VDG1 

VDG2 

VDIO 
VDR 
VDS 

VEE 

V G2S (off) 

V1 
v u- Hm) 
vICR 

AVI 0 /,s1-

.n`V 0/AT 

• 10P,V+ 

• 10/AV— 

aV io 

V i(Lim) 

v knee 

VN 
V0 
,v0 /Av— 
AVo /AV+ 

V O(rms) 

,V0 

v 0P-P 
Olaf) 

VOL 

V 00 
VOH 

✓ + OM 
V OM 
VQP 

V CIPL 

VCIPH 

VREF 
VREG 
VRR 

VTH 

V Z 
Yfs 

Y IS 

Y OS 

gate-No.2-to-source voltage 
(dual-gate types) 
gate-No.2-to-source cutoff 
voltage (dual-gate types) 
input voltage 
input limiting voltage 
common-mode input voltage 
range 

input-voltage, low level 
input-voltage, high level 
input offset voltage 
magnitude of input offset 
voltage 
temperature coefficient of 
magnitude of input offset 

voltage 
temperature coefficient of 

input offset voltage drift 
positive input-offset-voltage 

sensitivity 
negative input-offset-voltage 
sensitivity 

average temperature 
coefficient of input-offset 
voltage 

input limiting voltage (knee) 
protective diode knee 
voltage (protected gate types) 
output noise voltage 
output voltage 
dc supply voltage sensitivity 
dc supply voltage sensitivity 
open-loop output voltage 
swing 
output voltage temperature 
coefficient 
output voltage swing 
recovered af voltage 

output voltage, low level; 
the voltage level at an output 
when the input logic 
conditions have been set to 
establish logic LOW output. 
output offset voltage 
output voltage, high level; 
the voltage level at an output 
when the input logic conditions 
have been set to establish a 
logic HIGH output. 
maximum output voltage 
maximum output voltage 
charge pump voltage 
charge pump input voltage, 
low level 
charge-pump input voltage, 
high level 

reference voltage 
regulated supply voltage 
supply voltage rejection 
ratio 
input threshold voltage 
zener voltage 
magnitude of small-signal, 
common-source, short-
circuit forward transfer 
admittance (transadmittance) 
small-signal, common-source, 
short-circuit, input-admittance 
(conductance, real part of 
admittance; susceptance, 
imaginary part of admittance) 
small-signal, common-source, 
short-circuit, output 

admittance 

lY rsi 

<Y rs 

(-1„ 

z1 
zo 
zz 
o 
0 

L 

magnitude of small-signal, 
common-source, short-circuit, 
reverse transadmittance 
phase angle of small-signal, 
common-source, short-circuit, 

reverse transadmittance 
angle of reverse trans-
admittance, common-source 
circuit 
input impedance 
output impedance 
zener impedance 
phase angle 
phase margin 
efficiency 
open-loop phase lag 
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CA101, CA201, CA301 Types 

Operational Amplifiers 
For Commercial, Industrial, and Military Applications 

RCA-CA101, 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 CA101A and CA201A have all the 
desirable features and characteristics of the 

CA101 and CA201, respectively, plus superior 
input-offset characteristics, and improved 
noise performance. 
All types are available in hermetic gold-CHIP 
dual-in-line plastic packages (G suffix), 8-lead 
TO-5 style packages with standard leads IT 
suffix), and with dual-in-line formed leads 
("DI L-CAN", S suffix). The CA301A is also 
available in the 8-lead dual-in-line plastic 
package ("MINI-DIP", E suffix), and in chip 
form (H suffix). 

Maximum Ratings, Absolute-Maximum Values at TA = 25°C 

DC SUPPLY VOLTAGE (between V* and V— terminals): 

CA101, CA101A, CA201, CA201A  

CA301A   

DC INPUT VOLTAGE   

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

DIFFERENTIAL INPUT VOLTAGE   ± 30 v 
OUTPUT SHORT-CIRCUIT DURATION   (ndefinite* 

DEVICE DISSIPATION: 

Up to TA = 75°C   500 mW 

Above TA 75°C  derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating — 

CA101, CA101A   —55 to +125 °C 

CA201A   —25 to +85 °C 

0 to +70 °C 

—65 to +150 °C 

CA201, CA301A 

Storage (All types) 

LEAD TEMPERATURE (During Soldering): 

At a distance 1/16" ± 1/32" (1.59 ± 079 mm) 
from case for 10 seconds max.   

* At TA < 70°C and Tc < 125°C )CA101): 

TA < 75°C and Tc < 125°C (CA101A, CA201A); 
TA <55°C and Tc < 70°C ICA201, CA301A). 

PHASE 

SCener o 

si.,•000 
Fig.1 — Schematic diagram. 

44 

36 

±15 V 

+265 °C 

"G" Suffix Types—Hermetic Gold-CHIP 
Dual-In-Line Plastic Package 

"E" Suffix Types—Standard Dual-In-Line 
Plastic Package 

"T" and "S" Suffix Types—TO-5 Style Package 

Features: 

• Short-circuit protection and latch-free 
operation 

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

• Replacement for industry types 101, 
101A, 201, 201A, 301A 

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 

PHASE 
COMPENSATION TAB 

OFFSET 
NULL 

INV. 
INPUT 

NON-INV. 
INPUT 

V. 

OUTPUT 

OFFSET 
NULL 

V - 
NOTE PIN 4 IS CONNECTED TO CASE 

TOP VIEW 
.NCS• 23,94 

a — TO-5 style package for all types 

PHASE 
COMPENSATION 

OFFSETaNULL 

INS 
INPUT 

NON -INv 
IN PUT 

V 

T-Suff ix 
S-Suffix 

PHASE 
COMPENSATION 

v.> 

OUTPUT 

OFFSET 
NULL 

TOP VIEW 

WCS nee9 

b — Plastic package for CA301A 

G-Suffix 
E-Suf fix 

Fig.2 — Functional diagrams. 
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CA101, CA201, CA301 Types 
ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS 

TEST CONDITIONSA LIMITS 

UNITS 

LIMITS 

UNITS Supply Voltage (Vil 

= 5 to 15V 
CA101 CA201 

CA101A 
CA201A CA301A 

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

Input Offset Voltage 

VIO 

TA=25°C Rs<10kS.2 - 1 I5 - 2 7.5 

mV 

- - - - - - 

mV 
Rs<501d2   - 0.7 2 - 2 7.5 

Rs<10kS2 - - 6 - - 10 - - - - - - 
Rs<50kS-2   - - 3 - - 10 

Average Temperature 
Coefficient of Input 
Offset Voltage ciVio 

Rs<101(12 - 6 - - 10 - 

pV/°C 

- - - - - - 

Rs<5012 - 3 - - 6 - 

- - - - - - - 3 15 - 6 30 

Average Temperature 
Coefficient of Input 
Offset Current 

«110 

-55°C to +25°C - - - - - - 

° 

- 0.02 0.2 - - - 

nA/°C 
0°C to +25°C - - - - - - - - - - 0.02 0.6 
+25°C to +70°C ------------  - - - 0.01 0.3 

+25°C to +125°C - - - - - - - 0.01 0.1 - - - 

Input Offset Current 

110 

TA=00C - - - - 150 750 

nA 

- - - - - - 

nA 

TA=25°C - 40 200 - 100 500 - 1.5 10 - 3 50 

TA=700C - - - - 50 400 - - - - - - 

TA=125°C - 10 200 - - - - - - - - - 

- - - - - - - - 20 - - 70 

TA=-55°C - 100 500 - - - - - - - - - 

Input Bias Current 

118 

TA=-55°C - 0.28 1.5 - - - 

biA 

- - - - - - 

pA 
TA=0°C - - - - 0.32 2 - - - - - - 

TA=25°C - 0.12 0.5 - 0.25 1.5 - 0.030.075 - 0.07 0.25 

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

Supply Current 

I I 

TA=25°C V±. -- 15V - - - - - - 

mA 

- - - - 1.8 3 

mA V±=20V - 1.8 3 - 1.8 3 - 1.8 3 - - - 

TA=125°C V±=20V - 1.2 2.5 - - - - 1.2 2.5 - - - 

Open-Loop Differen• 
tial Voltage Gain 

•OL 

TA=25°C V± =15V 

Vo=t1OV Ri_.>2kS2 
50 160 - 20 150 - 

V/mV 

50 160 - 25 160 - 

V/mV 
V±=15V 

Vo=± 10V R L.≥.-2kS2 
25 - - 15 - - 25 - - 15 - - 

Input Resistance RI TA=25°C 0.3 0.8 - 0.1 0.4 - MS-2 1.5 4 - 0.5 2 - MSI 

Output Voltage 

Swing VOPP 

V±=15V RL=10kS2 ±12 ±14 - ±12 ±14 - 
V 

±12 ±14 - ± 12 ±14 - 
V 

V±=15V RL=2kS2 ±10 ±13 - ±10 ±13 - ±10 ±13 - ±10 ±13 - 

Common-Mode 
Input-Voltage 
Range V1CR 

VI= 15V ±12 - - ±12 - - 
V 

- - - ±12 - - 
V 

V±=20V - - - - - - ±15 - - - - - 

Common-Mode 
Rejection Ratio 

CM RR 

Rs‹.10kS2 70 90 - 65 90 - 
dB 

- - - - - - 
dB 

Rs<50kSZ - - - - - - 80 96 - 70 90 - 

Supply-Voltage 
Rejection Ratio 

PSRR 

Rs<101d2 70 90 - 70 90 - 
dB 

- - - - - - 
dB 

Rs<50kS2 - - - - - - 80 96 - 70 90 - 

• Characteristics app icable over operating temperature range (TA) as shown below, unless otherwise specified: 

CA101, CA101A: -55 to +125°C; CA201A: -25 to +85°C; CA201, CA301A: 0 to 70°C 

CA101 CA201 CA101A CA201A CA301A 

Max. V10 T 
A - 

Max. 110 250c 

Min-AOL 

5 7.5 2 2 7.5 mV 

200 500 10 10 50 nA 

50 20 50 50 25 V/mV 

TA Range 
(Operating) 

-55 to 
+125 

0 to 
+70 

-55 to 
+125 

-25 to 
+85 

0 to 
+70 

oc 

Slew Rate 
(Summing ampl.) - - 10 10 10 Was 
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CA101, CA201, CA301 Types 

TYPICAL STATIC CHARACTERISTICS 
Type CA101 

àute•ENT TEAPEISAIIM 'Ts,- C 
400. 

Fig.3 — Input current (110, 115) vs. temperature. 
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.. 
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o s e 
sum. VOLTAGE 0/ 2 e —v 

Fig.6 — Voltage gain vs. supply voltage. 

Type CA301A 
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.1IW 1h 
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Fig. 9 — Output characteristics. 
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Fig.4 — Inpu bias current vs. supply voltage. 
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Fig.? — Supply characteristics. 

TYPICAL DYNAMIC CHARACTERISTICS 

AND TEST CIRCUITS FOR TYPES 
CA101A AND CA201A 

Single-Pole Compensation 

RI Cs 

Cs • 30 AT 

Fig. 10 —Test circuit employing single-pole 

compensation. 
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CA101, CA201, CA301 Types 

Two-Pole Compensation 
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Fig. 15 — Supply voltage rejection ratio VS. frequency. 
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CA107, CA207, CA307 Types 

Operational Amplifiers 

For Military, Industrial, and Commercial Applications 

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.) for the CA107 and CA207 

make these types especially well suited for 

applications such as long interval timers and 

sample-and-hold circuits. 

All types are available in hermetic gold-CHIP 

dual-in-line plastic packages (G suffix), 8-lead 

TO-5 style packages with standard leads IT 

suffix), and with dual-in-line formed leads 

("DIL-CAN", S suffix). The CA307 is also 

available in the 8-lead dual-in-line plastic 

package ("MINI-DIP". E suffix), and in chip 

form (H suffix). 

The CA107, CA207, and CA307 are direct 

replacements for industry types 107, 207, 

and 307 in packages with similar terminal 

arrangements. 

Feature 

Type 

Max. V10 

(mV) 

Max. 110 

InA) 

Max. li Et 

(nA) 

Temp. 

Range (TA ) 

°C 

Package 

(Suffix) 

CA107 3 20 100 —55 to +125 G, S, T 

CA207 3 20 100 —25 to +85* G. S, T 

CA307 10 70 300 0 to +70.• G, E, S, T 

• Types CA207G, 5, and T can be operated over the temperature range of —55 to +125°C, although the 
published limits for certain electrical specif ications apply only over the temp. range of —25 o .85°C. 

'Types CA307G, E, S, and T can be operated over the temperature range of —55 to +125°C, although the 
published limits for certain electrical specif ications apply only over the temp. range of 0 to 70°C. 
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o 
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R3 
,0311 

1 0.0 

Fig. 1 — Schematic diagram of CA 107, CA207, and CA307. 
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011 

92C10-33/031 

"G" Suffix Types—Hermetic Gold-CHIP in 

Dual-In-Line Plastic Package 

"E" Suffix Types—Standard Dual-In-Line 

Plastic Package 

"T" and "S" Suffix Types—TO-5 Style Package 

Applications: 

• Long-interval integrators 

• Timers 

• Sample-and-hold circuits 

• Summing amplifiers 

• Multivibrators 

INV 
INPUT 

NON-INV 
INPUT 

I2CS 23SO. 

Functional diagram for plastic package. 

NOTE PIN 415 CONNECTED TO CASE 

TOP VIEW tfge. 

Functional diagram for TO-5 style packages. 
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Fig. 2 — Supply current vs. supply voltage. 

0 

SUPPLY vOLTA▪ 62 IV 1-0 
20 

ViC3-13•113 

Fig. 3 — Open-loop differential voltage gain vs, 

supply voltage. 
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CA107, CA207, CA307 Types 

Maximum Ratings, Absolute-Maximum Values at TA = 25°C: 

DC SUPPLY VOLTAGE (Between V+ and V— Terminals): 
CA107, CA207   44 V 

CA307   36 V 
DC INPUT VOLTAGE   ±15 V 

(For supply voltages less than ±15 V. the absolute maximum input voltage is equal 

to the supply voltage) 

DIFFERENTIAL INPUT VOLTAGE  ±30 V 
OUTPUT SHORT-CIRCUIT DURATION*   Indefinite 

DEVICE DISSIPATION UP TO TA 70°C   500 mW 
Above TA = 70°C Derate linearly at 667 mleC 

AMBIENT TEMPERATURE RANGE: 
Operating — CA107   —55°C to +125°C 

CA207   —25°C to +85°C• 

CA307  0°C to +70°0 

Storage — All Types  —65°C 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 

*For type CA307 continuous short circuit is allowed for Case Temperature to +70°C and ambient temperature 

to +55°C. 

*Types CA207G, S, and T can be operated over the temperature range of —55 to +125°C,althoue the published 

limits for certain electrical specifications apply only over the temperature range of —2510+85 C. 

tTypes CA307G, E, S. and T can be operated over the temperature range of —55 to +125°C, although the pub-

lished limits for certain electrical specifications apply only over the temperature range of 0 to 70°C. 
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Fig. 6 — 1/f noise current vs. frequency. 
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Fig. 9 — Input offset and input bias current vs. 
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CA107, CA207, CA307 Types 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

TEST CONDITIONS* LIMITS 

UNITS 

Supply Voltage (V±) = 

5 V to 15 V (CA307) 

5 V to 20 V (CA107,CA207) 

CA107 

CA207 
CA307 

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

Input Offset Voltage 

VIO 

TA = 25°C, Rs < 50 kft - 0.7 2 - 2 7. 7.5 
mV 

Rs < 50 Ic5-2 - - 3 - - lb 

Average Temperature 

Coefficient of Input 

Offset Voltage, 

a v10 

- 3 15 -- 6 30 1.1V/°C 

Input Offset Current, 

110 

- - 20 - - 70 
nA 

TA = 25°C - 1.5 10 - 3 50 

Average Temperature 

Coefficient of Input 

Offset Current. 

*110 

See Note 1 - 0.01 0.1 - 0.01 0.3 
nAfC 

See Note 2 - 002 0.2 - 0.02 0.6 

Input Bias Current, 

1113 

- - 100 - - 300 
n A 

TA = 25°C - 30 75 - 70 250 

Current, 

I ± 

TA - +125°C, V± = 20 V - 1.2 2.5 - - 
-.Supply 

mA 
TA = 25°C, V± = 20 V, 

(CA307 Vi= 15 V) 
- 1.8 3 - 1.8 3 

Open-Loop Differential 

Voltage Gain, 

A OL 

V± = 15 V, 

V0 = ±10 V.RL>2k$2 
25 - - 15 - - 

V/mV 
V± = 15 V. Vo= ±-10 V 
RL ≥- 2 kS2, TA = 25°C 

50 160 - 25 160 - 

Input Resistance, 

R1 
TA = 25°C 1.5 4 - 0.5 2 - MO 

Output Voltage Swing, 

V OPP 

v ± = 15 V, AL-10 k2 ±12 ±14 - ±12 ±14 - 
V 

V± = 15 V, RI_ = 2 k2 ±10 ±13 - ±10 ±13 - 

Input Voltage Range, 

VICR 

V± = 20 V, 

(CA307 V± = 15 VI 
±15 - - ±12 - - v 

Common-Mode 

Rejection Ratio, 

CMRR 

Rs < 50 I<S2 80 96 - 70 90 - dB 

Supply-Voltage 

Rejection Ratio, 

PSRR 

Rs < 50161 80 96 - 70 96 - dB 

Note 1: For CA107..25. to .125°C. For CA207. +25 to +85°C. For CA307 .25 to 713°C 

Note 2. For CA107. -55 to +25°C; For CA207. -25 to -.25°C• For CA307, 0 to .25°C. 

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

CA207 - TA = -25 to +85°C 

CA307 - TA = 0 to 70°C 

AMMENT TEMPERATURE ITAI•25•Q 

• 0  • s • 
10. 

FREQUENCY 111-111 •151-

Fig. 12 - 1/f noise voltage vs. frequency. 
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CA108, CA208, CA308 Types 

Precision Operational Amplifiers 
For Military, Industrial, and Commercial Applications 

The RCA-CA108, CA208, and CA308 types 
are uncompensated precision operational 
amplifiers using super-beta transistors and 
feature very low offset parameters, high 
input impedance, and defined drift rates with 
temperature change. 

These super-beta op-amps have input cur-
rents sufficiently low to insure low drift 
even when using source resistances in excess 
of 10 megohms. 

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

INPUTS 

The "A" versions have all the desirable fea-
tures and characteristics of their prototypes 
plus exceptionally low input offset voltage 
characteristics. 

The CA108, CA108A, CA208, CA208A, 
CA308, and CA308A are direct replace-
ments for industry types 108, 108A, 208, 
208A, 308, and 308A in packages with 
similar terminal arrangements. They are sup-
plied in either standard TO-5 style packages 
(T suffix) or in 8-lead TO-5 style packages 
with dual-in-line formed leads (DIL-CAN, S 
suffix). The CA308 is also supplied in the 
8-lead dual-in-line plastic package (MINI-
DIP, E suffix), and in chip form (H suffix). 

Feature 

Type 

Max. V10 
(mV) 

Max. 110 
(nA) 

Max. lig 
(nA) 

Temp. 
Range (TA ) 

oc 

Package 
(Suffix) 

CA108 3 0.4 3 —55 to +125 S, T 

CA108A 1 0.4 3 —55 to +125 S, T 

CA208 3 0.4 3 —25 to +85 S, T 

CA208A 1 0.4 3 —25 to +85 S, T 

CA308 10 1.5 10 0 to +70 E, S, T 

CA308A 0.73 1.5 10 0 to +70 S, T 

r 
 .21 

LI 

NOTE 
1 -1 029 

1,--111(S IIGNATES 
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18 

55 
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Fig. 1 — Schematic diagram for CA 708, CA208, 
CA308, CA 108A, CA208A, and CA308A. 

Features; 
At At 25°C: 
• Maximum input bias current — 

2 nA for CA108 and CA208 series 
7 nA for CA308 series 

• Maximum input offset current — 

0.2 nA for CA108 and CA208 series 

1 nA for CA308 series 

• Supply current of only 300 µA, even in saturation 

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

Applications: 

• Instrumentation 
• Summing amplifier 

• Comparator 

PHASE 
COMPENSATION 

0 

INPUT 

INPUT 

• Multivibrators 
• Band-pass filters 

• Sample and hold 
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CA108, CA208, CA308 Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE (Between V+ and V Terminals): 

CA108, CA108A, CA208, CA208A  40 

CA308, CA308A   36 V 

DC INPUT VOLTAGE 

(For supply voltages less than ±15 V, the absolute maximum input 

voltage is equal to the supply voltage)   ±15 V 
DIFFERENTIAL INPUT CURRENT   ±10 mA 

OUTPUT SHORT•CIRCUIT DURATION   Indefinite 

DEVICE DISSIPATION UP TO TA = 70°C   500 mW 

Above TA = 70°C   Derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating - CA108, CA108A   -55 to +125 °C 

CA208, CA208A   -25 to +85 °C 

CA308, CA308A   0 to +70 °C 
Storage - All Types   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.   +300 °C 

ELECTRICAL CHARACTERISTICS at TA = -55 to 4125°C for CA108 Types, 

-25 to +85°C for CA208 Types, 0 to +70°C for CA308 Types, unless otherwise 
indicated, and Supply Voltage (V1 = 45 to 415 V 

CHARACTERISTIC TEST CONDITIONS 

LIMITS 

UNITS 
CA108 

CA208 
CA108A 

CA208A 
Min. Typ. Max. Min. Typ. Max. 

Input Offset Volt 

age, V1(21 
3 - 1 

mV 
TA=25°C - 0.7 2 - 0.3 0.5 

Average Tempera-

ture Coefficient 

of Input Offset 

Voltage, a V10 

- 3 15 1 5 pV/°C 

Input Offset 

Current, lio 
0.4 - 0.4 

nA TA-25°C - 0.05 0.2 - 0.05 0.2 
Average Tempera• 

ture Coefficient 

of Input Offset 

Current, a 110 

- 0.5 2.5 0.5 2.5 pA/°C 

Input Bias 

Current, 11B 
- 3 - 3 

nA TA=25°C 0.8 2 - 0.8 2 
Supply 

Current, 1± TA=25°C 

TA=4125°C 015 04 - 015 0.4 
mA 

0 3 0 6 0.3 0.6 
Large-Signal 

Voltage Gain, 

AOL 

V±=15 V, 

V0=±10 V, RC-.,4-10 KO 
25 40 

V/mV V5=15 V. V0=±10 V 

Ru>.-10 KS/TA=25°C 
50 300 80 300 

Input Resistance, 

R1 
TA=25°C 30 70 30 70 MS2 

Output Voltage 

Swing, Vopp 
V±=15 V,RL=10 KS/ 413 14 - 4-13 14 V 

Input Voltage 

Range, VicR 
V±=15 V t 13.5 - 413.5 - V 

Common. Mode 

Rejection Ratio, 
CMRR 

85 100 - 96 110 - ciB 

Supply-Voltage 
Rejection Ratio, 

PSRR 
80 96 - 96 110 dB 

51258012 TUIPVIATURCI 51 25 C 

woos  

swes. 

• er 

INPUT RESISTANCE IRE/-

•ACS-2113S 

Fog. 3 - Input offset error for CA308 and CA308A. 
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S ER 6 

Fig. 4 - input offset current vs. temperature 

for CASOS, CA 108A, CA208, and 
CA208A. 
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Fig. 5 - Input offset current vs. emperature 

for CA308 and CA308A. 
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AMBIENT TEMPERATURE IT.I- C 
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Fig. 6 - Input bias current vs. temperature 

for CA 108, CA 108A, CA208, and 

CA208A. 
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CA108, CA208, CA308 Types 

ELECTRICAL CHARACTERISTICS at TA=-55 to +125°C for CA108 Types, 

-25 to +85°C for CA208 Types, 0 to +70°C for CA308 Types, unless otherwise 

indicated, and Supply Voltage (Vi) = ±-5 to ±15 V 

CHARACTERISTIC TEST CONDITIONS 

LIMITS 

UNITS CA308 CA308A 

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

Input Offset 

Voltage, V10 

- - 10 - - 0.73 
mV 

TA -25°C - 2 7.5 - 0.3 0.5 

Average Tempera-

ture Coefficient 
of Input Offset 

Voltage, a V10 

- 6 30 - 1 5 µV/°C 

Input Offset 
Current, 110 

- - 1.5 - - 1.5 
nA 

TA-25°C - 0.2 1 - 0.2 1 

Average Tempera-

ture Coefficient 

of Input Offset 

Current, a 110 

- 2 10 - 2 10 pA/°C 

Input Bias 

Current, I 1B 

- - 10 - - 10 
nA 

TA=25°C - 1.5 7 - 1.5 7 

Supply 
Current, 1± 

TA -25°C - 0.3 0.8 - 0.3 0.8 mA 

Large-Signal 

Voltage Gain, 

AOL 

V±=15 V, 

V0=±10 V,R 1?-10 K2 
15 - - 60 - 

V/mV 
V-±=15 V,V0=±10 v 
RL>..-10 K2,TA=25°C 

25 300 - 80 300 - 

Input Resistance, 

R1 
TA -25°C 10 40 - 10 40 - hm-2 

Output Voltage 

Swing, Vopp 
ML-15 V,R L---10 K2 ±13 :14 - ±13 ±14 - V 

Input Voltage 

Range, VicR 
V±-15 V ±14 - - ±14 - - V 

Common-Mode 

Rejection Ratio, 

CMRR 

80 100 - 96 110 - dB 

Supply-Voltage 

Rejection Ratio, 

PSR R 

80 96 - 96 110 - dB 
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Fig. 10 - Voltage gain vs. supply voltage 
for CA 108, CA 108A, CA208, 
and CA208A. 
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Fig. 11 - Voltage gain vs. supply voltage for 
CA308 and CA308A. 
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Fig. 7 - Input bias current vs. temperature 
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Fig. 9 - Supply current vs. supply voltage 
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CA108, CA208, CA308 Types 
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Fig. 13 — Output voltage vs. output current 

for CA308 and CA308A. 
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CA108, CA208, CA308 Types 

TEST CIRCUITS 

Fig. 24 — Standard frequency-compensation. 
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Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimen-
Mein as indicated. Grid graduations are in 
mils (10-3 inch). 
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Fig. 25 — Alternate frequency-compensation. 
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The photographs and dimensions of each 
chip represent a chip when it is part of the 
wafer. When the wafer is cut into chips, the 
cleavage angles are 570 instead of 900 with 
respect to the face of the chip. Therefore. 
the isolated chip is actually 7 mils (0.17 mm) 
larger in both dimensions. 
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CA111, CA211, CA311 Types 

Voltage Comparators 
For Commercial and Industrial Applications 

"G" Suffix Types—Hermetic Gold-CHIP in 
Dual-In-Line Plastic Package 

"E" Suffix Types—Standard Dual-In-Line 
Plastic Package 

"T" and —S" Suffix Types—TO-5 Style Package 

Applications 

• Multivibrators 
• Positive and negative peak detectors 
• Crystal oscillators 
• Zero-crossing detectors 
• Solenoid, relay, and lamp drivers 

Features 

• Single- or dual-supply operation 
• Power consumption — 135 mW at ±-15 V 
• Strobe capability 
• Low input-offset current: 

CA111, CA211 — 4 nAltyp.) 
CA311 — 6 nAltyp.) 

• Differential input-voltage range — ±-30 V 
• Directly interchangeable with National 

Semiconductor LM111, LM211, and 
LM311 Series types 

The RCA-CA111, 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 mA. 
The inputs and the outputs of the CA111, 
CA211, and CA311 can be isolated from 
system ground, allowing the output to 
drive loads referred to ground, V+, or V—. 

All types are available in hermetic gold-CHIP 
dual-in-line plastic packages (G suffix), 8-
lead TO-5 style packages with standard leads 
(T suffix), and with dual-in-line formed leads 
("DIL-CAN", S suffix). The CA311 is also 
available in the 8-lead dual-in-line plastic 
package ("MINI- DIP",E suffix), and in chip 
form (H suffix). 

v• 

OUTPUT 

INPUT OFFSET/ 
STROBE 

INPUT OFFSET 

4,CS•V• ,, 

Functional diagram for plastic package. 

NOTE PIN 4 IS CONNECTED TO CASE NZCS} 43 ,9 

Functional diagram for TO-5 style package. 

Feature 

TYPe 

Max. V10 

(mV) 

Max. 110 

(nA) 

Max. lig 

(nA) 

Temp. 
Range (TA( 

°C 

Package 

(Suffix) 

CA111 3 10 100 —5520 +125 G,S,T 

CA211 3 10 100 —25 to +85à G,S,T 
CA311 7.5 50 250 0 to +70 + G,E,S,T 

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

DC SUPPLY VOLTAGE (between V+ and V— terminals)  36 V 

DC INPUT VOLTAGE •  ±15 V 

DIFFERENTIAL INPUT VOLTAGE  b0 V 

OUTPUT TO NEGATIVE SUPPLY VOLTAGE (V74 ): 

CA111, CA211  50 V 

CA311  40 V 

GROUND TO NEGATIVE SUPPLY VOLTAGE (V14) 30 V 

OUTPUT SHORT-CIRCUIT DURATION  10 s 

DEVICE DISSIPATION: 

Up to TA 25°C 500 mW 

Above TA = 25°C  derate linearly at 6.67 mWPC 

AMBIENT TEMPERATURE RANGE: 

Operating: 

CA111  —55 to +125% 
CA211  —25 to +85°CA 

CA311   0 to +70% 1. 

Storage, all types  —65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. 11.59 ±0.79 mm) 

from case for 10 seconds max.   +265°C 

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. 

• Types CA211G,S, and T can be operated over the temperature range of —55 to +125°C, 
although the published limits for certain electrical specifications apply only over the temper-
ature range of —25 to +85°C. 

t Types CA311G,E,S and T can be operated over the temperature range of —55 to +125°C, 
although the published limits for certain electrical specifications apply only over the temper-
ature range of 0 to 70°C. 
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CA111, CA211, CA311 Types 

TYPICAL CHARACTERISTICS — ALL TYPES 

MOMENT TEMPERATURE ITAI• 25 C 

SUPPLY rriAlrS'4':«iiin • 

•., II', trn 
INPUT OVERDRIVE VOLTAGE • 2 my 

04 0.6 OS 

TIME Ill—ps -.MN 

Fig. 1 — Response time for various input 

overdrive voltages—positive input. 
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Fig. 2 — Response time for various input 

overdrive voltages—negative input. 
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Fig. 4 — Response time for various input 

overdrive voltages—positive input. 
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Fig. 7 — Supply current vs. supply voltage. 
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Fig. 3 — Schematic diagram for CA111, CA211, and CA311. 
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Fig. 5 — Response time for various input 

overdrive voltages—negative input. 
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Fig. 6 — Output limiting characteristic& 
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Fig. 8 — Input bias current vs. ambient 

temperature. 

-fl -ao es 0 25 50 75 100 125 

AMBIENT TEMPER• UR 1Ts — 
117C 43.0 

Fig. 9 — Input offset current vs. ambient 

temperature. 
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CA111, CA211, CA311 Types 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS 

TEST CONDITIONS LIMITS 

UNITS SUPPLY VOLTAGE IV ±I 15 V 

UNLESS OTHERWISE SPECIFIED 

CA111 
CA211 

CA311 

TYP. MAX. TYP. MAX. 

Input Offset 
Voltage, V10 

R. < 5 k 1-2 , Note 2 TA =25°C 0.7 3 2 7.5 
mV 

Note 1 — 4 — 10 

Saturation Voltage 

V1= —5 mV, lo = 50 mA 

(For CA311, V1 <-10 mV) 
TA =25°C 0.75 1.5 — — 

V 
V+ >4.5 V, V— =0, VI< —6 mV, 

'SINK -.<-- 8 mA 
(For CA311, Vi <. —10 mV) 

Note 1 0.23 0.4 — — 

Input Voltage 
Range, VipP Note 1 ±14 — ±14 — V 

Input Offset 
Current, lio Note 2 

T = 25°C 
--A____ 

4 10 6 50 
nA 

Note 1 — 20 — 70 

Input Bias 
Current, I ig Note 2 

TA=25°C 60 100 100 250 
nA 

Note 1 — 150 — 300 
Positive Supply 
Current, 1+ TA = 25°C 5.1 6 5.1 7.5 mA 

Negative Supply 
Current, I— TA=25°C 4.1 5 4.1 5 m A 

Output Leakage 
Current 

V1 >5 mV, Vo = 35 V 
(For CA311, V1.>. —10 mV) 

TA=25°C 0.2 10 — — nA 

Note 1 0.1 0.5 — — pA 

Strobe On Current TA=25°C 3 — 3 — mA 

Voltage Gain, A TA=25°C 200 — 200 — V/mV 

Response Time 100 mV Input Step with 
5 mV overdrive voltage TA=25°C 200 — 200 — ns 

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

CA111 
—55 to +125°C 

CA211 
—25 to +85°C 

CA311 
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 current 
specifications apply for any supply voltage from a 5 V single supply up to a ±-15 V 
dual supply. 
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Fig 13 — Output saturation voltage vs. 

output current. 
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CA111, CA211, CA311 Types 
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CA124, CA224, CA324 Types 

Quad Operational Amplifiers 

For Commercial, Industrial, and Military Applications 

The RCA-CA124, -CA224, and -CA324 con-
sist of four independent, high-gain opera-
tional amplifiers on a single monolithic 
substrate. An on-chip capacitor in each of the 
amplifiers provides frequency compensation 
for unity gain. These devices are designed 
specifically to operate from either single or 
dual supplies, and the differential voltage 
range is equal to the power-supply voltage. 
Low power drain and an input common-
mode voltage range of from 0 V to V+ —1.5 V 

(single-supply operation) make the CA124, 
CA224, and CA324 suitable for battery 
operation. 

The CA124, CA224, and CA324 are supplied 
in a 14-lead dual-in-line plastic package (E 
suffix), or in a hermetic gold-chip 14-lead 
dual-in-line plastic package (G suffix) to pro-
vide true hermetic performance. The CA324 
is also available in chip form (H suffix), and 
as a hermetic gold-chip (HG suffix). 

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

SUPPLY VOLTAGE   32 V or ±16 V 
DIFFERENTIAL INPUT VOLTAGE  ±32 V 

INPUT VOLTAGE   —0.3 V to +32 V 

INPUT CURRENT (V I <-0.3 V) t   50 mA 

OUTPUT SHORT CIRCUIT TO GROUND 

IV + <15 v)• Continuous 
DEVICE DISSIPATION: 

Up to TA = 55°C 

Above TA = 55°C   derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating  —55 to +125°C 

Storage   —65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. 11.59 ± 0.79 mm) 

from case for 10 seconds max. +265°C 

750 mW 

•The maximum output current is approximately 40 mA independent of the magnitude of V+. Continuous 

short circuits at V+ >15 V can cause excessive power dissipation and eventual destruction. Short circuits 

from the output to V* can cause overheating and eventual destruction of the device. 

tThis input current will only exist when the voltage at any of the input leads is driven negative. This current 

is due to the collector-base junction of the input p-n-p transistors becoming forward biased and thereby 

acting as input diode clamps. In addition to this diode action, there is also lateral n-p-n parasitic transistor 
action on the IC chip. This transistor action can cause the output voltages of the amplifiers to go to the 

V+ voltage level lor to ground for a large overdrive) for the time duration that an input is driven negative. 

This transistor action is not destructive and normal output states will re-establish when the input voltage, 
which was negative, again returns to a value greater than —0.3 V dc. 

Fig. 2—Schematic diagram—one of four operational amplifier's. 

"E" Suffix Types: Standard Dual-In-Line 

Plastic Package 

"G" Suffix Types: Hermetic Gold-Chip 

Dual-In-Line Plastic Package 

Features: 
• Operation from single or dual supplies 
• Unity-gain bandwidth  1 MHz (typ.) 
• DC voltage gain   
• Input bias current   
• Input offset voltage 
• Input offset current 

100 dB Ityp-/ 
45 nA (typ.) 

  2 mV (typ.) 
  5 nA (typ.) 
for CA224, CA324 

3 nA (typ.) for CA124 
• Replacement for industry types 124, 224, 324 

OUTPUT, 

NEG 
INPUT 

POS 
INPUT I 

V. 

POS 
INPUT 2 

NEG 
INPUT 2 

OUPUT 2 

Applications 

• Summing amplifiers 

• Multivibrators 

• Oscillators 

• Transducer amplifiers 

• DC gain blocks 

TOP VIEW 

Fig. 1 — Functional diagram. 

OUTPUT 4 

NEO 
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POS 
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GROUND 
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INPUTS 
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INPUT 

OUTPUT 

42CS 2420. 
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CA124, CA224, CA324 Types 

ELECTRICAL CHARACTERISTICS (Values apply for each operational amplifier) 

TEST CONDITIONS CA124 
LIMITS 

CA224, CA324 
LIMITS 

CHARACTERISTIC Supply Voltage (V+) = 5 V 
Unless Otherwise Specified Min. Typ. Max. Min. Typ. Max. 

UNITS 

TA = 25°C 

Input Offset Voltage, V10 Note 3 - 2 5 - 2 7 mV 

Output Voltage Swing, Vopp RL = 2 1st o _ V+-1.5 0 - V+-1.5 V 

Input Common-Mode 
Voltage Range, V10R 

Note 2, V+=30 V o — 0-1.5 0 - V+-1.5 V 

Input Offset Current, lio II + - Ii - - 3 30 - 5 50 nA 

Input Bias Current, liB II+ or II-, Note 1 - 45 150 - 45 250 nA 

Output Current (Source), lo 
Vi +=+1 V, V1 - -=-0 V. 

0=15 V 
20 40 _ 20 40 mA 

Vi +=0 V,V 1- =1 V,V+=15 V 10 20 - 10 20 - mA 
Output Current (Sink). lo 

V1T=0 V,V1 - =1 V, 
Vo=200 mV 

12 50 - 12 50 _ PA 

Large-Signal Voltage Gain, A RL>2 k1.2,1/+=15 V 
(For large Vo swing) 

94 100 - 88 100 - dB 

Common-Mode Rejection Ratio, 
CMRR 

DC 70 85 - 65 70 - dB 

Power Supply Rejection Ratio, 
PSRR 

DC 65 100 - 65 100 - dB 

Amplifier-to-Amplifier 
Coupling 

f=1 to 20 kHz (Input re-
ferred) 

- -120 - - -120 - dB 

TA = -55 to +125°C 
TA = -40 to +85°C (CA224), 

TA = 0 to 70°C (CA324) 

Input Offset Voltage, V10 Note 3 7 - - 9 mV 

Temperature Coefficient of 
Input Offset Voltage, aVIO 

As = 0 - 7 7 - 

Input Offset Current, 110 11+ - lc - - 100 - 150 nA 

Temperature Coefficient of 
Input Offset Current. atIO 

- 10 - 10 - pA/°C 

Input Bias Current, I HE, It + or Ii - - - 300 - - 500 nA 

Supply Current, I+ RL = =On All Ampl. - 0.8 2 - 0.8 2 mA 

Input Common-Mode 
Voltage Range, VioR 

V+ = 30 V 0 - Vi-2 0 - Vi-2 V 

Large -Signal Voltage Gain, A RL32 kS2,V+=15 V 
s(For large Vo swing) 

88 - - 83 - - dB 

Output Voltage Swing: 
RL=2 ket,V+=30 V 26 - - 26 - - 

V High -Level, VoH 
RL=10 kft 27 28 - 27 28 - 

Low-Level, VOL R L=10 kS2 - 5 20 - 5 20 mV 

Output Current: 

Source, lo 
Vi +=-1 Voc,V1 - =0, 
V+=15 V 10 20 - 10 20 - mA  

Sink, lo 
Vi - =-1 VDc,1/1+=0, 

0=15 V 
5 8 - 5 8 - mA 

V+ 1- 1/ Differential Input Voltage Note 2 _ - ‘,/+ - - 

NOTE 1 Due to the p-n-p input stage the direction of the input current is out of the IC. No loading 
change exists on the input lines because this current is essentially constant, independent of 
the state of the output. 

NOTE 2. The input signal voltages and the input common-mode voltage should not be allowed to go 
negative by more than 0.3 V. The positive limit of the common-mode voltage range às 

- 1.5 V, but either or both inputs can go to +32 V without damage. 
NOTE 3: Vo = 1.4 Voc, Rs = O SI With V+ from 5 V to 30 V: and over the full input common-

mode voltage range 10 V to V+ - 1.5 VI. 
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CA124, CA224, CA324 Types 
TYPICAL CHARACTERISTICS CURVES 
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CA139, CA239, CA339 Types 

Quad Voltage Comparators 

For Industrial, Commercial, and Military Applications 

The RCA-CA139, -CA239, -CA339, -CA139A, 

-CA239A, and -CA339A types consist of four 

independent single- or dual-supply voltage 

comparators on a single monolithic substrate. 
The common-mode input voltage range in-
cludes ground even when operated from a 

single supply, and the low power supply cur-

rent drain makes these comparators suitable 
for battery operation. These types were de-

signed to directly interface with TTL and 
and CMOS. 

Types CA139A, CA239A, and CA339A 

have all the features and characteristics of 

their prototype counter parts CA139, CA239, 
and CA339 plus an even lower input-offset-

voltage characteristic. These devices are sup-
plied in a 14-lead dual-in-line plastic package 

(E suffix), or in a 14-lead dual-in-line plastic 

package with a hermetic chip (G suffix), to 

provide true hermetic performance. The 
CA339 is also available in chip form (H 

suffix), and as a hermetic chip (HG suffix). 

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

DC SUPPLY VOLTAGE   

DC DIFFERENTIAL INPUT VOLTAGE   

INPUT VOLTAGE   

INPUT CURRENT (V1 < —0.3 V) •  

OUTPUT SHORT CIRCUIT TO GROUNDA 

(Single Supply)   Continuous 

DEVICE DISSIPATION: 

Up to TA = 55°C   

Above TA = 55°C   derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating   —55 to +125°C 

Storage   —65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 

from case for 10 seconds max.   

36 V or ±18 V 

±:36 V 

—0.3 V to +36 V 

50 mA 

Inputs must not go more negative than —0.3 V. 
A 
Short circuits from the output to V+ can cause excessive heating and eventual destruction. 

The maximum output current independent of V+ is approximately 20 mA. 

vs 

COMPARATOR NO. I 

Fig. 1 —Schematic diagram. 

750 mW 

+265°C 

92CM-24150111 

"E" Suffix Types: Standard Dual-In-Line 

Plastic Package 

"G" Suffix Types: Hermetic Gold-Chip 

Dual-In-Line Plastic Package 

Features: 

• Operation from single or dual supplies 
• Common-mode input-voltage range to ground 

• Output voltage compatible with TTL, DTL, 

ECL, MOS, and CMOS 

• Differential input-voltage range equal to the 

supply voltage 

• Maximum input-offset voltage (Viol: 

CA139A, CA239A, CA339A — 2 mV 

CA139, CA239, CA339 — 5 mV 
• Replacement fqr industry types 139, 239 

339, 139A, 239A, and 339A 

Applications: 

• Square-wave generators 

• Time-delay generators 

• Pulse generators 

• Multivibrators 

• High-voltage digital logic gates 

• A/D converters 

• MOS clock timers 

OUTPUT 2 

OUTPUT I 

V+ 

NEG. INPUT I 

POS INPUT I 

NEG. INPUT 2 

POS. INPUT 2 

TOP VIE 

OUTPUT 3 

OUTPUT 4 

GROUND 

POS INPUT 4 

NEG INPUT 4 

POS INPUT 3 

NEO INPUT 3 

92CS - 24149 

Fig. 2 —Functional diagram. 

TYPICAL CHARACTERISTICS 

10 20 
SUPPLY VOLTAGE IV•1—V 

Fig. 3—Supply current vs, supply voltage. 
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CA139, CA239, CA339 Types 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

TEST CONDITIONS LIMITS 

UNITS 
V* . 5 V 

Unless otherwise 

indicated 

CA139 CA139A 

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

Input Offset 

Voltage 1V10) 
At Output Switch 
Point V , 1 4 V 

VREF . 

1A V.Rg . 0 

25.0 2 5 1 2 
mV 

Note 1 9 - 4 

Differential Input 

Voltage (VI& 

Keep all inpu s >0 V 

for V- (If used), 

Notes 1, 2 
36 36 V 

Saturation Voltage 

(Vsat) 

V, = 1 V. 

Vi. . 0 V 

SINK 
4 rn A 

25,ic 
250 500 250 500 

mV 
Note 1 - 700 700 

Common•Mocle 

Input Voltage 

Range 1V10R1 

Note 3 
25°C 0 V. 1 5 0 - V. 1.5 

V 
Note 1 0 V. 2 0 V.- 2 

Input Offset 

Current 11101 

CA139. CA139A 

1.• _ II 
' 

25°C 
3 25 3 25 

nA CA239, CA239A 
CA339. CA339A 

5 50 5 50 

CA139, CA139A 

Note 1 
100 100 

CA239, CA239A 

CA339. CA339A 150 150 

Input Bias Current 

11 1BI 

CA139, CA139A . 
II or II 
..,h Output 

n L near 

Range 300 

. 
25C 25 100 25 100 

n A 
CA239. CA239A 
CA339. CA339A - 25 250 25 250 

CA139. CA139A 

Note 1 

300 

CA239, CA239A 

CA339, CA339A 400 - 400 

Supply Current 11 .1 A L  c'n 'Am'. 
parators. TA 25 C 

0 8 2 0 8 2 rnA 

Output Leakage 

Current 

VI. 1 V, 

V i - = 0, 

Vo = 5 V 

25°C 0 I 01 nA 

VI. >1 v. 
V1 - = 0. 
Vo . 30 V 

Note 1 - 1 - 1 pA 

Output Sink 

Current 

Vi* >1 V. 

V1 * = 0, 

Vo <•1 5 V. 

TA = 25°C 

6 16 6 16 mA 

Voltage Gain (AOL ) 
RL >15 kit,/°=15 V. 
TA = 25°C 

_ 200 
50 200 - V/rnV 

Large Signal 

Response Time 

V1 . TTL LOGIC 

Swing. V REF ' 
01.4 V.VRL . 50 V. 

RL = 5 1 kU, 

TA = 25°C 

- 300 - 300 ns 

Response Time 

See Figs 5 & 6 

VAL ' 5 V, 
AL = 5 1 Idt. 

TA = 25°C 

- 1 3 - - 1.3 - ps 

Note 1 Ambient Temperature ITAI applicable over opioat on temperature ranee as shown below 

cCAA, 39139A 1-55 ro .125°C) I cCAA223939A 1-25 to 85°C) IecAA333939A Ill to .70.C1 

Note 2 The comparator will provide a proper output stare even it the positive rein of the inputs exceeds 
the power supply voltett• level, if the other input ',imams within the common-mode voltage none. 
The low input voltege state must not be lest th n -0.3 V tor 0 3 V below the magnitude of the 
negative power supply, if used/ 

Note 3 The upper end of the common.mode voltage range is 101 - 1.5 V, bur either or both inputs can 
po to 430 V without damage 

TYPICAL CHARACTERISTICS (Contc) 

COMMON-MODE INPUT VOLTAGE (Vic l• 0 V 
COMMON-MODE INPUT RESISTANCE (Ric) 1010 

SUPPLY VOLTAGE IVT)-V 
241.2111 

Fig. 4—Input current vs. supply voltage. 

«ROM TEMPERATURE (Tal•ES•C 
••• • 

Misr — ira 

Fig. 5-Response time for various input 

overdrives-negative transition. 

TIRE II)- e3 

Fig. 6-Response time for various input 

overdrives-positive transition. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 

Dual Operational Amplifiers Features: 
• Internal frequency compensation for unity gain 

For Commercial, Industrial, and Military Applications • High dc voltage gain - 100 dB typ. 
• Wide bandwidth at unity gain - 1 MHz typ. 

The RCA-CA158, -CA158A, -CA258, 
-CA258A, -CA358, -CA358A, and CA-
2904 types consist of two independent, high 
gain, internally frequency compensated op-
erational amplifiers which are designed speci-
fically to operate from a single power supply 
over a wide range of voltages. They may also 
be operated from split power supplies. The 

supply current is basically independent of 
the supply voltage over the recommended 
voltage range. 

These devices are particularly useful in in-
terface circuits with digital systems and can 
be operated from the single common 5 Vdc 
Power supply. They are also intended for 
transducer amplifiers, dc gain blocks and 

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

SUPPLY VOLTAGE, V+, 
CA2904  26 V or ± 13 V 

32 V or ± 16 V Other Types 

DIFFERENTIAL INPUT VOLTAGE: 

CA2904   

Other Types   

INPUT VOLTAGE   

INPUT CURRENT (VI < -0.3 V)   
OUTPUT SHORT CIRCUIT TO GROUND 

(V+ <15 VI*   

DEVICE DISSIPATION: 

Up to TA 55°C   

Above TA = 55°C  

AMBIENT TEMPERATURE RANGE: 

Operating   

Storage   
LEAD TEMPERATURE (During Soldering): 

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

± 26 V 

± 32 V 

-0.3 V to V+ V 

50 mA 

Continuous 

630 mW 

derate linearly at 6.67 mW/°C 

-55 to + 125°C 

-6550+ 150°C 

+ 300 °C 

+ This input current will only exist when the voltage at any of the input leads is driven negative. This current 
is due to the collector-base junction of the input p-n-p transistors becoming forward biased and thereby act-
ing as input diode clamps. In addition to this diode action, there is also lateral n-p-n parasitic transistor ac-
tion on the IC chip. This transistor action can cause the output voltages of the amplifiers to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This 

transistor action is not destructive and normal output states will re-establish when the input voltage, which 

was negative, again returns to a value greater than -0.3 V dc. 

* The maximum output current is approximately 40 mA independent of the magnitude of V+. Continuous 

short circuits at V+ >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V+ can cause overheating and eventual destruction of the device. Destructive dissipa-

tion can result from simultaneous short circuits on both amplifiers. 

vs 

Fig.1 - Schematic diagram - one of two operational amplifiers. 

Wide power supply range: 

Single supply   3 to 30 V 

Dual supplies   ± 1.5 to ± 15 V 

• Low supply current - 1.5 mA typ. 

• Low input bias current 

• Low input offset voltage and current 

• Input common-mode voltage range 
includes ground 

• Differential input voltage range equal to 
V+ range 

• Large output voltage swing - 0 to V+ 
-1.5 V 

many other conventional op amp circuits 
which can benefit from the single power 
supply capability. 

The CA158, CA158A, CA258, CA258A, 
CA358 and CA358A types are supplied in 
hermetic gold-CHIP 8-lead dual-in-line plastic 
packages (G suffix), 8-lead TO-5 style pack-
ages with standard leads IT suffix), and 
with dual-in-line formed leads (DIL-CAN, S 
suffix). The CA2904 is supplied only in the 
gold-CHIP plastic package (G suffix). 

The CA158, CA158A, CA258, CA258A, 
CA358, CA358A, and CA2904 types are an 
equivalent to or a replacement for the in-
dustry types 158, 158A, 258, 258A, 358, 
358A, and 2904. 

TOP VIEW 

INV 
INPUT lai 

OUTPUT IA/ 

TAO 

OUTPUT 16/ 
iSV 

iNPUTiBi 

Fig.2 - Functional diagram for CA158, CA258, 
and CA358 S. and T-suf fix types. 

OUTPUT iCi 

INV 
INPUT IA) 

NON-INV 
INPUT 110 

v-

TOP VIE 

OUTPUT le 

INV 
INPUT I13) 

NON- INU 
INPUT II» 

AM- 2505 

Fig.3 - Functional diagram for CA158, CA258, 
CA358, and CA2904 G-suffix types. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 

ELECTRICAL CHARACTERISTICS (Values Apply For Each Ope ational Amplifier) 

CHARACTERISTIC 
TEST CONDITIONS 

LIMITS 

CA158A (G, T, S) UNITS 
Supply Voltage (V+) = 5 V 
Unless Otherwise Specified Min. Typ. Max. 

TA = 25°C 

Input Offset Voltage, VI() Note 3 — 1 2 mV 

Output Voltage Swing, Vopp RL = 2 kSZ 0 — V+ —1.5 V 

Input Common-Mode 
Voltage Range, VICR Note 2, V+ = 30 V 0 — V+ —1.5 V  

Input Offset Current, 110 I1+ — IC — 2 10 nA 

Input Bias Current, 116 II'- or IC. Note 1 — 20 50 nA 

Output Current (Source), lo 
V1+= +1 V, VI — =0 V, 

V+ = 15 V 
20 40 — mA 

Output Current (Sink), 10 

VI+ = 0 V, VI — = 1 V, V+=15 V 10 20 — mA 

V1+= 0 V, V1 — = 1 V. 

Vo = 200 mV 
12 50 — µA 

Short Circuit Output Current RL = 0 (to Ground) Note 4 — 40 60 mA 

Large Signal Voltage Gain, AoL RL.>.- 2 kil, V+ = 15 V 
(For large Vo swing) 50 100 — V/mV 

Common-Mode Rejection 
Ratio, CMRR DC 70 85 — dB 

Power Supply Rejection 
Ratio, PSRP DC 65 100 dB 

Amplifier-to-Amplifier 
Coupling 

f =1 to 20 kHz (Input referred) — —120 — dB 

TA = —55 to +125°C 

Input Offset Voltage, VI() Note 3 — — 4 mV 

Temperature Coefficient of 
Input Offset Voltage,aVIO Rs = 0 — 7 15 AV/°C 

Input Offset Current, 110 II'- — II — 
_ _ 30 nA 

Temperature Coefficient of 
Input Offset Current, clip — 10 200 pA/°C 

Input Bias Current, 116 1I+ or II — — 40 100 nA 

Input Common-Mode 
Voltage Range, VICR V+ = 30 V, Note 2 0 — V+-2 V 

Supply Current, ii- 
RL =00 On All Ampl. — 0.7 1.2 

mA 
RL = 00, V+ = 30 V — 1.5 3 

NOTE 1: Due to the p-n-p input stage the direction of the input current i out of the IC. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V+ — 1.5 V, but either or both 
inputs can go the + 32 V without damage. 

NOTE 3: Vo = 1.4 Voo, 115 =O .S2 with V+ from 5 V to 30 V, and over the full input common-mode voltage range 
10 V to V+ — 1.5 VI. 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V+. Continuous 
short circuits at V+ >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V+ can cause overheating and eventual destruction of thedevice. Destructive dissi-
pation can result from simultaneous short circuits on both amplifiers. 

5 n is to 
SUPPLY vOLTAGE iv )—v 

Fig.4 — Input voltage range as a function of 
supply voltage. 

INPUT COMMON-MODE VOLTAGE 

: SUPPLY VOLTAGE 1V.). 30.. 

5 

-75 -50 -25 C 25 50 73 100 125 

AMBIENT TEMPERATURE ITA1—.0 

»CS- 2.116 

Fig.5 — Input current as a function of 
ambient temperature. 

4-- 4- .•  
RIENT TEMPERATURE lT,L •   
ro +125 •C 

0 5 10 15 20 25 30 

SUPPLY VOLTAGE (01—V 

.C3-295. 

Fig.6 — Supply current drain as a function of 
supply voltage. 

I MI» 1111 K I III 
100 1 

INPUT FREQUENCY 11,1— Re 

•ers-P•••• 

Fig.7 — Common mode rejection ratio as a 
function of input frequency. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 

CHARACTERISTIC 
TEST CONDITIONS LIMITS 

CA25BA (G, T. S) UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified Min. Typ. Max. 

TA = 25°C 

Input Offset Voltage, V10 Note 3 - 1 3 mV 

Output Voltage Swing, Vopp RL = 2 VcS2 0 - V+ -1.5 V 

Input Common-Mode 
Voltage Range, Vicil 

Note 2, V+ = 30 V 0 - V+ -1.5 V 

Input Offset Current, 110 II" - II - - 2 15 nA 

Input Bias Current, 118 li+ or Ii, Note 1 - 40 80 nA 

Output Current (Source),10 
V1+= +1 V,V1 - =0 V, 

V+ = 15 V 
20 40 mA 

Output Current (Sink), 10 

VI+ = 0 V, V1 - = 1 V,V+=15 V 10 20 mA 

V1+ = 0 V, V1 - = 1 V, 

Vo = 200 mV 
12 50 µA 

Short Circuit Output Current RL = 0 (to Ground) Note 4 - 40 60 mA 

Large Signal Voltage Gain, AoL 
RL 2 kS2, V = 15 V .≥.--- + 
(For large Vo swing) 

50 100 VimV 

Common-Mode Rejection 
Ratio, CMRR DC 70 85 dB 

Power Supply Rejection 
Ratio, PSRP 

DC 65 100 dB 

Amplifier-to-Amplifier 
Coupling 

f = 1 to 20 kHz (Input referred) - -120 dB 

TA = -25 to +85°C 

Input Offset Voltage, VIO Note 3 4 mV 

Temperature Coefficient of 
Input Offset Voltage,°V10 Rs = 0 - 7 15 µV/°C 

Input Offset Current, 110 II + - II - 30 nA 

Temperature Coefficient of 
Input Offset Current, ° I10 - 10 200 pA/°C 

Input Bias Current, I jg Ii + or IL - 40 100 nA 

Input Common-Mode 
Voltage Range, VICR V+ = 30 V, Note 2 0 - v+-2 V 

Supply Current, l+ 
RL = so, On All Ampl. - 0.7 1.2 

mA 
RL = 0., V+ = 30 V - 1.5 3 

NOTE 1: Due to the p-n-p input stage the direction of the input current i out o the IC. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V+ -- 1.5 V, but either or both 

inputs can go the + 32 V without damage. 

NOTE 3: Vo = 1.4 Voc, R5 = 0 ST with V+ from 5 V to 30 V, and over the full input common-mode voltage range 

l0 V to V+ — 1.5 VI. 
NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V'. Continuous 

short circuits at V+ >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V+ can cause overheating and eventual destruction of thedevice. Destructive dissi-
pation can result from simultaneous short circuits on both amplifiers. 

26.11 

Fig. 11 — Voltage follower pulse response 
(small signal). 

SUPPLT VOLTAGE I v 1-v „ 

Fig.8 — Voltage gain as a function of 
supply voltage. 
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40 
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FREQUENCY iii-O. 92CS -79568 

Fig.9 — Open-loop frequency response. 
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Fig, 10 — Voltage follower pulse response. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 

CHARACTERISTIC 
TEST CONDITIONS LIMITS 

CA358A (G, T, 3) UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified Min. Typ. Max. 

TA = 25°C 

Input Offset Voltage, VIO Note 3 — 2 3 mV 

Output Voltage Swing, Vopp Ri_ = 2 ld2 0 — V+ —1.5 V 

Input Common-Mode 
Voltage Range, Vicp Note 2, V+ = 30 V 0 — V+ —1.5 V 

Input Offset Current, 110 11+ —11— — 5 30 nA 

Input Bias Current, 118 I l+ or II—, Note 1 — 45 100 nA 

Output Current (Source), I0 
Vi+=+1 V, VI —= 0 V, 

V+ = 15 V 
20 40 mA 

Output Current (Sink), lo 

VI -F=0 V, V1 — = 1 V,V+=15 V 10 20 mA 

V1+ = 0 V, VI — = 1 V, 

Vo = 200 mV 
12 50 µA 

Short Circuit Output Current RL = 0 (to Ground) Note 4 — 40 60 mA 

Large Signal Voltage Gain, Ain 
2 kS-2, V _≥.-, + RL = 15 V 

(For large Vo swing) 
25 100 V/mV 

Common-Mode Rejection 
Ratio, CMRR DC 65 85 dB 

Power • Supply Rejection 
Ratio, PSRR DC 65 100 dB 

Amplifier-to-Amplifier 
Coupling 

f = 1 to 20 kHz (Input referred) — —120 dB 

TA = 0 to +70°C 

Input Offset Voltage, VIO Note 3 5 mV 

Temperature Coefficient of 
Input Offset Voltage,.V10 Rs = 0 — 7 20 1./V/°C 

Input Offset Current, 110 II' — 11— 75 nA 

Temperature Coefficient of 
Input Offset Current, '.1 10 — 10 300 pAPC 

Input Bias Current, 118 11+ or 11 — 40 200 nA 

Input Common-Mode 
Voltage Range, VioR V+ = 30 V, Note 2 0 — V"-2 V 

Supply Current, l+ 
RL ... On All Ampl. — 0.7 1.2 

mA 
R L = .., V+ = 30 V — 1.5 3 

NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V+ — 1.5 V, but either or both 
inputs can go the + 32 V without damage. 

NOTE 3: Vo = 1.4 Voo, Rs = Oft with V+ from 5 V to 30 V, and over the full input common-mode voltage range 
03 V to V+ — 1.5 VI. 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V°. Continuous 
short circuits at V+ >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V+ can cause overheating and eventual destruction of thedevice. Destructive dissi-
pation can result from simultaneous short circuits on both amplifiers. 

2. AMBIENT TEMPERATURE 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Ope ational Amplifier) 

CHARACTERISTIC 
TEST CONDITIONS 

LIMITS 

CA158 (G, T, S) 
CA258 (G, T. SI UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified Min. Typ. Max. 

TA = 25°C 

Input Offset Voltage, Vio Note 3 - 2 5 mV 

Output Voltage Swing, Vopp RL = 2 k12 0 - VT -1.5 V 

Input Common-Mode 
Voltage Range, VICR 

Note 2, V+ = 30 V 0 - VT -1.5 V 

Input Offset Current, 110 li+ -IC - 3 30 nA 

Input Bias Current, I ig II + or IC, Note 1 - 45 150 nA 

Output Current (Source), lo 
Vi+=+1 V, V1 - =0 V, 

V+ = 15 V 
20 40 - .mA 

Output Current (Sink), lo 

Vi+ = 0 V, Vi - -= 1 V, V+-15 V 10 20 mA 

V1+ = 0 V, V1 - = 1 V, 

Vo = 200 mV 
12 50 µA 

Short Circuit Output Current RL = 0 (to Ground) Note 4 - 40 60 mA 

Large Signal Voltage Gain, AoL 
RL.>,-• 2 k1.2, V+ = 15 V 
(For large Vo swing) 

50 100 V/mV 

Common-Mode Rejection 
Ratio, CMRR DC 70 85 dB 

Power • Supply Rejection 
Ratio, PSRR 

DC 65 100 dB 

Amplifier-to-Amplifier 
Coupling 

f =1 to 20 kHz (Input referred) - -120 dB 

TA = -55 to + 125°C (CA158); TA = -25 to +85°C (CA258) 

Input Offset Voltage, V10 Note 3 - - 7 mV 

Temperature Coefficient of 
Input Offset Voltage,«Vi0 Rs ' 0 - 7 µ‘,/°C 

Input Offset Current, 110 II + - Ii - 100 nA 

Temperature Coefficient of 
Input Offset Current,.II0 - 10 pA/°C 

Input Bias Current, 11B II + or II — 40 300 nA 

Input Common-Mode 
Voltage Range, VICR V+ = 30 V, Note 2 0 - V+-2 V 

Supply Current, l' 
RL = .ri On All Ampl. - 0.7 1.2 

mA 
RL = co, V+ = 30 V - 1.5 3 

NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists 

on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V+ — 1.5 V, but either or both 

inputs can go the + 32 V without damage. 

NOTE 3: Vo = 1.4 Vo, = 0 fi with V+ from 5 V to 30 V, and over the full input common-mode voltage range 
10 V to V+ — 1.5 VI. 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V*. Continuous 
short circuits at V+ >15 V can cause excessive power dissipation and eventual destruction. Short circuits 

from the output to V+ can cause overheating and eventual destruction of thedevice. Destructive dissi-
pation can result from simultaneous short circuits on both amplifiers. 
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Fig. 16 — Output current as a function of 
ambient temperature. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 

CHARACTERISTIC 
TEST CONDITIONS LIMITS 

CA358 (G, T, SI UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified Min. Typ. Max. 

TA = 25°C 

Input Offset Voltage, Vio Note 3 — 2 7 mV 

Output Voltage Swing, Vopp RL = 2 Id./ 0 — V+ —1.5 V 

Input Common-Mode 
Voltage Range, VICR Note 2, V+ = 30 V 0 — V+ —1.5 V 

Input Offset Current, 110 
11+ —11— — 5 50 nA 

Input Bias Current, lig li+ or 11 —. Note 1 — 45 250 nA 

Output Current (Source), 10 
Vi+=+1 V, Vi —= 0 V, 

V+ = 15 V 
20 40 mA 

Output Current (Sink), lo 

Vi+= 0 V, Vi — = 1 V,V+=15 V 10 20 — mA 

Vi+ -- 0 V, Vi — = 1 V, 

Vo = 200 mV 
12 50 NA 

Short Circuit Output Current RL = 0 (to Ground) Note 4 — 40 60 mA 

Large Signal Voltage Gain, AoL > + RL. 2 Id-2, V = 15 V 
(For large Vo swing) 

25 100 V/mV 

Common-Mode Rejection 
Ratio, CMRR DC 65 70 — dB 

Power Supply Rejection 
Ratio, PSRP DC 65 100 dB 

Amplifier-to-Amplifier 
Coupling 

f =1 to 20 kHz (Input referred) — —120 dB 

TA = 0 to +70°C 

Input Offset Voltage, VIO Note 3 — — 9 mV 

Temperature Coefficient of 
Input Offset Voltage,crVio Rs ' ° — 7 PV/°C 

Input Offset Current, 110 11+ — 11— — — 150 nA 

Temperature Coefficient of 
Input Offset Current, 4 10 — 10 pA/°C 

Input Bias Current, 11B 11 + or 11 — — 40 500 nA 

Input Common-Mode 
Voltage Range, VICR V+ = 30 V, Note 2 0 — V+-2 V 

Supply Current, 1+ 
RL = co On All Ampl. — 0.7 1.2 

mA 
RL = 00, V+ = 30 V — 1.5 3 

NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V+ — 1.5 V, but either or both 
inputs can go the + 32 V without damage. 

NOTE 3: Vo = 1.4 Voo, R5 = 0 n with V+ from 5 V to 30 V, and over the full input common-mode voltage range 
10 V to V+ — 1.5 VI. 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V'. Continuous 
short circuits at V+ >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V+ can cause overheating and eventual destruction of thedevice. Destructive dissi-
pation can result from simultaneous short circuits on both amplifiers. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 

CHARACTERISTIC 
TEST CONDITIONS LIMITS 

CA2904G UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified Min. Typ. Max. 

TA = 25°C 

Input Offset Voltage, V10 Note 3 — 2 7 mV 

Output Voltage Swing, Vopp RL.>. 10 kn o — V+ —1.5 V 

Input Common-Mode 
Voltage Range, Vicp 

Note 2, V+ = 30 V 0 — V+ —1.5 V 

Input Offset Current, 110 11+ —1 1— — 5 50 nA 

Input Bias Current, I ig Il' or li —, Note 1 — 45 250 nA 

Output Current (Source), I0 
V1+ = +I V, V1 — = 0 V, 

V+ = 15 V 
20 40 mA 

Output Current (Sink), lo V1+= 0 V, Vi — = 1 V, V+=15 V 10 20 mA 

Short Circuit Output Current RL = 0 (to Ground) Note 4 — 40 60 mA 

Large Signal Voltage Gain, A0L 
FIL >.- 2 kSZ, V+ = 15 V 
(For large Vo swing) 

— 100 V/mV 

Common-Mode Rejection 
Ratio, CMRR DC 50 70 dB 

Power Supply Rejection 
Ratio, PSRP 

DC 50 100 dB 

Amplifier-to-Amplifier 
Coupling 

f = 1 to 20 kHz (Input referred) — —120 dB 

TA = —40 to + 85°C 

Input Offset Voltage, VI() Note 3 10 mV 

Temperature Coefficient of 
Input Offset Voltage,"VIO F15 ' ° 

— 7 pV/°C 

Input Offset Current, 110 li + — IL — 45 200 nA 

Temperature Coefficient of 
Input Offset Current, Œlio — 10 pA/°C 

Input Bias Current, lig 11+ or li - 40 500 nA 

Input Common-Mode 
Voltage Range, Vicp V+ = 30 V, Note 2 0 — V+-2 V 

Supply Current, 1+ 
RL = =0 On All Ampl. — 0.7 1.2 

mA 
RL = .., V+ = 30 V — 1.5 3 

NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V+ — 1.5 V, but either or both 

inputs can go the it 32 V without damage. 

NOTE 3, Vo = 1.4 Voo, 135 = 00. with V+ from 5 V to 30 V, and over the full input common-mode voltage range 

10 V to V+ — 1.5 VI. 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V+. Continuous 
short circuits at V+ >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V+ can cause overheating and eventual destruction of thedevice. Destructive dissi-
pation can result from simultaneous short circuits on both amplifiers. 
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CA555, CA555C Types 

Timers 

For Timing Delays & Oscillator Applications in 

Commercial, Industrial, and Military Equipment 

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 accurate-
ly controlled free-running frequency and 
duty cycle with only two external resistors 
and one capacitor. 

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

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 18 v 
DEVICE DISSIPATION: 
Up to TA = 55°C   600 mW 
Above TA = 55°C Derate linearly 5 mW/°C 

AMBIENT TEMPERATURE RANGE (All Types): 
Operating 

CA555   —55 to +125 OC 
CA555C   0 to 70 °Ca 
Storage   —65 to +150 °C 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16" ± 1/32" 
11.59 ± 0.79 mm) from case 
for 10 seconds max. . . . +265 °C 

cetezeg 

The CA555 and CA555C are supplied in 
hermetic IC Gold-CHIP 8-lead dual-in-line 
plastic packages (G Suffix), standard 8-lead 
TO-5 style packages (T suffix), 8-lead TO-5 
style packages with dual-in-line formed leads 
(DI L-CAN, S suffix), 8-lead dual-in-line plas-
tic 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 NE555, MC1555 and MC1455, respec 

tively. The CA555 type circuits are intended 

for applications requiring premium electrical 
performance. The CA555C type circuits are 
intended for applications requiring less strin-
gent electrical characteristics. 

• 
Fig. 1 — Functional diagram of the CA555 

series. 
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Fig. 2 — Schematic diagram of the CA555 and CA555C 

'The CA555E, S, J, and T can be operated over the temperature range of —55°C to +125°C 
although the published limits for certain electrical specifications apply only over the 
temperature range of 0 to +70°C. 

OUTPUT 

CA555G, CA555CG: 

Hermetic Gold-CHIP 8-Lead Dual-In-Line 

Plastic Package (MINI-DIP) 

CA555T, CA555CT: 

Standard 8-Lead TO-5 Style Package 

CA555S, CA555CS: 

Standard 8-Lead TO-5 Style Package 

With Formed Leads (DI L-CAN) 

CA555E, CA555CE: 

8-Lead Dual-In-Line Plastic Package 
(MINI-DIP) 

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 TT L devices 

• Normally ON and OFF outputs 

a High-temperature stability —0.005%/°C 

• Directly interchangeable with SE555, 
NE555, MC1555, and MC1455 

Applications: 

• Precision timing 
• Sequential timing 

• Time-delay generation 

• Pulse generation 

• Pulse-width and position modulation 
• Pulse detector 

TOP VIEW 

a. MINI-DIP plastic package 
TO-5 style peckeie with formed leads 

RESET 

TOP HI ER 

SEC, :••5 . 

b. TO-5 style package 

Fig. 3 — Terminal assignment diagrams. 
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CA555, CA555C Types 

ELECTRICAL CHARACTERISTICS, At TA = 25°C, V+ = 5 to 15 V unless otherwise specified 

CHARACTERISTIC 

LIMITS 

UNITS TEST CONDITIONS CA555 CA555C 

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

DC Supply Voltage, 
V+ 4.5 - 18 4.5 - 16 V 

DC Supply Current 
(Low Statel*, I+ 

V+ = 5 V, 

RL = == - 3 5 - 3 6 mA 

V+ = 15 V, 

RL = 0= - 10 12 - 10 15 mA 

Threshold Voltage, 

VTH - (2/31V+ - - 12/31V+ - V 

Trigger Voltage 
V+ = 5 V 1.45 1.67 1.9 - 1.67 - 

V 
V+ = 15 V 4.8 5 5.2 - 5 

Trigger Current - 0.5 - - 0.5 - µA 

Threshold Currents, 

ITH - 0.1 0.25 - 0.1 0.25 µA 

Reset Voltage 0.4 0.7 1.0 0.4 0.7 1.0 V 

Reset Current - 0.1 - - 0.1 - mA 

Control Voltage 

Level 

V+ = 5 V 2.9 3.33 3.8 2.6 3.33 4 V 

V+ = 15 V 9.6 10 10.4 9 10 11 V 

Output Voltage 
Drop : 

Low State, VOL 

V+ = 5 V 

ISINK ' 5 mA 
- - - - 0.25 0.35 

V 

V 

ISINK ' 8 mA - 0.1 0.25 - 

V+ = 15 V 

l •SIN K ' 10 mA 
- 0.1 0.15 - 0.1 0.25 

ISINK ' 50 mA - 0.4 0.5 - 0.4 0.75 

'SINK = 100 mA - 2.0 2.2 - 2.0 2.5 

SINK = 200 mA - 2.5 - - 2.5 - 

High State, V0H 

V+ = 5 V 

= 100 mA 
3.0 3.3 - 2.75 3.3 
1-SOURCE 

V V+ = 15 V 

'SOURCE = 100 mA 13.0 13.3 - 12.75 13.3 - 

'SOURCE = 200 mA - 12.5 - - 12.5 - 

Timing Error 
(Monostable): 

Initial Accuracy 

R1, R2 

= 1 to loo Ksz 

C = 0.1 µF 

Tested at 

V+ = 5 V, 

- 0.5 2 - 1 - % 

Frequency 
Drift with 
Temperature 

- 30 100 - 50 - 
Wrin/ 
oc 

Drift with Supply 
Voltage 

V+ = 15 V - 0.05 0.2 - 0.1 - %/V 

Output Rise Time, tr - 100 - - 100 - ns 

Output Fall Time, tf - 100 - - 100 - ns 

* 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 R1 and R2 to be used in 

Fig. 16 (astable operation): the maximum total R1 + R2 = 20 MS.2. 

..WHERE r.e ounau.....ren. ER or THE SWIRLY VOLTAGE 

IEC5.241.40 

Fig. 4 - Minimum pulse width vs. minimum 
trigger voltage. 
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suiety vOLTAGE OM- V 

12CS.2•96. 

Fig. 5 - Supply currdot vs. supply voltage. 
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Fig.? - Output voltage-low state vs. sink current 
at V* = 5 V. 
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CA555, CA555C Types 
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o 

Fig. 14 - Typical waveforms for reset timer. 

TYPICAL APPLICATIONS 

Reset Timer (Monostable Operation) 

Fig.13 shows the CA555 connected as a reset 
timer. In this mode of operation capacitor 
CT is initially held discharged by a transistor 
on the integrated circuit. Upon closing the 
"start" switch, or applying a negative trigger 
pulse to terminal 2, the integral timer flip-
flop is "set" and releases the short circuit 
across CT which drives the output voltage 
"high" (relay energized). The action allows 
the voltage across the capacitor to increase 
exponentially with the time constant t = 
RiCT. When the voltage across the capacitor 
equals 2/3 V+, the comparator resets the 
flip-flop which in turn discharges the capaci-
tor rapidly and drives the output to its 
low state. 

WS 2.96, 

Fig.9 - Output voltage-low state vs. sink current 
at V+ = 15 V. 
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Fig. 12 - Propagation delay time vs. trigger voltage. 
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Since the charge rate and threshold level of 
the comparator are both directly propor-
tional to V+, the timing interval is relatively 
independent of supply voltage variations. 
Typically, the timing varies only 0.05% for 
a 1 volt change in V+. 

Applying a negative pulse simultaneously to 
the reset terminal (4) and the trigger terminal 
(2) during the timing cycle dischargesCT and 
causes the timing cycle to restart. Momen-
tarily closing only the reset switch during the 

timing interval discharges CT, but the timing 

cycle does not restart. 

Fig.14 shows the typical waveforms gener-
ated during this mode of operation, and 
Fig.15 gives the family of time delay curves 
with variations in Ri and CT. 
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iiE  
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Fig. 10 - Delay time vs. supply voltage. 
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,e cs ,fi ISO 

Fig. 3 - Reset timer (monostable operation). 

‘c, 

92C) . 2470 

Fig. 76 - Repeat cycle timer (astable operation). 

Repeat Cycle Timer (Astable Operation) 

Fig.16 shows the CA555 connected as a 
repeat cycle timer. In this mode of oper-
ation, the total period is a function of both 
R1 and R2; 

T = 0.693(R + 2R2)CT = ti + t2 

where ti = 0.693('11 + R2) CT 

and t2 = 0.6931R 2ICT 

The duty cycle is: 
t2 R2 

ti + t2 Ri + 2R2 

Typical waveforms generated during this 
mode of operation are shown in Fig. 17. 
Fig. 18 gives the family of curves of free 
running frequency with variations in the 
value of (R1 + 2R2( and CT. 
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CA555, CA555C Types 

5V 

o 

3.5V 

1.7 V 

o 

Imenzimuminm 
mummiummini 
alimmummumul 
zumiumorani 

ZIMBIIMEM161111d11111 

SteS• 

Top Trace: Output voltage (2V/div. and 
0.5 ms/div.) 

Bottom Trace: Capacitor voltage 11 V/ 
div. and 0.5 ms/div.) 

Fig. 17 — Typical waveforms for repeat 

cycle timer. 

9
 

C
A
P
A
C
I
T
A
N
C
E
 
I
C
,
 
I
-
1
.
r
 

8
 
g
 

-«
•.
- 

••
 

••
 -
 «
 •.
<3
 

to
 
•
 §
 

- 

AMBIENT TEMPERATURE 
l I TA I. 25•C 

SUPPLY VOLTAGE I V.I• 5 V 

e 

'4, ... 
'o 

- 

1114. I111 I 11 1111 1111 1111 

, ,2 '33,{ II S 10" 

FREQUENCY- 21: 
fiCS - 

Fig. 18 — Free running frequency of repeat cycle timer 
with variation in Capac/tance and resistance. 

 57 



CA723 Types 

Voltage Regulators 

For Regulated Output Voltages Adjustable from 
2 V to 37 V at Output Currents up to 150 mA 
Without External Pass Transistors 

RCA-CA723 and CA723C are silicon mono-

lithic 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-compen-

sated reference amplifier, an error amplifier, 

a power series pass transistor, and a current-

limiting circuit. They also provide inde-

pendently 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 negative power supplies in a 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 
(Between V+ and V— Terminals) 40 

PULSE VOLTAGE FOR 50-ms 
PULSE WIDTH 
(Between V+ and V— Terminals) 50 

DIFFERENTIAL INPUT—OUTPUT 
VOLTAGE   40 

DIFFERENTIAL INPUT 
VOLTAGE: 

Between Inverting and Non-

Inverting Inputs   

Between Non-Inverting 

Input and V  — 

CURRENT FROM ZENER DIODE 

TERMINAL (Vz)   

CURRENT FROM VOLTAGE 
REFERENCE TERMINAL 

(VREF>   

v. 

o  

V 

V 

V 

V 

V 

25 mA 

15 mA 

wide variety of series, shunt, switching, and 

floating regulator applications. They can 

provide regulation at load currents greater 

than 150 milliamperes and in excess of 

10 amperes with the use of suitable n-p-n 

or p-n-p external pass transistors. 

The CA723 and CA723C are supplied in the 

10-lead TO-5-style ceramic package IT suffix), 

and the 14-lead dual-in-line plastic package 

(E suffix), and are direct replacements for 

industry types 723, 723C, pA723, and 

pA723C in packages with similar terminal 

arrangements. They are also available in 

chip form ("H" suffix). 

All types are rated for operation over the 

full military-temperature range of —55°C 

to +125°C. 

DEVICE DISSIPATION: 

Up to TA = 25°C — 

CA7237, CA723CT   800 mW 
CA723E, CA723CE  1000 mW 

Above TA = 25°C — 

CA7237, CA723CT 
Derate linearly   6.3 mW/°C 

CA723E, CA723CE 

Derate linearly   8.3 mW/°C 

AMBIENT TEMPERATURE 

RANGE (All Types): 

Operating   —55 to +125 °C 

Storage  —65 to +150 °C 
LEAD TEMPERATURE 

(During Soldering): 

At a distance 1/16" ± 1/32" 
(1.59 ± 0.79 mm) from ease for 

10 seconds max.   +265 C 

Coin 

013 

O 

015 

15811 

04 

—0 VO 

016  err 

CREP NONZVSITIN4 V- INyING 

12. 24.111 

Fig. 4 — Equivalent schematic diagram of the CA723 and CA723C. 

 ()MU" 

Features: 

• Up to 150 mA output current 

• Positive and negative voltage regulation 

• Regulation in excess of 10A with suitable 
pass transistors 

• Input and output short-circuit protection 

• Load and line regulation: 0.03% 
• Direct replacement for 723 and 723C 

industry types 

• Adjustable output voltage: 2 to 37 V 

Applications: 

• Series and shunt voltage regulator 

• Floating regulator 

• Switching voltage regulator 

• High-current voltage regulator 

• Temperature controller 

TENKRATI111 - 
COMPENSATED 
SEWER 

REG« .• 

IWYT'""" 

SERIES PASS 
TOURS STOW 

TOtielVCD 

`tr.:Fr Ceeà'F" 
12,3•24ISIS 

Fig. 1 — Functional diagram of the CA723 and CA723C 

" CONNECTED TO TERM Si 

1,2C, 24,9. 

Fig. 2 — Terminal arrangement of the CA 723T and 
CA723CT in the TO-5 style package. 

92" 24 58 

Fig 3 — Terminal arrangement of the CA 723E and 
CA723CE in the dual-in-line plastic package. 
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CA723 Types 

ELECTRICAL CHARACTERISTICS at TA = 25 C, V+ = VC V1-12 V, V- 0, V0 -5 V. 

IL = 1 mA, C1= 100 pF, CHEF = 0, Rscp = 0, unless otherwise specified. Divider 
impedance Ri R2 Ri +R2 at non-inverting input. Term. 5, = 10 krz (see Fig. 23). 

CHARACTERISTIC 

LIMITS 

UNITS TEST CA723 CA723C 
CONDITIONS Min. Typ. Max. Min. Typ. Max. 

Quiescent Regulator 

Current, lo 

IL = 0, 

V1 = 30 V - 2.3 3.5 - 2.3 4 mA 

Input Voltage 
Range, V1 9.5 - 40 9.5 - 40 V 

Output Voltage 

Range, Vo 2 - 37 2 - 37 V 

Differential Input. 

Output Voltage, 

VI -Vo 3 - 38 3 - 38 V 

Reference Voltage, 

VREF 6.95 7.15 7.35 6.8 7.15 7.5 V 

Line Regulation 

(See Note 1) 

V1 = 12 

to 40 V - 0.02 0.2 - 0.1 0.5 

%Vo 

V1= 12 

to 15 V - 0.01 0.1 - 0.01 0.1 

V1 = 12 

to 15 V, 

TA = -55 to 

+125°C - - 0.3 - - - 

V1 = 12 

to 15 V, 

TA = Oto 

70°C _ _ _ _ _ 0.3 

Load Regulation 

(See Note 11 

IL = 1 

to 50 mA - 0.03 0.15 - 0.03 0.2 

%Vo 

IL ' 1 
to 50 mA, 
TA = -55 to 

+125°C - - 0.6 - 

11_' 1 
to 50 mA, 

TA = 0 

to 70°C - - 0.6 

Output Voltage 

Temp. Coefficient 

-Wo 

TA  = -55 

to +125°C 0.002 0.015 - - - %/°C 
TA = 0 

to 70°C - - - - 0.003 0.015 

Ripple Rejection 

(See Note 21 

f = 50 Hz 

to 10 kHz - 74 - - 74 - 
dB 

f = 50 Hz to 

10 kHz, 

CREF ' Siff - 86 - 86 - 

Short-Circuit 

Limiting Current, 

ILIM 

! RSCP ' 10 1• 
Vo - 0 - 65 - 65 - mA 

Equivalent Noise RMS 

Output Voltage, VN 

(See Note 2) 

BW 100 Hz 

to 10 kHz, 

CREF 0 - 20 20 
µV 

BW - 100 Hi 

10 kHz, 

CREF ' 5 fe 2.5 - 2.5 - 

Note 1: Line and load regulation specifications are given for condition of a constan chip 
temperature. For high-dissipation conditions, temperature drifts must be sepa-

rately taken into account. Note 2: For CHEF, see Fig. 23. 

50 30 40 

TYPICAL CHARACTERISTICS 

CURVES FOR TYPE CA723 

SAO JONC ON TEMP IT 1.150•C 
TNERNAL RESISTANCE • 50•Givo 
oulESCEN MSS PAT ON IPoNIONvi 
INO HEAT SINAI 

OIPTERENTIAL INPUT OutPut VOLTAGE tv, vo -V 

S2C3-2•360 

Fig. 5 - Max. load current vs differential input-
output voltage. 

00 

OuTPuT VOLTAGE IV01•5V 
INPUT VOLTAGE IV' 1.12 v 
SNORT- CIRCUIT PROTECT 

RESISTANCE IRscp.1.0 

OUTPUT CURREN ll o l - 

PECS-24,61 

Fig 6 - Load regulation without current limiting. 

.1!!! 

o 

.5:.005 

0.2 

TU 

OUTPUT VOLTAGE I v. • 5 v 
INPUT VOLTAGE (VI I. 2 v 
SNORT-CIRCutT pRer CTION 

RESISTANCE iRsco.lorl 

1:: 

10 IS 20 25 

OUTPUT CURRENT II° -IPA 
PECS•20.6, 

Fig. 7 - Load regulation with current limiting. 

!,1 02 

03 

OUTPUT VOLTAGE iTOISV 
INPUT VOLTAGE ivx 1.12 v 
SHORT-C RCulT PROTECTION 

RESIS ONCE IRscel 

Iii 

20 TO 60 80 ICO 

OUTPUT CURRENT 
5•2.1 6) 

Fig. 8 - Load regulation with current limiting. 
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-5 5 IS 25 35 45 

DITTEREN IAL INPUT -OUTPUT VOLTAGE I1D-Vo -51 

1205 Mu" 

Fig. 18 — Line regulation vs. differential input-

CA723 Types 

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723 (Coned) 

; 

O. 

02 

• , N 
,*OUTPUT VOLTAGE 1310 1• v 

INPUT VOLTAGE ivz 1.12 v 

'•*4 

SNORT- CIRCu1T PROTECTION 1RESISTANCE 114,0 MOEI 
 411t-E?'1:1- e 

i; is  
20 40 60 03 00 

OUTPUT Cu 1. NTIT o lA 

Fig 9 — Current limiting characteristics 

0 '0 20 30 40 

INPUT VOLTAGE 1'y-1, 

Fig. 10 — Quiescent current vs. input voltage. 

NM, JuNC ION TEMP T, I ;750, 
.ERMAL RESIST•NCE •150•Ctw 
QUIESCENT DISSIPATION IP.160rAW 
T0-5 57.41,P,AZAGE mum NO 

...... 

I0 20 30 40 

DIFFERENTIAL INPUT -OUTPUT VOLTAGE I V,V. I- v 
en, 24.66 

Fig. 11 — Max. load current vs differential input-
output voltage CA723CT. 

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723C 
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Fig. 12 — Max. load current vs differential input-
output voltage for CA723CE. 
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Fig. 15 — Curren limiting characteristics. 
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Fig 13 — Load regulation without current limi ing 
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INPUT VOLTAGE I v 1- V 

40 
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Fig. 16 — Quiescent current vs. input voltage. 

1
 OutPuT vOLTAGE I Vol. 5 v 
INPUT VOLTAGE I Pi 1,12 V 
SNORt• COI., PROTECT.. 

RESISTANCE III,I• 100 , 

. . .:1....:.1....-1,....11..iit-.L i.„ : 

..... c 
: ::: 1., ..:: •  

:"--.-,,,,- • . ' .. .. . .. ' 
• 

20 30 

OUTPUT GLORR MS. J.." 

Fig. 14 — Load regulation with current limiting. 

OUTPUT VOLTAGE I Vol 5 

OLD CURRENT 2, I•un 
All 'ENT TEMPERATURE IT.1.25 C 
IF IT Ed 'AL I PO VOLTAGE (6x,1•5 V 

SNORT- RCUIT ROTECT ON RES STIINCE   

"scr" 

output voltage. 

INPUT VOLTAGE IV, ) •I2 v 
OUTPUT vOLTAGE I vol• 5 
LUAU CURRENT I /LI • ¡TOTORA   

02 AMBIENT TEMPERATURE IT., 25 
SNORT. CIRCUIT PROTECTION 

o RESISTANCE I 

o 
1 

-0.2 

 - 

•1-• 

5 IS 25 35 45 

DIFFERENTIAL INPUT OUTPU VO TAGE IU1.U0 I.V 

52C1.2.MT, 

Fig. 17 — Load regulation vs. differential input-
output vo rage. 

TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C 
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Fig. 19 — Line transient response. 

-50 0 50 100 .50 

JUNCTION TEMPERATURE I T.. I- PC .05 24175 

Fig 20 — Current limiting characteristics vs. 
/unction temperature. 
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CA723 Types 

CR 

INPUT VO TAGE 1,1,1 • 12V 
OUTPUT VOLTAGE IV° 1• 51/ 

: LOAD URRENT (I LI • 1 e. 
MARIENT EMPERATuRE 1T.I•25•C 
SNOR • CI Culi PROTECTION 

L RESI TANCE 1R scpli 0 

15 25 35 5 

111-. 

Fy. 21 — Load transient response. 
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CIRCUIT PERFORMANCE DATA 

REGULATED OUTPUT VOLTAGE 5 V 

LINE REGULATION InVi • 3 V/ 0.5 r•V 
LOAD REGULATION 161L • 50.1 1 5 11V 

15,54tI" 

11c3 .2••• Neee R3 • U. remmememmpernun MIN 

Fig. 23 — Low-voltage regulator circuit (Vo = 2 
to 7 volts). 
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CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE 

LINE REGULATION 16V. • 3 VI . 

LOAD REGULATION 161, lAI. 

OC3-241411, 

Fig. 26 — Positive-voltage-regulator circuit (with 
external n-p-n pass transistor). 
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MR. VO MGT 1 r 1 • 12 V 
OUTPUT VOLTAGE 'Vo l. 5V 
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FREOUENCY 111-14s 1.3•24t. 

Fig 22 — Ou put impedance vs. frequency. 

TYPICAL APPLICATION CIRCUITS 

v• 

CIRCUIT PERFORMANCE DATA. 

REGULATED OUTPUT VOLTAGE 

LINE REGULATION InV• • 3 VI 

LOAD REGULATION left • 50 mA1 

15 V 

15 

mmee ..... 

R3 may be elm... fem.'', cemeoneel men, iini - •• 

Fig. 24 — High-voltage regulator circuit (Vo = 7 
to 37 volts). 

vz 

va 

CIRCUIT PERFORMANCE DATA' 

REGULATED OUTPUT VOLTAGE E V 

LINE REGULATION ISV, • 3 VI . . . 0.5 neV 
LOAD REGULATION 161, SAI. . . e. 

COMP 

2N5355 
OR 
2.108 

"ge;tI" 

Fig. 27 — Positive voltage-regulator circuit (with 
external p-n-p pass transistor). 
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CIRCUIT PERFORMANCE DATA 

RLIENGEU.L:GTuED,,,OU,..TIN1. 1T,, V001 -L T.A G0E1 50 V OUTPUT ,  
V 

LOAD REGULATION InIL • 50.1 20 111VV 

Fig. 29 — Positive-floating regulator circuit. 
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LINE REGULATION 1AV• • 3 VI mV 

LOAD REGULATION In IL • 100 reA r/0/ 

Fe• «lphaetemerniems..• T. E TOG lAUDO 
•ne *re V2 n an some. 6 2 .1 
norm de...121 comm. on mom or. 

Vo 1Teenmnel 
RIGS - 241401. 

Fig 25 — Negative-voltage regulator circuit 
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LOAD REGULATION COIL • TO .1. 1 .1 
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000 pri 
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Fig 28 — Foldback current-limiting circuit. 
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CA741, CA747, CA748, CA1458, CA1558 Types 

Operational Amplifiers 

High-Gain Single and Dual Operational Amplifiers 
For Military, Industrial and Commercial Applications 

The RCA-CA1458, CA1558 (dual types); 

CA741C, CA741 (single-types); CA747C, 

CA747 (dual types); and CA748C, CA748 

(single types) are general-purpose, high -gain 

operational amplifiers for use in military, 

industrial, and commercial applications. 

These monolithic silicon integrated-circuit 

devices provide output short-circuit pro-

tection and latch-free operation. These types 
also feature wide common-mode and differ-

ential-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. 10); 
a 10-kilohm potentiometer is used for offset 

nulling types CA741C, CA741, CA747CE, 

CA747CG, CA747E, CA747G (See Fig. 9); 

and types CA1458, CA1558, CA747CT, 

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. 

This operational amplifier line also offers the 

circuit designer the option of operation with 

internal or external phase compensation. 

Types CA748C and CA748, which are ex-

ternally phase compensated (terminals 1 
and 8) permit a choice of operation for 

improved bandwidth and slew-rate capa-

bilities. Unity gain with external phase 

compensation can be obtained with a single 

30-pF capacitor. All the other types are 
internally phase-compensated. 

RCA's manufacturing process makes it possi-

ble to produce IC operational amplifiers with 

low-burst ("popcorn") noise characteristics. 

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. 

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

DC Supply Voltage (between V+ and V- terminals): 
CA741 C, CA747C•, CA748C, CA1458•  36 V 

CA741. CA747a. CA748, CA1558•   44 V 
Differential Input Voltage   ±30 V 

DC Input Voltage•   ±15 V 

Output Short-Circuit Duration  Indefinite 

Device Dissipation: 
Up to 70°C (CA741C, CA748C)   500 mW 

Up to 75°C (CA741, CA748)   500 mW 
Up to 30°C )CA747)   800 mW 

Up to 25°C (CA747C)   800 mW 
Up to 30°C (CA1558)   680mw 

Up to 25°C (CA1458)   680 mW 
For Temperatures Indicated Above   Derate linearly 6.67 mW/c.0 

Voltage between Offset Null and V- (CA741C, CA741, CA747CE, CA747CG) b3  5 V 

Ambient Temperature Range: 

Operating - CA741. CA747E, CA748, CA1558  -55 to +125 °C 
CA741C. CA747C, CA748C, CA1458  0 to +70 *Ct 

Storage   -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 

• If Supply Voltage is less than ± 15 volts. the Absolute Maximum Input Voltage is equal to the Supply Volt-

age. 

• Voltage values apply for each of the dual operational amplifiers. 

t All types in any package style can be operated over the temperature range of -55 to +125° C, although the 
published limits for certain electrical specifications apply only over the temperature range of 0 to +70°C. 
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"G" Suffix Types-Hermetic Gold-CHIP in 

Dual-In-Line Plastic Package 

"E" Suffix Types-Standard Dual-In-Line 

Plastic Package 

"T" and "S" Suffix Types-TO-5 Style Package 

Features: 

• Input bias current (all types): 500 nA max. 

• Input offset current (all types): 200 nA max. 

Applications: 

• Comparator 

• DC amplifier 

• Integrator or differentiator 

• Multivibrator 

• Narrow-band or band-pass filter 

• Summing amplifier 

TOP VIEW 
NC 

OUTFUT 

V OFFSET 
INPUT v- 100.1 

NOTE PIN OIS COWECTED TO 
CASE 

1 a.-CA 741CS,CA741 CT,CA 741S, & 

CA741 T with internal phase 

compensation. 

OUTPUTIAI 

TOP VEW 

NC TAD 

OUTPUT IUD 

V• V. UN 

INV 
INPUT MUT 

IAI IS) 

NON-INv NOM-NIV 
INPUT IAI MUT DM 

V-

11e.-CA747CT and CA747 T with 

internal phase compensation. 

TOP VIEW 

PNASE 
COMPENSATION 

OFFSET 
NULL 

INV 
INPUT 

NON-INV 
INPUT 

V 
NOTE PIN • IS CONNECTED TO CASE 

TAD 

v. 

OUTPUT 

OFFSET 
NULL 

1c.-CA748CS, CA748CT,CA748S, 
and CA7487 with external 

phase compensation. 

Fig. 1 - Functional diagrams. 



CA741, CA747, CA748, CA1458, CA1558 Types 

RCA 

Type No. 

No. of 

Ampl. 

Phase 

Comp. 

Offset Voltage 

Null 

Min. 

A01 

Max" V10 

(mV) 

Operating-Temperature 

Range 1°C1 

CA1458 dual IrIE. no 20k 6 0 to +70* 

CA1558 dual int. no 50k 5 —55 to +125 

CA741C single int. yes 20k 6 0 to +70* 

CA741 single int. yes 50k 5 —55 to +125 

CA747C dual Int. yes. 20k 6 0 to +70* 

CA747 dual int. yes* 50k 5 —55 to +125 

CA748C single ext. yes 20k 6 0 to +70* 
CA748 single ext. yes 50k 5 —55 to +125 

•In the 14-lead dual-in-line plastic package only. 

*All types in any package style can be operated over the temperature range of —55 to +125°C, 

although the published limits for certain electrical specifications apply only over the tempera-

ture range of 0 to +70°C. 

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 straight. 

lead TO-5 style package is desired, order CA1458T. 

' 
Type No. 

PACKAGE TYPE AND SUFFIX LETTER 

FIG. No. 
TO-5 

STYLE 
PLASTIC 

Gold-CHIP 

PLASTIC 
CHIP 

Gold- 

CHIP 

BEAM-

LEAD 

8L 10L DIL-CAN 8L 14L 8L 14L 

CA1458 T S E G H GR Id, 1h 

CA1558 T S E G id, lh 

CA741C T S E G H GR la, le 

CA741 T S E G L 1 a, 1 e 

CA747C T E G H GR lb, 1f 

CA747 T E G lb, 1f 

CA748C T S E G H GR 1c, lg 

CA748 T S E G lc, lg 

stsw-.14sT 

Fig.2—Schematic diagram of operational amplifier with external phase 

compensation for CA748C and CA748. 

TOP VIEW 
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INPUT IS) 
Ti.) OUTPUT in 

NON- .NV 
INPuTISI 

v" 

NON,. 
INPuTIBI OUTPUT Cal 

ld.—CA1458S,CA1458T.CA1558S. 

and CA15587 and internal 

phase compensation. 

OFFSET NULL 

TOP vlEsS 

OUTPuT 

°,7Z' 

le.—CA7410E,CA741CG,CA741E 

and CA 747G with internal 

phase compensation. 

TOP v.tr• 

1 f.—CA747CE,CA747CG,CA747E, 

and CA747G with internal 

phase compensation. 

PN.E.SF COMP 
El OFFSET 
NULL 

1Nv 
1NPuT 

NON -INv 
INPuT 

v-

posSSE 
COMP 

v • 

OuTPuT 

°Z,W 
TOP VIEW 

se s s.sss• 

1 g.—CA748CE,CA748CG,CA748E, 

and CA 748G with external 

phase compensation. 

OUTPUT ISI 

INV 
INPUT IA) 

NON -IN v 
INPUT IS) 

522, 250.5 

1h.—CA1458E,CA1458G,CA1558E, 
and CA 7558G with internal 

phase compensation. 

Fig. 1 — Functional Diagrams (Cont'd) 
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CA741, CA747, CA748, CA1458, CA1558 Types 

INVERT. 
IRMO 

AiCm-MASS ALL R SISTANCE VALUES ARE Ti 0 OS 
* SEE FUNCTIONAL DADRAM FOR TERNSNAL 

WIRERS OF RESPECTIVE TYPE NUMBERS 

Fig.3-Schernatic diagram of operational amplifiers with internal phase compensation for CA741C, 

CA741, and for each amplifier of the CA 747C, CA 747. CA 7458. and CA1558. 

ELECTRICAL CHARACTERISTICS 
For Equipment Design 

CHARACTERISTIC 

TEST CONDITIONS 

Supply Voltage, 

V+ = 15 V, 

V- = -15 V 

LIMITS 

UNITS 

CA741 

CA747* 

CA748 

CA1558* Ambient 

Temperature, TA min, tryp. Max. 

Input Offset Voltage, V10 Rs = •-‹.. 10 I<S1 
25 °C 1 5 

mV 
-55 to +125 °C 1 6 

25 °C 20 200 

Input Offset Current, 110 -55 °C - 85 500 nA 

+125 °C 7 200 

25 °C 80 500 

Input Bias Current, 118 -55 °C - 300 1500 nA 

+125 °C 30 500 

Input Resistance, R1 0.3 2 - MO 

Open-Loop Differential RL ->-, 2 kf2 25 °C 50,000 200,000 - 
Voltage Gain, A0 L Vo = ± 10 V 

-55 to +125 °C 25,000 - 

Common-Mode Input 
Voltage Range, VicR -55 to +125 °C -±12 ±13 - V 

Common-Mode 
Rejection Ratio, CM R R 

Rs <10 kSt -5570+125 °C 70 90 - dB 

Supply Voltage 
Rs ‹.. 101(12 -55 to +125 °C 30 150 pV/V 

Rejection Ratio, PSRR 

Output Voltage 
RL 3101cS2 -55 to +125 °C ±12 :1.14 

V 
Swing, Vopp RL->-21(12 -55 to+125 °C ±10 ±13 

25 °C 1.7 2.8 

Supply Current, 1± -55 °C 2 3.3 mA 

+125 °C - 1.5 2.5 

25 °C 50 85 

Device Dissipation, Po -55 °C 60 100 mW 

+125 °C 45 75 

• Values apply for each section of the dual amplifiers. 
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Fig.4-Open-loop voltage gain vs. supply voltage for 
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CA741, CA747, CA748, CA1458, CA1558 Types 
ELECTRICAL CHARACTERISTICS 
For Equipment Design 

CHARACTERISTIC 

TEST CONDITIONS 
Supply Voltage, 
V+ = 15 V, 
V— = —15 V 

LIMITS 

UNITS 

CA741C 
CA747C* 

CA748C 
CA1458* 

Ambient 
Temperature, TA 

Min. Typ. Max. 

Input Offset Voltage, 

V10 
Rs = < 101d2 

25 °C 2 6 
mV 

0 to 70 °C — 7.5 

Input Offset Current, 
110 

25 °C 20 200 
nA 

0 to 70 °C — 300 

Input Bias Current, 

11B 

25 °C — 80 500 
nA 

0 to 70 °C — 800 

Input Resistance, R1 0.3 2 — MI,2, 

Open-Loop Differential 

Voltage Gain, AoL 

R L >, 2 Id-2 
Vo = ±10 V 

25 °C 20,000 200,000 — 

0 to 70 °C 15,000 — — 

Common-Mode Input 

Voltage Range, Vic R 
25 °C ±12 ±13 — V 

Common-Mode 

Rejection Ratio, CMRR 
Rs <10 kS2 25 °C 70 90 — dB 

Supply-Voltage 

Rejection Ratio, PSRR 
Rs <10k2 25 °C 30 150 µV/V 

Output Voltage Swing, 

Vopp 

RL .>. 10kS2 25 °C ±-12 ±-14 — 

V 
RL>21(S-2 

25 °C ±10 ±13 — 

0 to 70 °C ±10 -±13 — 

Supply Current, 1± 25 °C 1.7 2.8 mA 

Device Dissipation, Po 25 °C 50 85 mW 

• Values apply for each section of the dual amplifiers. 

ELECTRICAL CHARACTERISTICS 
Typical Values Intended Only for Design Guidance 

CHARACTERISTIC 
TEST 

CONDITIONS 
V-± = ±15 V 

TYP. 
VALUES 

ALL TYPES 
UNITS 

Input Capacitance, C1 1.4 pF 

Offset Voltage 

Adjustment Range ±15 mV 

Output Resistance, Ro 75 0 

Output Short-Circuit Current 25 mA 

Transient Response: 

Rise Time, tr 
Unity gain 

V1 = 20 mV 

R L = 2 1(12 

CL < 100 pF 

0.3 Ms 

Overshoot 5 % 

Slew Rate, SR: 

Closed-loop 
RL .>-- 2 IrS1 

0.5 
V/us 

Open-loop" 40 

• Open-loop slew rate applies only for types CA748C and CA748. 

DC SuPPt• vOLTS v• • Is. v - • i5I 

•411100 irbil•Celdhiynt iTi. 2S•C 

«MO Cl.Cir•MCC KO. M.! 

I I, 

— oel 
Pecs ..sr.op. 

Fig.8—Output voltage vs. transient response time for 
CA741C and CA 747. 

INVERTING 
INPUT 

NON -INVERTING 
INPUT 

• SEE FUNCTIONAL DIAGRAM 
FOR TERMINAL NOS OF 
RESPECTIVE TYPE NO 

OUTPUT 

RU5-'9.24112 

Fig.9— Voltage-offset null circuit for CA74 1 C, CA 741, 
CA747CE, CA747CG, CA 747E. and CA 747G 

IN 
INPUT 

NON- INVERTING 
INPUT 

OU revT 

G2CS- ,SaiS•2 

Fig.10—Voltage-offset null circuit for CA748C and 
CA748. 

92CS-15746 

Fig.11— Transient response test circuit for all types. 
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CA1541D 

Dual-Input Memory Sense Amplifier 

RCA.CA1541D , a monolithic silicon integrated circuit, is a 

dual.input memory sense amplifier intended for core memory 
applications. 

The sense amplifier, consisting of two differential input 

amplifiers, a common second stage amplifier, and an output 
logic gate (See Fig. 11, converts low-level core-memory "1" 

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 "1" pulse of positive or 
negative polarity can be detected from either of two sense 

lines. 

The CA1541D features an external switching threshold 

adjustment, plus its gate and strobe inputs are compatible 
with saturated logic levels. The sense amplifier is suitable for 

operation with core memories having cycle times equal to or 

greater than 0.4 is and is unilaterally interchangeable with 
industry types 1541L and 1441. 

The CA1541D is supplied in 14-lead dual-in-line ceramic 

package and is rated for operation over the full military 

temperature range of —550C to +1250C. 

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

Except for Differential Input Voltage, all voltages are measured with respect to ground (Term. M. 

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 TA = 75°C 

Above TA = 75°C 

+10 

—10 

V 
v 
V 

±5 V 

V- to V+ 

V' to +6V 

+ 25 mA 

750 mW 

 Derate Linearly 8 mW/0C 

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. 

—55 to +125°C 

—65 to +150 °C 

+265°C 

Note: The "A" or "B"-Gate Input Voltage is also referred to, as the Channel-Gate Input Voltage. 

„,. 

err  

11(SISTANCE.LUES un 
is ONUS 

?irerl217TV21‘"""° 

CY'llge° 

Fig. 2 — Schematic diagram of the CA154 W. 

eez 

0 
V.:Cr 

ONO 

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 

• Adjustable threshold: 10 to 35 mV 

• Low.threshold uncertainty range: 5,3 mV 

• Fast overload recovery time: —Differential-Mode: 15 ne typ. 
—Common-Mode: 30 ns tip. 

• Independent channel gate and strobe terminals compatible 
with saturated logic levels 

• Suitable for core memories haying cycle times ≥ 0.4 jis 

• Input offset voltage: 6 mV max 

liltre"° 

Fig. 1 — Functional block diagram of the CA 15410. 
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Fig. 3 — Typical operational wave forms. 

sit5-14343 

Fig 4 — Input bias (Wand input-offset current (110) 
test circuit. 
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CA1541 D 
ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS SVMSOLS 

TEST CONDITIONS 

LIMITS UNITS 

V. • 5V, V- 
VT, ADJ • 

-5V t 1%. 

ITerm. 131 

° EXT . °°' AF 

• -SV 
T a • 250C 

(unless 

indicated 

....v.... MIN. TVE. MAS. 

54110 IOC) CberagNerstes 

Rower Oissicetion SD 140 180 tviW 

Input OH,' Current 
110 1 2 MA 

Input lerat Current 

TA • 25.se lls 
'5 - VG 

v3 = VI = 

0 

5 25 
MA 

TA • -550C - - 50 

Output Voltage 

High VOH ION 20°M. 3 V 

Lo 

TA • 25°C 
V OL 

V ,a = S V. 

19 • 10 •nA 

350 
er, 

TA • 125°C 400 

Strobe Load Current 15 V t 2 . 0 15 WA 

Strobe Reverse Current 

TA • 25°C Is, V12 - 5V 
2 

MA 

TA - 125 C 25 

Input Gate Load Current 
IG VIO ' VII 0 25 rnal 

Input Gate Reverse Current 

TA • 25AC IGR V15 V11 5V 
2 

MA 

TA. 125°C 25 

SvorteluniChasectembes 

10001 Threshold Voltage 

TA • 25°C VT, 
14 17 20 

ntV 

12 17 22 T4 - -55 to I250C 

Input 011,111 Voltage V10 I 6 rnV 

Input Gate Voilage 

High V G. V3 Vs - 25 mV. 

V. ' V 6 - ° 

1 6 - 

V 

LOW VOL 07 

Common-Mode Range 

101501 Gate II•gh VENS 

- 11 5 
V 

Input Gate Low 
.1 1 5 

- 

Di eeeee ntial-Mode Range 

Input Gale He 
VC111 1600 nsV 

Input Gate Low VOL 
f I 5 V 

P.opaqs6on Delav 

Input to Amon,. 006201 'I, V3 25 mV IpuItedl. 

V12 = 2V 

To Is 

ns 

...., 10 Output '10 20 30 

Strobe to Output so V3 • Vg = Vs • V6 . 0. 

V12 • 2V Ipubed/ 
15 20 

Gale 1.001 to Amplifier Output 'GA 1/11 • 2V (pulsed/ 

V3 - 25 enV 

10 15 

Gate INN., to Arnold.. Input 101 32 as 

Consenon.Mode Recovery Time 

Input Gate He 'cup V3 = Vs • ISV 
Is 30 

ns 

Input Gate Low IS 30 

0. eeeee ntiaI.MOde 
Recovery Time 

Input Gate He tOR V3 , V5 400 rnV 
30 

0 - 
Input Gate Low 
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Fig 5 - Test circuit for measurement of low (VOL) and 
high (L'off) output voltage knots 
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CA1541D 
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Fig. 9 — Differential-mode input range and recovery test circuit with 

associated pulse wave forms. 

Fig 11 — Strobe to output test circuit with associated 
pulse weve-form& Fig 11 — Gate input to amplifier input ItGil test circuit 

with associated pulse wave forms. 

DOR 

ITERm. 0 

Fig 8 — Common-mode input range test circuit with 
associated pulse wave forms. 
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CA2111AE, CA2111AQ 

FM IF Amplifier-Limiter and 
Quadrature Detector 

For FM IF and TV Sound IF Applications 

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 IF sections of TV receivers. 
In addition, an output terminal is provided which allows the 
use of the amplifierrimiter as a straight 60-dB wideband 

amplifier. 

The amplifier-limiter features the excellent limiting character. 

istics of 3 cascaded differential amplifiers. 

The quadrature detector requires only one coil in the asso-
5ated outboard circuit and therefore, tuning is a simple 
procedure. 

A unique feature of the CA2111A 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 1CA2111AE and CA2111AC1, 
respectively). 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

LIMITS 

UNITS 

MIN. TYP. MAX. 

DC Voltage, V+ = 12V - 5.4 - 

At Terminal 1 v1 - 8V - 3.7 - 

At Terminals 4, 5, 6. 10 V4, 5, 6, 10 v* = 8V - 1.35 - V 

At Terminals 2, 12 V2, 12 
_ 3.5 - 

DC Current lioso Terminal 13) 

At V+ = 8V - 14 mA 

At V+ = 12V 113 - 16 - 

Amplifier Input Resistance R4 - 7 kil 

Amplifier Input Capacitance C4 - 11 - pF 

Detector Input Resistance R 12 - 70 - k SI 

Detector Input Capacitance C12 1. = 10.7 MI-1, - 2.7 - pF 

Amplifier Output Resistance R10 60 n 
Detector Output Resistance R I 200 o 
De-Emphasis Resistance R 14 - 8.8 - kit 

Features: 

• Direct replacement for ULN2111A and MC1357 

• Good sensitivity: Input limiting voltage (knee/ 1400 

typ. at 10.7 MHz; 250 5V typ. at 4.5 MHz 

and 5.5 MHz) 

• Excellent AM rejection 145 dB typ. at 10.7 MHz) 

• Provision for output from 3-stage IF amplifier section 

• Low harmonic distortion 

• Quadrature detection permits simplified single-oeil tuning 

• Extremely low AFC voltage drift over full 

operating-temperature range 

• Minimum number of external parts required 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C 
FM Modulation Frequency - 400 Hz, Source Resistance = 5052 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

UNITS 

TEST CIR-

CUIT OR 

CHA RAC. 

TERISTIC 

CURVES 

FIG. NO. 

10 = 10.7 MHz 

111 = ± 75 KHz 

10 = 4.5 MHz 

At = ± 25 KHz 

v+- 12V 

10 = 5.5 MHz 

¿I = ± 50 KHz 

V+ = 12V V+ = 12V FV-+ = sv 

LIMITS 

TYP. MAX. TYP. MAX. TYP. MAX. TYP. MAX. 

AMPL-LIMITER 

V illiml 

141 

400 600 400 600 250 400 250 400 y 

(RIOS) 

7. 6. R. 9 Input Limiting 

Threshold Voltage 

AM Rejection* ' AMR11) 45 - 37 - 36 - ao - dB 2, 7.0. 6 

Ampl. Voltage Gainà Av110) 55 55 60 so - dB 7 

DETECTOR 

Vo 1A El 

11 I 

0.48 0.3 0.72 - 1.2 - y 

(RMS) 

6. 7. 8. 9 Recovered Audio' 

Output Voltage 

Total Harmonic* 

Distortion THOM 1 - 1 1.5 - 3 - % 7 

V, • 10 mV 1RMS) LV,< 50 5V Iritis) 10096 FM 30% AM 

Fit I-Block diagram of CA2I ?IA and 
associated outboard components 

MAXIMUM RATINGS. Absolute.Maximuin Values et 7".4.26.0 

DC Supply Voltage 
(between terminals 13 IV+) end 7 IV - II 16 

Device Dissipation: 

Up to Tp • scrc   Goo mw 
Above TA • 60,D   darate linearly 6.7 rnW/"G 

Ambient Temperature Range 

Operating   -55 to .125 

Storage   

Leed Temperature Muting Soldering). 

At distance 1/16 1/32 in. 

11.59 t 0.79 rnm) 
how case tor lOs max.   

-65 to • 150 °C 

• 265 'C 

50 SuPPLY vOLTAGE Iv•1•12v 
AceiENT TENPERATuRE ITN1•25•C.___1._ 1  

SO er•a'Sr:Nt"%". .•••• 

7 '1 ft* '""" 

g rt 
tee 3O - • 

a eo, us •5 a 

ut swum. vOLTAGE iv,i-aNd oat 
Incs-i0/11 

Fig. 2 '-AM rejection vs input voltage (4.5 MaM). 
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CA2111AE, CA2111AQ 

Fig. 4 scheenerc-C.4.2111A 

CI 

«CS. 212171 

COMPONENT VALUES 
DETECTOR TRANSPER 

CHARACTERISTICS 

I., C, R, CI C2 Cs UPPER 

PEAK 

LOWER 

PEAK 

MIN u14 PP KU or Me MN, 

45 

5.5 

10.7 

74 

a 

7 

120 

too 

120 

20 

20 

39 

30 

30 

20 
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001 

4 511 
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Fig. 7 —7".st corcuit. 
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CA3000 

DC Amplifier 

• 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 -55°C to t125°C 

• 10-Lead hermmtic 10.5 style package 

• Companion Application Note, ICAN 5030 "Applications of RCA CA3000 
Integrated Circuit DCAmplifier" coverscharacteristics of different 
operating modes, frequency considerations, 10 MHz narrow band 
tuned amplifier design, crystal oscillator design, and many other 
application aids 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS 

at TFA = 25°C 

OPERATING-TEMPERATURE RANGE . -55°C to .125°C 
STORAGE-TEMPERATURE RANGE -65°C to .150°C 

LEAD-TEMPERATURE IDuring Soldermg) 
At distance 1/16 T 1/32 mc5 11.59 ± 0.79 enrn1 
from case for 10 seconds max.   .265°C 

MAXIMUM POWER SUPPLY VOLTAGE 16 or 8 V 

MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE . 54 V 

MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE ±2 V 

MAXIMUM DEVICE DISSIPATION 

Frorn -55°C to 85°C  450 mlad 
Above 85°C   Derate 5 mWT°C 

ELECTRICAL CHARACTERISTICS, at TFA = 25°C, VEE r .6V, VEE r -DV, unle55 otherwise specified 

CHARACTERISTICS SYMBOLS 
SPECIAL TEST CONDITIONS 

Terminals Not 8 No.5 Not 
Connected Unless Specified 

TEST 
CIRCUITS 

LIMITS TYPICAL 
CNARAC-
TERISTICS 
CURVES 

TYPE 
CA3000 

Fig. Min. TyP. MAR. Units Fig. 

STATIC CHARACTERISTICS 

Input Offset Voltage VIO - 1.4 5 mV 2 

Input Offset Current 110 - 1.2 10 oA 2 

Input Bias Current 118 - 23 36 vA 3 

Quiescent Operating 
Vol tage 

18 
Or 

VIO 

TERMINALS 
4 s 

NC V 4 
NC VEE V 4 
VEE NC y 4 
VEE VEE V 4 

Device Dissipation P, NC NC - 30 - NONE 

DYNAMIC CNARACTERIST1CS 

Differential Voltage Gain 
Single-Ended Input 

AoIFF Single-Ended 0 tput f 0 I kHz 6 28 _32 de 
Double-Ended Output f = I kHz 6 - 38 - de 5 

Bandwidth at -3 dB Point NO v1. 10 mV, Rc 1 Id.2 - 650 - kHz 7 

Maximum Output Voltage 
Swing VOUI(F-P) f . 1 kHz 6 - 6.1 - v(p-p) NONE 

Common-143de Rejection 
Ratio CORR f = 1 kHz 9 70 98 - dB 8 

Single-Ended Input 
Impedance 

Z1N f m 1 kHz 1 1 70, 185K - n 10 

Single-Ended Output 
Impedance 

Zoe f . 1 kHz 13 5.51 81 10.51 0 12 

Total gareceic Distortion TND FlelkS-2 f . 1 kHz Vox42N/p.p - 0.2 5 6 14 

AGC Range (Maximum Voltage 
Gain toComplete Cutoff) 

Au 
y s 1 icHZ 15 80 90 - dB NONE 

INPUT OFFSET VOLTAGE AND CURRENT n, TEMPERATURE 

55 . POSI UPPMT1vE DC SULY VO TSIVool. 
ZI ...MR NEGATIVE OC S, POLTS lye, • -4 

ri 
13 gim.•   

, 
 11111/0110M ¡iiIiu.m.m•••••••M•  

_•••••••1, ••••••••••••••••,_ 

bill1111111 111111111111111 
-75 so 2, 0 25 50 75 100 25 

AMMENT TEMPERATURE (To) -- .0 
OVCS,lree 

Fig.2 

STATIC CHARACTERISTICS FOR TYPE CA3000 

INPUT BIAS CURRENT vs TEMPERATURE 

-75 50 25 0 25 50 5 00 25 

AMERY TEMPERATUR (To C 
ens- sew 

Fig.3 

HIGHLIGHTS 

• Input Impedance   196 Cl ty0. 
• voltage Gain  AO dB tyP. 
0 COMM-mode Rejection Ratio 98 dB ty0. 
• Input Offset Voltage I  4 10 typ. 
e Push-Pull Input and Output 
• Frequency Capability 

DC to 30 MHz (with external C and R) 
m wide AGC Range  90 dB typ. 

APPLICATIONS 

• Schmitt Trigger 
• RC-Coupled Feedback Amplifier 

• mixer 
m Comparator 

m modulator 
m Crystal Oscillator 
e Sense Amplifier 

SZCS-C,SP2 
%seen., values an In ohms 

Fig.l SCHEMATIC DIAGRAM 

QUIESCENT OPERATING VOLTAGE vs TEMPERATURE 

m OSiTiVE OC  sum., 00135Inc • 
(GAT VE DC SUPPLY VOLTSIV I. -6 

OU 

e e 

75 50 25 0 25 50 75 lOO 25 

AMDMMT TEMPERATURE IYA IC 
wcs..3.4 

Fig. 6 
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CA3000 
DYNAMIC CHARACTERISTICS AND TEST CIRCUIT FOR TYPE CA3000 

DIFFERENTIAL VOLTAGE GAIN vs TEMPERATURE 

Y V cc • 

NEEATovE OC SUPPLY VOLTS (Val( -4 
ER OuENCT 11) • 

100 125 26 0 OS 50 75 

Amen'« TEMPERATURE (T. 1--% 
AIRS-01•14 

Fig.5 

COMMON-MODE REJECTION RATIO vs TEMPERATURE 

• POSITIVE DC SUPPLY VOLTS Viccl • +6 
 • NEGATIVE DO SUPPLY VOLTS iVul • -4 
. !VS s • • 'Y 

• 
• 

-73 50 -25 0 25 so ss ,00 125 
MOMENT TEMPERATURE It. 1 — .E 

AM- MY 

Fig.8 

SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 

-6v 

92Cs-MAMNA 

DIFFERENTIAL VOLTAGE GAIN AND MAXIMUM OUTPUT 

VOLTAGE PING TEST CIRCUIT 

- 

ILA 

lc., • 20 L0010 'er 

Dcc 

1.2 

T OSCILLOSCOPE 
TOUT ITERTRONIR 
I 001111.2-218MD 177, Xe.,07.• 
4 OUTPUT OR 

'1/4 54101-1- .1 } 
EQUIVALENT) 

qgegel-
V(( 

Fig.6 

COMMON -NODE REJECTION RATIO TEST CIRCUIT 

-4 V 
YEE 

CC41110N-1(00E REJECTION RAT•OlC11111• 20 MI leZtaik 

+3 • SINGLE -EKED VOLTAGE GAIN AS mEASUREO 
IN ['ALLY, 'MOWN IN Al° •• 

Fig.9 

AUS-IRWMA 

.K,r1OM2 

SINGLE-ENDED OUTPUT IMPEDANCE vs TEMPERATURE 

POSITIVE OC SUPPLY VO (Val +6  

NEGATIVE OC SUPPLY VOLTS (Val• 

 .. •••••••• 
••••••••••• ,••••••••••••• 

1•0•••••••• 
••••••••••••••••• ...... 1111,.•• ••••••••• 
••••••••••••••••• ...... •••••• 
•••••••••••• ..... •• •••••••• ••• 

••••••••••• .... . •••••••••••••••••••••••••••• 
.................. ••••••••••••••••••••••••••• 

••••••••••••••••••••••••••••• 

••••••••••••••• ..... •••••••••••••••••••• 

-75 -50 - V 5 100 12S 

MOMENT TEMPERATURE 17.1— (C 

Fig. I2 

TOTAL HARMONIC DISTORTION vs TEMPERATURE 

-75 50 25 0 25 50 •3 00 125 

AMBIENT TEMPERATURE T. e—% 
'MS -MAAS 

•205-1330 

BANDWIDTH AT -3 dB POINT vs TEMPERATURE 

POSITIVE OC SUPPLY VOLTS (Val • •4 

NEGAT vE DC SUPPLY VOLTS Iviel • -4 

10 
li 

1 o ASAINENT TOMMATURE tr ec 

i 
3 NtS 

29 

.-
1 ,fl 

R --
.1 
3 30 

§ 

-40 

0 001 001 01 

fitIŒNCY Ill—US 
Sees -081., 

Fig.? 

SINGLE-ENDED INPUT IMPEDANCE vs TEMPERATURE 

Ii. 
• I IV • U' 1, V L V, • *6 

NEG. VE OC SUPPLY VOLTS lva 1 • -6 
FREQUENCY If 1 mu 

••• 

0111V.1 

-n -so 25 0 25 50 75 100 IRS 

AMBIENT TEMPERATURE IT  1—*C 

SINGLE-ENDED OUTPUT IMPEDANCE TEST CIRCUIT 

Fig.I3 

AGC RANGE TEST CIRCUIT 

FieI5 

10 
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CA3001 

Video and Wide-bond Amplifier 

• Designed for osa in Video Systems and Communication Equipment 

• Balanced diff i•I amplifier confi ggggg ion with controlled constant-current sourc• 
provides outstanding   

• 1 2-Lead Hermetic TO-5 Style Package 

• Beilt-in temp rrrrrrr stobility for operation Iron, .55°C to • 125°C 

• Emitter follower input & output 

• Companion Application Note ICAN5038 "Application of the RCA.CA3001 Integrated 

Circuit Video Amplifier', covers different oporeting modes, gain ventral, distortion, 
swing capability, 3 eeeee omplifier design, end a Schmitt trigger study. 

HIGHLIGHTS 

• Puslt.Pull Input &   

• AGC Range   60 dIS typ. 

• Bandwidth  29 AlHa 

• Input Re e i 000 nc•   150 bd typ. 

•Output Resistonce   45 1-1 typ. 
• Voltoge Gain   19 dB ryp. 
• Input Offset Voltage ... 1.5 enV typ. 

APPLICATIONS 

• Schmitt Ttipper • DC, IF, & 

•Miaer Video 

• Modulator Areplifi•r 

ABSOLUTE•MAXIMUM VOLTAGE AND CURRENT LIMITS et TA = 25°C 

Indicated voiles. or current limits for each terminal can be applied under the specified conditions for other terminal.. 

All Voltages are with respect to ground (common terminal of Positive and Negative DC Supplies/. 

TERMINAL  

VOLTAGE OR 

CURRENT LIMITS CONDITIONS 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

I -2.5 .2.5 

2,6 

3, 10 

9 

0 

-6 

.6 

2 .8.5 0 

I, 6 

3, 10 

9 

0 

-85 

.6 

3 -10 0 

1, 2, 6 

9 

10 

0 

.6 

4 .85 0 

1, 2, 6 

9 

10 

3 

.6 

5 .6 0 

I, 2. 6 

3, 10 

0 

.6 

-6 

6 -2.5 4.5 

12 
. 10 
3: 

9 

0 

-6 

.6 

7 
INTERNAL CONNECTION 

DO NOT USE 

TERMINAL 

CASE 

VOLTAGE OR 

CURRENT LIMITS CONDITIONS 

NEGATIVE POSITIVE 

25 mA 

o 010 

TERMINAL VOLTAGE 

1, 2, 6, 10 0 

3 -6 

9 

200-0 RESISTOR 

CONNECTED BETWEEN 

TERMINALSNo8 & Nob 

1, 2, 6, 10 0 

3 -6 

-10 o 

25 mA 

1, 2, 6 

3 

9 

0 

-6 

I, 2, 6, 10 

3 

9 

200-I./RESISTOR 

CONNECTED BETWEEN 

TERMINALSNa108.N0.11 

INTERNAL CONNECTION 

DO NOT USE 

INTERNALLY CONNECTED TO TERMINAL No.3 

(SUBSTRATE) DO NOT GROUND 

OPERATING TEMPERATURE RANGE   

STORAGE TEMPERATURE RANGE   

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max.   

MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE   

MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE   

MAXIMUM DEVICE DISSIPATION: 

.55 to 85°C   

Above 85°C   

-75 -SO -25 o 25 SO 75 100 in 

Ame.00 TOPKRATURE 1701-4c 
bics...12175A1 

Fig. 4 - Output offs•t voltage vs. temperature. 

-55•C ao +125•C 

-65°C to +150°C 

+265°C 

43/ 

2.5 V 

450 mW 

Derate linearly 5 mW/°C 

POSIT1vE DC SUPPLY vaTS AtE ••S 
MEGATIvE Sc Suer, 001.25 (Pc, 

• 

:=„1,100E D 

;MODE C ; 

-n - SO 

t-̂  

- 25 0 25 50 75 100 
all110E1Or iC0PER.ruif et 

liCS- '33 01 

Fig. 5- Quiescent operating voltage vs. temperature. 

• intetnal Cannection - DO NOT USE 

Scheemtle 0Mgrem. 

-PS 50 25 0 a CO 75 100 125 
.01C10. TEMPERATunE ITA1-•C secs imam 

Fig.2 input offset voltage and current vs. temperature. 

- 75 50 25 
AWMENT TEMPERA UR 17. - C 9ns-1M 111 

Fig.3 - nput bias current vs. temperature. 

atermm.r• o • 

 00000  
 : 

Z ilen—••1 MM.  

Mu. 

a nd it ig een 

-75 no - S 0 25 50 a 100 125 
amaxT TalPERATuRE (U1- C 

112C,-1.1110e 

Fig. 6 - Device dissipation vs. temp eeeeeee . 
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CA3001 

ELECTRICAL CHARACTERISTICS, AT TA 25°C, Voo +6 V, VEE • —6 V 

CHARACTERISTICS 

(See Page 1 for 

Definitions of Terms) 

SYMBOLS 

SPECIAL TEST CONDITIONS 

Terminals No.4 and No.5 

Not Connected 

Unless Specified 

TEST 

CIRCUITS 

LIMITS TYPICAL 

CHARAC-

TERISTICS 

CURVES 

TYPE CA3001 

Fig. Min. Typ. Max. Units Fig. 

STATIC CHARACTERISTICS. 

Input Offset Voltage V10 12 1.5 mV 2 

Input Offset Curr ent 110 13 1 10 .A 2 

Input Bias Current II 13 16 36 mA 3 

Output Offset Voltage Voo Rs. 1 kri 54 300 mV 4 

Quiescent °mating 
Voltage 

vB 
OR 

VII 

TERN 

MODE 

NAL 

4 

S 

5 

A NC NC 3.8 4.4 5 V 5 

B NC VEE 4.8 V 5 

C VEE NC 2.7 V 5 

D VEE VIE 4 V 5 

Device Dissipation P. 

A NC NC 60 78 120 m 6 

B NC VIE 71 m• 6 

C VEE NC 110 mW 6 

D VEE VIE 86 6 

DYNAMIC CHARACTERISTICS. 

Differential Voltage Gain 

(Single-ended input aid output) 
A D1FF 

f 1.75 MHz 

I 20 MHz 

16 

10 

19 

14 

dB 

dB 
7. 8 

Bandwidth at .3 dB Pornt BW Rs . 5011 16 29 MHz NONE 

Maximum Output Voltage Swing VourfF,P) As v 5011 f v 1.75 MHz 5 Vp.p NONE 

Noise Figure NF 
I 1.75 MHz, Rs I K.. 11 5 8 dB 

f 11.7 MHz. Rs 1 1( 1. 11 7.7 dB 9 

Common-Mode Rejection Ratio CMI9R f I KHz 70 88 dB 10 

Input Impedance Components 

Patallel Input Resistance RIN f 1.75 MHz 50 140 K,. n 1 

Patellel Input Capacitance Cm I I.75 MHz 3.4 7 pF 11 

Output Resistance ROUT I 1.75 RH: 45 70 NONE 

AGC Range (Maxlmum vo'lage 

gain to complete cutoff) 
AGC f 1.75 MHz 55 60 dB NONE 

POSITat OC SUPPLY VOLTS 13,04.4•11 

nrierive OC SUPPI. •AllTS I gg/R-4 

MAIENT TORPERATUREIT.4 425•C 
Mareelkel 

••••-• ,44a=f, 

glYaligliiii - 

= ......: 
! • 

I .... 
r. 
z i..... 

‘ 
- 

eàe.igngliLeitilgel.   
wâ@geutilm,„ F.. 

0„.1..   

..........::::=É:i ......z., 
0 500 b000 1500 2000 2500 3000 -15 50 -25 0 25 50 75 100 25 

SOURCE RESISTANCE 1/181-13 sics4o3•44 PLISIENT TEMPER/Jun 1TL1-•C Ins 

Fig. 9 • Nois• igure vs. sourc• resillonc• and frequency. Fig. 10 - Common-mode rejection ratio vs. temperature. 

ROS1T 
Mont os 

PREODED.Cr 

RE OC SUPPLY 

 DC SUPPLY 

III:175 

vOLTS13“44 

VOLTS 

MU 

Deceo 
If -: • 
6 -: t 

• 
.., . 

•• 
• . 

•••• 

••••• •• 
: 
I NA 

y , 
• 

.. . - . .. . •••• •••• 

6 • - n 
.... .... 

t. 

e.. 
1•3 

  ...z.. : • :: ::-..-_-. . -:::: :::: 
4 4 

...z.. 

4 ,--7-r'  

.  

— 

—;---4,::_:"_: .::. 

.— .1... 

: ::::: 

::::::::' 

:::: 

r.:::- 
:::: 

:::: 
• 

• 
5 50 PS 100 125 

•SISIEST TerpPERPTuPE 9205. 320? 

Fig. 7 • Differential voltage gain vs. temperature. 

ppS1T, E 0 SUPPLY VOLTS I Vcc • •6 

PEW VE DC SuPPLY vOLTS (0, 1• 6 
POISIENT TEMPERA,. IT6 •25 C 

V
O
L
T
A
G
E
 
G
A
I
N
 
t
A
1
-
1
1
 

I
 

0
 

•
 

so
 

 
A
 

31
 

,0 100 1000 
FREQUENCY 1.1- Mue 'us - .12•2 e 

Fig 8 - Dil erential voltage gain vs. frequency. 

POS Tice DC SLOP Y v00315,0 .6 
DED•TIvf 0C SUPP T VOLTS VW -5 

•USIENT TEMPERA Lon IT,,)•25•C 
, 

'20 
11 1 i 

--.1'----a 
I. 

INPUT 
1 
43  SO 

'S' 

CAPACITANCE I 
--a 

1 
2 
w 

7.' SO 
ï 

S 
h. 

IË AO 
. Y 

• :!, 

. 20 
RESISTANCE 

i ' 2 

0 1 I 
PREOUENCY 01— PP, yrc 5 VS 

Fig. 11 . Input impedance components vs. frequency. 
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CA3001 

vC 
VE2 
-6V 

SZCS 

I. Adjust V. tor Voura0C) • 0 S 0.1 V 2. 111•••‘•• Vs and r•cord 
lagme AM eat 4411.4• (V(0) h, 43V •• v . 

vso .,000 

Fig. 12 - Input offset voltoge test circuit. 

014i 

mit 
irSIGNAL 

COMMON- MODE REJECTION RATIO -6V 
 VEE 

CoR  2° L.,..101121 

•A • SINGLE - ENDED VOLTAGE 
GAIN 

Fig. 15 • Common-mode rejection rot jo test circuit. 

•CC 
46V 

1ZCS 05% 

Fig. 13 - Input offset current rind input bias current 
test circuit. 

0001L1.00001,C 
WITH NIGH-GAIN 
DiriERENTIAL 

INPUT 
(TE RENO.. TYPE 
530, 540. OR 500 
2.• TYPED PLUG-IN 
TERTRONDI TYPE 502. 

EOUIVVIA FT, 

92CS•1551 

17512. 
SiGNAL 
SOURCE 

31;2.50 

-6V 
/JCS 0S5, 

• Separate tuned input citcuits ere used for 1.75 MHz and 11.7 MHz. 

Source-resistance matching taps adjusted with circuit tuned to 

resonance and With 50-ohm resist's, connected to simulate 
noise diode. 

Fig. 14 . Nois• figure test circuit. 

otni ar 

_ 0,0 

= %E0 

VOLTMETER 

A NIT IA S IN POSIT ION ft 
AGC RANGE • 20 1.04,0 

A WIT H S IN •OSIT ION 

SZCS ,S5.6 

Fig. 16 - AGC Tong. test circuit. 
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CA3002 

IF Amplifier 

• Designed for use in Communication Equipment 

• Balanced differential amplifi•r configuration with controlled constant-current source 
provides outstanding  ility 

• 10-Lead hermetic TO-5 style package 

• Built-in temperature stability for operation from -55°C to f 125°C 

• Companion Application Note ICAN-5036 "Application of tire RCA-3002 Integrated-Circuit 
IF Amplifier" covers different operating modes, cross modulation, gain control, 4-stage 
amplifier design, end an envelope and product detector analysis. 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, at TA • 28°C 

COMMON-MODE INPUT SIGNAL VOLTAGE  ±2 V 

MAXIMUM POWER SUPPLY VOLTAGE  16 V or ±8 V 

  .55°C lo +125°C 

-65°C to +150°C 

OPERATING-TEMPERATURE RANGE 

STORAGE•TEMPERATURE RANGE   

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 t 0.79mm) 

from case for 10 seconds max. 

MAXIMUM INPUT-SIGNAL VOLTAGE   

MAXIMUM DEVICE DISSIPATION: 

-55 to 85°C   

+265°C 

± 4 V 

450 mW 

Above 85°C   Derate linearly 5 mW/°C 

e a 

_ 

voserivE c sup sr yours tvccr. +5 
«WIVE OC SUPPLY VOLTS 1V,El• -6 

• 

tam r III It  
-75 50 25 0 25 50 75 00 25 

AMBIENT TEMPERATURE 1T.1—•C AAAA-."0 

Fig.2 • Input unbalanc• venue d current VS 1•811p• OfvrO. 

POSITiVE OC SUPPLY VOLTS Oluol • +5 

NEGAT VE DC SUPPLY VOLTS cut* -4 

FREQUENCY If/ • L75 em. 

75 50 25 0 25 50 75 00 in 
MASENT TEMPERA.. ITO—• 

SiCS•ilfes 

Fig. de - Differential voltage gain vs temperature. 

STATIC CHARACTERISTICS AND TEST CIRCUITS 

POOl IVE Dc Su PLO VOLTS IVCCI. *0   

...................... Mmeme•••••• 

mm•••••••••  

/ " 

-rs 50 25 0 25 50 75 ion 125 

AMINENT TEMPERATUR 17p — C MS-7PN 

Fig.3 -Input bias current vs temperature. 

STATIC CHARACTERISTICS AND TEST CIRCUITS 

POSITIVE OC SUPPLY VOL StV, l• 06 

NEGATIVE DC SUPPLY VOL Sly, l• -A 

AIMPENT TEMPERATURE ir 1 •25. 

ys  

20 

-...--....................\\ 

. 

à 
Z IS 

3 

'• .1 
1 

5 

o 

FREQUENCY Itt-5M. e  
ICO 

777,•3382 

Fig. 50 - Differential voltage gain vs frequency. 

HIGHLIGHTS 

• Input Resistance   100 It:: typ. 
• Output Resistanc•   70 :2 typ. 
• Voltage Gain .. 24 dB typ. a 1.75 MHz 

• Push-Pull Input, Single-Ended Output 
• •3 dB Bandwidth   11 MHz typ. 

• AGC Range  80 dB typ. 

• Useful Frequency Rano• DC to. IS MHz 

APPLICATIONS 

• Product Detector 

• IF & Video 
Amplifier 

CASE ANCI SUBSTRATE 

ALL RESiSTORS ARE IN Oyes 

• AM Detector 

• Schmitt Trigger 

'TERMINAL No 6 IS AN 
INTERNAA CONNECTION 

00 NOT USE 

Fig. 1 — Schematic diagram. 

75 100 829 50 5 0 5 50 75 

TEmPERATURE ITA "PC 

97CS >SU 

Fig•4 -Quiescent operating voltage va .171pe ature• 

92CS•o2SAIR2 

POS.,. OC SUPPLY YOLTSIVccl • *6 

NEGATIVE QC SUPPLY VOLTS (VEO• -6 U! 

AO 25 0 25 50 5 100 I25 

AMBIENT TEMPERATURE 11/4 1 —•C 

977S-.76 

Fig. 6 - Bandwidth at .3 dB point vs temperature. 
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CA3002 

ELECTRICAL CHARACTERISTICS, at TA c25°C, Vcc 4-6 V, VEE = -6 V 

CHARACTERISTICS SYMBOLS 

SPECIAL TEST CONDITIONS 
TERMINALS No.3 2. No.4 

NOT CONNECTED 
UNLESS OTHERWISE NOTED 

TEST 
CIRCUITS 

LIMITS TYPICAL 
CHARAC-
TERISTICS 
CURVES 

CA3002 

Fig. Min. Typ. Mao. Units Fig. 

STATIC CHARACTERISTICS: 

Input Offset Voltage Vic) 4 - 2.2 - mV 2 

inoul Unbeiance Current tie • 1.2 10 rtA 2 

Input Bias Cuirent ti • 20 36 ozA 3 

Quiescent Opeiating 

Voltage 

MODE . TERMINAL 

2 4 

A VEE NC 2.8 • V 4 

O vgg VEE 3.9 y 4 

Device Dissipation P T - 55 - w None 

DYNAMIC CHARACTERISTICS: 

Differential Voltage Gain 

(Single-Ended Input 

and Output) 

0 D1 FE 

viru = 10 inv 

I = 1.75 MHz 

RS • 5130 

19 24 dB 5 & 5 

Bandwidth at -3 dB Point BR Rs • 5055, Viki • 10 mg 11 • MHz 6 

Maximum Output Voltage Swing VoUT(P-PI - 5.5 - Vp.p None 

Noise Figure NF I = 1.75 MHz Rs = I Itn 8 . 4 8 dB 7 

Input Impedance Components: 

Paiallel Input Resistance RIN f = 1.75 MHz None 100k - tt None 

Parallel Input Capacitance • CIN f = 1.75 MHz None - 4 - pF None 

Output Resistance ROUT f = 1.75 MHz 14 70 • Sa & 9 6 

AGC Range (Maximum Voltage 

Gar to Complete Cutoff 
AGC 1= 1.75 MHz 13 60 80 - dB 12 

geo.n 

POSIT.VE DC SUPPLY VOLTS 1Vccl cs 
NEGATiVE DC SUPPLY vOLTS lag, • -6 
FREQUENCY 111 • 175 Mt 

111.1=1 

net-fi Ut  

P• f:4;ljP4-
e ra 

a," 

t« 0 :-- i rti-t -t-rt4L—H-t  
-75 -50 -25 0 25 50 75 100 25 

ANBIENT TEMPERATURE IT.1-•0 
92(5.• 3399 

Fig. 9e • Output resistance vs temperature. 

2-TONE 
GENERATOR 

1.• 1600.000 ion 

la• ISO/ 500 .1 

VEE 
_a v 

OSCILLATOR 

r'" 

WAVE 
ANALY7 FR 

TyPE 3020. OR 
COUIVAL EST, 

9.2C3 ••3544 

11 Increase both input-signal tones until the 282.81 end 11142 output. 

sign*, voltages are 30 dB below theft and 12 output-signet volleges. 

21 Measure rins yelues of the input and output signal voltages. 

31 The muaured input signal voltage is thet value *Inn the 3rWher-

TO116C intermodulation products ere 30 dB below the lunderneo. 

tel outputs. 

Fig. 11 • intermodularion Test Circuit 

0 5 io Is 20 25 50 
FREQUENCY 111-.i 

T2Cf-13.100 

Fig. 9b - Output resistance vs frequency. 

POS,,vE DC vOLTS lv cl .6   

NEGA VE DC SUPPLY vOLTS lu 1 -6 

AtateENT TEMPER•TuRE (T. 1 •25 C 

0 5 10 is 20 in 50 

FREQUENCY 1-1410 

Fig. 12- AGC ronge Ps frequency. 

szcs-oece 

i t-r-   j Positivr o sutra, arms (ago) .6 
SIGA IVE DC Steely VOLTS legal • -6 
AMERY TEMPERATURE IT.1•25•C 
FREQUENCY 11) • 175 Out 

IL 

IS 

a. 

e 5 

Of 

1 
.. 

emerge 

-•-•-1-• 
I 4_“ 

500 1000 $OO 2000 

SOURCE RESISTANCE IRO -11 

cs 13117 

Fig. 7 • Noise figure vs source resistance. 

niege‘ 
pita 

a 

Oie 

VEE -6v 4.,cs 1,a 

• T3PS are adjusted to ptovide indicated equivalent values of Rs 
with tank tuned to lesonance at 175 MHz, and a 5041 tesistor 
connected to simulate the noise diode. 

Fig. 8 - Noise figure. 

POSITIVE OC SU LT VOLTS Ivccl • . 
NEGATIVE OC SUPPLY VOLTS lvul • -6 
FREQUENCY III. In.. 

PIRO ADJUSTED FOR 5 °gore HARMONIC a 
3001 BELOW FUROAMENTAL. 

1 50 

aO  

1‘11 

Ou u 

WIN 

-75 90 -25 0 25 50 75 100 

AMBIENT TEMPE RATuRE 1T.1-•C 

eaC6-15.02 

lis 

Fig. 10. Input level for — 30dB intermodulation 
11. temperature 

SIGNAL 
SOURCE 

'HEWLETT-

TYPE 656 OR 
(QUIVALENT/ 

1 
1.2.CS..3545 

1) Set attenuator at 80 dB attenuation. 

2) Set vatiable dc supply voltage at 0 V. 

3) Increase signal Input voltage until RF V.T.V.M. indicates 5 mV 
Output. 

4) Set vaizble dc supply voltage at -6 V. 

5) Adjust attenuator until RF V.T.V.M. again indicates 5 mV output. 

6) Change in attenuator setting in dB is total AGC Range. 

Fig. 13- AGC range. 
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CA3004 

RF Amplifier 

• Designed for use in Communications Equipment 

• Balanced Differential-Amplifier Configuration with Controlled Constant-Current 
Source Provides Unexcelled Versatility 

• 12-Lead Hermetic TO-5 Style Package 

• Built-in Temperature Stability for Operation from -55° C to +125° C 

• Similar to RCA CA3005 and CA3006, plus Emitter-Degeneration Resistors 
to Provide More Linear Transfer Characteristic and Increased Input-Signal 
Handling Capability 

• Companion Application Note ICAN 5022 "Application of RCA CA3004, CA3005, 
and CA3006 Integrated Circuit RF Amplifiers", covers characteristics of 
different operating modes, noise performance, cross-modulation, mixer, AGC, 
limiter, detector, and amplifier design considerations. 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS, et TFA = 25°C 

Voltage limits shown for each terminal can be applied under the indicated °noun conditione for other terminals. 

All voltages sre with respect to GROUND (common terminal of Poeitive and Negative DC Suppliell) 

TERMINAL 
VOLTAGE LIMITS CONDITIONS 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

I NO CONNECTION 

2 -9.5 0 

6 
12 
3 
9 
10 
11 

0 
0 

-9.5 
4 
4 
.6 

3 •12 0 

2 
6 
9 
10 
11 
12 

0 
0 
,6 
.6 
,6 
0 

4 -12 0 

2 
6 
9 
10 
11 
12 

0 
0 
16 
.6 
4 
0 

5 -6 0 

2,6.12 
3 
9 
10 
II 

0 
-6 
.6 
4 
.6 

6 -3.5 .3.5 

2 
3 
9 
10 
II 
12 

0 
•6 
4 
.6 
4 
0 

OPERATING-TEMPERATURE RANGE 

STORAGE-TEMPERATURE RANGE 

TERMINAL 
VOLTAGE LIMITS CONDITIONS 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

1 NO CONNECTION 

8 NO CONNECTION 

2 0 
3 - 6 
6 0 

9 0 .12 10 .6 
II 4 
12 0 

2 0 
3 - 6 
6 0 

10 0 .12 9 .6 
11 .6 
12 0 

2 0 
3 • 6 
6 0 

11 0 .42 o .6 
II 4 
12 0 

2 0 
3 • 6 
6 0 

12 -3.5 +3.5 9 .6 
10 .6 
II .6 

CASE INTERNALLY CONNECTED TO TERMINAL 
NO.3 (SUBSTRATE) DO NOT GROUND 

.55°C io •12ec 
  .65°C lo •150°C 

LEAD TEMPERATURE 1During Soldering) 
AI distance 1/16 t 1/32 inch 1139 t 0 Timml 
from case foi 10 seconds max   .265°C 

MAXIMUM SINGLE-ENDED INPUT. 
SIGNAL VOLTAGE   t3.5 V 

MAXIMUM COMMON-MODE INPUT. 
SIGNAL VOLTAGE   .2.5 V. *3.5 V 

MAXIMUM DEVICE DISSIPATION  100 mW 

• Posh-Pall Input and Output 

• Wide and Morrow-Band Amplifier 

• AGC 

• Detector 

• Operation from DC to 100 Mc/s 

• Mixer 

• Limiter 

• Modulator 

• RF, IF, and Video Frequency 
Capability 

SCHEMATIC DIAGRAM FOR CA3001 
52E MOTE 

atc-c 'ratan 

NOTE: Connect Terminal No. lo to most 
poeltire dc eupply roltege itecid for 
circuit. 

Flg.I 

TYPICAL STATIC CHARACTERISTICS AND 

TEST CIRCUITS FOR TYPE CA3004 

(Figs. 2 to 8) 

INPUT OFFSET VOLTAGE AND CURRENT 
VS TEMPERATURE 

- 5 50 -25 0 25 50 n i00 na 
FREE MR TEMPERATURE 1%1—'0 

arcs- "02 

F ig.2 

INPUT BIAS CURRENT VS TEMPERATURE 

SO ES 0 25 50 n 100 125 
FREE MR EIIIRCRATURE Ilagl 

tics- 3314 

Fig.] 
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CA3004 

ELECTRICAL CHARACTERISTICS, at TFA = 25° C, VEc = +6V, VEE = -6 V unless otherwise specified 

CHARACTERISTICS SYMBOLS 
SPECIAL TEST CONDITIONS 

Terminals No.4 and No.5 Open 
Unless Otherwise Specified 

TESTIT 
CIRCU 

LIMITS TYPICAL 
CHARAC-
TERISTICS 
CURVES 

TYPE 
CA3004 

Fig. Min. Typ. Max. Units Fig. 

STATIC CHARACTERISTICS 

Input Offset Voltage V10 Fig.4 - 1.7 5 mV Fig.2 

Input Offset Current 110 . Fig.5 - 0.125 5 trA Fig.2 

Input Bias Current 11 Fig.5 21 40 ti.A Fig.3 

Quiescent 
Operating 
Current 

19 
or 

111 

TERMINALS 

Fief 

Fig:8 

Fig.8 

Fig.8 

- 

- 

- 

1 

2.7 

0.45 

1.25 

- 

CA 

mA 

mA 

mA 

Fig.6 

Fig.6 

Fig.6 

FILE 

4 

NC 

VEE 

NC 

VEE 

5 

NC 

NC 

Vgg 

VEE 

Quiescent °ambits 
Cuffent Ratio %au Fig.13 1.1 - _ Fig.7 

Device Dissipation PT Fog.8 - 26 - mW NONE 

DYNAMIC CHARACTERISTICS 

Power Gain Gp I ' 100 Mc s Fig.11 10 12 dB Fig.9 

Noise Figure NF f = 100 Mc 5 Fie.11 - 6.3 9 de Fig..10 

Common Mode 
Rejection Ratio DAR 1 f t I Weis Fig. IS 98 - dB Fig. 12 

AGC Range (Max. Voltage 
Gain to Complete Cutoff) AGC I . 1.75 Mc/s Fig. 04 -60 - dB NONE 

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 Offset Current 

The difference in the currents at the two input terminals when the 
quiescent operating voltages at the two output terminals ale equal. 

Input Bias Current 

The average value tone-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 Idol value of the current in either output terminal. 

Qui•sc•nt Operoting Current Ratio 

The ratio of the Quiescent opeiateng currents in the two output 
terminals. 

Device Dissipation 

The totai powei drain of the device with no signal applied and no ex-
ternal load current. 

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 poem, of the device and a resistive 
signal source to the noise power of the signal source alone, the 
signal source repiesenting a genefator of acto impedance in series 
with the source resistance. 

Common-Moda Rejection Ratio 

The talio 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 voltage applied to the two input terminals 
connected in paiallel for ac. 

Differential Voltage Gain 

re ratio of the change in output voltage at either output terminal 
with respect to ground. to a change in input voltage at either input 
terminal with iespect to ground, with the other input terminal at 
ac ground, 

AGC Range 
The total Change in voltage 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. 

QUIESCENT OPERATING CURRENT RATIO 
VS TEMPERATURE 

r-

r. 

• • POSI IVE DC SUPPLY VOL S l'/,,, • T• : • : 
' NEGATIVE DC SuPPLY VOL S IV, l• -6 • ' • 

-. 

141 ui 
4 jfl 

. 
-S SO -as 0 25 50 ,s lop as 

iiI5E-a 11 TEMPERA UR 

Fig.? 

INPUT OFFSET VOLTAGE TEST CIRCUIT 

210D 

I •DJUST II, FOR V°, •O*0.1V 
2 RECORD Vx, 

IPCS OC•11 

Fig.4 

INPUT OFFSET CURRENT AND BIAS CURRENT 
TEST CIRCUIT 

VCC 
•6 

Fig.S 

all•wr OFFSET 
cumeareirapPlIn - Iel 

cvwnesniOoi 

SICI-MS711 

QUIESCENT OPERATING CURRENT VS TEMPERATURE 

   POSIT.VE OC SUPPLY VOLTS (Vcc, 4. 
NEGATIVE DC Sumen VOLTS IIkel 

TERM 11•1.5 flo. • 15 le 5 
COMM CUD TO •••, 

- TERIMAL5 MR a IL MR 5 OPEN 

TEST CIRCUIT FOR TYPE CA3004 

QUIESCENT  INC CURRENT, QUIESCENT 
OPERATING CURRENT RATIO, AND DEVICE 

DISSIPATION TEST CIRCUIT 

-6 V 
VIE 

•2011-13377 

PT VCC (IS .1 10 Ill) • VEE 13 

Fig.8 

Fig.6 

50 25 0 25 50 rs ion 05 

iRCE-AIR TEMPERA UR IT .0-0 
SACS•ONS. 
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CA3004 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3004 (Figs. 9 to 14) 

POWER GAIN VS FREQUENCY 

POSITIvE DC SuPPLY YOLTS Ivccl• .11 

NEGATIVE DC SUPPLY VOLTS IV,•1• -le 
IMEE-AIR TEMPERATURE ITEM 25.0 
SCURCE IMPEDANCE 111.1 • 50 CI 
LOAD IMPEDANCE IRL1 • 50 a 

251 

›....*****,.........,....._ 

I "  
1 

.! ,0 

1 • 

CL 

lo 
ERCOUENCT III-111c/e 

Fig.9 

COMMON-NODE REJECTION RATIO VS 

POSITIVE DC RUPP VO Y1 IVec • 

«GA IVE DC SUPPLY VOLTS IV•,/ 
FOIEOUESICT • I Rea 

mo•-0••• 

50 25 0 25 50 1,5 100 

FREE ANI TEMPERATURE ITAA)— .0 

125 

•PSS-r3S00 

NOISE FIGURE VS FREQUENCY 

POSITIVE DC SUPPLY v0 TS IVcc) • .6 
NEGATIVE DC SUPPLY VOLTS (Yu) • -8 
FREE-AIR TEMPERATURE TEM 25.0 
SOURCE RESISTANCE 10.1 • 50 0 

E 

I "  
l 

. î 

Y. 

AM 

/.."/"..........e"..."."......" 

4 

FRIOUENCY ITI—Met• 

MCA-0370 

Fig. 10 

COMMON-NODE REJECTION RATIO TEST CIRCUIT 

•ter 

CISII ran  
SOURCE 

COIM•011-1•011E REJECTION RATO 

CIAR• 20 LOG,o e j 12". 'k Uts 
••InIal -Ay 

"A• SINGLE -COOED VOLTAGE 
RAIN 

Fig. 13 

¡U:L11-14>ZE,COUII 
Or i.Vu, 

(TEKTRONIX TYPE 
530. SOU. OR INC 

WIT,. TYPE D PLUP-IN 
TEKTRONIX TYPE 502. 

recf-cone 

100 Mc/• POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

PCC 
vSV 

MOOPE 

* FOR POWER-NUN TEST 

'FOR NOISE-FIGURE TEST 

0004T 

AGC RANGE TEST CIRCUIT 

37-250 vcc 
pl •. 0. 

12CR-ssS• 

Fig. 11 
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CA3005, CA3006 

RF Amplifiers 

• Designed for use in Communications Equipment 

• Balanced Differential Amplifier Configuration with Controlled Constant-Current 
Source to Provide Unexcelled Versatility 

• 12-Lead Hermetic TO-5 Style Package. 

• Built-in Temperature Stability for Operation from -55° C to +125° C 

• Companion Application Note, ICAN 5022 "Application of RCA CA3034, CA3005, 
and CA3006 Integrated Circuit RF Amplifiers", covers characteristics of 
different operating modes, noise performance, cross-modulation, mixer, AGC 
limiter, detector, and amplifier design considerations. 

• Push-Pull Input and Output 

• Wide and Berme Band Amplifier 

• AGC 

• Det  

• RF, IF, and Video 
Frequency Capability 

• Operation Bern DC In 100 Mats 

• Mixer 

• LiMiter 

• Modulator 

• Coscode Amplifier 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS, nt TF, 25°C 
Voltage lends shown for each terminal can be applied under the indicated voltage condition. for other terannale. 
All voltagen are with respect to GROUND common terminal of Potouve end Negative DC Supplies, 

TERMINAL 
VOLTAGE LIMITS CONDITIONS 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

-3.5 .3.5 9 
10 
11 
12 

0 
-6 
•6 
.6 
.6 
0 

2 TEST POINT:DO NOT APPLY VOLTAGE FROM 
EXTERNAL SOURCE 

3 -9.5 o 

1 
7 
8 
9 
10 
11 
12 

o 
o 

-9.5 
*6 
.6 
•6 
0 

4 -6 o 
7 
8 
9 

o 
o 
- 6 

.6 

.6 
0 

5 -12 o 

7 
9 
10 
11 
12 

o 
o 

-6 
• 6 
-6 
o 

6 -6 o 

7 
9 
10 
11 
12 

0 
0 

•6 
.6 
.6 
-6 

7 -3.5 • 3.5 
9 

10 
11 
12 

0 
-6 
.6 
.6 
•6 
0 

TERMINAL 
VOLTAGE LIMITS CONDITIONS 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

1 0 
7 0 
9 .6 

8 -12 0 10 •6 
11 .6 
12 0 

I 0 
7 0 
8 -6 

9 0 •12 10 • 6 
11 • 6 
12 0 

I 0 
7 0 
8 -6 

10 0 •12 9 .6 
11 • 6 
12 0 

1 0 
7 0 
8 .6 

11 0 .12 9 •6 
10 •6 
12 0 

9 .6 
12 -9 5 0 10 • 6 

11 .6 

CASE Internally onnected to Terminal No.8 (substrate) 
DO NOT GROUND 

OPERATING-TEMPERATURE RANG 

STORAGE-TEMPERATE RE RANGE 

LEAD TEMPERATURE IDuorg Solderingi 
At drum, 1 .1 2 inch II r 0 79ann I 
frum ca. 1.01 10 seconds man 

MAXIMUM SINGLE-ENDED INPUT-
SIGNAL VOLTAGE 

MAXIMUM COMMON-MODE INPUT, 
SIGNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION 300 nOV 

•55'(' to .125"C 

.65`Y to .150`Y 

• 265 °C 

3 5 V 

-Z 5 V 

SCHEMATIC DIAGRAM FOR CA3005 AND CA3006 

12C5-

NOTE. C  TensInal Ne.9 fume« 
posmus 4. supply vol., used les 
circule. 

INPUT OFFSET VOLTAGE AND CURRENT 

OS. .VE DC SO PLY vOL 5 IVW • • 6 • 
EG•, VE OC Sle PL. v01,5 • 

nHE-
kitnaillEs jag! 
 uu:  

  ur 
 9!!!!!!!!lignitt 

 -  

00 

AIR I' Le0n1100.1« 1%1-'0 
frc 

Fin-2 

INPUT OFFSET VOLTAGE TEST CIRCUIT 

vF, 

Fim3 

INPUT BIAS CURRENT 

-75 50 25 0 25 50 75 100 125 

erne AIR TEIYPE11•11.111( 
110Cf - 

F19.4 

secs...,s3r 
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CA3005, CA3006 

ELECTRICAL CHARACTERISTICS, OC TA = 250 C. Vcc = VEE = -8V 

CHARACTERISTICS 

! 

SYMBOLS SPECIAL TEST CONDITIONS 

Terminals No.3.4,5, and 6 Not 

Connected Except %here Noted 

TEST 

CIRCUITS 

LIMITS TYPICAL 

CHARAC. 

TERISTICS 

CURVES 

TYPE 

CATOS 

TYPE 

CA 3006 

Fit. Min. Typ. Max. Min. Typ. Max. Fig. 

STATIC CHARACTERISTICS 

input Offset Vollage Vie F.33 m 2.6 5 - 0.8 I onV Fo7.2 

Inout Ousel Cument 10 Fog.4 - 1.4 - - 1.4 - odt Fog.2 

Input Boas *meat 116 Fog.4 - 19 40 - 19 40 go% FIGS 

Quiescent 
*mating 
CUrleNt 

110 
01 

Ill 

TERMINALS 

4 5 

NC NC 

NC •V6E  _ 

'VEE NC 
•VEE I •Vmp 

Fog. 10 - I - - I - ma Fog.6 

FBS no - 2.7 - - 17 - mA NONE 

Fog. 10 - 0.45 - - 0.45 - ma NONE 
Fp. 10 - 1,25 - - 1.25 - mA PoI.6 

QuIsScent OperatIns 
Content Ratio 

110 
lit 

Fp I0 - 1.05 - - 1.05 - Fog.7 

Device Dosspalion PT Fg. 10 - 26 - - 26 - mW NONE 

DYNAMIC CHARACTERISTICS 

%wet Gam 69 

Ji 
OF 

I 

100 
MHz 

Cascode Configuratoon F. n 1 

Fig. 12 

Fg. II 

16 

14 

- 

20 - 16 20 - 013 pog.9 

Dollmentoal-Ame 
Doniipuinnon 16 - 14 16 - 08 Fog.11 

Noise Figure 100 
MN: 

Cascode Configuration 7.8 9 - 7.8 9 de Fog.13 

Dollmentoal MAL 
Conloguratoon 

- 

Fog.12 - 7.8 9 - 7.8 9 dB Fog.14 

Common•IAo Rdeatio 
Rejection  CIAR f I kHz - 101 - - 101 - dB FIg.15 

AGC Range (Max. Vollage AGC 
ason to Complete Cut0111 I 175 MN( -60 

- 

- dB NONE 

POWER•GAIN (CASCODE CONFIGURATION/ 

CASCOOE CONFIGURATION 
FREE-•01 YE AAAAAA URI IT,61 • SVC 

10 
6 

100 
FREQUENCY 1 f 1- Mcis 

MCS -.35,1 

Fig 7 

NOISE FIGURE AND POWER GAIN TEST CIRCUIT 
(CASCOOE CONFIGURATION) 

wCC 
•Sv 

I 

/Acre 

C1 

pF 

C2 

pF 

L1 

ull 

L2 

oxel 

30 14-150 5-40 0.3-0.6 0.8.1.4 

100 5-40 5-40 0.07-0.1 2 0.15.0.3 

• FOR POWER-GA1N TEST 

• FOR NOISE•FIGURE TEST 

Fig. 10 

POWER-GAIN (DIFFERENTIAL-AMPLIFIER 
CONFIGURATION) 

DIFFERENTIAL -•IIPLIFIER CONFIGURATION 
FREE-AIR TEMPERATURE ITFA) • 25•C 

: 25 

I 

.i.. ' 
•Ns`k..N.„. 

4: 

; 

"..L, 

H 

. 15 

- 10 

5 

10 100 
FREQUENCY(' 1- Mca 

peCI ..3510 

Fig. 8 

NOISE FIGURE AND POWER-GAIN TEST CIRCUIT 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) 

.CC 

vcc 
Pic,•.»ZO 

I 

Mc • 

CI 

pF 

G2 

pF 
LI 

oall 

L2 

.11 

30 5.40 1.5-20 1.2.2 1.2.2 

100 1.12 1-12 0.4-0.7 0.25.0.5 

• FOR POWER-GAIN TEST 

• FOR NOISE-FIGURE TEST 

Fig. 11 

NESATivE DC SIMPLY VOLTS IV(E) 

-xx 50 25 0 25 SO 75 00 5 

FREE-AIR TEMPERATUR 
RICS-.354 

QUIESCENT OPERATING CURRENT 

POSITIVE DC SUPPLY VOLTS roce. •4   
NFOATIvE DC Su, vOLTS IvEEI 

TERM NALS No. • II Mk 5 
COWS CTED OVre 

-- TERM MALI NA • Ple 5 OPEN 

Fig. 5 

QUIESCENT OPERATING CURRENT RATIO 

-as 50 25 0 25 50 /S 100 QS 

FREE AIR TEMPERATURE ITE61- .0 
stcs-.S. 

Fig. 6 

100-/Ac/6 NOISE FIGURE VS. TEE (CASCOOE 

CONFIGURATION) 

CASCO« CONE SURAT,. 
POSITIVE D SUPPLY VOLTS Iv cl• +4 
FREE ArR TOOPERATURE TF6 • 25% 
FMEQUENCY 1 00 14 
SOURCE ROUI TANCE R.) • 500 

REG IVE DC SUPPLY VOLTS (Veer 

Fig. 9 

••••••••••••••••• ::::: 

•••••••••• 

••••••• 

..... ••• 

00 Me/. NOISE FIGURE VS. V81 (DI 

AMPLIFIER CONFIGURATION) 

DIFFERENTIAL-ARIPLIFI R CONFIGURATION 
POSITIVE DC SUPPLY VOLTS 10,01• •• 
FREE-At« TEMPERATURE ITEM ere 
FREQUENCY 11/ MO 
SOURCE «MS MCC 1R 1 • SO 0 

Fig. 12 

YKS-133111, 

IAL 

ICS-11)1. 
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CA3005, CA3006 
COMMON-MODE REJECTION RATIO 

POS I 'OE DC SUP LV VO LIC, VA 

NEGATIVE OC UPP, VOL S 01, I 

FREQUENCY 10 • I A,. 

Fig 13 

75 50 25 0 25 SO 75 00 

FREE AM TEMPERATURE ITA.1— .0 

s 

olcs-.AS 

COMMON—MODE-REJECTION RATIO 

TEST CIRCUIT 

*GC RANGE TEST CIRCUIT 

,r0 

•" 0 00. 

PEE 
-AT 

IN POUT,. 
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CA3007 

AF Amplifier 

• Designed for use in Sound Systems and Communication Equipment 

• Balanced differential-amplifier configuration with controlled constant-
current source provides for both audio amplification and phase inversion 

• Built-in temperature stability for operation from -55°C to +125°C 

• Eliminates need for audio driver transformer 

• Companion Application Note, ICAN 5037 "Application of the RCA-CA3007 
Integrated Circuit Audio Driver" covers design of a dual supply audio 
driver in a direct-coupled audio amplifier, and a single supply audio 
driver in a capacitor-doupled audio amplifier 

• Supplied in the hermetic 12-lead TO-5 style package 

OPERATING-TEMPERATURE RANGE   35°C to •125°C 

STORAGE-TEMPERATURE RANGE   -65°C to •I50°C 

LEAD TEMPERATURE (During Soldering) 
At distance I/16 ± 1/32 inch (139 a 0.79mm) 
front case for 10 seconds man.   .265°C 

MAXIMUM SINGLE-ENDED INPUT. 
SIGNAL VOLTAGE   42 s V 

MAXIMUM COMMON-MODE INPUT. 
SIGNAL VOLTAGE   •23 V 

MAXIMUM DEVICE DISSIPATION   300 mW 

ELECTRICAL CHARACTERISTICS, et TFA 25°C. VEE • 6 V. VEE • - 6 V. 

CHARACTERISTICS SYMBOLS SPECIALTESTCONMTIONS 
Pm4NotComectecHWIen 

Offiewdebled 

TEST 
CIRCUITS 

Pg. 

LIMITS 

TYPE 
CA3007 

TYPICAL 
CHARAC-
TERISTICS 
CURVES 

Min. Typ. Man. Unds Fig. 

STATIC CHARACTERISTICS 

Input Unbalance Voltage Ulu 3 - 0.57 5 mV 2 

Input Unbalance Current II U 3 - 0.57 5 pA 2 

Input Bias *Met li 3 - II 34 b44 4 

Quiescent Operating 
Voltage Vg or V50 I - 0.87 - V s 

Device Dissipation PT 3 - 30 - mW NONE 

DYNAMIC CHARACTERISTICS 

Power Gain Gp I a 1Kcis 6 20 22 - dB NONE 

Total Harmonic 
Distortion TOO f a I Kc/s 6 NONE 

Input Impedance ZIN I a Ike/a 7 - 4Rt - n NONE 

Common-Mode 
Reed., Ratio CAIR 1 a Ike/a 

9(A) 
910)  - 77 - dB 8 

INPUT UNBALANCE-VOLTAGE & CURRENT, INPUT BIAS 

CURRENT, QUIESCENT OPERATING VOLTAGE, AND 

DEVICE DISSIPATION TEST CIRCUIT 

INS.M0 

RI and 02 matched to *1%. 

PT = VCCI9 • VEEI3 
1g a Direct Cuitent into Terminal No.9 

13 a Direct Current out of Terminal No.3 

Fio.3 

INPUT BIAS CURRENT va TEMPERATURE 

- 50 25 0 25 50 n oo us 
FREE AIR TEMPERS,. i  

mcs,mm 

fis.4 

HIGHLIGHTS 

• Input Impedance. . . . 4 kl typ. 

0 Output Impedance . . . 60 1/ typ. 

• Power Gain   22 dB typ. 

III Push-Pull Input U Output 

• Direct Coupling to Class e Audio 
Output Stage 

APPLICATIONS 

0 Audio Amplifier 

• Audio Driver 

SCHEMATIC DIAGRAM 

v• 

..... • val... are oton• 

Fig.1 

TYPICAL STATIC CHARACTERISTICS 

AND TEST CIRCUIT FOR CA3007 

INPUT UNBALANCE VOLTAGE AND CURRENT 

v. TEMPERATURE 

POSITIVE OC SUPP Y VO S V cl. +6 

«COSTIVE DC SUPPLY vOLTS IV 1 

- *3 50 2, 0 25 50 n on 
FACE AIR EMPERATuRE 1%1 -- .0 

125 

Fio.2 

QUIESCENT OPERATING VOLTAGE as TEMPERATURE 

- n uso 125 

FREE AIR TEMPERATURE 1T.1—.5 

fet1•.1.37, 

FIN-5 
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CA3007 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS, at TA 250 C 

Indicated voltage limits for each terminal cao be applied under the spec tried operating conditions for other terminals. 

All voltages are with respect to ground 1-'.'cc. •VEE. or common terminal of PositIve and Negative DC supplies>. 

TERMINAL 
VOLTAGE LIMITS CONDITIONS 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

I -2.5 .2.5 

2 
3 
6 
7 
9 
11 

0 
-6 
0 
" 0 
.6 
0 

2 -8 0 

3 
6 
7 
9 
II 

-8 
0 
0 
4 
0 

3 -10 0 

6 
7 
9 
II 

0 
0 
4 
0 

4 -8.5 0 

6 
7 
9 
11 

0 
0 
4 
0 

5 •2.5 .23 

2 
3 
6 
7 
9 
i I 

0 
- 6 
0 
0 
.6 
0 

6 3 0 

2 
3 
7 
9 
11 

0 
-6 
0 
.6 
0 

7 -2.5 .2.5 

1 
2 
3 
5 
6 
9 

0 
0 

-6 
0 
0 
4 

COMMON-MODE REJECTION RATIO Ta 

POSIT we oc sum. • vOLTsivce• 
amexTurc PC »Ma va. Sae 

+a 
I -4::=1112::::: 

ICUMMSUI 8::: 
ME 

iigig dillireleaniall 
...........••••• . . •...._ -_ 
iiiiiim":9111iiiiiiii! f • ... ii . • •• 
•••••••• • •-• • ••:••••• 

I 
• 
g 
.. • P. 

: 

. .01::: 

1•••: 

•••l . 

1::: 

IiiiiiMillIZErsj--11 

le.""WEEIreffisaird 

••• WM ........ 

•liiiinfireitrICL• 

MUZICE•r- quE: 

••• 0•C= 

_ ...... . 
-n 

PIKE - AIR TENPERATuRt 
Ins ',Ate 

Fi .8 

(A) Sing)e-Ended Diff iel Voltage Gain 

TERMINAL 
VOLTAGE LIMITS CONDITIONS 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

8 -2 0 

2 
3 
6 
7 
9 
11 

0 
-6 
0 
0 
4 
0 

9 0 •I0 

2 
3 
6 
7 

11 

0 
-6 
0 
0 
o 

10 -2 0 

2 
3 
6 
7 
9 
II 

0 
- 6 
0 
0 
.6 
0 

11 -2.5 .2.5 

1 
2 
3 
6 
7 
9 

0 
0 
- 6 
0 
0 
.6 

12 -2 0 

2 
3 
6 
7 
9 
II 

0 
-6 
0 
0 
.6 
0 

CASE INTERNALLY CONNECTED TO TERMINAL 
No.3 (SUBSTRATE) DO NOT GROUND 

TYPICAL DYNAMIC CHARACTERISTIC 

AND TEST CIRCUITS FOR CA3007 

POWER GAIN AND TOTAL JIARmONIC DISTORTION 

TEST CIRCUIT 

OCT -.02. 

T (Output Tranafeernet): 

Pommy Impedance -200011 C.T. 

Seconday Impedance .16 n 
Efficiency 45% approx. 

(STANCOR TYPE TA-100R EQUIVALENT) 

Fig.6 

INPUT IMPEDANCE TEST CIRCUIT 

Plp.7 

COMMON MODE REJECTION-RATIO TEST CIRCUITS 

Fig.9 

ycc 
• 6 y 

•6C‘V 

04! 

0,r 

0-0-1 

-•r 

COMMON-NO« REJECTION RATO 

OAR • 20 LOG. 

.A • SINGLE -DOE% VOLTA« WIN 

ID) Cannandeeda Voltage Gela 

OSCALOSCOPE 
*ITN 

MIGN-GAIN 
OPFERENTIAL 

INPUT 

1 

PECS-ISVIN 
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CA3008, CA3010, CA3015, CA3016, CA3029,CA3030, CA3037, CA3038 
Operational Amplifiers HIGHLIGHTS 

6 V TYPOS 12 V Tree. 

• Open-Loop Volta, Gem 60 70 de /re. 
6-VOLT TYPES 12-VOLT TYPES PACKAGE • Cerrenen•Med• Re,ecelen Rene 94 103 dB /ye. 

CA3008 CA3014 14-Lead Flee Peck • Clempo Imp•donc• 200 92 Si tyy. 
CA3010 CA3015 124.•.d TO-S Stela • Input 011tem Vol/et, I I mV D. 
CA3029 CA3015L Etaarn•Laad Detece • Static Pow., Drain et e 12 V 175 rnM rep. 

CA3037 CA3030 14-L•ad Pee., Dual Inelin• (T0/1161 / 6 V 30 30 mM ,Y, 

CA3038 14-L•ed Cerenne Dual IneLin•ITO•116) e 3 V 7 7 nell rep. 

• All types are electrically identical within their voltage groups 
• The CA3105 1. asalLible in.,waledipanyoun lacaneLe..d 

,. C1, 10111CA30151_, 1.0 turtle, intormation we I de 
No. 515. "licaniLtud Devicc, hi, Hybrid Cacuit 
Apple-Juan, 

• Designed for use in Telemetry. Data-Processing. Instrumentation. and 
Communication Equipment 

• Built-in temperature stability from -55°C to 12.5°C for flatgrack. TO-5 
style, and ceramic dual in-line packages: 0°C to -,70°C far plastic dual 
in-hoe package 

• Companion Application Notes ICAN-525(t.••lietergated CircintOperational 
Amplifiers", ICAN-5213,"Application of the RCA-CA3015. CA3016 In-
tegrated Circuit Operational Amplifiers". and ICAN-5015. "Application 
of the WA-CA31X114. CA11010 Integrated ('iteuit Operational Amplifiers" 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, TA v 2ec 
Voltage or current limits ehown tor each terminal can he applied under the indicated 

vottage or other circuit conditions for other ermine].) 

All voltages are wi h respect to ground I common terminal of Positive and Negative DC Supplies/ 

Terminal Voltage or Current 
LIMIIS Circuit Conditions 

CA3010 

CA3008 

CA3029 

CA3037 

Nega- 
live 

Post-
live Terminal Voltage 

12 1 DO NOT APPLY VOLTAG FROM AN EX• 
TERNAL SOURCE TO THIS TERMINAL 

CA3008 
CA3029 

CA3010 CA3037 

I 2 -8 V 0 V 4 6 -8 
10 13 .6 

1 2 0 

2 3 .4 V •I V 3 4 0 
4 6 -6 
10 13 .6 

I 2 0 

3 4 -4 v .1 v 2 3 0 
4 6 -6 

10 13 •6 

5 NO CONNECTION 

4 6 -10 V DV 1 2 0 
10 13 +6 

7 NO CONNECTION 

5 8 DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

6 9 DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

7 ID o v •7 V 
1 
4 

2 
6 

0 
-6 

10 13 •6 

8 11 DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

4  
10 

6 
13 

-6 
I .6 

9 12 30 mA 200 Q Between Teiminals 
6 I 1 (CAME. 
CA3029, CA3037) 
4 8. 9 (CA3010) 

ID 13 0 V +10 V 1 2 0 
6 -6 

1 2 o 
II 14 0 V •7 V 4 6 -6 

10 13 +6 

Inter ally con ected to Terminal N -4, 
CASE CA3010 (Subs late) DO NOT GROUND 

CA3008 CA3010 
CA3016 CA3015 
CA3037 CA3038 

OPERATING TEMPERATURE RANGE .. -55°C to •125°C 
STORAGE TEMPERATURE RANGE.... -65°C to +150°C 

Terminal Voltage or Current 
LIrmts Circe Conditions 

CA30.15 

CA3016 

CA3030 

CA3038 

Nega- 
live 

Posi. 
tive Ter mina I Voltage 

12 1 DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

CA3016 
CA3030 

CA3015 CA3038 

I 2 -16 V 0 V 4 6 -16 
10 13 .12 

1 2 0 

2 3 -8 V .1 V 3 4 0 
4 6 -12 

10 13 .12 

1 2 0 

3 4 -8 \4 .1 v 2 3 o 
4 6 -12 

10 13 •12 

5 NO CONNECTION 

4 6 -20 V 0 V I 2 o 
10 13 +12 

7 NO CONNECTION 

5 8 DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

6 9 DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

I 2 D 
7 10 0 V •14 V 4 6 -12 

10 13 .12 

8 u DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

4 6 -12 
10 13 +12 

9 12 30 mA 400 s-/ Between Terminals 
6 8 12 CA3016, 
CA3030, CA3038 
4 8 9 (CA3015) 

ID 13 0 V +20 V I 2 o 
4 6 -12 

I 2 0 
II 14 0 V •14 V 4 6 -12 

10 13 .12 

CASE 
' Internally con toted to Teimmal No.4. 

CA3015 (Substrate) DO NOT GROUND 

CA3029 CA3016 CA3015 
CA3030 CA3030 CA3038 

40°C to 445 ,c MAXIMUM SIGNAL VOLTAGE  -11V to +I V 
-65°C to +150°C MAXIMUM DEVICE DISSIPATION   600 mW 

CA3006 CA3010 
CA3029 CA3037 

AVto .1 V 
300 mW 

APPLICATIONS 

• Nemew-Bend teed Bane • Otedlo.• 

Ampere.« • Compare.. 

• 0 00000 meal Funenens • Serve Dever 

• F•adbeek Amplelear • Seen, Adder 

• DC and V.dee Amplele•r • Balancetd 

• multivib  Modulo/eel:Giver 

SCHEMATIC DIAGRAMS 

CA3008 
CA3016 

CA3029 

CA3030 

CA3037 

CA3038 

60111STRAX 

CA3010 

CA3013 

Fig.1 
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CA3008, CA3010, CA3015, CA3016, CA3029,CA3030, CA3037, CA3038 

ELECTRICAL CHARACTERISTICS et TA = 25°C 

Charactenstics Symbols 

Special Test Conditions 
Terminal No.8 (CA3008. 
CA3016, CA3029, CA3030, 
CA3037, CA3038) 

Terminal No.5 (CA3010, 
CA3015) Not Connected 
Unless Otherwise Specified 

Test 
c„, 

cult 

CA3008 
CA3010 
CA3029 
CA3037 

CA3016 
CA3015 
CA3030 
CA3038 

Units 

Typrcal 
Chirac-
tenstic 
Curves 

Fig. Min Typ Max Min Typ. Max. Fig. 

STATIC CHARACTERISTICS' 

Input Offset Voltage V10 VCC = .6V. VEE = -6V 
= •12V = -12V 

4 1.08 5 
1.37 5 

mV 2 

Input Offset Current 110 = = .6V -6V 
= •12V = -12V 

5 0.54 5 
1.07 5 

r.A 1 

Input Bras Current 
Ile 

= = .6V -6V 
= .12V = -I2V 

5 5.3 12 - 
9.6 

- 
24 

r.rA 3 

Input Offset Voltage 
Sensrtrvity. Posrtive 

Negatrve 

AVI0 >VCC 

AV10/MEE 

= +6V = -6V 
= •I2V = -I2V 

= +6V = -6V 
= •12V = -12V 

4 
• 

0.10 

0.26 

I 

I 

• 
- 

0.096 

• 
0.156 

- 
0.5 

- 
0.5 

mV'V none 

Device Dissipation Po 

= .6 V = -6 V 
= •12V = -12V 

4 

30 
175 

mW none T shorted to rj-1 VCC = .6V 
VEE = -6V 

8 shorted to 12 VCC ' •12V. 
VEE = -12V 

102 

500 

DYNAMIC CHARACTERISTICS: All tests al I = I kHz except BWOL 

Open-Loop Differential 
Voltage Gain 

AOL 
Vcc = .6V. VEE . -6V 

. .12V = -I2V 
8 57 60 

66 70 
dB 687 

Open-Loop Bandwidth 
at -3 dB Point BWOL 

. +6V = -6V 
= •I2V . -I2V 

8 200 300 
200 320 

' kHz 6 8 7 

Common-Mode Rejection 
Ratio 

CUR VCC = •6V, VEE = -6V 
= •12V = -I2V 

jj 70 94 
80 103 

dB 12 

Maxlmum Output-Voltage 
Smog 

vo,p.. /s) = .6V = -6V 
= •I2V = -I2V 

8 4 6.75 . 

12 14 
Vp.p 9610 

Input Impedance ZIN =  +6V =-6V 
=.I2V = -I2V 

14 ID 14 
5 7.8 

1,1-2 13 

Output Impedance ZOUT = .6V = -6V 
= .12V = -I2V 

is ZOO . 

92 
15 

Common-Mode 
Input-Voltage Range 

VER 
=.6V = -6V 

= .12V = -I2V 

ci.s 

o 65 
to 
-8 

V none 

LEAD TEMPERATURE (During Solde intl. 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79rnm) 
from case for 10 seconds max.   +265°C 

TYPICAL STATIC CHARACTERISTICS AND 

TEST CIRCUITS 

INPUT OFFSET VOLTAGE AND CURRENT 

-25 50 25 0 25 50 25 100 [25 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038: 
Italic Numbers in Square Boxes are for CA3010, CA3015 

INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT 

CS• 

Fig.4 

14,ocedLns, 

Inn.' Offs•r Voltage 

1. Adjust VE (01 a DC Output Voltage (Vouy) of 0 o 0.1 volts. 

2. Measure VE and record Input Offset Voltage M millivolts as 
VE -1000. 

Input Otis., Voltog• Sensitivity 

1. Adiust Vg for a DC Output Voltage (Vouy) oro r 0.1 volts. 

2. Increase I VcC I by 1 volt and record output voltage (VouT). 

3. Decrease I Vcc I by 1 ,,It and record output voltage (VOUT)• 

4. Drink the dderence Devises VouT measured In steps 2 and 3 by the 
change in °cc on steps 2 and 3. 

Vcvy Youl" (Step 2) • VOUT (Step 3) 

VCC 2 volts 

5. Bete, tripe reading to Use Input by dIvIdIng by Open Loop Voltage 
Gain (AOL)-

Vio/Vcc = 
Y00-1-/YCC 

AOL 
6. Repeat procedures I through 5 tot the NegatIve Supply (VEE). 

7. Device Disswation 

PT = Vccle • VEEIE 
IC = Digect Current into Teteunalae 
1E = One« Current Out of TerrninalOor L,j 

5 100 125 
MOEN, TE.O.ATURE - • c 

evc f -,4029 

Fig.2 

INPUT BIAS CURRENT 

•200ENT TE1.04.02112 - C 
92cs - ves52 

Fig.3 

INPUT OFFSET CURRENT AND INPUT BIAS CURRENT 
TEST CIRCUIT 

.0 
1.1 

5 

IVE 2 0 

IV:5 A1,54 

FIg.5 
Procedure: 

Input Bios Currant end Input Offset Current 

1. Adjust VE ro. 'VOuT 0.1 V DC. 

2. Measure and record VE and V154, 

3. Calculate the Input Bias Current using the following equation: 

V154 

114 - 
100 kçr 

4. Calculate the Input Offset Current using the lollowIng equatIon, 

Iro = VE 100 kfi 
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OPEN-LOOP VOLTAGE GAIN vs. FREQUENCY 
FOR CA300âMelé313Cof 15, CA3016. 

V
O
L
T
A
G
E
 G
AI
T 
1
.
0
0
-
.
1
0
 

S
 
ea
 

 

POOTNE 

NEGATIVE 

SOuRC 

TERMINAL 

OC OPAL/ 

OC SuPPLY 

R SISTANCE 

NA 

VOLTS 

1R.1•1012 

IM OPEN 

IVCCI 

VOLTS Oral 

•29•C 

AMINE 1 TEVERATUM ITO• SS C 

§ 
150 

ao 

r Vcc••12V 
,te ....v 

g 
lo 

I 
o_ 

uzsec 

0001 001 Ni 
mealier itt—seir 

Fig.6 

CIO 

12 S S• 

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 OPEN-LOOP DIFFERENTIAL VOLTAGE GAIN, 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE, 

AND OPEN-LOOP BANDWIDTH AT —3 dB 

POINT TEST CIRCUIT 

OPEN-LOOP VOLTAGE GAIN vs. FREQUENCY 

FOR CA3029 AND CA3030 

O
P
E
N
-
L
0
0
1
.
 V
O
L
T
A
G
E
 
GA
IN
 
1
A
0
1
1
4
5
 

O
 

 

POS TY., OC SW." 
NEGATIVE oc sum, 
SOURCE RESISTANCE 
TERMINAL NAN OPEN 

VOL S 1Vcc) MOO« 
emu Ivey ITO 25.13 

INN) RA 

• .111 

• 
Val.12 

IVcc)••6 
1VE I -6 

000 001 01 CO 
FREQUENCY III-1111. 

Fle.7 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE we. LOAD RESISTANCE 
FOR CA3006, CA3010, CA30IS, CA3016, CA3037, CA3030 

O 02$ OS CEIS I r2:1 13 123 

LOAD RESISTANCE 1R.)-11 Owl 120-.411 

F19.9 

0201.1•••• 

o 
LOAD RESISTANCE1110-11011•1 •SCR. M4 

(b) 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 

Italic Numbers in Square Boxes are for CA3010, CA3015 

COMMON-MODE REJECTION RATIO AND COMMON-MODE 
INPUT-VOLTAGE-RANGE TEST CIRCUIT 

vcc 

Procedures: 

Common-med. Rejection Reno: 

I. Set VEIA$ • O. Adjust VE Its VOUT(DC) Y 0 ± 0.1 V. 

2. Apply 1-kHz elnusodiel input signal and adjuet IN. Vs Y 0.3 V 
1914G)-

3. Measure and record the RUG value of V0 T- An oscilloscope is 
used for this measurement so that the output signal may be visu-
ally seperated.from noise output. 

4. Calculate Common-Mode Voltage Gain: 

ACM VOUT/VS 
AEm In dB Y. -20 LOCI° Vs/VouT 

5. Calculate Common-Mode Rejection Ratio: 

CUIR in dB = ADIFF In - Aced in 68. 

Common-Mode Inpur•Volroge Renee: 

I. Calculate and record CMR for various positive and negative values 
of Val j As within the maximum limits Shown on Page 2. The Corn-
mon-Mode Input-Voltage Range limits are those values of V BIAS 
at which C Is 6 dB less than that calculated in Step 5 or the 
procedure given above. 

MR  

Fig.I I 

Vcc 

v toe 

stcs-noss 

Procedure: 

1. Adjuit VE 1w Vorry 0.1 V DC. 

2. ?Amore Open-Loop Differential Voltage Gain (A0E) at f I NNE. 

AoL Y 20 Lveui • ,;:ii,j4V 

3. Measure Maximum Peak-to-Peak Output Voltage at f I ARE, 

4. Measure Open-Loop Bandwidth at -3 dB Point. 

Reference Level = AoL at I Ms. 

F ip.8 

MAXIMUM PEAK-TO-PEAK OUTPUT 

VOLTAGE vs. LOAD RESISTANCE 

FOR CA3029 AND CA3030 

•C 
vOLT NE TER 
 urE 
TYPE II  

OR 
EOU,vALENT I 

• 0., OISS0 

PON rvE OC URAL, VOL IVccl 
NEGAT SE OC u.1., VOLTS Ire() 
TERMINAL No 0 SNORTEO TO TERMINAL Mr 12 

o 025 aso oes I Las tIo 175 E 

Lee aSsismecc111,1-012 NEON 400 

(A) 

»ENE OC SUPPLY VOLTS Oiccl 
NEGATIVE DC SLIMILY VCR'S 1041 
TERA1INAL No II OPEN 

F10.10 

COMMON-NODE REJECTION RATIO v.. FREQUENCY 

20 

11.2CS 1410 

POSITIVE 0 SOP l VOLTS IVc / 
NEGATIVE OC SIAML VOLT IVEE) 
AMINENT T 14P RA RE IT. • •C 
TERMINO.. I SOVEV 

10) 

00 .1.. 

1 VCC •I V 

VI I 
61i eo 

.9. 
,0 

•riv 
r11:-ev 

2 r . 
la of 

SO 

40 

OOP 00 01 1 

FREQUENCY co— eau 

Fig.12 

NICO 

/XS - 
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CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles we for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are for CA3010, CA3015 

SINGLE•ENDED INPUT IMPEDANCE v . TEMPERATURE 

POSIT VE OC SUPPLY VOLTS V0 c)  
NOUA IV OC SUPPLY VOLTSIVEE1 
FREQUENCY ti. IOU 

-rs -50 -25 0 25 SO 75 
AJMENT itsPCSAIOst tis)—•7 

Fig.13 

100 I» 
PICS-0•30 

fetid -14.115, 

SINGLE•ENDED INPUT IMPEDANCE TEST CIRCUIT 

vcc 

Fie 14 

OUTPUT IMPEDANCE TEST CIRCUIT 

vcc 

Procedure: 

S. With S2 in position (c). adjust VE for VouT(DC) = St 0.1 volt. 

2. With SI n pOSitiOn (a/. and s2 in position id). mad VouTi(rwS)• 

3. With Switch Si in position (0),and 52 in position idhadjust RI. until 

VOUTI(rms) 
Pie.16 VouTzions) -  2  Record value of RL as Zour. 

ITPUT IMPEDANCE n. TEMPERATURE 

-SO -75 0 75 SO 75 
MCAT TEMPERATURE ITA)-- .0 

100 es 

PECI-AUS 

•C 
VOLTMETER 
 IRE 
TyPE 31,1 

EN. 
EQUIVALENT) 

Fia.1S 
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CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 
CA3030A, CA3037A, CA3038A 
Operational Amplifiers HIGHLIGHTS 

6V Types 12V Types 
6-VOLT TYPES 12-VOLT TYPES PACKAGE 

CA3008A CA3016A 
CA3010A CA3015A 
CA3029A CA3030A 
CA3037. CA3038A 

14-Lend Flat Pack 
12-Lead TO-S Style 
14-Leed Plastic Duel In-Line (TO-116) 
14-Lead Ceramic Dual In-Line (T0-116) 

• These new types have all the desirable features and characteristics of 
their prototypes plus lower noise rupees and improved input character-
istics fa offset voltage:, offset current, bias current, and impedance. 

• 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 -55°C to 0125°C for Flatpack. TO-5 
style, and ceramic dual in-line packages, 0°C to .70°C for plastic dual 
in-line package 

• Companion Application Notes ICAN-5290, "Integrated CircuitOperational 
Amplifiers"; 1CAN-5213,"Application of the RCA-CA3015. CA3016 In-
tegrated Circuit Operational Amplifiers"; and 1CAN-5015. "Application 
of the FCA-CA3008, CA3010 Integrated Circuit Operational Amplifiers" 
cover Bale characteristics, phase compensation. frequency shaping, and 
amplifier design. 

CA3008A 
CA3016A 
CA3029A 
CA3030A 
CA3037A 
CA3038A 

Fia.1 

SCHEMATIC DIAGRAMS 

• Open-Loop Voltage Gain   60 70 

• Common•Node Reiection Ratio   94 103 

• Input Impedonce   20 10 

• Input Offset Voltage   0.9 1 

• Input Offset Current   0.3 0.5 

• Input Bias Current   2.5 4,7 

• Static Power Drain at 12 V. . 175 

ot 6 V .. 30 30 

at 3V 7 7 

APPLICATIONS 

• Norrow-Bond and Band. • Oscillator 

pass Amplifier 

• Operational Functions 

• F•edback Amplifier 

• DC and Video Amplifier 

• litulfivibrotor 

ELECTRICAL CHARACTERISTICS or TA - 25°C 

• Comparator 

• Servo Driver 

• Scaling Adder 

• Balanced 

Nodulator.Driver 

dB typ. 

dB typ, 

k try 
InV typ. 

typ. 

typ 

fnW typ. 

fnW typ 

inW typ. 

Characteristics Symbols 

Special Test Conditions 
Terminal No.8 (CA3008A, 
CA3016A. CA3029A. CA3030A. 
CA30376, CA3038A). 

Terminal No.5 (CA3010A. 
CA30(56) Not Connected 
Unless Otherwise Specified 

Test 
Cr- 
cuit 

CA3008A 
CA3010A 
CA3029A 
CA3037A 

CA30I6A 
CA30I5A 
CA3030A 
CA3038A 

Units 

Typical 
Chain-
teristic 
Curves 

Fig. Min. Typ. Max. Min. Typ. Max. Fig. 

STATIC CHARACTERISTICS: 

Input Offset Voltage VIO VCC = 4V. VEE . -6V 
..12V = -I2V 

4 • 0.9 2 . 
mV 2 

Input Offset Carient ent 110 . = .60 -6V 
. •I2V = -I2V 

0.3 1.5 • 
0.5 1.6 

2 

Input Bias Current 1IB 
= .6V = .6V 
= •I2V = •I2V 

3 

Input Offset Voltage 
Sensitivity: Positive 

Negative 

:9110 AVCC 

AV10 CEO 

=.6V = -6V 
. .12V = -I2V 

4 
= .6V = .6V 
- I2V - -12V 

0.10 

0.26 

I 

I 

- W096 

0.156 

05 

0.5 

mV V none 

Device Dissipation Po 

. .6 V .5 13 
- .12V - •12V 

4 

40 • 
- 

- 
175 

• 
• 

rnW none 8.shoded to • 8 VCC ' .6V 
VEE = '6V 

8 shorted lo 12 VCC ' • I2V. 
VEE ' -I2V 

. 

' 

102 

- 500 

DYNAMIC CHARACTERISTICS: All tests al 1 . I kHz except BWOL ' 

Open-Loop Differential 
Voltage Gain AOL 

VCC = .60. VEE. -6V 
= •I2V - •I2V 

8 57 60 • 
66 

- 
70 • 

013 68, 7 

Open-Loop Bandwidth 
at .3 dB Point BWOL 

. .6V . 6V 

. • I2V - I2V 
8 200 300 • 

200 
- 

320 • 
kHz 68 7 

Slew Rate SR VCC = .6V VEE - .60 
- •I2V , •I2V 

Rs - 
I IC/ 

none - 3 
- 7 

V ..s none 

Common-Mode Remotion 
Ralw 

CMR VCC = .6V. VEE = -6V 
. •12V . -12V 

II 70 

4 

SF -' 
• 80 103 - 

dB 12 

Maximum Output-Voltage 
Swing 

vo pi4x) t +6V = -6V 
x •120 . -12V 

8 6./5 
12 14 

V P-P 9 8 10 

Input Impedance ZIA x .6V ,• -6V 
• .I2V . •12V 

14 15 20 
• 

- 
• 7.5 

- 
If 

- 
• 

k; . 13 

Output Impedance ZOUT x •6V - -6V 
. •I2V = -I2V 

is - 160 • 
85 

- 16 

Common-Mode 
Input-Voltaire Range 

V K8 
x •60 . -6V 

= •12V . -I2V 
II 

.0.5 

'4 

• 

- 
' 

.0.65 
-8 

V none 

Noise Figure NF 

VCC = +3V . VEE x .3V 
= .6V x -6V 
=.9V x -9V 
= .12V x -12V 

Rs . 
I Id( 

18 
- 
- 
- 
• 

6.3 
8.3 
• 
• 

9 
12 
- 
- 

• 
- 
- 
- 

6.3 
8.3 
10 
II 

9 
12 
14 
16 

dB 17 

LEAD TEMPERATURE (Donny Solde in): 
At distance 1/16 1/32 inch 11.59 ± 0.79mm) 
from case for 10 seconds max.   .265°C 

ALL TYPES 
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CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 
CA3030A, CA3037A, CA3038A 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, TA = 25°C 
Voltage or',wen, Idiots shown for each terminal -on be aspired under the indicated 

voltage ne other rircurt condition, for other 'enema'', 
All voltages ore wIth respect to ground (common I rm,nel of Poeorve and Sea/Hive DC Supplies/ 

Term ina I Voltage or Ciment 
LonliS ClICIal Conditions 

CA3010A 
CA3008A 
CA3029A 
CA3037A 

Mega. 
live 

Fosr. 
Ice Tenernal Voltage 

12 I DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

CA3008A 

CA3010A 
CA3029A 
CA3037A 

1 2 -ov ov 4 6 -8 
io 13 • 6 

1 2 0 

V •1 V 3 4 0 
4 6 G 
10 13 4 

I 2 o 

3 .4 V -I V 2 3 0 
4 6 G 
10 13 .6 

5 NO CONNECTION 

4 6 lov ov I 1 o 
io 13 4 

7 NO CONNECTION 

5 
8 Depalmi SOURCE. vOgiAimEISFTeliMUAELX . 

5 
8 %TA APPLY VOLTAGE gsFeeliZELX. 

1 2 0 
7 10 OV •7V 4 6 -6 

10 13 .6 

8 11 DO NOT APPL VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

4 I 8 -6 
10 13 •6 

9 12 30 mA 200 . Between Terminals 
6 & 12 ICA3008A 
CA3029A. CA3037.31 
a 1 9 rCA3010A1 

10 13 0 V .10 V l 2 0 
4 6 6 

1 2 0 
11 14 OV •Ilf 4 6 -6 

10 13 4 

Internally connected to Terminal No.4 
CASE CA3010A Substrate, DO NOT GROUND 

CANOSA CA3010A 
CA3016A CA3015A 
CA3037A CA303gA 

Terminal Voltage Or Current 
Louis Circuit Conditions 

CAIOISA 
CA3016A 
CA3030A 
CA3038A 

Mega- 
tot 

P031. 
tot Terminal 'Voltage 

12 I DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

CASOS RA 
CA3030A 

CA3015A CA3038A 

1 2 -16V OV 4 6 .16 
10 13 .12 

1 2 o 

2 3 .8 V .1 V 3 4 0 
4 6 -12 

10 13 .12 

1 2 0 

3 4 -8 V •1 V 2 3 o 
4 6 -12 
10 13 .12 

5 NO CONNECTION 

4 6 -20 V 0 V I 2 o 
10 13 .12 

7 NO CONNECTION 

5 8 DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

6 9 DO NOT APPLY VOLTAGE FROM AN EX. 
TERRAL SOURCE TO THIS TERMINAL 

I 2 0 
7 10 0 V • i 4 V 4 6 -12 

10 13 .12 

8 II DO NOT APPLY VOLTIO FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL 

4  6 -It 
10 13 I .12 

9 12 30 mA 400, Between Terminals 
61 12 CA3016A. 
CA3030A, CA30MAI 
40 9 ICA3015A1 

10 13 XV .200 I 2 0 
4 6 -12 

1 2 o 
IS 14 0 V •14 V 4 6 -12 

IX 13 al? 

Inte nally COnnecled 10 Terminal NO.4. 
CASE CA3015A ISO 101141 DO NOT GROUND 

CA3029A CA3016A CA30I5A 
CA31330A CA31130A CA303IA 

nec 10 40t MAXIMUM SIGNAL VOLTAGE  .8lirto•IV 
-65 °G 10 •150°C MAXIMUM DEVICE DISSIPATION   600 mW 

OPERATING TEMPERATURE RANGE .. -558C to .125°G 
STORAGE TEMPERATURE RANGE. ...69C to .200°C 

INPUT OFFSET CURRENT AND INPUT BIAS CURRENT 
TEST CIRCUIT 

`Yc 

CA3006A CA3010A 
CA3029A CA3037A 

.1010•10 
300 el 

Procedure: 
Input Glee Cement and Input Meet Cunent 

S. AdJuct VE IVOUT I e 0.1 V DC. 
2. Muffle and record VE and 
3. Calculate the Input Bias Crurent using the following equation: 

114 loo kû 
4. Calculate the Input Offset Curent using the folk:wring equation: 

= VE/I00 iiÇI 

TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles we for CA3008A, CA3016A, 

CA3029A, CA3030A, CA3037A, CA3038A; 

Italic Numbers in Square Boxes are fw CA3010A, CA3015A 

INPUT OFFSET VOLTAGE AND CURRENT 

0444 >44144 

F19.2 

INPUT BIAS CURRENT 

as 

eosin« OC SUPPLY VOLTS IraQi 
14COATIVIL DC SUM" WW 1, IV« ••••••••••••••••••••• 

•••••••••••••••••••••::::::: ................ 

••••••••••••••••••••••••••••••••••••••• ..... 

•••••••••••••••••••••••••••••••••••••• ...... 

..... 

•••••••,. 

••••••••• • .... 

-r3 -50 -ra o an 30 en MO mS 
•1404441T TOPC11.100 1%)-•C 

41411-.4444 

Fle.3 

INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT 

PIg.4 

Preeedunt: 
Input Whet Volteue 

I. Adjust VE for a DC Output Voltage (VouT) of 0 4 0.1 volts. 
2. Measure VE and recited Input Offset Voltage In millivolts as 
VE 5000. 

lop., Offset Voltage Sensitivity 

I. Adjust VE feu • OC Output Voltape (VouT) of 0 t 0.1 volts. 
2. IncresSe I VCC by I volt and coved output voltage (VouTl• 
3. Dec, ease I 3/cc I by I volt and tossed canput voltage (VouT)• 
4. Olvtde the dIferance between VouT measured in Mops 2 and 3 hydra 

change in Voo In steps 2 and 3. 

VouT VOUT (Step 2) - VouT (Step 3) 

VCC 2 volts 
5. Refer tit reeding to the input by dividing by Open Loop Voltage 
GM. (BOO • 

VouT/VCC 
vuolvcc 

R. Repeat procedures 1 through 5 for the Negative Supply (VEE). 
7. Device Dissipatron 

PT VCOIC VEEIE 
IC = Direct Current into Terminal 13 or 
IE • Direct Current out of Terminal 6 04 
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CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 
CA3030A, CA3037A, CA3038A 

OPEN LOOP VOLTAGE GAIN v• FREQUENCY 
FOR CA3008A, CA3010A, CA3015A, CA3016A, 

CA3037A, CA3038A 

1 i 

POSITIVE OC SUPPLY VOLTS "cc) 
NEG. vE OC Sun, vOLTS ivee 
SOUK RESISTANCE ITe•,« A 
TERMINAL No OM OPEN 

1 ' e  60 
e 

 *2S•C 

so 
f sneer, TEMERATURE Ire 66 C 

40 
recc• 
vu• 

1214 
Iry 

Y e 
20 g 

10 

o 
l .125n 

604 oe 
FREcrueer 10—(04. 

Fip.6 

mo 

•MS-144.4 

OPEN LOOP VOLTAGE GAIN v.. FREQUENCY 
FOR CA3029A AND CA3030A. 

O
P
E
N
 -
1.
00
. 
V
O
L
 T
A
G
E
 
G
A
M
,
 
A
q
.
1
 -
 
0
 B
 

lo 
_
3
_
  

3
 

3
 

3
 

g
 

 

POS TlvE DC SUPPLY VOL S 1,,,,, AMBIENT TONER.. 
NEGATIVE 0C WP_t mXis e2g1 ITA1 29.0 
SWALE RESISTANCE IN I I Da 
TERMINAL Ne e OPEN 

• (BCC •NE 
• vaN-I2 

• NO... 

•• uI1uisui••uiu 

0001 0 CA Or Kb) 
FREOBENCT if I —w144 14464 

Fig.? 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE 
FOR CA3008A, CA3010A, CA3015A. CA30I6A, CA3037A, CA3038A 

0 025 05 on I 20 15 In 2 
LOAD RESISTANCE 11.0— arts 

nosene DC SNARLY VOLTS NEE) 
NEGATIv DC Son, VOLTS PEW 

• Fj s re«TED TO 

IN) 

PO I IV, DC SLOP • VOLTS Pkcl 
MEG T VS OC SUPPLY VOLTS ITs,1 
EP(IMILL .6 0 one 

Ulm 
••••••••• 
••••• 

................. 

ve • I2V 
Ves -QV 

O S RO 
LOAD RESISTANCE MO— I( Dom 

F41.9 lb) 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE re. LOAD RESISTANCE 
FOR CA3029A AND CA3030A 

RON NE DC WANLY KILTS Ivoc) 
NEGA vE DC SNARL vOLTS vEE, 
TERNINAL Ne SNORTED TO TERNINAL 014 It 

0 Cie] 050 005 125 zoo 1.76 
LOAD RESISTANCE (n)—OR 

(0) 

444.0 LOAD RESESTATKE lI—k OHMS 

COMMON-MODE REJECTION RATIO AND COMMON-MODE 
INPUT-VOLTAGE-RANGE TEST CIRCUIT 

11cc 

rif.H 

OPEN-LOOP DIFFERENTIAL VOLTAGE 
GAIN, MAXIMUM PEAK-TO-PEAK OUT-
PUT VOLTAGE, AND OPEN-LOOP BAND-
WIDTH AT —3 POINT TEST CIRCUIT 

4241-.4.54 

Proc•dure, 

1. Adjust VE for VouT = 00.1 V DC. 

2. Menu, e Open-Loop Differential Voltage Gain (A00 at f = I We 

AoL = 201-0810 sr,:1:14VT 

3. Measuie Maximum Peak-to-Peak Output Voltage at f = I kHz 

4. Measuie Open-Loop Bandwidth at -3 dB Point 

Releience Level = AoL at 1 kHz 

F e.8 

Procedures: 

Cemmon-Mode Rejection Retie: 

I. Set Vtotits = O. Ach.:t VE fa vouvoc) = o o.i v. 
2. Apply 1-kHz sinusodial input signal and zdjust for Vs Y 0.3 V 
(Re). 

3. Measure and record the Re value of V0 -r- An oscilloscope is 
used for this measuiement so that the oufput signal may be visu-
ally separated.horn noise output. 

4. Calculate Common-Mode Voltage Gain: 

ACM = VOUTA'S 
ACM in 48 ="2,1-0G10 VSÍVOUT 

5. Calculate Common-Mode Rejection Ratio: 

CMR in OR = ADIFF in OR - ACM in dB. 

Common-Node Input-Voltage Range: 

I. Calculate and record CMR for ve ¡Gus positive and negative values 
Of V2mAs within the maximum limits shown on Page 2. The Corn-
mon-MMe Input-Voltage Range limits are those values of VBIAs 
at which CMR is 6 dB less than that calculated in Step 5 of the 
procedure given above. 
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CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 
CA3030A, CA3037A, CA3038A 

COMMON-MODE REJECTION RATIO Ys. FREQUENCY 

POSOWE OC SuPPL, VOLTS (Vcc, 
NEGATI E OC SUPPL VOLTS Iv / 
AMON, T APERATURE IT,. •2 *c 
TERIANAL No 11 El ono. 

lllllllltlllll 

•12 v liiic 
EV 

liii 

lo
oe
 o
 

,
 co
o 

3
 
 

VCC •.ry 

•uuIII•uuIu.III.uII lull 
OOP 00. 01 

FREQUENCY (11—NN. 

Fip.12 

.0 IOC) 
ITCS-LoOSt 

SINGLE-ENDED INPUT IMPEDANCE YD. TEMPERATURE SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 

e 

emn 

35 

is 

POSITIV O eat,' VOLTS (Vcc) 
NEGATIVE OC SLPPL VOLT lv,t) 

•••  
••• • ••• •••M••• ...... • •••••••••• 
•••••• ............... •••••:••• ••••••••••••• 

•••••••••••••••••••••••••••• .••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••• 

•••••••••••••:••••••••••• .o••••••••••••• .••••• 

 , ............. .•••••••••• 
  •••••••••••••.••••••••••• 
 ....... •••••••••••••••••••••• 
.••••••«I•••••••••••••••••••• 

.•••••••••••••••••••••••••••••••• 
...... ••••••••••••••••••••••••••• 
• •••-• ••••• 

.. ...... •••••••• 

-P3 -50 -25 0 25 50 75 100 125 

6141100 TOAPERATLAn C S- • 

Fi.. 13 

In, .51 

vcc 

F 4..14 

OUTPUT IMPEDANCE TEST CIRCUIT 

s'tc 

Proc•dure: 

1. WO S2 in position (c), adjust VE for Vuuy(DC) =U n 0.1 volt. 

2. With Si in position (a), and 02 in position (0), record VouTi)tms). 

3. With Switch 01 in position (0) and 53 in position id) adjust RL until 

Fio.15 vouT il,ms) 
VouTp.s1 -  Record value of RL AS ZOUT. 

2 

-TS -50 -25 0 25 50 TS 100 125 

APOPENT TEAK., uRE ,T./— c S 1411S0 

NOISE FIGURE IS. FREQUENCY 

POSITIVE OC SUPPLY VOLT IV, I 
NEGAT vE OC sunny va s lVI 
SPACE RESISTANCE...A Ow 

5 

'op 

OUTPUT IMPEDANCE Ya. TEMPERATURE 

Fip.16 

woo 
FREOUENCY —11, 

THESE CURVES 00 NOT 
•PPLY FOR 6-VOLT UNITS 
C.A3008A.CA30,0A CA302SA 
CA3037A1 

Fig.17 

.0000 

St" -14.2 
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CA3011, CA3012 

Wide-Band Amplifiers 

FEATURES & APPLICATIONS 

• encoptionally high amplifier goon: • «calla«, limiting characteristics - 

pow•r gain at 4.5 MIA - 75 dB typ. Input limiting voltage (knee) = 

soov typ. ot 10.7 PAHE 

• wid• Ir•guency .capability - 

100 liNt to 20 1,111, 

• supplied in the hermetic 10-lead 

TO-5 style package 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT TA = 25° C 

Indicated voltog• limits for •och t011111.1 con be applied under the spocified voltage 
conditions for otfl•r terminols. All voltog•s ore with respect to ground (Terminal 8). 

NOTE: TERMINALS R. T. AND 9 OF RCA-CA3011 ANO CA3012 ARE USED FOR INTERNAL 
CONNECTIONS. DO NOT APPLY VOLTAGES OR MAKE EXTERNAL CONNECTIONS TO 
THESE TERMINALS. 

CA3011 
- 

TERMINAL VOLTAGE LIMITS 
VOLTAGE CONDITIONS AT OTHER TERMINALS 

I 2 3 4 5 8 10 

I .3 .3 Same as I 

Do
 N
ot
 A
pp

ly
 

Ex
te

ma
l 

Vo
lt

ag
e 

.2.5 to 07.5 07.5 Ground .7.5 

1 -3 .3 Same as 2 - 4.5 lo .7.5 .7.5 Ground .7.5 

3 -3 *3 -3 to .3 Same as I .2.5.10 .73 .7.5 Ground .7.5 

4 .1.5 .7.5 -3 to .3 Same as I - 07.5 Ground .7.5 

5 0 .10 -3 to .3 Same as I .2.5 to .7.5 - Ground .7.5 

8 -3 .7.5 -3 lo .3 Same as I .2.5 to .7.5 .7.5 Ground .7.5 

10 0 .10 -310.3 Same as I .2.5 10 .7.5 .7.5 Ground - 

CASE INTERNALLY CONNECTED TO TERMINAL NO.8 (GROUND TERMINAL) 

CA3012 

TERMINAL VOLTAGE LIMITS 
VOLTAGE CONDITIONS AT OTHER TERMINALS 

I 2 3 4 5 e 10 

I -3 .3 - Same as I 

._
 

Do
 N
ot
 A
pp

ly
 

Ex
te

rn
al

 V
ol

ta
ge

 

.2.5 to *10 .10 Ground *10 

2 ••3 .3 Sane as 1 - .2.5 lo .10 .10 Ground .10 

3 -3 .3 -3 to .3 Same as I .1.5 to .10 .10 Ground .10 

4 .2.5 .10 -3 to .3 Same as I - .10 Ground .10 

o o .13 -3 to .3 Same as 1 4.5 to .10 - Ground .10 

a -3 *10 -3 to .3 Same as I .1.5 to .10 .10 Ground .10 

10 o .13 -3 to .3 Same as I .2.5 lo .10 .10 Ground - 

CASE INTERNALLY CONNECTED TO TERMINAL NO.8 (GROUND TERMINAL) 

OPERATING-TEMPERATURE RANGE   -55 to .125° C 
STORAGE-TEMPERATURE RANGE   -6510 .150° C 

LEAD TEMPERATURE (During Soideong): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mml 
from case for 10 seconds max.   .265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE , 
Between Terminals I and 2  a V 

MAXIMUM DEVICE DISSIPATION   300« 
RECOMMENDED MINIMUM DC SUPPLY VOLTAGE (V& •   5.5 V 

Example of Use of LIMITS TABLE: 

For RCA-3012,a maximum voltage of ±3volts may beapplied 
to Terminal I under the following conditions: 

Terminal 2 is at the same dc potential as Terminal 1 
Terminal 3: do not apply external voltage 
Terminal 4 is at any dc potential between +2.5 and +10 volts 
Terminal 5 is at a dc potential of +10 volts 
Terminals 6, 7, and 9 are atO dc potential (NOT USED) 
Terminal 8 is at dc ground potential 
Terminal 10 is at a dc potential of +10 volts 

BLOCK GIAGRAN OF TYPICAL FM RECEIVER USING ICA-CA3011 OR CA3012 
INTEGRATED CIRCUIT MIDE-RAND AmPLIFIER 

Fig. 4 

0 0 0 

. zeee.eez. 

Fig. 1 - Schematic diagram for CA3011 

and CA3012. 

INPUT-IMPEDANCE COMPONENTS 

VS FREQUENCY 

à lO 
FIECRENCV 111 - 114/6 lets .1795 

Fig. 2 

OUTPUT-IMPEDANCE COMPONENTS 
VS FREQUENCY 

MOM= - INA 

Fig. 3 

«Cf. VIM 

VOLTAGE GAIN AND INPUT LIMITING VOLTAGE 

VS FREQUENCY 

¡MINT 1-21.22ATultà IA I•25•C 
OC IMAM, vOLTSIVW•AS 
MACE RSISIANCEleal. SOO 
1.010REIRIMICLOO.1.1102 

ne, n 1 

70 

e VOLTAGE GAIN :A.. 

500 If II 

1 
f ,. 1 

300 .!.. 

..V 
gli• 
f INPUT UNITING vOLTAGE 

5 
200 a SO 

80 000 
• • o 

mecum, Ill-Mon 

Fig. 5 

PCS -4$1110 
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IPC1•13111.5 

CA3011, CA3012 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARACTERISTICS 

SYMBOLS 
SETUP 
& FREQUENCY 

DC 
SUPPLY 

AMBIENT 
TEMPERA- RCA RCA 

TYPICAL 
CHARAC-
TERISTICS 

PROCEDURE f 
VOLTAGE 
VCC 

TURE 

TA 

CA3011 CA3012 UNITS CURVES 

Fig. Mcis Volts RC Min. Typ. Max. Min. Typ. Max. Fig. 

-55 - 80 - 66 80 135 mW 

- 6 .25 60 90 133 66 90 121 mW 

.125 - 70 - 65 70 121 mW 
Total -55 - 130 - 97 130 190 mW 
Device 
Dissipation • 

PT 6 - 7.5 *25 95 120 187 97 120 167 mW 

.125 - 100 - 95 100 167 mW 

150 210 275 mW 

10 .25 150 190 255 mW 

.125 - - - 150 160 255 mW 

-55 - 55 - 50 55 - dB 

9 I 6 .25 60 66 60 66 - dB 

.125 61 - 50 61 dB 

-55 59 55 59 dB 

9 I 7.5 .25 65 70 65 70 - dB 
Voltage Gain•• A *125 65 55 65 - dB 

-55 - - 55 61 dB 

9 I 10 .25 - 65 71 - dB 

.125 - - 55 66 dB 

4.5 7.5 .25 60 67 60 67 - dB 
9 5 10.7 7.5 .25 55 61 - 55 61 - dB 

Input-Impedance 
Components: 
Parallel Input 
Resistance RIN 7 4.5 7.5 .25 3 - - 3 kil 2 

Parallel Input 
Capacitance CIN 7 4.5 7.5 .25 - 7 - - 7 pF 2 

Output Impedance 
Components: 
Parallel Output 
Resistance ROUT 8 4.5 7.5 .25 - 31.5 - - 31.5 - k(1 3 

Parallel Output 
Capacitance COOT 8 4.5 7.5 *25 - 4.2 - - 4.2 - pF 3 

Noise Figure NF 10 4.5 7.5 .25 - 8.7 - 8.7 - dB 

Input Limiting 
Voltage (Knee) vi(lim) 9 4.5 7.5 .25 300 450 - 300 400 µV 

• The total current Mein row be determined by dividing PT by VCC. •• Recommended minimum dc supply voltage (VCC) is 5.5 V. Nominal 
load currant sowing into terminal 5 Is 1.5 mA at 7.5 V. 

VOLTAGE-GAIN TEST SETUP 

PROCEDURES 

A • Voltage Gain: 
1) Set input frequency at desired value, 

vi =100 eV rms. 

2) Record vo. 

3) Calculate Voltage Gain A hoot 
A = 20 log yo/vi 

4) Repeat Steps 1, 2, and 3 for each 
frequency andfor for temperature desired. 

B. Input Limiting Voltage (Knee): 
I) Repeat Steps Al and A2, using 

vi = 100 mV 

2) Decrease y i to the level at which vo 
is 3 dB below its value for vi 100 V. 

3) Record Yi as Input Limiting Voltage 
(Knee 

Fig. 9 

DISSIPATION TEST SETUP 

7'tc 

Tory, 0EvICE 0.551PATIOM [Py,•VCCr 
92(1•13812. 

Fig. 6 

INPUT-IMPEDANCE COMPONENTS 

TEST SETUP 

•vcc 

R-A 
YETER ni 

(ROM. TYPE 
250A 
OR 

ECURAY.ERTI LO 

Fig. 7 

OUTPUTAMPEDANCE COMPONENTS 

TEST SETUP 

CUM 

01.302 

II 
•vcc 

Fig. 8 

YETER 
MORTON TYPE 

25DA 

EOUIZERT, 

1 OA 

NOISE FIGURE TEST SETUP 

•vcc 

12C5•13.0 

= 82 rkl, center-tapped 

L2 = 2.36 di 

CI,C2 = Arco Type 423 padder, or equivalent 

Fig. 10 
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CA3013, CA3014 

Wide-Band Amplifier-Discriminators 

SCHEMATIC DIAGRAM FOR CA3013 AND CA3011 

Fig. 1 

FEATURES 8. APPLICATIONS, 

•  p lineally high gain: 

power gain at 4.5 MHz - 75 dB rya. 

• excellent limiting characteristics - 

input limiting veltag• (knee) 

= 300 pV typ. at 4.5 MIle 

• excellent AAI rei•ction: 50 dB 

et 4.5 MHz 

• high audio voltage 

220 m`r. typ. at 4.5 Milt 

25 kHz deviation 

• wide fr ee y capability - 100 kHz 

to 20 MHz 

• comprehensive circuit functions: 

if amplifier, AM and nois• 

FM detector, oudi• preamplifier 

• supplied in the hermetic 1 0-lead TO-5 
style package 

TYPICAL CHARACTERISTICS AND TEST SETUPS 

96 

TOTAL OEVICE PSSPAT1OSIIRT1•Vccl 
92c3,34. 

Fig.3 

S5 

WAKE v4uES 
ARE el ORMS 

eCte,1,7711/1 

BLOCK DIAGRAM OF TYPICAL TELEVISION RECEIVER USING MICA INTEGRATED 
CIRCUIT SOUND-IF AMPLIFIER Ma/ DETECTOR SECTION 

L-1 

nèn" Alder. CrCU1TS 
DETECTOR 

•Siden4 

uyowco, 

Te.rr?" 
DULECT 

• mnim-VOLTADE 
CIRCUITS 

Larrzoomko-cskur soue-ir moue« axe DETEcioL 

Fig. 2 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT TA n 25° C 

Indicated voltage limits for each terminal can be applied under th• specified voltag• 
condition• for other terminals. All voltagom are with respect to ground (Terminal 8). 

CA 

TERMINAL VOLTAGE LIMITS 
VOLTAGE CONDITIONS AT OTHER TERMINALS 

1 2 3 4 5 6 7 8 9 10 

1 -3 .3 • Same as 1 

Do
 N
ot

 A
pp

ly
 E

xt
er

na
l 
Vo
lt
ag
e 

.2.5 to .7.5 .7.5 Same as 4 Same as 4 Ground AF Output .7.5 

1 -3 .3 Same as 2 - .2.5 to .7.5 .7.5 Same as 4 Same as 4 Ground AF Output .7.5 

3 -3 .3 -3 to .3 Same as I .2.5 to .7.5 .7.5 Same as 4 Same as 4 Ground AF Output .7.5 

4 .2.5 .7.5 -3 to .3 Same as I • .7.5 SUM as 4 Same as 4 Ground AF Output .7.5 

5 0 .10 -3 to .3 Same as 1 .2.5 to .7.5 - Same as 4 Same as 4 Ground AF Output .7.5 

6 .2.5 .7.5 -3 to .3 Same as 1 Sue as 6 .7.5 - Same as 4 Ground AF Output .7.5 

7 .2.5 .7.5 -3 to .3 Same as 1 .2.5 to .7.5 .7.5 Same as 4 - Ground AF Output .7.5 

8 -3 .7.5 -3 to .3 Same as 1 .2.5 to .7.5 .7.5 Same as 4 Same as 4 Ground AF Output .7.5 

9 0 .7.5 -3 to .3 Same as I .2.5 to .7.5 .7.5 Same as 4 Same as 4 Ground .7.5 

10 0 .10 -3 to 43 Same as 1 .2.5 to .7.5 .7.5 Same as 4 Same as 4 Ground AF Output • 

CASE INTERNALLY CONNECTED TO TERMINAL No.) (GROUND TERMINAL) 

CA3014 

TERMINAL VOLTAGE LIMITS 
VOLTAGE CONDITIONS AT OTHER TERMINALS 

1 2 3 4 5 6 7 8 9 10 

I - 3 .3 • Same as I 

Do
 N

ot
 A

pp
ly

 E
xt
er
na
l 

Vo
lt
ag
e 

.2.5 to .10 .10 Same as 4 Same as 4 Ground AF Output .10 

2 • 3 .3 Sameas 2 • .2.5 to .10 .10 Same as 4 Same as 4 Ground AF Output .10 

3 -3 .3 -3 to .3 Same as I .2.5 to .10 .10 Same as 4 Same as 4 Ground AF Output .10 

4 .2.5 .10 -3 to .3 Same as 1 .10 same as 4 Same as 4 Ground AF Output .10 

$ 0 .13 -3 to .3 Same as 1 .2.5 to .10 Same as 4 Same as 4 Ground AF Output .10 

6 .2.5 .10 -3 to .3 Same as 1 Same as 6 .10 Same as 4 Ground AF Output .10 

7 .2.5 .10 -3 to .3 Same as I .2.5 to .10 .10 Same as 4 • Ground AF Output .10 

8 -3 .10 -3 to .3 Same as I .2.5 to .10 .10 Same as 4 Same as 4 Ground AF Output .10 

9 0 .10 -3 to .3 Same as 1 .2.5 to .10 .10 Same as 4 Same as 4 Ground - .10 

10 0 .13 -3 to .3 Same as 1 .2.5 to .10 .10 Same as 4 Same as 4 Ground AF Output • 

CASE INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL) 

OPERATING.TEMPERATURE RANGE 

STORAGE TEMPERATURE RANGE 

56 to .1 25°C 

  65 to .150°C 

LEAD TEMPERATURE (During Soldewng) 

At Olstance 1 16 • 1,32 .nch 59 0 79mrn) 

Irons case for 10 seconds ma> 

MAXIMUM INPUT SIGNAL VOLTAGE 

Between Ter vi, n, s 1 and 2 

MAXIMUM DEVICE DISSIPATION 

RECOMMENDED MINIMUM DC 

SUPPLY VOLTAGE IV,c 1 

.265°C 

3 V 

300 rnW 

5 5 V 

Example of us• of LIMITS TABLE: 

Foi RCA-CA3013, a maximum voltage of :3 volts may be 
applied to Terminal I under the following conditions: 

Terminal 2 is at the same dc potential as Terminal I 
elm na I 3. do not apply external voltage 

Terminal 4 is at any dc potential between .2.5 and .7.5 volts 
Terminal 5 is at a dc potent ml of .7.5 volts 
Terminals 6 and 7 are at the same dc potential as Terminal 4 
Terminal 8 is at dc ground potential 
Terminal 9 is used as the al output terminal 
Terminal 10 is at a dc potential of .7.5 volts 



CA3013, CA3014 
VOLTAGE-GAIN TEST SETUP 

TEST CONDITIONS LIMITS 
TYPICAL 

DC AMBIENT ELECTRICAL 
CHARAC• CHARACTERISTICS 

SYMBOLS 
SETUP 
8 

FREQUENCY SUPPLY TEMPERA- RCA RCA TERISTICS 
re Page 8 for 

Definitions of Terms) PROCEDURE f 
VOLTAGE 

VCC 
TARE 
TA 

CA3013 CA3014 UNITS CURVES 

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 

.125 - 70 - 60 70 110 mW 
Total •55 - 130 - 106 130 170 mW 
Device PT 3 - 7.5 .25 87 120 187 1E6 120 150 mW 
Dissipation .125 - 100 - 90 100 150 mW 

• 55 - - - 165 210 250 mW 
3 - 10 .25 - - - 165 190 230 mW 

.125 - - - 150 160 230 mw 

• 55 - 55 - 50 55 - dB 
4 I 6 .25 60 66 - 60 66 - dB 

.125 - 61 - 50 61 - dB 
-55 - 59 - 55 59 - dB 

4 1 7.5 .25 65 70 - 65 70 - dB 

Voltage Gain" A .125 - 65 - 55 65 - dB 
• 55 - - - 55 61 - AB 

4 1 10 .25 - - - 65 71 - dB 
.125 - - - 55 66 - dB 

4.5 7.5 .25 60 67 - 60 67 - dB 
4 10.7 7.5 .25 55 60 - 55 60 - dB 5 

Input-Impedance 
Components: 

Parallel Input 
RIN 6  4.5 7.5 .25 - 3 - - 3 - kn 7 

Resistance 

Parallel Input 
Capacitance 

CIN 6 4.5 7.5 .25 - 7 - - 7 - pF 7 

Output-Impedance 
Components: 

Parallel Output ROUT 8 4.5 7.5 .25 - 31.5 - - 31.5 - kf/ 9 
Resistance 

Parallel Output 
Capacitance 

CouT 8 4.5 7.5 .25 - 4.2 - - 4.2 - pF 9 

Noise Figure NF 10 4.5 7.5 .25 - 8.7 - - 8.7 - dB 11 

Input Limiting 
Voltage (Kneel v,(11m) 14 4.5 7.5 .25 - 300 450 - 300 400 ,V 13 

6 .25 - 155 - - (55 - mV 
Recovered AF Voltage yo(al) 14 4.5 7.5 .25 128 188 - 135 188 - mV 13 

10 .25 - - - - 220 - mV 

Amplituoe-Modulation 
Rejection AMR 15 4.5 7.5 .25 - 50 - - 50 - dB - 

Discriminator Rordisc) - 4.5 7.5 .25 - 60 - - 60 - û - 
Output Resistance 

Total Harmonic 
Distortion THO 14 4.5 7.5 .25 - 1.8 - - 1.8 - % 12 

Total current drain may be determined by clAnding PT.by vcc. 

INPUT-IMPEDANCE COMPONENTS e FREQUENCY 

S 10 
FREQUENCY 11/ - Nets 

Fig. 7 

• Returnee ded minimum dc supply voltage (Vcc) la 5.5 V. 
Nommal I ad current flow, g in o terminal is 1.5 mA at 7.5 V. 

OUTPUT IMPEDANCE COMPONENTS TEST SETUP 

Fig. 8 

PROCEDURE( 

I) Set input frequency at desued value, v, =100 v 1MS. 

2) Record vo. 

3) Calculate Voltage Gar. A from A -20 log, 

4) Repeat Steps I, 2, and 3 for each frequency 
and/or temperature desired. 

Fig. 4 

VOLTAGE GAIN vs. FREQUENCY 

AMMENT TEIRRATURE 1%)•/.5•C 
DC SUPPLY V01.1111Y Y.0 
=ACE P.t$400MŒ 7tItt.50fl 
LOU RESSTANCE1110_ ast 

V
O
L
T
A
0
C
 
G
A
I
N
 
11

0 
—
 d
e
 

:
 

3
 

;!,
 

........*.\\ 
111 

FREQUE1110f 111- se 

Fig. 5 
PECS-13. 

INPUT-IMPEDANCE COMPONENTS TEST SETUP 

•.C.0 

SIFTER SP 
MOOMTCN TYPE 

250P 
on  tounaLehm , 

12C3-,31105 

Fig. 6 

OUTPUT-IMPEDANCE COMPONENTS r. FREQUENCY 

o S 
FREQUENCY (11- Pc,. 

le 

Fig. 9 

12C5 ,3,94 

  97 



CA3013, CA3014 
NOISE FIGURE TEST SETUP 

IFF 

• S-Mch 
11PSE SOLACE 

OCAT 
"vermara-reoot-
OR EOUIVALERTI 

Fl.• 50 0 
1203-,Sle, 

L1 = 82 01, center.tappsd 

L2 = 2.36 e 
C1.C2 = Amo Type 423 Dodder, of equivalent 

Fig. 10 

al 1.75 MCI. 

APPLIES 01. FOR CANS ::: 

 tMOMENT TEMPERA VIE (T. • 2S C   SIGN•L FREQUENCY • I TS Ides 
-6.--•—.1.1COULATINS FREOUENCY • Itch 
 FREQUENCY DEVIATION I 25 Itch 
 0 SS • RECOVERED AF VOLTAGE LEVEL FOR 1• (130  

OS l5 
INPUT WAAL LEVEL 1, I -MILLIVOLTS IROSI 

SZCS•o$7,3 

etgeer 
e8r.r?s""M* 

SXS-.3000 

NOISE FIGURE vs. DC SUPPLY VOLTAGE 

e: • 2.0 

...a TEMPERA LIRE C 
F LOU NC II 450cV 
SOURCE RESISTANCEIlls/ 2000 " 

...... •• ...... ••••••••••••••••••••••••••••••• 

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

• 
OC SUPPL VOLTS Vcc 

Fig. 11 

Orni•31111 

INPUT LIMITING VOLTAGE (KNEE) AND RECOVERED AF VOLTAGE 

PROCEDURE: 

A - Recovered-AF voltage Output: 

I) Set input frequency = 4.5 Mc/s, vi =100 niVrms, modulating 
frequency = I kc/s, frequency deviation = 025 kc/s. 

2) Record v. as Recovered.AF Voltage Output. 

B - Input Limiting Voltage (Knee): 

I) Repeat Steps Al and A2, using vi =100 mV rms. 

2) ['SCUM< vi to the level at which v. is 3 dB below its value 
for v, =100 mV. 

3) Record v, as Input Limiting Voltage (Kneel. 

INPUT LIMITING VOLTAGE, RECOVERED AF 
VOLTAGE, AND TOTAL HARMONIC 
DISTORTION TEST SETUP 

Fig. 14 

or 4.5 ME/. 

TIMES1j1 

10E3= 

  SPOLIEZ ONLY FOR CASON 

AMERY TEMPERATURE (T) 25 C 
SIONAL FREOUENCY Yes 
1100....(0 FREQUENCY • I ItCA 
FRECLIENCY advance • 20 See 
0 S • RECOVERED AF VCLTSGE LEVEL FOR N • OD RIV 

O OS IS 
NUT RONAL LEVEL loll - MILLIVOLTS Imam 

SICS•i3,92 

(b) 

Fig. 13 

PROCEDURE: 

1) With Switch Sin position "a", set Input freqoenCY = 4.5 MC/s. 
VI =10 raV rms, modulating hequencY =1 lic/s, fannendY 
deviation = 025 kc/s. 

2) Record O. 

3) Piece Switch S in position "b", and set Input hequancy = 4.5 
Mc/s, vi =10 mV rmt, modulating frequency 1 he/s, 
%modulation =50. 

4) MOON» V., and record value In dB below value in Step 2 
IS AM Rejection. 

AM-REJECTION TEST SETUP 

Fig. 15 

TOTAL HARMONIC DISTORTION vs. DC SUPPLY VOLTAGE 

• 10 
OC SUPPLY VOLTS (Vcc 

•203-ITIO 

Fig. 12 

or 10.7 Mc/. 

0 0-5 1.5 

INPUT sonar_ LEVEL I w, /- MILLIVOLTS otrau 
SSCS•éS1111 

lc) 

DISCRIMINATOR TRANSFORMER SCHEMATIC 

I 

Set 3•13711e 

(e) 

CONSTRUCTION DETAILS OF DISCRIMINATOR 
TRANSFORMERS SHOWN IN FIGS. 2,14 AND 15 

Coil-Form Outside Diameter = 7/32 inch 

Step: Radio Mdushies, Inc. Type "E" Matelot, a equivalent 

Wiie Type: 'GRIPEZE" mcluncient 

OPmnaine 
FNFINN1 

MC!. 

NO. s.. 

(MK 41 

Tuna CI 

PF 

C2 

PF LI. Le 1, 
1.75 40 44 20 44 rota/ 

(22 bifilar 
wound) 

820 820 

4.5 36 II 7 22 total 
(II bill). 
wound) 

560 330 

10.7 36 18 18 18 total 
(9 bells, 
mound) 

103 100 

• Registefed Tad. PEP, Phelps-Dodge Conlon Ptorbacts.. 

a wound girlie.. 

NOTE: The mutual/ coupling between Li and 1.8 is oiliated 
for the denied deg. of lineally. 

(b) 

Fig. 16 
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CA3018, CA3018A 

General-Purpose Transistor Arrays 

TWO ISOLATED TRANSISTORS 
AND A DARLINGTON-CONNECTED 
TRANSISTOR PAIR 

For Low-Power Applications 
at Frequencies frein DC 
Through the VHF Range 

The CA3018 and CA3018A consist of four general pur-
pose silicon n-p-n transistors on a common monolithic 

substrate. 

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 lour-

power systems in the DC through VHF range. They 
may be 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. 

The CA30I8A 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. 

APPLICATIONS 

• General use in signal processing systems in DC 
through VHF ronge 

• Custarn designed differential amplifiers 

• Temperature compensated amplifiers 

• See RCA Application Note, ICAN•5296 - Application 
of the RCA CA3018 Integrated-Circuit Transistor 
Array - for suggested Applications. 
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LI 

-..\\ e 
.-

g le 
o 

10 

o 

g 

10 

SO 

011 

001 or D 
(Niue cuoRENT Cr 

92 23171 

Fig. 3 . Typical Static Forward Current-Trons er 

Ratio and Beta Ratio for Transistors Q. 

and 02 vs Emitter Current. 
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f 

COLLECTOR TO- EMITTER VOLTAGE taggl•51/ 
MIIIVer 15.0.05•TuS(IT.1.25•C > 

1) 
I 

S 2 6 Fr, 

a 
I 
? 

»PUT OPFSÉT VOLTASE \'',81‘.« ,. B 

. 04 1 HI r 1 [1 i 
o 0, 

EMITTER CuSREMT —202 _  

Fig. 5 - Typical Static Base-to-Emitter Voltage 

Characteristic and Input Off.et Voltage for 

Q1 and Q2 vs Emitter Current. 

FEATURES 

• Matched monolithic general purpose trans i sssss 

• Hp E matched • 10% 

• VEE matched r 2 mV CA3018A I• 5niV CA3018) 

• Operation from DC ta 120 MHz 

• Wide operating current range 

• CA3018A performance characto r i ss iss controlled 
horn 10, A to 10mA 

• Low noise figure • . 3.2 dB typical at 11(Hs 

• Full military temperature ronge capability 

(.55 to 125°C) 

• The CA3018 is available in a sealed.junction 

Bearn Lead version ICA3018L/. For further 

information see File No. 515, "Beam-Lead 

Devices for Hybrid Circuit Applications". 

• Supp!ied in the hermetic 12.1ead TO-5 

style package. 

Power Diasigmtion. Pi 

Any one transistor   300 300 osW 

Total package   450 450 se 

D s at 5 mW/°C for TA >85°C 

Temperature Range: 

Operating   -55 to • 125 -55 to • 125°C 
Storage  

Maximum Ratings, Absolute-Ho:imam Valu•s, at TA•25°C 

CA3018 CA3018A 

-65 to • ISO -65 to t 150°C 

LEAD TEMPERATURE IDuring Solderingl 

At distaue 1/16 1/32 inch 1139 ± 0.29mmi 
from case for 10 seconds max.   •265°C 

The following retinas apply for each tranalator in the device: 
CA3018 CA3018A 

Collector-to-Emitter Voltage,VcEo • 15 IS V 

Collector-to-Base Voltage, Vc.0 • . 20 30 V 
Collector-to-Substrate Voltage, Vce 20 40 V 

Emitter-to-Base Voltage, VEm,  5 5 V 

Collector Current, lc   50 50 mA 

•The collector of each transistor of the CA3018 and CA3018A 
le i•olated from the subatrate 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 traneistors and to provide for normal transietor action. 
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COLLECTOR TO-EMITTER SOLTASE 11/gal•551 
AMBIENT TEMPERATURE llal 25•C 

0 i 
EMIT TER CURRENT 

Fig. 4 . Typical Static Forward Current - Transfer Ratio 

for Darlington-connected Transi  Q3 

and Q4 no Emitter Current. 

-n 50 25 0 25 50 75 100 tas 
AmatERT TEmPERATuRE r0 —•C 

REC1-23200 

Fig. 6- Typical Base-To-Emitter Voltage Characteristic 

for Each Transistor vs Ambient Temperature 

970-142Wilto 

Fig. I • Schematic Diagram for CA3018 and CA30I8A 

STATIC CHARACTERISTICS 
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CA3018, CA3018A 
Characteristics apply for each transistor in the CA3018 and CA3018A as specified. 

ELECTRICAL 

CHARACTERISTICS 

at T . 25°C 
A 

SYMBOLS SPECIAL TEST CONDITIONS 

CA3018 
LIMITS 

CA3018A 
LIMITS 

Unds 

CNARAC 
TERISTICS 
CURVES 

Urn TvO May Mn. Typ. Uns. Fe. 

STATIC CHARACTERISTICS 

Collector.Cutell Current 'COO Vcir 101/.1E 0 - 0 002 100 0 001 10 nA 1 

Collector.Culolf Current 
ICED VCE , 1004 - 0 See Curve 5 - See Curve 0 5 .rA 7 

Collectorton-COO' Current 
Dar lIng Pau ICEOD VcE=10V,18,-0 5 r,A 

Colrecta-to-EmItter 
Breakdown Voltage VrEIRCE0 1C' he.113'0 15 21 15 21 V 

Col Weld-to-Base 
Breakdown Voltage vom ice° iu io,.A.1E A 20 60 30 60 V 

EmItter-to-Base 
Breakdown Voltage VaiRIEBO IE:1°PA.IC43  5 7 5 7 e 

Collectd.IdSubstrate 
Breakdown Voltage V{EIR CIO IC' IC".ICI '° TO 60 10 60 - V 

Col lectre.tolnutter 
Saturatron Voltage Vc ES Ie' ImA•Icr-10" 123 - 0/3 0.5 V 

SlatIc Forward Current 
Transfer Rail° 3FE 

Icr 10eA 

VCE-3"• , 'C Ire 
1 Ic-1(1,A 

- 
30 
- 

100 
1W 
51 

el 
50 
60 
30 

100 
103 
51 

- 
7 DO 
_ 3 

Ilagnrtwle d Statre5ela Retro 
(Isolated Trarksrstos Qi ard Sol VCE' 3V1C l' ''CT IRA 0.9 0.97 09 0.97 3 

Stabc Edward Cured Transfer 
Ratio Darlrngton Paw 

1133 & DO 
'FED VCE' 3V { ;,,,,,In'A,A 

1500 

- 

5400 

- 

2000 
1000 

51CO 
2800 4 

Base.to.Erndler Voltage VUE VCE'3V 11:1::A 
0 715 
a 800 

0600 0.715 
0.800 

0.800 
0.900 

v 
5 

Inpul Onset Voltage I.VVBBEEill VCE'3V•IE: kv& 0.18 5 0.18 2 rnV 5,8 

Temperature Ccelhcrent: 
Elase.lo.Enulter Voltage 

131.02 

l''VBEI 
-,... VCE' 3V•ir IRA 1 9 I 9 

°C 
6 

Base (Q3>tolautter  Voltage-Dar Inton lQa/ 
Pax 

V,, 
IV9.1/ 

VcE .3V liEE:Ir.AA 
- 

1.16 
1.32 1.10 

1.16 
1.31 

1.60 
1.50 V 9 

Temperature Coerced: 
Elase10-EmItter Voltage 
Denton Parr•Q3,Q4 

PVBEDI 
AT 

VcE .3V.IE.ImA 1.1 1.1 
oc 

10 

Temperature Calked. 
Magndode d Input-Offset Vonerge 

11/BE,-V BEJ 
' P 

Vcc..6V.VEE -6V. 
lc 1-1c2-1mA - 10 10 V 

AT 

COLLECTOR-TO-EMITTER VOLTAGE IvcO• 3 V 
SOURCE RESISTANCE (Rs • 500 0 
ATÉMENT TEMPERATuRE (T.) 25 C 

0 

I 

lie e  

e. .0 

• 

0 

flour. 

001 

COLLECTOR CuRRENT IIc/- RA 

Fig.11(a) - Noise Figure no Collector Current, 

Rs = 500 í). 
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Fig.11(b)- Noise Figure vs Collector Current, Rs= 1 IC). 

50 25 0 25 50 TS 100 
»AGENT TEMPERATURE 

Ai" Wei 

Fig.8 • Typical Offset Voltage Characteristic vs 

Ambient Temperature 
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TEmPERA 

-EMITTER 
.E 

VOLTAGE 
I A1•25•C 

(VcE/•3 V 

01 
EMITTER CURRENT ICE' .A 

MS- 31W 

Fig.9 - Typical Static Input V0/10. Characteristic for 

Darlington Pair (Q3 and 04)05 

Emitter, Current 

-75 -50 -25 0 25 50 75 100 es 
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Fig.10 - Typical Static Input Voltage Characteristic for 

Darlington Pair (03 ond Q4) vs 

Ambient Temperature. 
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CA3018, CA3018A 

ELECTRICAL CHARACTERISTICS, (CONT'D) 

DYNAMIC CHARACTERISTICS 
CA3018 CA3018A 

Loa Frequency Noise Filas 
N, 1.1 101z.UcE.3'1.1c.1044A 

Source resistance.' /IQ 3.25 - 3.25 dB 11(0) 

Low.Frepuency,sma11-Sigrot 
Equivalent.Circed 
Characteristic, 

forward Cunent.Tianslei Ratio hie 

l 
1,1kHe.VcE,3V.Ic.ImA 

I 

110 110 - 12 

t-C I Sleeircuit Input mpedance h, 3.5 3.5 - KC) 12 

Otte-Circuit Outrut Impedance h0 15.6 15.6 mrelto 12 

Open.Circed Reverse 
Voltate.Ttataler Ratio 

1.81104 1.84104 
12 

Admittance Characteristics: 

toward Transfer Admittance Ste 

l 
I 164He.Vc£43V.IcvlmA 

I 

- 3111.5 31.11.5 nonio 13 

Ingsit Admittance Tit 0.3.10.04 0.3q0.04 mew 14 

Output Admittance Yoe 0.8)1.10.03 0.001.10.03 rrmho 15 

Reverse Trardler Admittance Vie See Cuece Ste Curve memo 16 

Gain-Bardtmdth facduct IT VcE.311.1c.3mA 300 500 300 500 MHz I/ 

Enutlet.to.flase Capacitance CEB T(8'3T•10 - 0.6 0.6 pF 

Collectd.laBase Calmed... CC8 TCB.3T•IC.° 0.58 038 pf 

Collecla-to-Substrate Canacdance cc, vci.3Vic.0 2.8 _ 2.8 PF 

CONN.-Esc TER GeGuiT, BUSE INPUT 
radeENT TEMPER TORE I s).25TC 
COLLECTOR -19-ETET TER VOLTAGE v.) 
COLLECTOR CURRENT ICI.' 5* 

3v 

. •C 

gi 

\\ 
0,.. 
gg . _,. 

ci oso 

sacs-

Fig.I3 - Forward Transfer Admittance (Y10) 
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CA3019 
DIODE ARRAY 

The CA3019 consists of one Diode Quad" and two Isolated Diodes on a Common 
Substrate. 

• Designed for use in Telemetry, Data-Processing, Instrumentation, and Communication 
Equipment 

• Built-in Temperature Stability for Operation from -55°C to • 125°C 

• 10-Terminal TO-5 Package 

• Hermetically Sealed 

•Companion Application Note, ICAN-5299 "Application of the RCA CA3019 Integrated-
Circuit Diode Array" 

ABSOLUTE-MAXIMUM RATINGS: 

DISSIPATI(iN: 
Any one diode unn   20 max. mW 
Total (or devIce   120 max. mW 

TEMPERATURE RANGE. 
Storage  
Operat 

LI-AI) TEMPURATURI- IDuring Soltlenngi 
At dtstdn, I In t I Ina 11 Ut t O 'Mona) 
Irian tote tor IS ...Ids Ma, 

VOLTAGE, See Table 

-65 to.150 °C 
-55 to • 125 °C 

Absolute-Maximum Voltage Limits at TA - 25°C 

TERMINAL 
VOLTAGE LIMITS CONDITIONS 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

1 -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 

I, 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 

ELECTRICAL CHARACTERISTICS, ot on Ambient Temperatura, TA, of 25°C 

CHARACTERISTICS APPLY FOR EACH DIODE UNIT, UNLESS OTHERWISE SPECIFIED. 

CHARACTERISTICS SYMBOLS 

TEST 
CIRCUITS SPECIAL TEST CONDITIONS 

LIMITS TYPICAL 
CHARAC-
TER ISTICS 
CURVES 

TYPE 
CA3019 

Fig. Min. Typ. Max. Units Fig. 

DC Forward Voltage Drop VF - DC Forward Current (IF) = 1 mA • 0.73 0.78 V 2 

DC Reverse Breakdown Voltage Vo3R)R DC Reverse Current (IR) = -10,A 4 6 • V . 

DC Reverse Breakdown Voltage 
Between any Diode Unit and 
Substrate 

V(EIR)R - DC Reverse Current (10= -10 µ A 
. 

25 80 • V 

DC Reverse (Leakage) Current IR • DC Reverse Voltage (VR) =-4 V - 0.0055 10 µ A 3 

DC Reverse (Leakage) Current 
Between any Diode Unit and 
Substrate 

IR - DC Reverse Voltage (VR) = .4 V - 0.010 10 A - 

Magnitude of Diode Offset 
Voltage (Difference in DC 
Forward Voltage Drops of 
any Two Diode Units) 

l VFI - VF2I DC Forward Current (IF) = 1 mA • I 5 mV . 

Single Diode Capacitance CD 
- 

Frequency (1)= I MHz 
DC Reverse Voltage (VR) r -2 V 

1.8 - pF 4 

Diode Quad•to-Substrate 
Capacitance - CDQI 

Frequency (f) = I MHz 
DC Reverse Voltage (VR) between 
Terminal 2,5,6, or 8 of Diode Quad 
and Terminal 7 (Substrate) =-2 V 

Terminal 2 or 6 to Terminal 7 - 4.4 pF 5 

Terminal 5 or 8 to Terminal 7 - 2.7 • pF 6 

Series Gate Switching 
Pedestal Voltage VS 7 • 10 - mV - 

HIGHLIGHTS 

• Excellent Diode Match 

• Low Leakage Current 

• Low Pedestal Voltage when Gating 

APPLICATIONS 

•Modulator 

•Mixer 

• Balanced Modulator 

• Analog Switch 

• Diode Gat• for Chopper-
Modulator Applications 

`5. o 
srcS 

n. 

Fig.? - Schematic Diagram for CA3019. 

TYPICAL CHARACTERISTICS 

09 
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Fig.2 - DC Forward Voltage Drop (any Diode) no 
Temperature /or CA3019. 
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::••••••••••••••••••••••••••••••••••••••••••• 

:::::•••••••••••••••••••••••••:tr•Fe99 .... 
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••••••••••••••••••••••••••••••• .............. 

•••••••••••••••••••••••••••••••••••••••• ..... 

....... a••••••••••• ...... uses 
••••• 

-75 25 0 25 50 75 OD. 

O. CIAREAAIRRE 

92C9-1•29 

Fig .3 R  (Leakage) Current (any Diode) va 
Temperature /or CA3019. 
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CA3019 
TYPICAL CHARACTERISTICS (Coned) 

OC REVERSE VOLTS VP ACROSS 0 ODE 

rfA-P 

Fig.4 - Diode Capacitanc• (any Diode) vs Revers• 
Voltage for CA3019. 

DC 5 VERSE VOLTS IV. IIETWEEN TERMINAL t Oft 6 
AND SUOSTRATE (TERMINAL 11 

Fig•5 - Diode Gluad-to•Subsrrare Capacitanc• vs 
  Voltage for CA3019. 

6 V 

TOUT. 

• 51eX 

OSCILLOSCOPE 

TEK TRONIX TYPE 
585 TOTH TYPE-0 

PLUG-IN UM,. 

OR 

EQUIVALENT 

92C3-.47•7 

Fig.) • Series Gate Switching Test Setup for CA3019. 

0 
OC REVERSE VOLTS MAI IIETINEEN TERMINALS 5 OR 0 

AND 5UOSTRATE (TERMINAL 71 

Fig.6 - Diode Quad-to-Sub  Copocitonc• vs 
Rovors• Voltage for CA3019. 
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CA3020, CA3020A 
MULTIPURPOSE WME-BANO 
POWER AMPLIFIERS 

The RCA-CA3020 and CA3020A are Integrated-Circuit, 
Multistage, Multipurpose, Wide-Band Power Amplifiers 

on a single monolithic silicon chip. They employ • 
highly vetsatile and stable direct-coupled circuit con-
figuration featuring wide frequency range, high voltage 
and power gain, and high power output. These features 
plus inhereht 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. 

ABSOLUTE-MAXIMUM RATINGS: 

DISSIPATION:  WITHOUT HEAT SINK 

For Mari, Industrid, 
and Commercial Equipment 
at Frequencies up to 8 MHz 
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-volt 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-5 
style 12-lead packages. 

At TA = 25°C.   1 W 

Above TA = 25°C  derate linearly 6.7 n39//°C 

WITH HEAT SINK 

At Tc = 25°C   239 

At Tc = 2S°C to Tc = 55°C  2 W 

Above Tc = 55°C. . derate linearly 16.7 rntl//°C 

TEMPERATURE RANGE: 

Operating   -55°C to .1.25°C 

Storage   -65°C to •150°C 

LEAD TEMPERATURE (During Soldering): 

Al distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

front case for 10 seconds max.   *265°C 

MAXIMUM VOLTAGE RATINGS ot TA = 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-
MAL 
No. 

1 2 3 4 5 6 7 fl 9 10 11 12 

I • • . . . . . • 0 
-10 .12 

•3 
Note 1 

. •10 
D 

2 • • • • • • . •2 
-2 

3 • • . •••• . •2 
.2 

4 •113 .25 
0 

• • • • • .• *1801l 

5 • • • • • . •3 
Note 2 

6 
0 

.18-25 • 
• • . •3 

Note 2 

7 . • • . .18o .25 

8 Note 3 • 
. Notoe 3 

9 •10 
0 

Note I 
0 

NO •12 
0 

10 • *Ó0 

11 . 

12 
REF. 
SUB-

STRATE 

Note I. This oltage as established by the maximum current 
rating. 

Note 2: The emitters of Q6 and Q7 may be returned o • nega-
tive yolt•ge supply through emitter resistor . Current 
into terminal No.9 should not be exceeded and the 
total device dissipation should not be cace dad. 

Note Terminal No.8 may be connected to terminals Nos.9, 
11. or 12. 

MAXIMUM 

CURRENT RATINGS 

TERM. 
INAL 
NO. tea 

20 

2 

3 

4 300 

300 

6 300 

7 303 

8 

9 20 

10 

20 

12 

• Voltages are not norm Ily applied between these terminals. 
Voltages appe ring between these terminal will be safe if 
the specified limits between all other t rminals are not 
exceeded. 

a Higher value is for CA.3020A. 

SCHEMATIC DIAGRAa FOR CA3020 AND CA3020A 

ems.. 
Fig,1 

The ******* rice v•lues included on the Schematic dia-
gram h•ve been supplied •• • convenience to as•Ist 
Equipment M•nufacturers in optimising we selection 
of " outboard " compo eeeee of equipment designs. The 
value. shown may mart •• nick as 30, 

RCA r eeeeee • the right to make any ohmic« in the Re-
sistanc• Yew. provided such changea do not ad-
  y •flect the published performonce ch•wcterw-
tics or the device. 

FEATURES 

• High power output . class B sarplilior --

CA3020 .... 0.5 watt •7,* VCC 99 
CA3020A ... 1.0 watt typ. at Vcc = 012V 

•Wid• frequ•ncy range --
Up ra 8 MHZ with resistive loads 

• High power grain   75db typ. 

• Single power supply for class B operation 
with transform., --
CA3020   3 to 99 

CA3020A  3 to 12V 

• Saillir temporo.re.trocking rainsse 

regulotor provides stable operation over 

.55°C to 0125°C temperature range 

APPLICATIONS 

• AF power omplifiers for portoble and fixed sound and 

communications systems 

• Servoicontrol amplifiers 

• Wide•band linear mixers 

• Video power omplifiers 

• Transmi ssion-line driver amplifiers (Wormed ond 

an 

• Fan-in and faniout amplifiers for computer logic 
circuits 

• Lomp.control amplifiers 

•Motor-control amplifiers 

• Power esultivibrator 

•Poixer switches 

• Compani. Application Note, ICAN 5766 —Application 

of CA3020 and CA.3020A Integrated Circuit Multi-
purpose Wide-Bond Power Amplifiers:*: 
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CA3020, CA3020A 
ELECTRICAL CHARACTERISTICS AT TA .25°C 

CHARACTERISTICS SYMBOLS 

TEST CONDITI ONS 
LIMITS 

CA3 020 

LIMITS 

CA3020A 
UNI TS CIRCUIT 

AND 
PROCEDURE 

OC 
SUPPLY 
VOLTAGE 

FIG 
VCCI . VCC2 MIN TOP MAX. MIN. TYP. MAX. 

Collecte-toEmItter 
Breakdown Voltage, Q6 8 Q, 

al 10 mA 
%RICER 

2, 16 25 V 

Collector-to-EMU; 
Breakdown Voltage. Q1 
at 0.1 mA 

VIBRICE0 
IC 10 

Idle Currents. Q6 & Q7 I, IDLE 

17 IDLE 
a 9 0  2 0 55 55 mA 

Peak Output Currents, 

Q6 6 Q7 

I,PX 
17PX 

4 90 25 140 180 mA 

Cutoff Currents. 

26 8, Q7 

I, CUTOFF 

17 CUTOFF 
. 9 .0 2.0 I 0 1.0 mA 

DrIleretral Arnold rer 
Current Dram 1CC1 4 9.0 9.0 6.3 94 12.5 63 91 12.5 mA 

Total Current Drain ICCI • 
1CC2 

 4 90 90 80 215 350 14 0 213 30.0 mA 

Drfferentrat Arnplrfrer 
Input Terennal Voltages 

V2 
V3 

4 9 0 2a 1 II 1.11 V 

Regulator Termrnal Voltage 1̀11 4 9.0 2.0 2.35 2.35 V 

Q. Cutoff (Leakage) Currents: 
Collector-to-Emrtter CEO 1110 100 100 

_A Emater-to-Base 1EBO 3.0 0.1 • - al 

Collector-to-Base ICEIO 3.0 0.1 - al 

Forward Current Transfer 
Raba. Qi at 3 rnA hFEI 60 30 75 30 75 

Bandwrdth at -3 dB Pornt BA 6.0 60 8 8 MHO 

Mammon Power Output PO(MAX) 6 

6.0 AS 200 300. 200 300' 

row 9.0 9.0 400 150' 400 sore 

9.0 12.0 Boo Iamb 

senso.,ory to, BOAT - 100 mal el, 6 9.0 9.0 35. 55 mV 

Senuttrity for Poo - op ne el9 6 9.0 520 50b 10) mV 

Input Resrstance-
Termrnal 3 to Ground RIN3 9 6.0 60 1000 1000 

Junctron•lo-Case 
Thermal Resrstance "J-C 

. 60 60 °C W 

• Pc, 130 

b Itcc - He ,, 

TYPICAL PERFORMANCE DATA 

An External Radiator ix Recommended for Male Anublen, Temper-crux, Operation 

CF1ARACTERISTICS SYMBOLS CA3020 CA3020A UNITS 

Power Supply Voltage 
Vcc i 9.0 9.0 

V 

V CC2 9.0 12.0 

Dill. Ampl. 'CC' 
15 15 

mA Zero Signal Current 
Output Ampl. ICC2 21 21 

DM. Ampl. ICC I 16 16.6 
mA Maximum Signal Current 

Output Ampl. ICC2 125 140 

Mammon Power Output at TAD = 10% Po 550 1000 mW 

SensItIvIty 
elre 35 45 mV 

Power Gain Gp 75 75 dB 

Input ResIstance R 19 55 55 16-2 

Efficiency ,) 15 55 

Signal-to-Noise Ratio S/N /0 66 dB 

TAD at 150 mW level 3.1 3.3 % 

Test Signal Frequency from 600f/ Generator 1000 1000 Hz 

Equivalent Collector-lo.Collector Load Resistance Rcc 130 200 13 

92C, • *WI 

a. Collector.to-ernitter breakdown rodeos 106& 031 circuit 

WC. 

vcca 

.1}<5-.5233 
--

b. Typed eudio amplifier circuit utilising the CA3020 or 
CA3020A •• a. eudio sensemplifier and denB power 
amplifier 

Fip.2 

TYPICAL TRANSFER CHARACTERISTICS 

a. Test Setup 

1111 45•C 
25 C (‘\ 

- 5•C 

e 5•C 

-25 0 25 50 75 
75 CO 5 0 -25 

co 

DdSESdnnet. ...101.1iIER INPUT klILLIVECTSIV23, wo" ,,,b‘ 

b. Characteristic. with RI, .horned out 

Fip.3 
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o. Test Setup 

CA3020, CA3020A 
STATIC CURRENT AND VOLTAGE TEST CIRCUIT 

VcC2 

10,r 

CURRENTS OR 
VOLTAGES 

SI 52 

'4-IDLE 
_open OP« 

'7-IDLE open open 

'4-PEAK 
open close 

'7-PEAK close open 

14 CUTOFF de" " e" 

17-GLTOFF 

Fig.4 
ITCS-Obv 

MEASUREMENT OF BANDWIDTH AT •] dB POINTS 

•ecc: 

CURRENTS OR 
VOLTAGES 

SI S2 

ICCI 
open open 

ICC2 
open open 

v, open open 

V3 open open 

V II 
open 0Pee 

PROCEDURES: 

I. Apply desired value of Vcc and Vcc 

2. Apply I klis input signal imid adjust 'IN ' 
mV (mils) 

3. Record the resulting value " eOUT in dB 
(reference value) 

4. V•ry input-sign•I frequency, keepinge constant •t 
S mV, and record frequencie• aboye anerbelow I kHz 
at which eou ,.. deer  3 dB below reference value. 

S. Record bandwidth as frequency range between -3 dB 
points. 

MEASUREMENTS OF ZERO-SIGNAL OC CURRENT DRAIN. MAXIMUM SIGNAL DC CURRENT DRAIN, 
MAXIMUM POWER OUTPUT, CIRCUIT EFFICIENCY, SENSITIVITY, AND TRANSDUCER POWER GAIN 

PROCEDURES: 

Zds.••Sipnal DC Current Drain 

I. Apply derrired Value of Vcc and Vcc2 and reduce 
e10 to OV 

2. ;;:lo-ri::1`liiec oslcea of  and lec2 in mA 

Fig.10 

Ma•irnum.Signal DC Curr•nt Drain, Maximum Posmer 
Output. Circuit Effici•ncy, S•nsitivity , and Tron•dirc•r 
Pow•r Gain 

I. Apply desired value of Vcc •nd Vcc and adjust 

to the veue at which the Total H•riñonic Distor-

tion in the output of the ',moldier = 10% 

2. Record resulting value of lc , and Icc2 in mA •s 

Maximurn•Sign•I DC Current Dlain 

3. Determine resulting rimplifier power output in w•tts 

and record as M•sàmum Power Output fP 1 OUT' 
O. Calculate Circuit Efficiency 1,11 in % as follows, 

loo  P OUT  

vcc licc i'vcc2cc, 
where Pou.i. is in watts, Vcc •nd Vcc are in 

volts, and Icc and Icc are in •mpere%. 

5 Record value of le, in rnI? (mils) required in Step 1 

a• Sensitivity fe w ) 

6 Calculate Transducer Power Gain (Gp) In dB es 

follows: 

Fig.6 

Gp = 10lo POUTgip 

where P, 1 W) 

PIN 

emi2 

3000 • Ri›,(202 

ZERO SIGNAL AMPLIFIER CURRENT e• DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE 

DIFFERENTIAL MAP,. SLIP in vOLTS Icy 'I SVCS- sus 

b. Cliff ial Amplifier Ch 00000 eristics 

Feg 8 

12C1-

a. Test Setup 

.18 ..... 

....... 

  11111111111 111Z ....  
«Berme 
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•  ••::: 

#21:3 
na' 

-g 8 ?A " ' 
14.0.•.±. 

OrFFERENTIAL AMPLOTIER itviVISOLL,VOLTSOQ9 •res.nres 

b. Charocteristics with 11 10 in circuit 

Fig.y 
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c. Output Amplifi•r Characteristics 
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CA3020, CA3020A 
MEASUREMENT OF INPUT RESISTANCE 

PROCEDURES: 

Input R•sistanc• T•rrninol 10 to Ground (R IN ) 

I. Apply de•ired v•lue of Vcci •nd V and •eV'S in 
Po•ition 1 CC2 

2. Adjust I kHz input for desired •ign•I level of mea-
surement 

3. Adjosl  
Rlirult3 v lir e11: e2 4. Record re e of R • • RIN° 

Input R•sistonc• Terminal 3 to Ground (R, ) 

I. Apply de•ired seize of Vcci rind Vcc, •ei in 
Position 2 

2. Adju•t 1 -kHz input for desired signsil level of mea-
surement 

3. Adjust R for e,. e/2 

4. Record reeulting value of R es RIN3 

F.q9 

MEASUREMENT OF SIGNAL•TO-NOISE RATIO 

AND TOTAL HARMONIC DISTORTION 

•zcc, •VCC.2 

5 

IRLI aLRed “Neled ea neceR4 4.1 
RECIII-A3VER 

015TORTYON 
ANALYZER 
ROWLETT-
PACKARD 

TYPE 302A 
OR 

EQUIvALENT 

_L 

"0— 5ANO-PAS5 
FILTER 
50 me 
TO 

/5 IMF 

PROCEDURES, 

Signal.to•Nois• Ratio 

I. Close Si and 53; open 5, 

2. Apply deitired v•lues of Vcc •nd Vcc 

3. Adj..' 5IN for an amplifier' output oî 150mq •nd 

record resulting v•lue of ROUT in dB •• 

(reference virtue) 

4. Open 53 end record re•ulting velue 01  eOUT dB ee 

eOUT, 
eOUT, 

5. Signal-to-Noirie Ratio (S/N) O 2010• 1,„ 

`ouT 2 

Toro' Harmonic Distortion 

I. Clot, S •nd 5,. open 53 

2. Apply desired v•lue• of "cc •nd Vcc 

3. Adjust eiN for de•ired level simplifier oillput power 

4. Record Told I Harmonic Distortion (THD) in % 

F.9 10 

ZERO SIGNAL AMPLIFIER CURRENT 

vs AMBIENT TEMPERATURE 

o. Tee Setup 

RIPS 
VOLTREETER 
13ALL•NTINE 
MOREL 320 

OR 
EQUIVALENT 

125 150 

9tC1-.32,3 
25 0 25 50 73 100 

•IMINNT TEMPERA UK 71- 6C 

b. Differential Ampl fi• Characteristics 

Ftg 12 

•••••••••••••••• 

•. T•st Setup 

9v 

7 KELM TO ORD 
/RACOON 10.1 

(MAX lo CARRENT 

se rIZTÓ ONO 
TNROuR '0.1 

1,(5-OZIO 

elteiffigel,.. •• PSI 

 1  •••.«   

geoo 

IOO 

 L..-.: 

••: 
.. • ::•••••••••••• 

91111i11111. 
I Me lee•••••1 . ....I 

 ILA:  a:  
1   

0 

Ks«, At/Purge COLLECTOR 00.75 IVE.V71 stcs-ons 

b. Ch in 

F.9 11 

50 100 
111•00 TEMPERATURE IT. 1 — C 

c. Ou put Arnplifi•r Cho ...... l•tics 

150 
E,E-.5.210 
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CA3021, CA2022, CA2023 

Low-Power Video and Wideband Amplifiers 

RCA-CA3021. CA3022, and CA3023 are low-power integrated-circuit wideband 

amplifiers with a wide range of applications in industrial, military, and commercial 

communications equipment. Each consists of a multistage amplifier circuit and un-

connected diodes on a single chip, hermetically sealed in a 12-lead TO-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. MI 

three devices are designed for operation over the temperature range from -55° C to 

+125°c. 

APPLICATIONS 

• Goin-Controlled Line« Amplifiers 

• AWFM IF Amplifiers • Video Amplifiers • Limiters 

SCHEMATIC DIAGRAM FOR CA3021, CA3022. AND CA3023 

ABSOLUTE-MAXIMUM RATINGSt 

OPERATING.TEMPERATURE RANGE .55°C to • I 25°C 

STORAGE.TEMPERATURE RANGE .M15°C to •150°C 

LEAD TEMPERATURE (During Soldering): 
Al distance 1/11, 1/32 inch l I SO t 0.7l/nun) 
f use for 10 seconds oux.   +265°C 

DEVICE DISSIPATION. Pg   I 20 max. mVi 

INPUT.SIGNAL VOLTAGE   .1 .3 max V 

DC VOLTAGES AND CURRENTS  See Table Below 

VOLTAGE OR 

CURRENT LIMITS 
CIRCUIT CONDITIONS 

TERMINAL NEGATIVE POSITIVE TERMINAL CONDITIONS 

1 -3V 03V 

I 

Coanached to 
Vee: 

th,...„ 1001-1 
Resisto, 

5 •12V 

10, IS. 12 Ground 

5 •12V 
2 -3V •12V 

10, 11, 12 Ground 

5 •12V 
3 ov •12V 

10. II, 12 Ground 

4 •I2V .12V 6. II Ground 
to max. ntA 

5 OV 0112V 10, 11, 12 Giound 

6 -12V 012V 5. II Grould 
10 max. mA 

DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 

FOR CA3022 

at, 5...opl 

HIGHLIGHTS 

• Lew DC Power Drew 
CA3021 = 4 arIV rye. 

PD {CA3022 12.5 rnW ryp. it =v6cVc 
CA3023 35 roVI gyp. I 

• Excellent frequency response: 
.3 dB 1 CA3021 2.4 MHz typ. 
BR I CA3022 7.5 MHz typ. 

CA3023 16 MHz typ. 

• High Voltage Gain: 
1 CA3021 - 56 dB typ. at 0.5 MHz 

A \ CA3022 • 57 dB typ. at 2.5 NIla 
CA3023 53 dB typ. et 5 MN: 

• Wide AGC Range: 33 dB typ. 

• Only one power supply (4.5 to 12 V) required 

• Hermetically Sealed 12•Lead TO-5-style package 

• 0 eeeee ion from .55° C to • 12e C 

VOLTAGE OR 

CURRENT LIMITS 
CIRCUIT CONDITIONS 

TERMINAL NEGATIVE POSITIVE TERMINAL CONDITIONS 

7 OV 012V 
5 .12V 

10, 11, 12 Ground 

8 20 maa. mA 
5 •I2V 

10, 11. 12 Ground 

9 -0.5V 03V 
S 012u 

10, 11, 12 Ground 

10 OV alV 
2,5 .12V 

II Ground 

11 -6V •I2V 
2 Ground 

5 •12V 

12 OV utV 
2.5 012V 

II Ground 

oevIce DISSIPATION VS DC SUPPLY VOLTAGE 
FOR C63023 

10 
OC SUPPLY VOLTS (V,c1 

Fig.3(z) 

SUS- •311. 

secs-noom 

Fe. I 

TEST SETUP FOR MEASUREMENT OF DEVICE DISSIPATION 

AND QUIESCENT OUTPUT VOLTAGE 

•"5:C 

baCs•.••34 

PT VQQ 

Fig.2 

DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 

FOR CA3021 

ow L. 4 t È 
.. 

_ 30 

I 25 ..filt 
U 20  

ft_. 
..i.- :rifri 1-21- •-•:_-.. u • tr.! 
) 5 w 

B 
S..,4, 
e 

rt ............. 

 7:1 :,..r.:- i-Er 
• M a la 

DC SUPPLY VOLTS Ivccl 

Pig..) 

DEVICE DISSIPATION VS TEMPERATURE FOR 

CA3021, CA3022, ANO CA3023 

la 

laC5-0,30. 

LOC supe,, vat S IvEEM•C e!E•rli!  FEE01322A RES, TAN« 01,0 
••••  

•  

i•• 

••11•.•  

-75 25 0 25 75 (25 

" 22 — 

2, :Ill ji lUI  

AMBIENT TEMPERATURE 7TA)—'C 

Fla. 314) 
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CA3021, CA3022, CA3023 
ELECTRICAL CHARACTERISTICS. et TA = 2.5° C. Vcc0 •6V. unless otherwise specified 

r 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 

TYPICAL 
CHARAC• 
TERISTIC 
CURVE 

TEST SETUP 
AND 

PROCEDURE 

FEEDBACK 
RESISTANCE 

(Rs) BETWEEN 
TERMINALS 
3 AND 7 

FRE. 
DUNGY 
1 

r 

CA3021 
(140219) 

CA3022 
(TA5236) 

CA3023 
ITA52181 

Fig. II MHz Min. Typ. Max. Min. Typ. Max. 
... 

Min. Typ. Max. Units Fig. 

''. 
Device 
Dissipation PT 2 

fo - mW 3a.d 

co - - - 5 12.5 24 - mW 3b,d 

m - - - - - - - 24 35 48 mW 3c,d 

Quiescent 
Output 
Voltage 

Vo 2 

39k - V 

- 10k - y 

4.7k 

AGC Source 
Current  HOC 

4 VAGc -e+6V - 0.8 - - 0.8 - - 0.8 mA - 

Voltage Gain A 5 

560k 0.5 50 56 - - - - - - - dB 6a 

39k 0.8 40 40 - - - - - - - dB 6a,d 

39k 2.5 - - - 50 57 - - - - dB Kb 

10k 3 - - - 40 44 - - - - dB 6b,d 

18k 5 - - - - - - 50 53 - dB 6e 

17k 10 - - - - - - 40 44 - dB 6t,d 

Bandwidth at 
-3 dB Point BR s 

39k - 0.8 2.4 - - - - - - - MHz 6a 

10k 
fit 17k - - - - - - 10 16 - MHz 

Input. 
Impedance 
Comm- 
nents 

Input 
Resistance 

. 
IN 

7 

39k 

10k 

4.7k 

Input 
Capact. 
tance 

CIN 1 

. 39k 

10k 

4.7k 

OutputResistance ROUT 8 

39k 

10k 
fl 

4.7k 

Noise Figure NF 9 

39k I - 4.2 8.5 - - - - - - dB 

10k I - - - - 4.4 8.5 - - - dB 

4.7k 1 ------ - 6.5 U.S dB 

AGC Range AGC 10 

_ - - dB 

_ W - - - - - - - n - de 

Maximum 
Output Voltage 
(RMS Value) 

rod 5 

39k 1 - U.S - - - - - - - affimq 

Von) 10k 5 - - - - 0.7 - - - - 

17k 10 ------ - 0.5 - % ins) 

VOLTAGE GAIN VS FREQUENCY FOR CA3022 
»WEN 
EIC Seely 
tERme•LS 
T 

TEMPERATURE Us • 25•C EEED8ACA RENSTANCE 1R /I 
vOLTS1vc0)• .8 CORRECT D BETWEEN TERM - 
No 10.11.AND a CONNEC- IRALS No SOTO ' 

GRÇrs - 1 ---0,0 I 

FEEDBA0( RES STANCE(Rm.., 

Fi 22 K 
" e 15a 

..... 

f 2. 
1 10 

0 
01 

EREQuENC 111- NON 

Fig 6(b) 

oAcs e Se 

VOLTAGE GAIN VS FREQUENCY FOR CA3023 

An/wENT TESIPERATuRE I TAI • 25•C EEEOBACA RESISTANCE 1R ll / 
DC SUPPLY VOLTS 0.,c I • •I/ CONNECTED BET wEEN TERN. 
TEIRAIN•LS re 10,11. MO 12 COTANEC- ISOLS No 3 AND 7 

TED TO GROLAVO 

,
 V
O
L
T
A
G
E
 G
A
I
N
 I
•
1
-
0
5
 

0
.
3
3
1
5
.
t
.
e
_
 

F K 1 *CO 

• 
•Iru•II 11 

...• 

01 
FREQUENCY 111 - Moo 

Fig.64) 

TEST SETUP FOR MEASUREMENT OF AGE 

SOURCE CURRENT 

• 

102010.33 

IAG, IS TIE CURRENT FLOWING INTO TERMINAL 2. 

Fig.4 

TEST SETUP FOR MEASUREMENTSOF VOLTAGE.GAIN,-366 

BANDWIDTH, AND MAXIMUM OUTPUT VOLTAGE 

• 6/./ 

es, 
PROCEDURES 

Voltage Gain: 

fa) Set eg, = 0.5 inVat hequency specified, read egal Voltage Gain 

IA) 20 Log, !Le ... 
Bandwidth: IT 
la) lot eoiii to a ccovenient reference voltage ans = 100 kHz and 
record corresponding value of ein. 

Os) InCtease the frequency, keeping en, constant until tiow daps 
3-dB. Record Bandwidth. 

Fig.S 

VOLTAGE GAIN VS FREQUENCY FOR CA3021 

ANBIEST TEMPERATURE 1T.1•29•C REED8ACK REITSTANCE IRe 
OC suer, VOLTS vcc)••• CONNECTED BETWEEN TERM-
TERMINALS No /0.11,AND 12 CORNEC- 1SOLS No 3 &NO 

TEO TO GROUND 
70 

. 
• 

FEEDBACK RESIVE1111002 
.45 

M I K 

I. 
V
O
L
T
A
G
E
 
G
A
.
 I
 A
I
 -
 

a
 

;;KK 

_..... 

•••• 

10 K 
_.... 

-4.... 

66X 

OE 
FREQUENCY if I-SAN 

Fig.6( ) 

10 

SECS- 4428 

VOLTAGE GAIN VS TEMPERATURE FOR CA3021, 

CA3022, AND CA3023 

OC SUPPLY vOLTS DEW. • 

TERMINALS No10.0. AND 12 CONNECTED 

TO GROUNO 

FEEDBACK RESISTANCE MAI dONNEcr ED 
RETOCEN TERMINALS No 3 AND 1.0 T 

cason 
CA3 a 10 

-73 -a 0 25 00 75 Nio 123 ISO 

AIMEN1 TEIMERATME T,0-% 
12.-.0420 

FIci.d(d) 
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CA3021, CA3022, CA3023 

TEST SETUP FOR MEASUREMENT OF INPUT-

IMPEDANCE COMPONENTS 

P.7 METVI 
00CP TEN 
TYPE 23011 

OP 
E0.1.1nrEff7 

• ein .4_10 mV 
117C,7•02 

Fie.? 

.CC 
•ISY 

TEST SETUP FOR MEASUREMENT OF OUTPUT 

RESISTANCE 

•cc 
• 6y 

17CS-M431 

• .in 10.11/ 

F19_8 

TEST SETUP FOR MEASUREMENT OF AGC RANGE 

rz 
PT TENu•TCP4 •50  

1.5.1017117 
MOWER 

GYM 010451 

1.5.101. 

Pete •077 

A WITH S IN POSITION I 
ACC RANGE • 20 LOG, 

A WI TH SIN POSITION 2 

= VOLTAGE GAIN) 

TYPE 

Wm; 

Mon 

CA3023 

Mill 

'0 

Fie-10 

0111 

2.3nH 

26001 

64,1 

• 7 

17C5-71,140 

MHz 

CA3021 

CA3022 

CA3023 10 

TEST SETUP FOR MEASUREMENT OF NOISE FIGURE 

7-1.1M8 
TARIM CIRCUIT 

CA3021 • Rij = 39 kn 
CA3022 - 10 id) 

CA3023 - Ro = 4.7 kl-1 

F,9.9 

ICUT 
Rp 
I! A 

39 CASOS' 

CA 3022 10 

CA3025 • 7 
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CA3026, CA3054 

DUAL INDEPENDENT 

DIFFERENTIAL AMPLIFIERS 

The ('A31226 and emu-A verb consists of two independent 

diffemntial amphfiers with associated constant-current 
transistors on a common monolithic substrate. The six 
n-p-n transistors which VinitiginC the amtibriers are 

general purpose devices which exhibit low I f noise and 
a value of 1Tin excess of 300 51Hz. These features 
make therA:1026andCA3054 useful from de to 120 N1112. 
Ibas and load resistors have been omitted to provide 

maximum application flexibility. 

The monolithic construction if the (' ,11126 and CA312-14 

provides close electrical aryl thermal matching of the 
amplifiers. This feature makes the,., des ices particular'', 

useful in dual channel applicallOns where matched per-
formance of the two channels is required. 

For Low-Power Applications 

at Frequencies from DC 

to 120 MHz 

APPLICATIONS 

• Dual sense amplifieo. 

• Dual Schmitt triggers 

• Multilxnetion combinations . RF Miser Oscillator. 

Converter IF 

• IF arnelrbers (differential and or cascade) 

• Product detectors 

• Doubly balanced modulators and demodulators 

• Bolonc•d quad,  detectors 

• Cascade limiter. 

e Synch ,  defected, 

• Parrs of balanced mixers 

• Synth  sees 

• goloreed Ipu,h.polll cascade amplifiers 

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT TA . 25°C 

Power Dissipation, P: 

Asti one transistor   

Total package   

For TA > 55°C  

Temperature Range: 

Operating   -55 to • 125 

Storage   -65 to • 150 

Lead Temperature (During Soldering): 
At distance 1 /16 0 032 inch II 59 t 0 79mm) 

(rum Cese rot 10 seconds max 4265 "C 

CA3026 

Iterate at 5.... 

CA3054 

300 

750 

6.67 

me/ 

mW 

"r 

The following ratings •pply for each transistor in the desitcet 

Collector-to-Emitter Voltage. VcE„  15 

Collector-to-Base Voltage. Vc .„  20 

Collector-to-Substrate Voltage. Vcio•  20 

Emitter-to•Base Voltage, VE .,  

Collector Current, lc   50 

5 

V 

V 

V 

V 

rnA 

• The collecta, of each transistor of the CA3026 and CA3054 is for nano! transistor action. The substrate should be maintained at 
isolated hair the substrate by an integral d'ode. The substnate must signal tACI grimed he means of a suitable groinding capacitor, to ovoid 
be connected to a voltage ithich is mere negative than any collector undesired coupling between transistors. 
voltage in order to madam isolation between transistors told provide 

Maximum Voltag• 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 It and horizontal terminal 3 t is *15 to -5 

volts. 
t For CA3026,eorresponding terminate for CA3054 are vertical 

terminal 2 and horizontal terminal 4. 

CA3054 
TERMINAL 

i 

-.... 
No. 13 I4 I 2 3 4 6 7 8 9 II 11 5 

C63026-ts- 
TERMINAL 
Ni 

10 11 12 I 2 3 4 5 6 7 8 
Note I 
9 

Note 1 
9 

13 10 •20 .5 
• 

It 11 • • 
0 

1  12 o 0 

2 I 
•15 

• 

3 2 • 

4 3 • • • • • • • 

6 a 
0 
-20 

., .5 
.5 

. •15 
-5 

y 

7 5 • • • • 
.10 
0 

8 6 
.10 
0 

. . •20 
0 

9 7 „ •15 
.5 

. 

11 8 
I • 

12 9 
• 

5 9 

Ref 
Sub-
shale 

• Voltages are not no malty applied between the• terminals. 
V Itage• apnea ang between t ese term nele will be ere if 
th specified limits between all other terminals o e not 
exceeded. 

Nara 1: In the CA3026 terminal No.9 is connected to the emitter 
of Qs, the reference subatrate. and the casettherefore,the case 
should not be grounded. Teen terminal 9 columns ICA3026, 
appear in the voltage rating clue, hems'sse at la n compered. 
chart for both the CA3026 and the CA3054. Wherever an asterisk 
is shown in one column 9 and e rating is shown in the other 
column 9, the eseterials should be ignored. 

Maximum 

Currant Ratings 

CA3054 
TERMINAL 
No • 

CA3026 
TERMINAL 
Na 

I,. 
my, 

OUT 
CA 

13 10 5 0 I 

14 11 50 01 

I 11 SO 01 

2 I 5 01 

3 2 5 0 I 

4 3 0.1 .50 

6 4 5 0 I 

7 5 50 01 

8 6 50 01 

9 7 5 0.1 

II 8 5 0.1 

11 9 0.1 50 

• Terminal No.10 of CA3054 15 not need 

FEATURES 

• Two differential amplifiers on a cowman substrate 

• Independently accessible inputs and outputs 

• MC/Tint/1M input offset voltage ••± 5 rnV 

• Full military temperature range capability •- -55°C to 

.125°C 

• Limited temps ,,,,,, ronge -- 0°C to 85°C for CA3054 

• The CA3054 is available in a sealed-junction 

Beam-Lead version (CA30540. For further 

information see File No. 515, "Beam-Lead 

Devices for Hybrid Circuit Applications". 

• CA3026—Hermetic 12-lead TO-5 package 

• CA3054-14-lead dual-in-line plastic package 

() ? 9 'V 1) (1> 

I r 

L 
cl =IT ,d) 

Pug. la • Schematic Diagram far CA3026 

Fiy.lb - Schematic Diagram for CA3054. 

CAUTION: Substrate MUST be maintained negative with 

respect to all collector terminals of this device. See 
Maximum Voltage Ratings chart. 

TYPICAL STATIC CHARACTERISTICS 
C
O
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-ErinttER CuRPERI 110 0   

I 

, 
,. ' ., 

4° 
eat' e 

.0 
.51 

5.,  

7 

-%-:;-. 
- 

AMERY TEMPERATURE apt—re a 

• For CA3054, use data horn 0°C to 135°C only 

F19.2 • Col lector•to.base cutoff current ea ambient ternper-

ware for •ach front, Istor. 

OLLECTON-10-gagg v01. S lrigel 3 
AMBIENT TEMPERATURE ITA025 .0 

ii11111113111111111 
1•1•11M•Fill•••MMIMMI••• 

IMP'41111111MMZU111 

IIIIIHIUIIIIIIII 
01 la 

COLLECTOR • LLIAMPERES ltd 
OM Mfg II 

Fig.3 • Input bias current chorocteristic vs collector 

current Inc each transistor. 
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CA3026, CA3054 

ELECTRICAL CHARACTERISTICS rat TA = 25°C 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 
TEST 
CIR- 
CUIT 

CA3026 
CA3054 
LIMITS 

UNITS 

TYPICAL 
CHARAC-
TERISTICS 
CURVES 

FIG. MIN TYP. MAX FIG 

STATIC CHARACTERISTICS 

For Each Differential Amplifier 

Input Offset Voltage V10 

VcB • 3 V 

1E0331 1E034)- 2°A 

0.45 5 mV 6 

Input Offset Current 110 . 03 2 i•A 7 

Input Bras Current 1 I 10 24 0A 3 

Quiescent Cloven 
Current Ratio 

IOW IC,2 _., 
lek, Igok, • 

0.98 to 
1.02 

3 

Temperature Coefficient 
Magnitude of Inout-011set Voltage 

lAV/01 
I 1 i.i V/°C S 

AT 

For Each Transistor 

DC Forward Base-to. 
Emitter Voltage 

VBE 
‘ IC * 5°(•J 

VcB • 3 V , I °A 
i 3 mA 

Y 10 mA 

- 0 630 
0 715 
0 750 
0800 

0700 
0.800 
0850 
0.900 

6 

Temperature Coefficient of Base- 
to.Emilter Voltage 

.°VBE 
VCB ' 3 V IC ' I mA -1.9 r(V/he 4 

AT 

Cotlector-Cutoll Current ICBO VcB • 10 V. IE r. 0 0.002 100 nA 2 

Collette-to-Emitter 
Breakdown Voltage ViBRCE0 IC ' I °A IB ' ° - 15 21 V 

Coileclor-to-Base 
Breakdown Voltage V( BRCBO lc - 113,1A. IE . 0 20 60 V 

Collector-to.Substrate 
Breakdown Voltage 

v, BRao lc = 10uA. la ° 0 20 60 v 

Emitter-to-Base Breakdown Voltage V,BR 1E80  IE - 10pA. lc - 0 5 7 V 

DYNAMIC CHARACTERISTICS 

Common-Mode Rejection Ratio 
For Each Amplifier 

CMR 

Vcc • 12 V 

VEE ' I° V 
• - Vx 3.3 V 

I • I kHz 

&a 100 dB Elb 

ACC Range, One Stage AGC Na 75 dB 96 

Voltage Gain, Single Stage 
Double-Ended Output 

A 9a 32 dB 95 

AGC Range, Two Stage AGC 10a 105 dB 10b 

Voltage Gain, Two Stage 
Double-Ended Output 

A 10a 60 dB 10b 

Low-Frepuenty. Small-Signal 
Equivalent-Circuit Characteristics 
For Single Transistori 

Faward Current-Transfer Ratio 
hle 

I = I kHz. VcE • 3 V. 

lc - I mA 

110 II 

Short-Circuit Input Impedance hie 35 II 

Open-Circuit Output Impedance h. 156 Vaho II 

Open-Circuit Reverse Voltage- 
Transfer Ratio 

h,. 1.8.10 II 

DYNAMIC CHARACTERISTICS CONTA 

1/f Noise Figure 
(for Sirgle Transistor) 

NF I = 1 kHz, VcE = 3 V 3.25 dB - 

Gain-Bandwidth Product 
(For Single Transistor) Yr VCE ' 3 V. IC ' 3 °A - 550 MHz 12 

Admittance Characteristics; 
Differential Circuit Configuration: 
(Foe Each Amplifier) 

Forward Transfer Admittance ya_ VcB = 3 V 
Each Collector 
lc,,, 1.25 mA 
f = 1 MHz 

-200)0 - mmho 13a 

Input Admittance Yu 0.22=-10.1 mmho 136 

Output Admittance Y22 - - 0.01 •j0 mmho I3C 

Reverse Transfer Admittance Y12 - -0.003 •10 mmho I3d 

Admittance Characteristics; 
Caiccde Circuit Configuration: 
(For Each Amplifier) 

Forward Transfer Admittance y.11 VcB = 3 V 
Total Stage 
lc It 2.5 mA 
f = 1 MHz 

- ' 68-j0 - mmho I4a 

Input Admittance Yll 0.55=j0 mmho 146 

Output Admittance Y22 (1.10.02 • moho 14c 

Reverse Transfer Admittance Y12 0.0136-j0.005 - phlho 14d 

Noise Figure NF f = 100 MHz - 8 • dB - 

TS -50 ZS 0 2 50 75 100 125 

oà0510.7 sneffloretere n—*C • 

Fig-4 • Base.tonsrnitte voltage characteristic for each 

transistor vs ambient temperature. 

es -50 -25 0 25 50 75 MO 125 

MallENT 2E112E1120M Ine-7e • 77cs eunoo 

Fig.5 - Offset voltage characteristic vs ambient temper-
ature for differential pairs. 

• For C03054: use data from 0°C to 85°C Only 
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CA3026, CA3054 

Terrninel Numbers in Circles are 
for CA3026 

Terminel Numbers In Squere Bese• 
ere for CA3054 

ANS-.32664. 

TYPICAL DYNAMIC CHARACTERISTICS 
COMMON MODE REJECTION RATIO 

vcce•ew 

o 

(o) Test setup 

TeirvIreil.16umbers in Circle. are 
Ion  

Terminal Numbers in Square Bone. 
ere lee CA3054 

TWO-STAGE VOLTAGE GAIN 
Terminol Numbers In Circles ere 
lo r CA3026 

Terminel Numbers In Square Berte• 
are fer CA3054 
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CA3026, CA3054 

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER 
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DIFFERENTIAL CONFIGLMA ION 
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Fig.13 c) - Output admittance (Y22) vs frequency. Fig.I 3(d) • Reverse transfer admittance (Y12)vs equency. 

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH CASCODE AMPLIFIER 
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CA3028A, CA3028B, CA3053 Types 

DIFFERENTIAL/CASCODE 
AMPLIFIERS 
For Communications and 
Industrial Equipment at 
Frequencies from DC to 120 MHz 

The CA3028A and CA302813 are differential/cascade ampli• 

fiers designed for use in communications and industrial equip. 
ment operating at frequencies from dc to 120 MHz. 

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 of fset current, and input bias current. 

The CA3053 is similar to the CA3028A and CA30288 but is 

recommended for IF amplifier applications. 

The CA3028A, CA302813. and CA3053 are supplied in a 

hermetic 8-lead TO-5.style package. The "F" versions are 

supplied in a frit-seal package and the "r versions in formed-
lead (DIL-CAN) packages. 

ABSOLUTE MAXIMUM RATINGS AT TA = 25°C 

DISSIPATION: 
At TA up to 55°C 

1CA3028AF, CA30288F  

CA3053F)  
At TA > 55°C 

1CA3028AF, CA30288F, 

CA3053F)   

At TA up to 85°C 

(CA3028A, CA30288. CA3053)  450 mW 

At TA > 85°C 

(CA3028A, CA3028B, CA3053) Derate linearly 5 mW/ °C 

AMBIENT.TEMPERATURE RANGE: 
Operating   -55°C to 0125°C 

Storage   -65°C to .150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32" 11.59 2 0.79 mm) 
from cue for 10 seconds max.   .265°C 

750 rnW 

Derate linearly 6.67 mW/°C 

ELECTRICAL CHARACTERISTICS of TA = 25°C 

CHARACTERISTIC SYMBOL 

TEST 
CUR- 
CUIT 

SPECIAL TEST 

CONDITIONS 
LIMITS 

TYPE CA3028A 
LIMITS 

TYPE CA30288 
LIMITS 

TYPE CA3053 UNITS 

TYPICAL 
CHARAC-
TiegjaS 

Fig. Min. Typ. Mar. Min. Typ. Max, Min, ITyp. Max. Fig. 
STATIC CHARACTERISTICS 

*VCC 'MEE 

Input Offset Voltage V00 2 6V 
I2V 

6V 
I2V 

098 
0.89 

5 
5 mV 4 

Input Offset Current 210 3a 1% g 
0.56 
1.06 

5 
6 “A 4 

Input Bias Current Ty 
33 g g 

16.6 
36 

70 
106 

166 
36 

40 
80 Se 

30 
9V 
12, 36 125 se 

Quiescent Operafing 
Current 

la 
or 

18 

3 a 6V 
I2V 

6V 
12V 

0.8 
2 

1.25 
3.3 

2 
5 

I 
2.5 

125 
3.3 

IS 
4 • mA 

6a 
7 

3b 
9V 
I2V  ------- 2,0 

1.2 2.2 
3.3 

3.5 
5.0 60 

AGC Bias Current 
(IntoConstant.Corrent 
Source Terminal No-71 

17 
83 

I2V 

12V 

VA,c ...r) 

Vec = •12 
1.28 

1.65 

• 

• 

1.28 

1.65 
rnA 

11b 

' 
9V 
I2V 

1.15 
1.55 

Input Current (Terminal 
No.7I 

17 
' 

6V 
I2V 

6V 
I2V 

0.5 
1 

0.85 
1.65 

1 
2.1 

0.5 
I 

0.80 
1.65 

I 
2.1 mA 

Device Dissipation PT 
3à 6V 

I2V 
6V 
12V 

24 
120 

36 
175 

54 
260 

36 
120 

36 
175 

42 
220 mW 

9 

3b 
9V 
I2V 

50 
100 

80 
150 - 

FEATURES 

• Controlled for Input Offset Voltage, 
Input Offset Current, and Input Bias 
Currenr ICA3028B) 

• Balanced Differential Amplifier 
Configuration with Controlled 
Constant-Current Source to Provide 

• The CA3028A is aveilabM in e sealeetuection 
Beem.Leed version ICA3028ALL For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

Unexcelled Versatility 

• Single- and Dual-Ended Operation 

• Operation from DC to 129 MHz 

• Balancied.AGC Capability 

• Wide Operating-Current Range 

APPLICATIONS 

• RF and IF Amplifiers (Differential ser Coscedel 

• DC, Audio, and Sense Amplifiers 

• Converter in the Commercial FM Band 

• Oscillator • Mixer • Limiter 

• Companion Application Note, ICAN 5337 -Application 
of the RCA CA3028 Integrated Circuit Amplifier in the 
HF and VHF Ranges... This note covers characteris-
tics of different operating modes, noise performance, 
mixer, limiter, and amplifier design considerations. 

MAXIMUM VOLTAGE RATINGS of TA = 25°C 

11888-1•TeNT 

Fig.1 • Schematic diagram let CA3028A. CA30280 and 
CA3053. 

TERM 
INAL 
No. 

1 2 3 4 5 6 7 8 
TIII5 Chad gives the range 

of voltages which can Ce applied 
10 the terminals listed ha 'until ly 

with respect to the terminals 
listed vertically. Fp !sample. 
the voltage range of the horizontal 

terminal 4 with respect to terminal 

2 IS -I to •5 eolt5. 

a 

1 
0 
lo 
.15' 

0 
to 
.15 . 

0 
to 
-Is' 

.5 
to 
.5 

• • 
.70. 
to 
o 

2 
•5 
to 
-II 

.5 
to 
-1 

.154 
to 
o 

• 
.151 
to 
O 

• 

3 t 
•to 
to 

.15I 
to 

• 30. 
io 

.153 
to 

'3" 
to 

00000 

.153 I Terminal »3 is connected to the sub-
4 to 

0 
• • • st, ate and Cast 

• Voltages are not normally applied be-
meen these terminals. Voltages .20* 

5 • • appearing between these terminals 
0 mll be safe, of ire specified volt-

age limits between all otter term.. 
6 • • nals me net exceeded. 

l 

. 

Limit is -12V for CA3053 

7 • 
+ Limit is 015V for CA3053 

é Limit is v120 for CA3053 

• Lirmt is 0240 to CA3021IA eno 
8 .18V tot CA3053 

Vcc 

3 er 

270 

7° VP) 

• 1.•0.1.• Onel VoNyetie. 
010. 

Fig.2 • Input offset voltage test circuit for CA30288. 

MAXIMUM 
CURRENT RATINGS 

TERM. 
INAL 
No. eut 

lin [OUT 
mA 

0.6 0 I 

2 0.1 

3 0.1 23 

20 0.1 

06 0,1 

20 0.1 

0.1 

20 0.1 

DC 
OITTERENTIAL 
VOLTNE ER 

FLUKE TYPE 80 
OR 

EQUIVALENT 
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CA3028A, CA3028B, CA3053 Types 

ELECTRICAL CHARACTERISTICS et TA = 25°C (cont'd) 

SYMBOL 

TEST[ 
CIR• 
CUIT 

Fig 

' 
SPECIAL TEST 

CONDITIONS TYPE CA3028A 

LIMITS 

TYPE CA302138 UNITS 

TYPICAL 
CHARAC-
TERISTICS 
CURVE 

Fig Min TYP Mao Min I Typ Mee 

DYNAMIC CHARACTERISTICS 

Power Gon 
GP 

10a f 100 MHz 

VCC •73V 

Cascode 16 20 16 20 
dB I M  

110.0 Dill Ampl 14 17 14 17 I lb,e 
10a I 10 7 MHz 

VCC .9V 

Caseate 35 39 35 39 
dB 

10b 
1 la DM Ampl 28 32 28 32 I lb 

Noise Figufe NF 
10a 1 100 MHz 

VEc .9V 

Cascode 72 9 72 9 
dB 

10c 

1 la rf DM Arno 67 9 6 7 9 I Ic.e 

Input Admittance 1711 ,___ 

f 10 7 MHz 

VCC .9V 

Cascode 0 6 • j I 6 
',mho 

12 

Dill Ampl 0 5 • j 0 5 13 

Rever se Ti ansfer 
Admottance 

Y12 ------, 
Coso ode 0 0003 JO 

mmho 14 

Dill Arno 001 10 0002 15 

Fw ward Tr anslef 
Admittance 

y21 Cascode 
A 

99 118 „ h. 16 
Dill Arno 37 • 10 5 17 

Output 
Adam ttance Y22 — 

Cascade 0 • ID 08 
h 18 

Dill Arno 004 • 10 23 19 

Poke, Ou Put 
IUntune t P. 20a f 10 7 MHz 

V,, .9V 

Dill Amp, 
50 Input 
Output 

57 5 7 W 2017 

AGC Ran e 
fMas Powet Gain 
to Full Cutoff) 

AGC 210 0,11 Amo 62 62 dB 2Ib 

Voltage 
Gain 

at 
I 10 7 MHz 

A 

220 

220 

t 107 MHz 

VCC •0V 
AL 1 k.. 

Cascode 40 ao 
dB 

220 

Diff Amo 30 30 220 

DINetentral 

I r kHz 23 

VCC .6V VEE 'V 
RL 2 k .. 

VC, •12V. VEE I2V 

RL I 6 W. 

35 

40 

38 

425 

42 

45 

dB 

Max Peak to-Peak 

Output Voltage 
at 1 - I kHz 

V0117 Pi 23 

VCC .6%, VEE 6V 

RL 2 '••' 
V,, •I2V. VE, I2V 

RL I 6 k. 

7 

15 

11 5 

23 

VP P 

Bandwidth 
at -3 dB point 

BW 23 

V,, •6V. VEE •6V. 

RL "' • 

Vc, •120, VEE I2V 

RL I 6 k .. 

73 

a 
MHz 

Common-Mode 
Input-Voltage Range VCMR 24 

V,, •6V. VE, 6V 

VCC •I2V VE, -12V 

2.5 

5 

I 3 2 - 4 51 

f 7 - 91 

4 
7 V 

Common-Mode 
Rejection Ratio 

,mi, 24 V,, .6V. VE, 6V 

VCC •120. VEE I2V 

60 

60 

110 

90 
de 

Input Impedance 
at f 7 1 kHz 

ZIN 
. V,, •60 VE, 6V 

sic, 012V. VEE 12V 

55 

3 
.7 

Peak-to-Peak 
Output 
Cutere 

IP P 

V,,..9V 

Vc, . •I2V 

I 7 10.7 MHz 

e,. , 400 mV 
o ,,, „me 

2 4 7 2.5 4 6 
rsA 

3.5 6 10 4 5 6 8 

ELECTRICAL CHARACTERISTICS at TA = 25°C (cont'd) 

CHARACTERISTIC SYMBOL 

TEST 
C1R 
CUIT 

Fig 

SPECIAL TEST 
CONDITIONS 

LIMITS 

TYPE CA3053 UNITS 

TYPICAL 

TCEHRAIRSATCICS 

CURVE 

,,, Min Tya Ma. 

DYNAMIC CHARACTERISTICS 

Power Gain 
GP 

10a 

1 la 

I 107 MHz 

VCC = •90 

Caseode 35 39 
dB 

Dill Ampl 28 32 

Input Admittance Y 1 1 — 

I = 10 7 MHz 

VCC •9V 

Cascode 06 • j I 6 mmho 12 

Dill Amo 05 • j 0 5 13 

Rever se Tr ansfer 
Admittance 

V 12 — 
Cascode 0 0003 JO 

rnmho 14 
Din Amol 001 10 0002 15 

Feward Transfer 
Admittance 

y27 _ Cascode 99 - 118 mmho i6 

Dill Amo -37 • JO 5 17 

Output 
AdmIttance 

02 2 
----- Casosde 0 • 10 08 mmho 18 

Dal Arno 004 • 10 23 19 

VI .art,Z8 
at 

I 10 7 MHz A 

22a 

a . 

I 107 MHz 

V,, •OV 

RL 1 k 

Gas:ode 40 
dB 

22b 

Dill Arno TO 220 

Peak-to-P ak 
Output 
Coffer« PP 

V,, - .9s/ 

V,, .12V 

I , 107 MHz 

e,. - 400mV 
D , ,,,,.., 

2 4 7 
rnA 

35 6 10 

3,F 

DEVICE 015510A710N.E,v,,•11.• .1 

Fig.3a Input offset current, input bias current, device 
dissipation, and quiescent operating current test circuit 
for CA3028A and CA3028B. 

c 

DEvICE D.5510A7.0-N•vcc 
92CS-r.4 

Fig.36 - Input bias current, device dissipation, and 
quiescent operating current test circuit for CA3053. 
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-75 -50 -25 0 25 50 75 100 125 
AMEND,/ TEIIPERATURE IOUS-15030 

Fig.O - Input offset voltage and Input offset current for 
CA3028B. 

-75 50 25 0 25 50 75 100 125 
AANNENT TEAVERATURE Al-

12CS .5031. 

Fig.5a Input bias current vs. ambien emperature for 
CA3028A and CA30288. 
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CA3028A, CA3028B, CA3053 Types 
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Fig.56 • Input bias co rent vs. ambient temperature for 
CA3053. 

Fig.7 - Operating current vs. VEE voltage for CA3028A 
and CA3028B. 
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112CS-RON 

Fig.6o • Quiescent operating current vs. ambient temper-
ature for CA3028A and CA3028B. 
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Fig.8a - AGC bios current test circuit (differential-
amplifier configurotion) for CA3028A and CA3028B. 
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Fig.10a - Power gain and nois• figure test Circuit (cascode 
configuration) for CA3028A, CA3028B and CA3053*. 

Fig.9 Device dissipation vs. temperature for CA3028A • 10 7MHz Power Gam Test Only. 

and CA3028B. 
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Fig.10c - 100 MHz noise figure vs. collector supply 

volts (cascode configuration) for CA3028A and CA30286. 
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Fig.66 - Quiescent operating current vs. ornbien temper-
atur• for CA3053. 
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Fig.8b • AGC bias current vs. bias volts (terminal No.?) 
for CA3028A ond CA3028B. 
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Fig.10b - Power gain vs. frequency (cascode configuration) 

for CA3028A and CA3028B. 

TYPICAL NOISE FIGURE AND POWER GAIN TEST CIRCUITS AND CHARACTERISTICS 

30-00120-50 

loo 2-15 2-e 

• FOR POW/ER GAM EST 
• FOR NOSE FIGURE TEST 

3-6 3-6 

02-0502-Us 

MCS ,.••N 

Fig. I la • Power gain and noise figure test circuit (differ-
entiol-amplifier . configuration and terminal No.7 connected 

to V cc) for CA3028A, CA302813 and CA3053`. 

• 10.7 MHz Power Gain T•st Only. 
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CA3028A, CA3028B, CA3053 Types 

ISFFERENTIAL-AMPLONVI CONFOLIRATION 
AMBIENT TEMPERATURE Ts/ 25•C 

40 

53-- COLLE„oe 

.......2.....,0, a i 

1 2, 
7s 

1 10 

Cs 
1 

FREGuENCY I; -MU 

•721-44. 

Fig.II6 • Power gain vs. frequency (differential-
amplifier configuration)for CA3028A and CA30288. 

9 
POSITIVE OC OAS VOLTS OR TERNINAL .7 

«23-.434 

Fig.1 le - 100 MHz noise figure and pewter gain vs. isos•-
to•emitter bias (terminolNo.71for CA3028A and CA30288. 

CASCO« CONFOSRATION 
AMBIENT TEVERATURE 
COLLECTOR WPM, 
STAGE COLLECTOR 

VOLTS 
31.1.1•31PERES 

TsH25•C 
...., , 

2124.3TAGIJI .5 
20 

••• 
f 

..,,„..v••""/  

I 

/ ,s 

gt c• 

en 
« g 
e' e 
e 1 o 
e ç 
».. -.s 
if rac, 

IO II 100 
REQUENCY IN-MIN 

Arcs- 44. 

Fig.14 - Reverse g, chniflance (Yu) ne. h•••...S 
(cussed, configuration) for CA3028A. CA30288 end (differential-amplifier configuration) for CA3028A, CA30288 
CA3053. end CA3053. 

10 it 2 
DC COLLECTOR WALT M. S Ive.c1 

Atc•-•4443 

Fig.11c - 100 MHz nois• figure vs. collector supply 
voltage (differential•amplifier configuration) for CA3028A 
and CA30288. 

C.J 1.• 
.N 

35-210 

2- IS 
• FOR POWER GAIN TEST 
• no NOISE FOUINE TEST 

20-50 

2-15 

5-5 

0 2-eso 
3-3 

2-0D 

WES -.MR 

Fig.11d • Power Van end nois• figure re s r circuit (differ-
ential-amplifier configurotion for CA3028A and CA30288 

TYPICAL ADMITTANCE PARAMETERS 

CASCOX CONFIGUYATION 
AMBIENT TENPERATuRE 
STAGE CO-LECTOR MIL ...MRCS 
COLLECTOR SuPPLY VOLT 

TA 1•25 
t CI 

IV s.) •9 
TAGE11•45 

7 

81 6 

- 3 
sil 9 

g- • 
;I-

I!  2 u _ 

il ' 

9 11 

O 
O 100 

REQUENCY I1) -Neu 

MS- • AP 

Fig.I2 - Input adrnittonc• (YI ) vs. frequency (cascade 
configurotion) for CA3028A. CA30288 and CA3053. 

DeFFERENTIAL-AMPLIFIER 
/MAW TEMPERA uREIA•SC 
COLLECTOR SUPPLY vOLTS 

TOR sW.1.1•NPERES 

CONFIGURATION 

vcc .9 
id,geçu TRANS'S QR 2 _ell, 

, 

e 

,....,..,..„>12 

el 0.2 
ee 0, 
.. « 

00 

FREQUENCY I I-4341 
1MCS-A141/0 

Fig.15 • R  dmittonce (Y12) vs. f equency 

OFFERENNAL-ANPLon R CON ICAAATION 
AMEN TESPER•T;ME IT  RTC 
=LECTOR SLRPL v0 T .9 
COLECTOR IIILLIANSERES,EACN TRANSISTOR (1,1•2 2 

7If 1° 

gî 2* 
44....--., 

6 21 

§ 1,..- cr------• 

'5g . 
.i.-

FREQUENCY 1,1-11;4• 
MS-MAW 

Fig.17 • Forword tronsadinittance (Y21) vs. frequency 
(differential.omplifier configuration) fOr CA3028A. CA30288 
and CA3053. 

¡ACOLE CONFOuRA1 
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92C1-14505 

Fig.I8 • Output admittance (Y22) vs. frequency (cos code 
configuration) for CA3028A, CA30288 and CA3053. 

c..,F.ree,,,e'ràeetelfe,??;er".c. 
COLECTOR 
COLLECTOR 

SUPPLY VOLTS 
àfiLLIAMPERES 

;Vs) 49 
I t GP EACH T44.3.519.•.,2 

3 

sf 
-C Zi 2 
It ,E 

i I 
c. 

go 

• • 10 2 

FREQUENCY ITI-MIN 
loo 

secs- • • 
F ig.I 3 - Input admittance (Y1 f C. frequency (di fferent 
amplifier configuration) for CA3028A. CA30288 mat CA3053. 

CASCO« CONFOLRAT. 
AMEN, TEMPERATURE Is I 25•C 
COLLEC OR SUPFLY OINTS vccH•9 
STAGE CCLLECTCR NILLIAAMERE (1 s ). 5 

1 4-

if ge ; f 

î o • r 
t 8- _______ 

' 

, , 
i It, 

0 co 
FREQUENCY I I-MIN 

Fig.16 • Forword t r &nit anc• (Y21) vs. frequency 
(coscode configuration) for CA3028A, CA30288 and 
CA3053. 

ONFERENTIAL-AMPLIFIER CONE GLMATION 

ASSENT TEMPERA uRE ITA 25 0C 

COLLECTOR SuPPL VOLT Vcc) 
COLLECTOR MLLIAMPERES EACH TRANSISTO11!) 2.2  

eve v , 

0;11 

Of 
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1 03 

02 

o. 
à C. 

e, 

44 
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je 

03 

PREEKIENCY 

WS MAAS 

Fig.19 • Output admittance (Y22) vs. frequency (differ-
enfial-amplifier configuration) for CA3028A. CA30288 
and CA3053. 
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CA3028A, CA302813, CA3053 Types 

TYPICAL TEST CIRCUITS AND CHARACTERISTICS 

INFIENENTIAL-AMOLI IER COMANIYAATION 
AAMENT TEMPERAToRE TI' 05C CCABIANT M'a& APLITA2Ne 

IO. 

I   , 
1 

'.........4%,.. 

„I. 

\>, 
il 

F  

100 
Fig.20a - Output power test circuit for CA3028A and 10 AREOUENCTIO-A•14 9PCS-1•509 

CA30288. F g.206 • Output power vs. f •quency - 50(.1 input and 
50 il output (differential-amp)ifier configuration) for 
CA3028A and CA30288. 

ERENTIAL-MARLISIER 0025104,07 

AK.SIENT TEPAPERATURE ITN I )25•C 
OLLECTOR SUPPI.7 VOLTS IVcc/ 

9 • 6 5 4 2 0 

OC INAS vOLTS ON TERMINAL NA.7 • cs-wsos 

vee 

srcs•wer 

Cl 
or :î 5.0 

107 30-60 30-50 3-6 3-6 

100 2-IS 2 -I5 02-05 2-05 

Fig.21a AGC range tant circuit (di flarenrial amplifier) 
for CA3028A and CA30288. 

OS ai Os 
NAM VOLTS l.fl,1 

99Cs 501.. 

Fig.2I b • AGC choracteris ic lo CA3028A and CA30288. Fig.22a Transi., characteristic (voltage gain) test Fig.22b Transfo, characteris iCS (cascade configuration) 
circuit (10.7 MHz) cascade configuration for CA3028A, for CA3028A, CA30288 and CA3053. 
CA30288 and CA3053. 

vcc 

1PCS - e4Si 
MOT val. ON.,) 

Fig.22c Trœuhr characteristic (voltage gain) test Flg.22d Transfer characteristics (differential•amplifier 
circuit (10.7 MHz) d ifforontiol-amplifier configuratior configuration) for CA3028A, CA30288 and CA3053. 
for CA3028A, CA3028B and CA3053. 

0•CILLOSCOPE 

.01 rrER0.T:*c' 
INPUT 

I TEKTRONIX TYPE 
330, 640, 00 340 

ras TYPE D PLU,. 
TEXTRON. TYPE $02. 

OR 
EQUIVALENT) 

0.30 

NANA( OP 
COSMOS .1 a 

00E 
REALE,. VEE - 

11 
eacs-,3036 

Fa CNR test: St to round 
Fo input commoneno0e eottaeo range test: Si to Vx 

Comma, mo00 rejection tatlo -20 log, (A.) (2) (0.3)  

Fig.24. -AiernSimn onl'evdoerldevroeltjaegetirian. o'nratio a:::00501F(Re:et. ode 
input -voltage range test circuit for CA30288. 

vcc 

OSCILLOSCOPE 
R/ITX MEN-GAIN 
DIFFERENTIAL 

INPUT 
ITEKTRONIX TYPE 
530. 990. OR 500 

PM. TYPE 0 PLUG-IN 
TENTNONIA TYPE 502. 

ECIUNIZENTI 

92C3-.0. 

• Fo R .1.6 id - (vcc I2V, .12V) 
Fa R = 2 kr1 - (Vcc = 6V, VEE • 6V) 

Fig.23 - Differential voltage gain, maximum peak-to-peak 
output voltage, and bandwidth test circuit for CA30288. 
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CA3033, CA3047 Types 

Operational Amplifiers 

For High-Output-Current Applications 

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 maxifT10111 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°C 
to +125°C. 

ABSOLUTE-MAXIMUM RATINGS 

INPUT SIGNAL VOLTAGE   
DEVICE DISSIPATION: 

Up to TA = 25°C   
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.   

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 0°C to +70°C. ambient. 

Companion Application Note, /CAN-564t "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 330%. 

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. 

The RCA-CA3047 and CA3047A are electrically identical 

to the CA3033 and CA3033A, respectively, but are limited 
in operating and storage temperature range. 

CA3033 CA3033A CA3047 CA3047A 

±10 V -13 V. +10 V :00 V -13V, +10 V 

1.2 W 1 2 W 750 rnW 750 mW 

Derate at 8 mW/°C Derate at 6.67 mW/0C 

-55°C to +125°C 0°C to +70°C 
-65°C to +150°C -65°C to +150°C 

+265°C 

MAXIMUM VOLTAGE RATINGS at TA • 250 C CA3033, CA3047 

The following chart gives the range of voltages which can be applied to the terminals listed vertically 
with respect to the terminals listed horizontal y. Fo example, the voltage range of the vertical ter-

minal with respect to the horizontal terminal 14 is 0 to +4 volts. 

TERM-
INAL 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 . • • • • • • • • • • • 4 

2 • • • • • • • • • • • •26 
o 

3 • • 0 
-26 

• • • • • • • 026 
0 

4 '5 
-1 

0 
-15 

• • • • • • • '26 
0 

5 0 
-26 

• 
•20 
-I 

Note 1 
. • • 

.20 
-I 

Note 1 
 • 

6 
+26 
0 

•26 
0 

026 
0 

026 
0 

+26 
0 

+26 
0 

026 
0 

• 26 
0 

7 
.20 
-2 

Note I 
• • • • 

020 
-2 

Note] 
• 26 
0 

e +20 .I 
Note 2 

020 
-2 

Note 3 

•20 
-2 

Note 3 

.20 
-1 

Note 2 
• +26 

0 

9 
•1 
-5 

• •5 
-5 

• 1 
-20 
Note 2 

.26 
-5 

10 .10 
-10 

• 2 
 •-20 

Note 3 

026 
-10 

11 
.1 
-5 

•2 
-20 

Note 3 

.26 
-10 

12 

o--
• i 
-20 
Note 2 

.26 
-5 

13 

14 
SUO. 
Strate 

MAXIMUM 

CURRENT RATINGS 

CA3033 CA3047 
CA3033A CA3047A 

TERte 
INAL 
No. 

IIN 
nA 

1 OUT 
mA 

2 20 

3 50 50 

4 10 10 

5 5 

6 

7 5 5 

8 

9 0.1 

10 0.1 

11 0.1 

12 0.1 

13 

14 

Note.: 1. This rating applies to the mor positive terminal of terminals 8 nd 13. 

2. This rating applies to the more positive terminal of terminals 9 nd 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. 

FEATURES 

CA3033 
CA3047  

V• • •12 V 
v- - -12 V 

• Output Current   36 
• Input Offset Current   36 

• Open Loop Differential 
Gein   84 

• Output Voltege Swing  18 

• Input Bias Current   350 
• Power Output   80 
• Common Mode Re. 

¡action Ratio   84 

APPLICATIONS 

• Comperetor 
• Integrator 

• Differentietor 
• Audio Amplifier 

• Summing Amplifier 

CA3033A 
CA3047A  

V• • 15 V 

76 

25 

87 

23 

180 

220 

93 

inA min. 

nA max. 

d8 min. 

Vp nun. 

nA mes 

inVI/ min. 

dB min. 

• Servo Driver 
• DC Amplifier 

• Multivitmater 
• Narrow Bend end Bend Pam 

Amplifier 

• I.SIL 0•01•1,01.1 CONSIDERAT.0.13.1 - 

Fig. I - Schematic diagram of operational amplifiers, 
CA3033, CA3033A, CA3047, CA3047A. 

''OUT 

PROCEDURE 
input OFFSET VOLTAGUMEASURE yo, AND RECORD INPUT 
OFFSET VOLTAGE (VW IN VOLTS •S 100. illUS 

no 1111 VOLTSI• 
IICS-.73211 

Fig. 2e - Input offset vo cage, input offset voltage sensitivity, 

and device dissipation test circuit. 
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¡fij !fj:t. rin 'tn.., 
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Ffi-
1. !1.-*i 

1.111 i Ti. P.1.1' ! E.-:. .... -14 

Ifii H iiil, IF: 1.1.1_:. Ht-

i-14-

iE 193- i 
..t_   

- 5 -50 - 5 0 25 50 7 100 125 150 
AMBIENT TEMPERATURE I T.1-,C 

1.1 , 7327 

Fig. 2b - Typical input offset voltage vs. ambient tem-

perature. 
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CA3033, CA3047 Types 
MAXIMUM VOLTAGE RATINGS II TA - 2S. C CA3033A, CA3047A 

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. 

TERM-
INAL 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 0 

2 . 

L 
• . . . . . . . . .38 

0 

3 • • ' -38 
• • • • • • • •,, 

0 

4 •5 
-I 

0 
-22 

. . . . . . . •38 
0 

S 0 
-38 

. 
•30 
• t 

Note 1 
. . . • 

.30 
•2 

Note] 
. 

6 
•38 
0 

•38 
0 

.38 
0 

.38 
0 

.38 
0 

• 38 
0 

.38 
0 

.38 
0 

7 
, 

•30 
•2 

Note I 
• • • • 

•20 
.2 

Note 1 

• 38 
o 

8 
•30 

Note2 

.•30 

NMe3 

•30 

NMe3 

.30 

Note2 

•38 
0 

9 
•1 

-5 • 
:5, 

•1 
:30 
Note 2 

.38 

-5 

.2 

Note 3 
-10 

11 
•I 
-5 

• 2 
-30 
Note 3 

. 38 
-10 

12 
•1 
-30 
Note 2 

.30 

-5 

13 • 

14 
Sub-
strate 

Notes See CA3033, CA3047 Rat.og Chart Notes 

ELECTRICAL CHARACTERISTICS 

For Equipment Denim 

Characteristics Symbols 

Test Conditions 

LIMITS 

Units 

CA3033 
CA3047 

CA3033A 
CA3047A 

Cir. 
cuit 

Fig. 

TA . 25. C 

Typical 
Chores. 

teristics 
Curves 

DC Supp 

V- 12V 
V- -12 V 

y Voltage 

V+ • 15 V 

V- • -15 V 

Fig. Min. Typ. alaz. Min. Typ. Max. 

Input Offset Voltage VIO 2e 26 - 2.6 5 - 2.9 5 mV 

Input Offset Current ITO 3. 36 - 5 35 - 9 25 nA 

Input Elias Current II 3. 3c 70 350 100 180 nA 

Input Offset Voltage Sensitivity: 

Positive 

Negative 

••.V W.V. 2. - 0.3 0.5 - 02 0.5 mVN 

,d/i0PW - 2e _ _ 0.3 0.5 - 0.2 0.5 mV/V 

Device Dissipation P-1- Ie 60 120 180 80 170 300 inW 

Open-Loop Differential 
Voltage Gain AOL - f = 1 kHz 4 84 90 - 87 93 dB 

Common-Mode Rejection Ratio CMR11 - 5 84 100 93 105 dB 

Gomez-Mode Input-Voltage 
VICR - 

f 

1 kH: 

- -7.5 +5,9 +3.5 -9.7 6,-11 4.7 V 

Maximum Output-Voltage Swing VolP.P1 - 
FIL = 500 51 II3 22 - - - 

Vp.p 

" 'en 
- - - 23 25 

Input Impedance ZI - - 0.25 1.5 - 0.6 1 FAO 

Output Current Io 
RI. ' 500 0 6 35 44 - - - - mA. 

(P-PI FIL -3000 - 76 83 

Power 
P Tel1 g'2'5? P. 

500 0 , 
' 

80 122 - - - _ 
mW 

RL-3oon 220 255 

MAXIMUM 

CURRENT 

RATINGS 

identical 

for all 

four types 

ISee CA3033, 

CA3047 chart/ 

ozcs-,322 

Fog. 3e - Input offset current and input bias current test 

circuit. 

PROCEDURES: 

A. Inverting Input Current, 

Set switch. S1 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: 

VouT (in volts) 
Il inverting (in pA) 

10 

B. Non-inverting Input Current 

Set switch, Si 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: 

-VouT (in volts) 
II non-inverting (jn µA) 

10 

C. Input Offset Current 

Set switches, St and S2 in open positions. 

Measure output voltage and convert this reading to input 

offset current using the following relation: 

VouT lin volts) 
110 lin biA1 -   

10 

•••••• ..... ••=01 •••• 

••••••r•• OOOOOOOO •::••••=1:=::mida 
nra•••••••••••••••••••••••••••••••••••••mi 

 ••  ! ••••• • _ il•••• OOOOOO Imea, ••••••••• Mul•••••:= ........ ••••••••••••••••••• ••••  
•••fflffl•••  • 

rar•••••••••••?•ffll••••••••••••••••••••• 
manweaccuuriacrarar-unn 

••• a rBEHI 

••••••••• 
..... . •••••••••••••••••••••••== 

..................... 
Eafflaretrztuilinci 

••••• 

-75 - o - 5 0 25 50 75 100 125 150 
AMBIENT TEMPERATURE 17.I -7C 

scs 17323 

Fig. 3b Typical input offset current vs. ambient tem-

perature. 
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Fig. 3c Typical input bias current vs. ambient temperature. 
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CA3033, CA3047 Types 
ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only for Design Guidance 

Inpu_tefentaecOrift 

Input Offset Current Drift 

-55.0 to 25.0 

V /0/ .,T 

110 VT 

2. 

3a 

2b 

3b 

- 6.6 - 

I 

6.6 - 

1 

pV/ 
0C 

nAl 
oc 

250C to 125.0 

Amplifier Bandwidth 

Slew Rate 

BW 

SR 

Ba 

9 

Cx, C, e 0.001 pF 

(amplifier circuit only) 

flb,c 

- 0.08 , - 

- 230 - 

- 0.08 -60-d8 

- 350 kHz 

V/ps 

AMEN ESPERA1192 17,21- •C 

Fig. 5. Typkal common mode rejection ratio vs. ambient 
temperature. 

Fig. 8a - Typical 60.dB 

amplifier. 

01 02 05 04 OS 06 07 CIS 09 10 

LOAD RESISTANCE 1110 -2n 
12 3, 32 

Fig. 6. Typical peak-to-peak output current vs load re-
sistance. 

cuunnuarirn .................. 
 ...... ::: ... reiznimintl 
 MOM.« ••••••••••••• ear•OLM 

POSITIVE OC uerhy VOLTS IV I 
MEGA VE DC SUPPLY VOLTS IV-I 
01E00E110Y 0011012 

-75 -50 -25 0 25 SO 75 100 25 

AMENNT TEMPERATURE RAI - C 
10C1.-.1011, 

Fig. 4 - Typical open-loop differential voltage gain vs 

ambient temperature. 

01 02 05 04 05 06 07 OS 09 10 

LOAD RESISTANCE I R 1 -10 

12 3.IT 

Fig. 7 - Typical power output vs. load resistance. 
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r1220m2MCv 111 - IMO 

00 

Fig 8b - Typical phase compensation characteristics for 
CA3033. CA3047 (Vf = +12 V, V- • -12 VI 

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 10) 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 180° is the typical 
phase margin. (A minimum phase margin of 45° it 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 p F 

to 1.0 'IF) are bulky and costly. A capacitor one-hall the value 
shown on the chart, connected between terminals 8 and 13, and 
a 0.001 pF 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 the two 
collectors is less than I volt. 

Figure Ba shows the phase compensating capacitors (Cx, 
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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CA3033, CA3047 Types 
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50 
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RESISTANCE VALUES 
ARE IN ONUS 

Fig 9 Amplifier with single voltage supply and associated pulse response waveforms and distortion curves. 

OPERATING CONSIDERATIONS 

The CA3033, CA3033A, CA3047, and CA3047A opera-

tional amplifiers have very high peak-pulse current cape-
bil'ty. The open-loop output impedance is typicady less 

than 30 ohms at 10 kHz and the peak short-circuit output 

current rnay 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-

po 
• • • 

age from accidental shorts, it is recommended that .51-oh rn 
resistor be pieced in series with the output occult. 

When high peak output currents ere 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 

014. This resistor may be returned to ground, or, if its 

value is increased to 4700 ohms; it may be returned to the 

v° terminal. 

17321 
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CA3036 

DUAL DARLINGTON ARRAY 

• Two independent low-noise wide-band amplifier channels 

•Porticularly useful for preamplifier and low-lend l amplifier applications in single. 
channel and stereo systems 

• Wide application in low-noise industrial instrumentation amplifiers 

ELECTRICAL CHARACTERISTICS, at TA = 25°C 

CHARACTERISTICS SYMBOLS 
TEST 

LIMITS 

CONDITIONS TYPE CA3036 UNITS 

Min. Typ. Max. 
Collector-Cutoff Current ICB0 VCO =5V, IE =0 - - 0.5 µA 

For Each Collector-Cutoff Current 'CEO VCE 10 V, 18 =0 - - 5 µA 
Transistor Collector-to-Emitter Breakdown Voltage Vmpfcpo lc = 1 mA, IB =0 15 20 - V (QI. Q2. Q3. 04) Collector-to-Base Breakdown Voltage Vfflroc130 lc = 10 mA, IE = 0 30 44 - V 

Emitter-to-Base Breakdown Voltage V(BR)E(30 IE -= 10 4‘, IC =0 5 6 -- V 
For Either Input 

Transistor (Qj or 03( Static Forward Current-Transfer Ratio hFE ICI or IC3 r 1 mA 30 82 - - 

For Either 
Emitter-to-Base Breadkown Voltage Vo3R)EBO(D) 

1E2 or lE4 -- 10,,A 10 12.6 V 
Darlington Pair 

(Q1, Q2 or 03, 03( Static Forward Current-Transfer Ratio hpE(D) 
IC 1 ' IC2 ) 

or ,` ' 1 mA 

IC3 ' 'Cf ) 
1000 4540 - - 

For Each 
Input Transistor 

(Qf or Q3) 

Short-Circuit Forward Current-Transfer Ratio Ine 

f = I kHz 
ICI or IC3 = 1 mA 

- 82 - - 
Short-Circuit Input Impedance hie --2.66 - f-) 
OPen-Circuit Output Admittance hoe - 7 - zaoho 
Open-Circuit Reverse Voltage-Transfer Ratio hje - 9.80 10-5 - - 

For Either 
Darlington Pair 

(Q1. 02 of 03. 04) 

Short-Circuit Forward Current-Transfer Ratio Irle(0) 

f r 1 kHz 

'CO ' IC2 1 
or ,, -, I mA 

IC3 t IC4) 

- 1300 - 
Short-Circuit Input Impedance hie(0) - 8216 - f-) 
Open-Circuit Output Admittance 

hoe(D) - 108 - µmho 
Open-Circuit Reverse Voltage-T ransfer Ratio hm(0) -- 2.7 a 10-3 - 
Voltage Gain 

efD/ - 16 - dB 
Power Gain 

6A0( - 47 - dB 

Noise Voltage 
See Fig.3 for Test Circuit EN 

f r 100 Hz - 0.2 3 
j.S(rms) f = 1 kHz - 0.05 0.3   
1/10I l - -z. I = 10 kliz - 0.012 0.1 

For Either 
Input Transistor 

103 or Q3) 

Forward Transfer Admittance Ile 

f r 50 MHz 

'Cl or IC3 n 2 mA 

-- 0.68 r j 7.9 - mmho 
Input Admittance (Output Short-Circuited) Pie - 4.14 . j 5.95 - mmho 
Output Admittance (Input Short-Circuited) 

Poe - 1-54 ' / 2.64 - onfe 
Reverse Transfer Admittance 
(Input Short-Circuited) Ire Negl igible -- mmho 

For either 
Darlington Pair 

(Q1. Q2 Of 03. 04) 

Input Admittance (Output Short-Circuited) Pie(0) l = 50 MHz 

ICI ' IC2 j 
or ' 2 mA 

IC3 ' IC4 J 

1.71 * j 2.8 - mmho 
Output Admittance (Input Short-Circuited) Yoe(D) - 3.96 0 )2.6 - meth° 
Gain-Bandwidth Product 

1.(D) 150 200 - MHz 

Fig.2 • Block Diagram of Stereo System using CA3036 

as Phono Preamplifier. 

92[5 14624 

Fig.1 - Schematic Diagram for CA3036. 

HIGHLIGHTS 

•Matched "enlisters with •rnitter•follower outputs 

• Low•naise performonc• 

•200.1.1111 gain-bandwidth product 

•Operotion from •55°C to • 125°C 

•N•nneticolly sealed, all-welded 10-lead TO-5-style 

metal pockage 

APPLICATIONS 

•Stereo phonogroph preamplifiers 

•Law.level stereo and single channel 
omplifi•r stag. 

•Law•nois, ennitter•follower differential ornplifiers 

•Operational amplifier drivers 

MAXIMUM RATINGS, Absolute-Maximum Velum 

POWER DISSIPATION. P: 

Any one transistor 300 man. mW 

Total for array 600 max. rnSISI 

TEMPERATURE RANGE 

Operating   -55 to +125 °C 
Storage   -.65 to +150 °C 

LEAD TEMPERATURE IDuring Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mrn) 
now me for 10 seconds max. . . . . .265 °C 

The following ratings apply for each transistor in the array. 

Collector•toErnitter Voltage, Vcpo . . . 15 max. V 

Collettor.to-Base Voltage, Vcgo   30 max. V 

Emitter-to-Base Voltage, VEBO   5 max. V 

Collector Current, lc 50 max. mA 

Crum, tEco 
NOM isa Ni 

Oft 
EGUIVALENT 
TESTER 

oas-asto 
Fig.3 - Noise Voltage Test Circuit for CA3036. 
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CA3039 
Diode Array 
Sin Matched Diodes on a Common Substrate 

ULTRA-FAST 
LOW-CAPACITANCE 
MATCHED DIODES 

For Applications in 
Conmeications and 
Switching Systems 

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 convnon terminal with the aubatrate. 

For applications such as balanced modulators or ring 
modulators where capacitive balance is important, the 
substrate should be returned to a D(' potential which is 
significantly more negative (with respect to the active 
diodes) than the peak signal applied. 

APPLICATIONS 

• Balanced modulators or demodulators 

• Ring model  

• Nigh speed diode gates 

• Analog switch  

FEATURES 

• Excellent eeeeeee recovery time - Ins typ. 

• Matched monolithic construction - 
VF matched within 5rnV 

• Low diode capacitanc•-
CD 0.65 pF typical at VR v - 2V 

• The CA3039 is available in a sealedsuncton 

Beam-Lead version ICA3039L). For further 
information see File No. 515, "Beam-Lead 

DevIces for Hybrid Circuit Applications". 

• Supplied in the hermetic 12-lead TO-5 style 
package 

ELECTRICAL CHARACTERISTICS, at TA w 25° C 

Characteristics apply for each diode unit, unless otherwise specified. 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS 
LIMITS 

UNITS 

CHARAC-
TERISTIC 
CURVES 

MIN. TYP. MAX. FIG. 

DC Forward Voltage Drop VF 

IF' 5°f'A • 0.65 0.69 V 

2 
1 mA 073 0.78 V 
3 mA 0.76 0.80 V 

10 mA - 0.81 0.90 V 

DC Reverse Breakdown Voltage V(BR)R IR = -10 p.A 5 7 - V - 

DC Reverse Breakdown Voltage 

Between any Diode Unit and Substrate V(BR)R IR '-10),-A 20 - V - 

DC Reverse (Leakage) Current IR VR n -4 V 0.016 100 nA 3 

DC Reverse (Leakage) Current 

Between any Diode Um' and Substrate IR VR = -10 V - 0.022 100 nA 4 

Magnitude of Diode Offset Voltage 
(Difference in DC Forward Voltage 
Drops of any Two Diode Units) 

I VFI - VF2 I 
IF = I mA 0.5 5 mV 2 

Temperature Coefficient of IVF 1 - V121 
AI VF, - VF2I 

IF = I mA 1 p‘r f°C 5 
AT 

Temperature Coefficient of Forward Drop 
A VF 
- 
AT 

IF =1 mA -1.9 mV/°C 6 

DC Forward Voltage Drop for 

Anode-toSubstrate Diode (Ds) VF IF =1 mA 0.65 V 

Reverse Recovery Time t„ IF = 10 mA, IR = 10 mA - I - es 

Diode Resistance RD f = I kHz, IF = 1 mA 25 30 45 11 7 

Diode Capacitance CD VR = -2 V, IF = 0 0.65 PF 8 

Diode-to-Substrate Capacitance CD' Vo l = •4 V. IF = 0 3.2 - pF 9 

SUOSTRATI 
APO USE 

Fig. I - Schematic Diagram for CA3039 

ABSOLUTE MAXIMUM RATINGS AT TA - 25°C 

DISSIPATION: 

Any one diode unn   100 mW 
Total for device   600 mW 
For TA >55°C   desase linearly 5.7 mW/°C 

TEMPERATURE RANGE: 

Operating   55 to .125°C 
Storage   -65 to 0150°C 

LEAD TEMPERATURE 1Ouring Soldering): 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 nun) 
from case for 10 seconds rm.. . . . . . 

PEAK INVERSE VOLTAGE. Ply for: Dr -Dg. . 

PEAK DIODE-TO.SUBSTRATE VOLTAGE. VD, 

for D1-135 (term. 1.4.5.8 or 12 to term. 10/ . 

DC FORWARD CURRENT, I p   

PEAK RECURRENT FORWARD CURRENT, h   

PEAK FORWARD SURGE CURRENT, trisurgel 

TY PICAL CHARACTERISTICS 

• 265°C 

5 V 

0.5 V 

20,-1 V 

25 mA 

100 mA 

100 mA 
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Fig. 2 - DC forward voltage drop (any diode) and diode 
offset voltage vs DC forward current 
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Fig. 3 - DC re eeeee (leakage) current (diodes 1,2,3,4,5) 
vs temperature 
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CA3039 

«X's OC REvERSE vOLTA4E IvAl•-•04 

1.4 y 
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e 4 
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„___, 
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0001 
-25 0 25 SO 75 00 

AMBiENT TEMPERATURE I T‘O — TC 

Fig. 4 • DC reverse (leakage) current between diodes 
(1,2,3,4,5) and substrate vs temperature 
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Fig. 7 - Diode resistanc• (any diode) no DC 

forward current 
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AVRIENIT TEMPERATURE IT C 

woo 

Fig. 5 - Diode offset voltage (any diode) vs temperatur• 

2 • 
DC REVERSE VOLTS IV. ACROSS 0100E 

/i2C3-.1163 

Fig. 8 - Diode capacitance (diodes 1,2,3,4,5) vs 
revers* voltage 

-25 50 -25 0 25 50 n 100 25 

AM ENT TENPERAtuRE ItA I —SC 

TTc5 - Tee 

Fig. 6 • DC forward voltage drop (any diode vs 

temperature 

OC REVERSE VO S Val Kra EN TERM NALS 1. 4.5 LOOT 12 
ma> suesresrs (TERMINAL 10) 

Fig. 9 - Diode-to-substrate capacitance vs 
reverse voltage 
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CA3040 

VIDEO and WIDE-BAND 
AMPLIFIER 

For Industrial and 
Commercial Equipment at 
Frequencies up to 200 MHz 

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 cascode-connected differential amplifier 
achieves a double-ended gain of 37dB with a typical:1dB 
bandwidth of 55 MHz. Emitter-Follower input and 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 entire military 
temperature range of -55 to +12.5°C. Bias Mode A yields 
a substantially constant voltage at the output terminals 
for applications 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 Made IS provides extremely stable gain 
over the temperature range. Cain variation is 0 dB (typi-
cally) in this Bias Mode. DC variation is ±0.8 volt. 

Provisions are also made for stabilizing the operating 
point for either single or split power supplies. 

FEATURES 
High Di)) ial Push•Full Voltoge Gain  37 dB lye. 

Single.Ended Voltage Gain  31 dB typ. 
wide f3dB) Bandwidth  55 MHz lye. 
Balanced Input and Ou  
H.gh Input R•so   150 kn typ. 
Low Output Resistance  125 SI typ. 
Bias Options for Tem rrrrrrr • Compensation: 

Bias Mode A: •'Curaient" Voltage 
Bias Mode 13: "Constone . Gain 

Supplied in the hermetic 12-lead TO-5 style 

package 

APPLICATIONS 
• Video Amplifier 
• Schmitt Trigger 

• Modolotor 
• IF Amplifier 

• Sense Amplifier 

• st.s•r 
• DC Amplifier 

ABSOLUTE.MAXIMUM RATINGS 

DISSIPATION •   450 mW 
Derating factor for Ta > 85°C  5 mW/°C 

TEMPERATURE RANGE: 
Operating   -55°C to 4:125°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.   +265°C 

• Limitation imposed by the thermal resistance of package. 

MAXIMUM VOLTAGE RATINGS at TA 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 
No. 

1 2 3 4 5 6 7 8 9 10 11' 12 

1 0 
.14 

• • 14 
0 

. • 10 
-10 

. • . .11 
0 

. 

2 . • 14 
0 

'11 
0 

• 14 
0 

• • . • 14 
() 

.14 
0 

.14 
0 

3 . • 5 
-3 • • . . •5 

-3 
. 

4 
-3 

• • • • 

5' • . •10 . .3 
• 

0 
Note • 

6 • • • • • 

. . 
-3 

8 •3 
-3 

. 
• • 

9 • 
•7 
-3 

. 

I. L • 
II. 
12 

Reference Substrate 

Note I acternal connector+ required fu. puler °pent/ton. 

MAXIMUM 
CURRENT RATINGS 

TERM-
INAL 

mA 
OUT 

1 

2 

3 

4 0.1 

6 0.1 

7 

8 

9 0.1 

10 10 

li 

12 10 

Voltages are not normally applied between these terminals. 
Voltages appearing between these erminala will be sate if 
the specified limits between all other terminate are not 
exceeded. 

SU tttttt E MaetentE 

ALL RESISTANCE VALUES IN KO'S. 

en•-••31 

Fig.I - Schematic Dior«. lar EA3040 

STATIC CHARACTERISTICS TEST CIRCUITS 

g" TeeN'ALM2 'n.'1'. 
•NO CORNICTE0 TO 
',METE OINI,TANT DC OUT, 
PUT vOLTALT REFERENCE 
LEM. MN vAlute ss 
WENT TVOIRATURE 
au. RESISTORS IM One 

Fig.2(o) Bros Mode A 

NAT •COE • NAT CIRCA'S 
OF TERNINALS NO I I, 
NO • COONCTED TO 
/CRUET, CONSTANT •F Gum 

To r.T:ernIGFA•IENT TEA,. 

VIL ALL RetISTORI IN Coe 

Fi9.2(b) - Bias Mode II 
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CA3040 
ELECTRICAL CHARACTERISTICS AT TA = 25°C Unless Oth•rwis• Specified 

Characteristics Symbols 

T•st 

Circuit. Special T•st Conditions 

Limit. 

Units 

Fig. Min. Typ. Moor. 

STATIC CHARACTERISTICS VCC ' "6V, VEE = -6V 

Output Voltage V10 o1 V12 e 
e Switch 

Bias) AMod Closed 1.4 2.7 3.7 V 

Base Bias Voltage V9 
2(a) Bras Mode A 

Switch Closed 
V 

2(b) Buts Mode B 
Switch Closed V 

Input Bias Reference Voltage VI 
2(a) Bias Mod Switch e 

A or B: Open -1 
-2(b) 1 V 

Input Bias Current 14. 16 
2(a) 
2(b) 

Bias Mode Switch 
A or B: Closed 15 45 gA 

Input Unbalance Current I 16.14 I 
2(a/ 
2(0) 

Bias Mode SwItch 
A or B: Closed 6 ,..A 

Power Supply Current Drain 

12 or 
15 'Ill 

2(a) Mode A 
Switch open or closed 

4.7 8.5 15.5 mA 12 01 
15 .18.111 

2(1') 
Mode B 
Switch open or closed 

DYNAMIC CHARACTERISTICS Vcc = +12V, VEE = 0. Split Voltage Surely (Option l) = +6V 

Differential Voltage Gaul 

SIngle-Ended Input 
Diffetenttal Output A DIFFICIE) Sial 

f = 1 MHz 
Rs = 50 1, 34 37 - dB 

Single-Ended Input 
and Output A DIFFISE) 3(') 

I = 1 M.Bz 
Rs = 50 12 28 31 - dB 

-3 dB Bandwidth BW 3(a) Rs , 50 r. 40 55 - MHz 

Dofferenttal Voltage Gain Balance 
ADIFFISE 0 /1 
_ 
ACIFFISE/12 

s 
...( 0) 

= f 1 MHz -1 0 I dB 

Output Voltage Swing 
V, or V10 

RIAS 3(a) = 
I 1 MHz 

Rs = 50 1. 
- 0.5 - VRMS 

No Forbore Nose  NF 3(01 
Ill = (Note 30 MHz 

Rs = 400S-2 
- 75 9 dB 

Parallel Input Resistance RI 3(a) 

I = I MHz 

- 150 - kCe 

Peal lei Input Capacitance C. 310) - 2.2 PF 

Output Resistance Ro 3.1 - 125 - ç") 

TEMPERATURE DEPENDENT CHARACTERISTICS 
Temperature coefficients for ambient temperature: -5 °C.≤.TAí• 125°C 

Output Voltage 
A140 or AV12 3(a) Bias Mode A - 0 - mV/0C 

Oc 3(5) Bias Mode B - 6.4 - mV 'OC 

Power Supply Current Drain .12/1'C 3(a) Bias Mode A - 5 - uA.'0C 

Differential Voltage Gain 
°C ADIFF, 

3(a/ Bias Mode A - 0.0166 - 
dB/°C 3(,) as Bi Mode B - 0 

Note 1 Replace 1-1,S2 resistors between Term. 1 a d 4 and Term. 1 and 6 with statabl chokes so that reactance at 

30 MHz exceeds 5kn 

iC 40 

!, 10 

G 20 

COLLEC ,Du suoo.• vOLTs •.2 
AmmENT TEMPERATuRE ITEP2S•C 
S'AM-ENDED POW AND Ou, • 
eACHM A SPAT., CLOSE01, 3,0 
Rs•SC111.1A,002 

e  

i 
o 
noo. e "so. e tat. 2 2 Ai.  2 • 41. 2 • 2.  

FREOmENCy —mm, 

Fig.4 • Differential Voltage Gain vs Frequency 

MOMENT TEMPERATURE URI OS C 
SeNDL -ENDE 'RPM AND OuTPuT 

MODE A,Svp CLOSID.EIG 
0,11, 

0 1:, o et at 
7 22tmosisa4. 

ea 

DC SUPPLY VOLTS ferae- eau 

Fig-5 -Differential Voltage Gain vs DC Sapp y Voltog•s 

DYNAMIC CHARACTERISTICS TEST CIRCUITS 

000 

o 
INOst, 

10PhONAL I 

O.. 

OUTPUT 

v,o 

OuTPuT 

• vARIABL E CAPACtTANcE WS -10,F I ADJUSTMENT POP 

EQUAL tao BANOVeD7N AT AMPLIFIER OuTPUTS. 
TERMINALS IO AND I2 

ALL RESISTORS IN OIMAS 
ALL CAPACITORS IN MICROPARAOS luNLESS OTHERWISE 

INDICATEDI 
BIAS MODE A IS AS DEFINE° IN FIR 210 

Fig.3(s) • Bias Mode A 

• SEF PIG 310 

BIAS MODE B IS AS DEFINED IN PIG 210 
ALL RESISTORS OHMS 
ALL CAPACiTORS IN ANCRORARADS 1UNI-ESS OIRERW1SE 

INRICATED1 

Fig.3(6) - Bias Mode B 

Fig.6 - Test Circuit Layout 
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CA3040 

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 t 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-Froquency Considerations 

Stable high-frequency operation requires that ¡roper 
high-frequency construction techniques be followed. 
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-800 MHz range when 

precautions were not taken. In addition to normal con-
siderations of shielding, parts layout, and isolation, 
the following 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 1/8' 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 between 
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 kfl, 1/4 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. 
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Fig.9 - Output Volts or Input Bias Reference Volts 
vs Ambient Temperature 

50 -25 0 is SO 75 »0 125 

MSC. TE14111111•TUREITe-n 
liCS• SAO 

Fig.II • Collector Supply Current Drain (121 
vs Ambient Temmmoture 

-so -ss s a 50 TS KO 115 
•INIENT TEENREIT•TuRE 1;0 — TC 

MA ONO 

o 200 400 SOO 1100 s00 
SOURCE RESISTANCE 1.1,1-0101S 

Fig.8 -Noise Figure (NF) os Sourc• Impedanc• 

0 7 11 e I 12 13 
COLLECTOR SUPPLY VOLTS Woo 

»Es- Is 12 

Fig.10 -Collector Supply Current Drain (12) 
vs Collector Supply Voltoge (Vcc) 

COLLECTOR SunILTIN1.111voci-02   

alitergIZOÏTWOMPLIT   
4400E • OR tOritTCRCLOSE041031 I 
•5011.11 •14{1 

Fig .12 • Single-Ended Differential Voltage Gain 
os Ambient Temperature 
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CA3045, CA3046 Types 

General—Purpose Transistor Arrays For Low-Power Applications at Frequencies 

from DC through the VHF Range 
THREE ISOLATED TRANSISTORS 
AND ONE DIFFERENTIALLY-CONNECTED 
TRANSISTOR PAIR 

The CA3045 and CA3045 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. 

ABSOLUTE MAXIMUM RATINGS AT TA e 25°C 

Rower Dissipation: 
TA up to 55°C   

TA > 55°C   

TA up to 75°C   

TA > 75°C   

Collector-to-Emitter Voltage, VcEo  15 

Collector-to-Base Voltage, VcBo   29 

Collector-to-Substrate Voltage, Vac)   20 

Emitter-to-Base Voltage, VE80   

Temperature Range: 
• Operating   
Storage   

Lead Temperature (During Soldering): 
At distance 1/16 ±1/32" (1.59 t0.79 mm) 
from case for 10 seconds max:   

The collector of each transistor of the CA3045 and 
CA3046 is isolated from the sub  by an integral 
diode. The substrate (terminal 131 must be connected 

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. 

CA3045 CA30458, CA3048 

Each 
Transistor 

Total Each 
Package Transistor 

300 

Clerate at 8 

5 

-55 to +125 
-65 to +150 

ELECTRICAL CHARACTERISTICS, at TA ." 25°C 

Characteristics apply for each transistor in the CA3045 and CA3046 as specified. 

750 

Total 
Package 

300 750 

Derate at 6.67 

15 

20 

20 

5 

-55 to +125 
-65 to +150 

mW 

mW/°C 

mW 

mW/°C 

V 

V 

V 

V 

°C 
°C 

+265 +265 °C 
Iv the moat negative point n the external circuit to 
maintain isolation between transistors and to provide 
for normal transistor action. 

CHARACTERISTICS SYMBOL S SPECIAL TEST CONDITIONS 

1.IIAITS 

UNITS Type CA3045 
Type CA3046 

MIN. PIT. MAX. 

STATIC CHARACTERISTICS 

Collector-to-Base Breakdown Voltage ViBmcB0 lc -10 pA,IE • 0 20 60 V 

Collector-to-Emile! Breakdown Voltage ViBBeE0 lc a 1. mA, IB • 0 15 24 V 

Collector-to-Substrate Breakdown Voltage 
VI BFOCIO IC * KIPAs ICI *II 20 60 • V 

Emitter-to-Base Breakdown Voltage 
V1138180 IE * M P& IC .° 5 7 • V 

Collectm-Cutoll Current 
Ice° vce • 10 v, 1E • ° - 9E02 40 nA 

Collectos.Culolf Current 'CEO VCE .10 V,1B • 0 • See curve 0.5 gA 

Static Forward Current-Transfer Ratio 
iSlahc Bela) hFE 

lc • 10 mA 
VCE • 3 V lc • I mA 

lc • 10 se 

- 
40 

100 
100 
54 

• 
• 
• 

• 

• 

Input Offset Current for Matched Pair 
Oi and 02. 11 101 -11021 VCE *3 V, IC * I °A 0.3 1 pA 

Base-lo-Emillei Voltage 
VBE VCE *3 V{ le - I n'A IE • 10 mA 

• 
• 

0.715 
0100 

V 

Magnitude of Input Offset Voltage tor Diller. 
enlial Pair IVBEI - VB621 VCE • 3 V, IC * I mA 

. 045 5 mV 

Magnilude ol Input Olfset Voltage for Iso-
lated Transistors IvBE3- VBEali 
IVBE4 ' VBE5 I. 1VBE5" VBE31 

VCE • 3 V, lc • I mA 0.45 5 mV 

Temperalgre Coefficient of 
Base4o-ErmIter Voltage 

AVM 
VCE *3 V, IC • I mA • mV °C 

AT 

Collector-to-Emitter Saturation Voltage Vcis. IB • I mA, lc • 10 mA • 0.23 V 

Temperature Coefficient: 
litacnitisie o! Input-Offsel Voltage 

1,9iVig ,, 
*CE 1 V, IC I mA • 1.1 " id.V.0 AT 

Sue - 
STRATE 

e/CS- StUE. 

Fie.I • Schematic diagram 

FEATURES 

• Two matched pairs of transistors 

VBE matched i 5 ntV 

Input off sat current 2 ,,A man. at IC 1 mA 

• 5 g I purpose monolithic transistors 

• Operation from DC to 120 MHz 

• Wide operating current range 

• Low noise figure • • 3.2 dB typ. at 1 kHn 

• Full military temperature range for CA3045 

-55 to 125°C 

• The CA3045 is available in a sealed-junction 
Beam-Lead version ICA3045L). For further 
information see File No. 515, "Beam-Lead 

Devices for Hybrid Circuit Applications". 

APPLICATIONS 

• General use in all types of signal proc•ssing systems 
operating anywhere in the frequency range from 
DC to VHF 

• Custom designed differential arriplifi•rs 

• Temperature compe d amplifiers 

• See RCA Application Note, ICAN-5296 -Application 
of the RCA-CA3018 Integroted-Cinuit Transistor 
Array - for suggested applications. 

STATIC CHARACTERISTICS 
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CA3045, CA3046 Types 

ELECTRICAL CHARACTERISTICS, at TA = 25°C 

Characteristics apply for each transistor in the CA3045 and CA3046 as no.cil 

CHARACTERISTICS SYMBOLS 

• 

SPECIAL TEST CONDITIONS 

LIMITS 

UNITS Type CA3045 
Type CA3016 

MIN. TYP. MAX. 

DYNAMIC CHARACTERISTICS 

Low-Frequency Norse Figure NF 1-1 kHz, VcE• 3V, le.100trin 
Source Resistance - 1 kn 

. 3.25 dB 

Low-Frequency. Small-Signal 
Equrvalent•Circurt Chatactenstrcs: 

Forwatd Current.Ttanster Ratio hle 

1 
I • 1 kHz. VcE 

I 

3 V. IC • 1 mA 

• 110 • 
Short.Cucult Input Impedance 

hte • 3.5 • 
Open-Cucul Output Impedance h. 15.6 ambo 
Open•Cucull Reverse 
Vollage ltanslet talio 

1.800 • 

AdmIttance Charactertstws: 

ForwardTransfer Admrttance 
Yle I 

I I MHz, VcE 

I 

3 V. IC • 1 mA 

3111.5 • •Forward 

Admulance 
T IE . 0.3.10.04 

Output Admrttance Y oe • 0.001.10.03 - • 
Reverse Transtet Adnullance Vie See curve • • 

GaiwBandwolth Product 
IT VcE • 3 V. lc • 3 mA 300 550 - • 

Emrtter•to-Base Capacitance CEB VER • 3 V. IE • 0 - 0.6 pF 

Collector-to-Base Capacrlance . Cc8 Vc8 • 3 V. lc • 0 0.58 . e 
Collectot1o•Substrate Capacdance 

CCI vcs • 3 v•1c -0 2.8 pF 

653 

. 

COLL CTOR-T0-0111 TER VOLTSPEEE1.3 
AMOUNT TEMPERA URE ITA1.25% 

R
e
a
 R
A
T
I
O
 

.55 ... 

.i 

0 8. 

., 
e 
... 60 

50 

001 01 
Elm T R TALL rAMPERE5 11E1 

Fig.I - Typical sto in forward current.transfer ratio and 
beta ratio for transistors Op and 02 V3 emitter current. 

COLLECTOR- 0-E251 TER VOLTS (Pal 3 

.0 •. 
...AMMER, 

. 

co. ECTOR- TO-EMT TEA VOLTS IPEO   
TEMPERATURE T.1.25•C 

3 

lio 
t.7 2 

...// 

I 

.i. 01. 

5_ 6 

.5........... " i5. 

OM 

25 0 25 50 75 500 I 

AMMER IIMPERATIME 

9,CS- 3.06 

001 01 
COLLECTOR MILL MIRPERES II I 

22 - ••2 

Fig.5 • Typical input o fset cu ren for matched 

,r.r.i0 or pair 0102 VS collector current. 

Fig.7 • Typical bosedo-ernitter voltage characteristic 
vs arn6Jent temperature for each transi.tor. 

STATIC CHARACTERISTICS 

103*-- 1/ASE 

i 

CU....C.110 0  
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40.100et, EMPERATu* ITA1—•C 
SUS- .5114 

Fig.3 - Typico/ collector•to.ernitter cutoff current vs 
ambient temperature for each transistor. 
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Ftg.8 - Typical Input offset voltage characteristics for 
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CA3045, CA3046 Types 

DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 

CCALECTC41-10-1141TTER VOLTS (Val.) 

SOURCE RESISTAS C 014111 I 11 500 

AMBIENT TENFERATuREITAI 25 C 

1 , 

20 

1 
I 6 

AV, 

g 

2 
,0 

, 

o 

courc*oe miLLIsoneEs 

F19• 9(0) - Typical noise figure vs collector current. 
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COLL MR TO-EMITTER vOLISIV cl SV 
FREQUENCY 11•11•11, 
AMBIENT TEMPERATUREITe 25•C 
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..., A walat ASA 1•0. 

..., 1,,•ISS,mho 
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001 01 
COLLECTOR MIL L IAMPERES ( I y) 

92CS 

Fig. I0 • Typical normalized forward cumenhtransfer 
ratio, short-circuit input impedance, open•circuit 
output impedance, and open-circuit reverse volt-

oge•tronsfer ratio vs collector current. 
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Fig.13 - Typical output odrnittance no OregARTRRY. 

COttEC 011-ro-tuare voy intl.) 
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»WENT TEMPERATURE 1TAI• STC 
20 

1 

! 

•C 

ge• 
çe • 

I ' 

o 

' 

o 

›'-----__---• 
— 

00i 01 

COLLECTOR 111LLIMOCRES 
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Fig.9(13) • Typical noise figure vs collector current. 
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Fig.11 Typical forward transfer admittance 
vs frequency. 
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Fig.9(c) - Typical noise figure vs collector current. 
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Fig.I2 • Typical input admittance vs frequency. 
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Fig. IS • Typical goin-bandwidth product o 
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CA3048 
Amplifier Array 

FOUR INDEPENDENT 
AC AMPLIFIERS 

The RCA CA3048 is a silicon monolithic integrated 
circuit consisting of four independent identical AC 

amplifiers which can operate from a single-ended power 

•uPPIY. 

The amplifiers include internal D(' bias and feedback 

to provide temperature-stahihred operation. They may 
be used in a wide variety if AC applications in which 

operational amplifiers have previously liven used. 

For Low-Noise and 
General AC Applications 
In Industrial Service 

Each high gain amplifier hon a high impedance non-

inverting input. and a lower impedance inverting input 
for the application of feedback. Two isiwer-supply 
terminals and two ground terminals are provided to re-

duce internal and cuti-mal coupling between moldier. 

The CA:10 Pi IN supplied ni a 
plastic package. 

ABSOLUTE-MAXIMUM RATINGS et TA = 25°C: 

DISSIPATION: 

At TA = 55°C   750 mW 

Above TA = 55°C  Derate linearly at 7.7 mVii°C 

TEMPERATURE RANGE: 

Operating   • • • • -40°C to +85°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.   +265°C 

POWER SUPPLY VOLTAGE  016 V 

AC INPUT VOLTAGE   0.5 V nits 

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 •263-3.6 volts. 

TERM-
INAL 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 01, 
0 

. • . • • . • • • • • • o 
-16 

• 

2 . _.37.6 o . . 02 
-3.6 

-3.6 • . 016 
0 

.2 
-3.6 

. +16 
0 

0 
-16 

3 (5 
-5 

. . • • . • • • • • • • 

4 .3.6 
-2 

. . . . • • . . . • . 

5 o 
-16 

. *2 
-3.6 

.2 
-3.6 

. 0 
-16 

(16 
0 

+2 
-3.6 

. .16 
0 

. 

6 0 
-16 • • • 

7 5 

8 . . . . . . . . 

9 (5 
-5 

. . . • • 

10 • • • • • • 

11 • • • • • 

12 
0 -16 • • • 

13 

(1.... 

14 • • 

15 .16 
L L . 

16 

• Volt gesse not normal y applied be wren hese ermines. 
Volt ges appearing between these tenn nais wilt be safe if the 
spec (red times between nil other termlnals • e not exceeded. 

Fig.I • Block diagram lot CA3048 

FEATURES 

• Four AC amplifiers on o common substrate 

• Independently accessible inputs and outputs 

• Operates horn single-ended supply 

EACH AMPLIFIER 

• Noise ligunt at IkHz  2d8ryp. 

• High voltage gain   5 3 dB non. 

• High input resistance   90 k rep. 

• Undistorted output voltage  2 V rris 

• Output Impedance   I k typ. 

• Open•loop bandwidth   300 kHz rep. 

APPLICATIONS 

• Multi•chonnel or cascade operation 

• Low-level pr•amplifiers 

• Equoliters 

• Li near signal mixers 

• Ton• generators 

• Multivibrators 

• AC integrators 

• VCC 
1.5 ?Sall 

• COMMECT TO 0.0•01•10•TE TERIMMAL TO IMO VOL TAU 

Fio• 2 - Test circuit for measurement of collector 

supply voltage and currents. 
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CA3048 

Nee: All resistor values ale in ohms Sit110-.12 

Fig.3 - Schematic diagram for CA3048. 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

TEST 
CI R-
CUIT 

 LIMITS 

CA3048 UNITS 

TYPICAL 
CHARAC-
TERISTICS 
CURVES 

FIG. MIN TYP. MAX. FIG. 

STATIC 

Covent earn per amplifier PP, 112 or 115 VCC = .12V 0 9.5 13.5 17.5 mA 4,5 

Voltage Terminals DC tp 
al Ouut 

VI. V6, 
VII. VI6 

VCC = +12V 2 6.1 6.9 8.1 V 

DC Voltage 
at Feedback Terminals 

V3, V7, 
VIO. V14 VCC • • 12V 2 1.7 2.0 2.3 V 

DC Voltage Input Terminals at V13 Vg. V4. V8. VCC = .12V 2 2.2 2.5 2.8 V 

DYNAMIC (Characteristics g ven are for each amplifier with no AC feedbac I 

Open-Loop Gain ROL 
VEu , : ;12vV 

f = 10kHz 
6 53 58 dB 7,8 

Output Voltage Swing Veins) 
VCC - • I2V 

I - IkHz 
TAD 5% 

6 2.0 2.4 - V - 

Open-Loop •3dB Bandwidth BA VCC .12V + 
EIN = 2mV 6 250 300 - kHz 9 

Total Harmonic Distortion TAD 
Vcc = .12v, I = 1 kHz 

Ecwy 2V IMS 
6 

0.65 - N 10 

Input Resistance RIN 

OPEN LOOP 
Terminals 3, 7, 10, 
and 14 are by. 
passed to ground 

I = Ilfklz 

- 90 - MC 

Input Capacitance CIN I = I MN z 9 - or - 

Output Resistance ROUT 
Terminals 3, 7, 10 
and 14 are by. 
passed to ground 

- 1 - ki) - 

Output Capacitance COOT I = I MHz - - 18 - pF 

Feedback Capacitance 
(Output to non- 
inverting Input) 

CFB V CS : 10,1„,24 
..0.1 - pF - 

Etoeo•meno OotPht 
Noise Voltage EN 

V Vs '=. 1•0112fM 
A Equvalen+t40dB 

i  
Noise BA = 50 kHz 

II - 0.3 I mV - 

Output Noise Voltage 
"Weighted" ENIWT) 12 0.5 2.2 mV 

Noise Figute 
NF 

IR, y 5 kn) ' 

10Hz 10 - dB 

100Hz - 5.8 - dB 

1 kHz - 1 dB 

10 kHz 1.1 - dB 

100 kHz 0.6 dB 

I i I: i.ecrr ta Audio i , . , Isn.te,Crtmgn o 
p 

VCC = • 12V 
f = lkilz 

0 dB = 0.78V 
13 - <-45 dB  

Inter-Amplifier Capacitance 
Any amplifier output to 
any other amplifier input) 

c vcs =, 1. ,14 v _ 

- 

- <0.02 PF 

10 0 is 16 

0C SUPPLY VOLT, A/cc] 
SKA-A4S0 

Fig.4 - Typical DC supply current no supply voltage. 

Ire:m. -séttg.' Iielr 
m a= W m..%   

 ::  Li ' ' : g....: Sae. • 

Eldlp.mutmll 1:111 

L ' : ----- - -iir mun::::Ennupp im .... le..j.kimiummihillidzi 
glifirmainumeamenuem hilaimpumma mur.= ...„.• 

0 SO ,00 ISO 

OMANI' TCYPERATURE 

Fig.5 - Typical DC supply current vs ambient 
temperature. 

• Sig Gen should be a low distortion ty e (0.2% TAD or lessl 
HP206A of e•zivalent• 

• Adjustment of Eg to 2 volts will make Es - 2mV. 

Test C suit shows Amplifier el 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 a 7 

3 11 9 10 

4 16 13 14 

Fig.6 Test circui /or measurement of distortion,open• 
loop gain and bandwidth characteristics. 
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CA3048 
IRK, SIGNAL vOL AGE 1rAv RIES   
OA RA NG, El. Ad y • • R8 

AmIleNT TEI/PERA ORE IT I 2 5 C 

OC SUPPLY VOLTS lif,c1' 

Fig.7 - Typical amplifier gain vs DC supply voltage. 
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Fig. 10 • Typing/ total harmonic distortion 
vs ambient temperature. 

Arcs 

• V.T.V.M. - Hewlett-Packed Model 4000 or equivalent. 

N eeedure. 

1. Adjust Signal Generator for 0 dB output at reference terminal. 

2. Read voltage at odmr output terminals (Figure shows terminal al 
used as reference. 

Fig.13 - Test circuit for measurement of inter-amplifier 
audio separation "cross talk" characteristic. 

- 25 o 23 SO S 

AANDIT EAR RUE(' 1-•C 

Fig.8 • Typical open-loop gain vs ambient tempe «time. 

'0.. 05., 

IMO." 10 vTvl. 

a000 
OR 

EQUIVALE. 

Crosi  oosno 

seo 

CC 

• RESISTORS ARE METAL... 'TAR. IT. 
•ns IRAs 

To test Amplifiers 1, 2, 3, or 4, connect terminals as shown on 
Table. 

AMPLIFIER 
TERMINALS 

OUTPUT INPUT BYPASS 

1 1 4 3 

1 6 8 7 

3 11 9 bo 

4 16 13 14 

Fig.! - Test circuit for measurement o broadband 
noise characteristic. 
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”cs ,s• 

• Li .2.5 miumenis inductor, dc mists's., 0.3 ohms oi loss. 
• Resistors metal film type, 1%. To test amplifiers, connect 
terminals as shown in Table. 

TERMINALS 
AMPLIFIER 

OUTPUT INPUT BYPASS 

I 1 4 3 

6 8 7 

3 11 9 10 

4 16 13 14 

Fig. 72 • Test circa t for measurement of "weighted" 
output noise voltage characteristic. 

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 intcinal 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 construction 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 bulletin include loading networks that pro-
vide stability under all conditions. 
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CA3049T, CA3102E 

DUAL HIGH-FREQUENCY 
DIFFERENTIAL AMPLIFIERS 
For Low-Power Applications at Frequencies 

up to 500 MHz 

Features: 
• power Gain 23 dB (typ.) at 200 MHz 

• Noise Figure 4.6 dB (Wis.) 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 

• The CA3049 is available in a sealed-junction 

Beam-Lead version (CA3049L). For further 

information see File No. 515, "Beam-Lead 

Devices for Hybrid Circuit Applications". 

RCA.CA3049T and CA3102E 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 lif noise and a value of f-t- in excess of 1 

GHz. These features make the CA3049T and CA3102E use-

ful from dc to 500 MHz. Bias and load resistors have been 

omitted to provide maximum application flexibility 

The monolithic construction of the CA3049T and CA3102E 

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 CA3102E is like the CA3049T except that it has a 

separate substrate connection for greater design flexibility. 

The CA3049T is supplied in the 12-lead TOi5 package: the 

CA3102E. in the 14.1ead plastic dual-in-line package. 

I. nui 

12CS• 2019, 

Figl-Static cherecteristics test circuit for CA3IO2E. 

Fig 2-AGC range and voltage pain test circuit for CA3IO2E. 

Applications 

• VHF amplifiers 

• VHF mixers 

• Multifunction combinations - RF/Mixer/Oscillator; 

Converter/I F 

• IF amplifiers (differential and/or cascode) 

• Product detectors 

• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 

• Cascade limiters 

• Synchronous detectors 

• Balanced mixers 

• Synthesizers 

• Balanced (push-pull) cascode amplifiers 

• Sense amplifiers 

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, 

AT TA 25*C 

Power Dissipation, P. CA3049T 

Any one transistor   300 

Total package  600 

For TA > 55°C Derate at: 5 

Temperature Range: 

Operating  

Storage   

-55 to + 125 

-65 to y 150 

CA3102E  

300 mW 

750 mW 

6.67 rnWrC 

-55 to+ 125 °C 

-65 to + 150 °C 

Lead Temperature (During Soldering): 

At distance 1/16 r 1/32 inch (1.59 r 0.79mm) 

from case for 10 seconds mac.   
+265°C 

The following ratings apply for each transistor in the devices 

Collector-to-Emitter Voltage, VcEcl   15 

Collector-to-Base Voltage, VcB0   20 

Collector-to-Substrate Voltage, Vcio°   20 

Emitter-to-Base Voltage, VEgo   5 V 

Collector Current, lc   50 rnA 

•Th• collector of each tr•neletor of tha CA3049T and C.63102E i. 
'mimed from the ...emu by en Int.. diode. The substrata 
(terminal el mum be connected to dr. most 'meetly* point ir ree 
external circuit to maintain Inletion bowman trantletort end to 
provide for normal Mandator action. 
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NOTES  
-L_ , NURSERS PARENTHESES REFER TO OTHER 

HALF OF THE CA3049T OR CA3102E 
2  cauiuscjassnucsctts rezig2„mrrtegis7 

SIM 

92CS. 301,3 

LI. L2 - Approx. 1/2 Turn #18 Tinned COPP«, Wire. 5/8- Die. 

Cli C2 - 15 pF Variable Capacitors (Harnmarlundi MAC•15. or 

Equivalent) 

All Capacitors in F Unless Otherwise Indicated 

All Resistors in Ohms UnleSt Otherwise Indicated 

Fig.3-200 Mkis carom» power pin and noise fern test cimuit. 

9}C 5,245 

Schematic Diagram for c430-49r 

eaeSiadealli 

Schemete Ompern for CA3102E 

Typical Choroctoristica for CA3049T and CA3102E 
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CA3049T, CA3102E 
ELECTRICAL CHARACTERISTICS •t TA 25°C 

CHARACTERISTICS SYMBOLS TEST CON 

TEST 
CUR- 
CUIT 

CAXMIST LIMITS 

TYPICAL 
CliARAC. 

TERISTICSDITIONS 
CUPIVES 

FIG. MIN. TYP. MAX. UNITE FIG. 

STATIC CHARACTERISTICS 

For loch DPfete... P.1191111et 

Input On.., Vet.. 140 1 020 10V 

Input Offset Current II0 la u le. 2 .0*1 0.3 P R 

I nput 111.C.ofent 'le 1 13.5 33 PA 5 

Temper Coefeklent Moo 
nItucte of Inouye/fleet Vohs. 

,AV,c., 

AT 
1 1.1 MVP .0 4 

For Each Tr...« 
DC Form0 114.10. 

Entitle. VoIMIM 
VIE VCE 1. a V 

lc • 1 rn. 
mV • 

Tempensture Co...ens of 

134eseto•EmItter VoItelle 

AVSE 
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VcE - 6 V. Ic • 1 'TIAenVi.0 0 

Conactor Cutoff Currant 'coo oce • 10 V, 1, • 0 o.00lo 100 RA 7 

Collectorve Volta.Ernitter 
BreektIOwn  V IIDSICED 'C • 1 ln8 . 10 • CI 15 24 V 

Collector 1M. 
Elre.cluem VOIMIle vomcao 'CO 1..... 4 ' 0 20 60 V 

Collecto••to Sue... 
Sme 00v. Volt.. VIBRICIO Ic - 00., Is • I> 'E' 0 20 60 V 

Emitter ...6m BBBBB 00,n0 
,_,, 1e1L 

v, e ,E .. .e . l0,A, ,c. 0 3 7 V 

DYNAMIC 
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Transom.) 
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0 28 

0 28 

PF 

PF 
8 

Codector-501.11.1.4 C•PeColanc• Cc, lc , 0 VC1 • SV 1 65 OF 8 

For Each D• eeeee nee 
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14. 16 10 
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CA3049T, CA3102E 
ELECTRICAL CHARACTERISTICS. TA 2ec 

CHARACTERISTICS SYMIIOLS TEST CONDITIONS 

TEST 
CIR- 
CUIT 

CA3102E LIMITS 

TYPICAL 
CHARAC-
2E01871= 
CURVES 

FIG. MIN. I re,. 1MAX. UNITS FIG. 

STATIC CHARACTERISTICS 

1.0I lion Differentlel Amplifier 

Input Offael Volta,. V10 1 0.25 5 50/ 

Input Offeet Current 11,, 13. le • 2 mil. 1 03 3 RA 

Input Sim Current 118 1 13.5 33 RA 5 

TerneermureCoeffleNnt Mel 
nitude of Input.011eet V.I1••. 

1.50,01 

.12 
1 1.1 61,r/ •C • 

For Even Trending> 

DC Forward 1116/elo. 
Emitter Volmee 

Vie Vce I lc • 6,66 V 
•  

674 774 874 mV 6 

Temper eeeee Coefficient of 
Ilmeto-E miner Volta* 

OV51 
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Collector•Cutorl Current 'Clio VCS • 10 V, le • 0 0.0013 100 n A 7 
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CA3049T, CA3102E 
Typical Output Admittance Cherecteristion for CA3049T sad CA31023 
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CA3050, CA3051 

Dual Differential Amplifiers 

TWO DARLINGTON-

CONNECTED DIFFERENTIAL 

AMPLIFIERS WITH 

DIODE AS STRING 
The CA3050 and CA3051 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. 

For Low-Power 

Applications at 
Frequencies from DC 
to 20 MHz 

APPLICATIONS 

• Matched dual amplifiers 

• Dual   amplifiers 

• Dual Schmitt triggers 

• Dual multivibrators 

• Doubly balanced detectors and modulators 

• Balanced quadrature detectors 

• Synthesizer miners 

• Product detectors 

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT TAO 25°C 

CA3050 CA3051 
R•initir Dissipation. R: 

Any one transistor   150 

Tot•I package   900 

For TA > 55°C. Dorare at   

Temperature Range: 

Operating     •55 to •125 

8 

150 

750 

6.67 

Storage     -65 to .150 

LEAD TEMPF RATLIKE (During Soldering, 

Ai diumce I , I 1:1 Ina II 511 , O 71/nun, 
1,111 ,.10 101 

niW 

OW 

mW/ °C 

Oc 

Oc 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage. V 
CEO  

Collector-to•Bre Voltage, Vc .   

Collector-to-Subltrate Voltage, Vcio.  

Emitter-to-Base Voltage. VE.  

Collector Current.  IC   

• The collector of each transistor of the CA3050 end CA3051 
is isolated from the substrate by an integral diode. The 
substrate (terminal le) must be more neglattve than all col-
lectors to maintain molatron between tranststors and to 
provide for normal transistor action. 

15 V 

20 V 

20 V 

5 V 

50 niA 

MAXIMUM VOLTAGE RATINGS 
The following cha t gives the range of voltages which can be applied to the terminah 
listed vertically wi h respect to the terminals listed horizontally. For example, the 

voltage range between vertical terminal 2 and horizontal te minal 3 is +5 to -2 volts. 

TERM-
INAL 

No. 

1 2 3 4 6 7 8 9 10 11 12 13 14 

1 • • • • • • • • • • • .1 

E 

2 .5 
•2 

a a • • • • • • • • +I 
I 

3 • • • • • • • . • • .3 
•1 

4 • • • • • 
.14 
-25 

Note 3 

+14 
.23 

Note 4 
• • 

.20 

•1 

5 
.2.5 
•14 

Note 1 

.2.5 
•14 

Note 1  

to 
.10 

.1 
•20 • • 

a . +16 
•1 

6 • 
.14 
.2.5 
Note 2 

• • • . . .20 
I 

7 
.14 
-25 

Note 2 
• • • . a .20 

•1 

8 .1 
20 

. • a . +16 
•1 

9 .20 
-I 

.20 
.1 

. . .20 
•1 

10 .10 
•10 

. 2.5 
.14 

Nate 3 
• .16 

•1 

11 
02.5 
.14 

Note 4 
• 016 

•1 

12 025 
•1 

13 01 
5 

14 
Rel. 
Sub-

strata 

NOTE I: Thn ring n importten only when terminal 5 is more 
positive than terminal 8. 

NOTE 2: This arios is iminoren only when termirl 8 is more 
posiUr than terminal 5. 

NOTE 3: This atino is importo only when terminal 10 is more 
positive than terminal 1. 

MAX IMUM 
CURRENT RATINGS 

TERM-
INAL 

No. 
IN 
rnA 

'OUT 
nsA 

0.1 

2 50 50 

50 

4 50 

5 01 

50 

7 50 

0.1 

50 

10 5 0.1 

11 5 Or 

50 

13 5 01 

14 100 

NOTE 4. Pus rating is important on y when terminal 11 is more 
pos tive thin terminal 10, 

*Voltages are not normally appl'ed between these terminals. Voltages ¡porting 
between these terminals will be safe if the specified limits between all other 
terminals are not exceeded. 

Fig.I - Schematic diagram. 

FEATURES 

• Input offset current   70 nA max. 

• Input bias current   500 nA moo. 

• Input offset voltage   5 mV man. 

• Input impedance   460 kO typ. 

• Independently accessible inputs and outputs 

• CA3050-14-lead dual-in-line ceramic package 

• CA3051-14-lead dual-in-line plastic package 

TYPICAL STATIC CHARACTERISTICS 

I
M
P
U
T
 
O
F
F
S
E
T
 
.
1
.
1
V
O
L
T
S
 
IV
,,
,1

-

,
0
 

 

COLLECTOR 
•MOIENT TEMPERA 
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Fig.2(o) - Typical input efface voltage vs 

quiescent bias current. 
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CA3050, CA3051 
ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

TEST 
C1R- 
CUIT 

LIMITS 
CA3050/CA3051 UNITS 

TYPICAL 
CHARAC-
TERISTICS 
CURVES 

FIG. MIN. I TYP.ÍMAX. FIG. 

STATIC 

Amplifier Characteristics 

Input Offset Voltage VIO - - 1.5 5 mV 2a,b 

Input Offset Current 110 - - 7 70 nA 3a,t) 

Input Bias Current lia - - 200 503 nA 4a,0 

Quiescent Ocerating Curent Ratio (14.112) 

0, 
06.17) 

Vcc . r 6 V, 13 . 2 mA 

- 0.9 1.00 1.13 - 5a,t, 

13 

DC Fonyard Base-to-Emitter Voltage VBE 
IC ' 9 l S 

VCE ' 3 V ‘) 3 akk 
10 mA 

- - 
- 
- 

- 
- 
- 
- 

0.645 
0.725 
0.760 
0.805 

0.7701 
0.800 
0.850 
0.900 

y 6 

Temperature Coefficient of Base-to- 
Emitter Voltage 

''VBE VCE = 3 V, lc = I MA - - -1.9 - mV/°C 7 
AT 

Transistor Characteristics 

Collector-Cutoff Current ICB0 VcB = 10 V, IE s 0 - - 0.002 100 nA 8 

Collector-to-Emitter Breakdown Voltage Vo3pocE0 lc = I mA, IB = 0 - 15 24 - V - 

Collector-to-Base Breakdown Voltage %mew lc = 10 e.A, IE = 0 - 20 60 - V - 

Collector-to-Substrate Breakdown Voltage V(EIR)C10 IC ' 10 PA. lc( = 0 - 20 En - V - 

Emitter-to-Base Breakdown Voltage V(BR )EBO IE s 10 pli, IC r. 0 - 5 7 - V - 

DYNAMIC 
Transistor Characteristic s 

Emitter-to-Base Capacitance CEB VEB = 3 V, IC = 0 - - 0.78 - pF 9 

Collector-to-Base Capacitance CcB VCR = 3 V, lc = 0 - - 0.47 - pF 9 

Collector-to-Substrate Capacitance Cci VCS = 3 V, lc = 0 - - 1.92 - pF 9 

Amplifier Ch rrrrrrr i stic s 

Gain-Bandwidth Product 
(For Single Transistor) fr VCE ' 5 V. IC ' 3 eA 600 - MHz 10 

Forward Transmittance 
(With single-ended input and output) 1021 I 

Vfc.c1=m 10z V, 13 . 2 mA 11 7 9 11 moho 11 

Bandwidth at -3 dB Point BW Vcc s 10 V, 13 = 2 mA II - 4.3 - MHz II 

Input Impedance z1 Vcc = 10 V, 13 = 2 mA 
f = 1 KHz 

12 460 - kn 12 

Output Impedance Zo 13 = 2 mA, f = I KHz 13 170 - la 13 

Common-Mode Rejection Ratio CMR 13 = 2 mA, f = I KHz - 65 dB - 

AGC Range am 5 ' 2 mA• f ' I *I' 
terminal No.3 Crowded 

11 60 
dB _ 

12 

COLLECTOR UPI,' VOLTS 19.106 

OUESCENT 91AS CUIRENT RANGE-016 136 00. 

••• 

1111  :::::::::::::::::::::::::::::: 
BOMMMBOOM 

•• 

25 -90 -25 0 23 50 TS 

ATIIROIT TEMPERATURE 1%1— .0 

co 123 

1203,41, 

Fig 1(b) • Typical norms, iced input bias current vs 
ambient temperature. 
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CA3050, CA3051 
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Fig.6 • Typical static base•to•emitter voltage 
characteristic vs emitter current for all tran• 

sistors and forward diode voltage drops. 
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Fig.9 - Typical capacitance for each transistor. 
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Fig.11(b) - Typical differential amplifier !onward rano-
admittance with single-ended output vs frequency. 
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Fig.13(o) - Test circuit for output impedance. 
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CA3058, CA3059, CA3079 

Zero-Voltage Switches 
For 50/60 and 400 Hz Thyristor Control 
Applications 

The 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 Vat 50/60 and 
400 Hz. Each of the zero-voltage switches 
incorporates 4 functional blocks (see Fig. 1) 
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. Hysteresis or propor-
tional-control capability may easily be im-
plemented 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 (RFI) 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 pro-

vide the following important auxiliary func-
tions (see Fig. 1): 

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 con-
nected to Terminal 1. 

3. High-power dc comparator operation is 
provided by overriding 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 Considerations. For de-
tailed application information, see companion 
Application Note, ICAN-6182, "Features and 
Applications of RCA Integrated-Circuit Zero-
Voltage Switches (CA3058, CA3059, and 
CA3079)". 

The CA3058 is supplied in a hermetic 14-lead 
dual-in-line ceramic package. Types CA3059 
and CA3079 are supplied in 14-lead dual-in-
line plastic packages. 

Applications: 
• Relay control • Heater control 

• Valve control • Lamp control 

• Synchronous switching of flashing lights 

• On-off motor switching 
• Differential comparator with self-contained 

power supply for industrial applications 

• Photosensitive control 
• Power one-shot control 

'NEGATIVE TEINERAIVOIL COtii1C4NT 

AC Input Voltage 

(50/60 or 400 Hz) 

V AC 

Input Series 

Resistor IRs) 

k f) 

Dissipation Rating 
for Rs 

w 

24 2 05 
120 10 2 

208/230 20 4 

277 25 5 

NOTE: 

Circuitry. within shaded areas, not included in 
CA3079 

• See chart 

• IC = Internal Connection - DO NOT USE 

(Terminal Restriction applies only 
to CA3079). 

Fig. 1-Functional block diagram of CA3058. CA3059, and CA3079. 

Features 
• 24V, 120V, 208/230V, 277V at 50 60, or 

400 Hz operation   

• Differential Input   
• Low Balance Input Current (max.) -pA  

• Built-in Protection Circuit for 

opened or shorted sensor (Term. 141   

a Sensor Range (Rx) • kS2   

• DC Mode (Term 121   

• External Trigger (Term. 6)  

• External Inhibit (Term. 1)   

• DC Supply Volts (max.)   

al Operating Temperature Range -0C   

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

DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 

AND 7): 
CA3058, CA3059   14 V 

CA3079  10 V 
DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 

AND 8): 

CA3058, CA3059   14 V 

CA3079  10 V 

PEAK SUPPLY CURRENT (TERMS. 5 AND 7) 
  ±50 mA 

OUTPUT PULSE CURRENT (TERM. 4) 

CA3058 

PUL 

150 mA 

92,5 - 4255. 

Fig. 2(a)-DC supply voltage test circuit for 

CA3058. CA3059, and CA3079. 

CA3059 

N./ 
1 

2 to 100 

N./ 

N./ 

14 

-55 to +125 

CA3079 

V. 

2 

2 to 50 

10 

POWER DISSIPATION: 
Up to TA -75°C - CA3058   700 mW 

Up to TA -55°C - CA3059,CA3079 700 mW 

Above TA -75°C - CA3058 
  Derate Linearly 8 mW/°C 

Above TA -55°C - CA3059,CA3079 
  Derate linearly 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 
Operating  -55 to +125°C 

Storage  -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At a distance 1/16" ± 1/32" (1.59 ± 0.79 mm) 

from case for 10 seconds max.   +265 °C 

el00 

5 

$ 50 

5.25 

`so 

20-v «LSO AO.. OPERATION 
SPUT «SIS ANC( 0 SO 
MO EATE101•L LOAD 

•••• •• ..... • 

111••••••••••••••••••• -ammo. 
•••••••••••••••••••••••••-

••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••, •••••••••••••••••••••••••••••••••• 

. ... ........ ••• 

um .................. 
••••••••••••. ...... 

••• 

-" so 2V 0 nOSIEsT .......... .. " , 
•IC8-1110411 

Fig. 2(b)-DC supply voltage vs. ambent 

temperature for CA3058, CA3059 

and CA3079. 
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CA3058, CA3059, CA3079 

MAXIMUM VOLTAGE RATINGS otTA = 25°C 

TERM- 
INAL 
NO. 

1 
Not. 
3 

2 3 4 5 
NmeNme 
1 

6 

3 

7 8 9 10 11 12 
Note 

13 14 
11 ,1; 

111,1 

MA 

101.1T 

m A 

1 
Note 3 

• • • • 15 

0 

10 

-2 

• • " • • • 10 0.1 

2 0 
-15 

0 
-15 

2 
-14 

0 
-14 

Oa 
-14 

0‘ 
-14 

0 
-14 

0 
-14 

0 
-14 

• 0 
-14 

0 
-14 

150 10 

3 

, 

- 15 

4 ' 2 
- 10 

• • • • • • • • 0.1 150 

5 
Note 1 

• 7 

-7 

• • " • • • 50 10 

6 
Note 3 

14 
0 

• • " • • • • • 

7 • 14 I 
0 

' 10 
0 

2.5 
--2.5 

14 
0 

6 
-6 

" 

8 10 
0 

• ' " ' 0.1 2 

9 
. • • . • • • 

10 
• • • • • • 

11 
1 • • • • • 

12 
Note 3 

• 50 50 

13 
• 

i 

• • 

14 
Note 3 

2 2 

MAXIMUM 
CURRENT 
RATINGS 

This chart give the range of vol ages which can be applied to the terminals listed horizontally 

with respect to the terminals listed vertically. For example, the voltage range of horizontal 
Terminal 6 to vertical Terminal 4 is 2 to —10 volts. 

Note 1 — Resistance should be inserted between Terminal 5 and external supply or line volt-
age for limiting current into Terminal 5 to less than 50 mA. 

Note 2 — Resistance should be inserted between Terminal 14 and external supply for limiting 

current into Terminal 14 to less than 2 mA. 

Note 3 — For the CA3079 indicated terminal is internally connected and, therefore, should 

not be used. 

For CA3079 (0 to —10 VI. 

'Voltages are not normally applied between these terminals; however, voltages appearing 
between these terminals are safe, d the specified voltage limits between all other terminals 

are not exceeded. 
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Fig. 4—Schematic diagram of CA3058, CA3059, and CA3079. 

EXTERNAL LOAD NRRENT - 

Fig. 2(c)—DC supply voltage vs. external load 

—current for CA3058, CA3059, and 

CA3079. 

GATE TRIO.. OLT% IVcy, 

Fig. 3—Gate trigger current vs. gate trigger 
voltage for CA3058, CA3059, and CA3079. 

ALL REUSIMICE VALUES ARE IN ONAS 

Fig. 5(a)—Peak output (pulsed) and gate trigger 
current with internal power supply 
test circuit for CA3058, CA3059, 
and CA3079. 
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Fig. 5(b)—Peak output current (pulsed vs. 
ambient temperature for CA3058, 
CA3059, and CA3079. 
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CA3058, CA3059, CA3079 
ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) 

All voltages are measured with respect to Terminal 7. 

CHARACTERISTIC 

TEST CONDITIONS 

TA 

(Unless Indicated Otherwise) LIMITS UNITS 

Min. I Typ. Max. 

For Operating at 120 V rms, 50-60 Hz (AC Line Voltage). 

DC Supply Voltage, Vs 

Inhibit Mode 

At 50/60 Hz Rs = 8 {di IL = 0 6.1 6.5 7 V 

At 400 Hz Rs= 10 kri, IL= 0 - 6.8 - V 

At 50/60 Hz Rs = 5 ks-z, IL = 2 mA - 6.4 - V 

Pulse Mode 

At 50/60 Hz Rs = 8 ks-z, IL = 0 6 6.4 7 V 

At 400 Hz Rs = 10 krt, IL =0 - 6.7 - V 

At 50/60 Hz Rs = 5 kn, IL = 2 mA - 6.3 - V 

At 50/60 Hz (CA3058) 

See Fig. 2 

Rs = 8 kn, IL = 0 

TA = -55 to +125°C 
5.5 - 7.5 V 

Gate Trigger Current, IGT (4) 

See Figs. 3, eal 

Terms. 3 and 2 connected, 

VGT ' 1 V 
- 105 - mA 

Peak Output Current (Pulsed), 
10m(4) 

With Internal Power Supply 

Term. 3 open, Gate Trigger 

Voltage (VGT) = 0 
50 84 - mA 

Terms. 3 and 2 connected, 

Gate Trigger Voltage (VGT)=0 
90 124 - mA 

With External Power Supply 

See Figs. 5, 6 

Term. 3 open, V+=12 V, VGT=0 - 170 - mA 

Terms. 3 and 2 connected, 

0=12 V, VGT = 0 - 240 - mA 

Inhibit Input Ratio, Vg/V2 

All Types Voltage Ratio of Term. 9 to 2 0.465 0.485 0.520 - 

CA3058 

See Fig. 7 

TA = -55 to +125°C 0.450 - 0.520 - 

Total Gate Pulse Duration:* 

For positive dv/dt, tp 

50-60 Hz CEXT = ° 70 100 140 µs 

400 Hz CEXT - CI, REXT = '' - 12 - µ5 

For negative dv/dt, tN 

50-60 Hz CEXT = 0 70 100 140 µs 

400 Hz 

See Fig. 8 
CEXT - °, REXT = '''' - 10 - µs 

Pulse Duration After Zero 

Crossing (50-60 Hz): 

For positive dv/dt, t p 1 CEXT = ° 

REXT =00 

- 50 - µs 

For negative dv/dt, tNi 

See Fig. 8 

- 60 - µs 

Output Leakage Current, 14 

Inhibit Mode: 

All Types - 0.001 10 µA 

CA3058 

See Fig. 9 

TA -- -55 to +125°C - - 20 µA 

Input Bias Current, II 
CA3058, CA3059 - 220 1000 nA 

CA3079 

See Fig. 10 

- 220 2000 nA 

Fig. 6(a)-Peak output current (pulsed with 
external power supply test circuit for 
CA3058 and CA3059. 
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Fig. 6(b)-Peak output current (pulsed) vs. 
external power supply voltage 
for CA3058 and CA3059. 
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CA3058, CA3059, CA3079 
ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) (Coned) 

All voltages are measured with respect to Terminal 7. 

CHARACTERISTIC 

TEST CONDITIONS 

TA = 25°C 

(Unless Indicated Otherwise) LIMITS UNITS 

Min. Typ. IMax. 

For Operating at 120 V rms, 50-60 Hz (AC Line Voltage). 

Common-Mode Input 

Voltage Range, VcrAR Terms. 9 and 13 connected — 1.5 to 5 — V 

Sensitivity, AV.13 

(Pulse Mode) 

See Figs. 5(a), 12 

Term. 12 open — 6 — mV 

Required voltage change at Term. 13 to either turn OFF the triac when ON or turn ON the triac when OFF. 

* Pulse duration in 50 Hz applications is approximately 15% longer than shown in Fig. 81b). 

• The values given in the Electrical Characteristics Chart at 120 V also apply for operation at input voltages 
of 24 V, 208/230 V, and 277 V, except for Pulse Duration. However, the series resistor (Rs) must have 
the indicated value, shown in the chart in Fig. 1, for the specified input voltage. 

-SO - s 0 25 50 TS 100 125 
.4 IL N T 9Emo RAU« IT. --4 C 

S-.0117 

Fig. NW—Input inhibit voltage ratio vs. ambient 
temperature for CA3058, CA3059, 
and CA3079. 

el
.I

LS
E 
M
E
A
T
.
.
 A
F
T
E
R
 Z
E
R
O
 C
R
O
I
R
M
4
1
.
0
 -
 .
.
 

A
d
d
 
i
d
 

i
d
 

101 al 50 1011.0111RATION 

4.511/41 11.111•TUR1 IT, • . 1 C 

- IV  

t 1 

L inel:i. 1- 1•-4-1 1 

-1 184 

4141.1' 

-.-1- 1 

-1_ 

tsr sot sot 4 00 01 

EXTERNAL CAPACITAXCE 1y.”,)-

Fig. 8(c)—Pulse duration after zero crossing vs. 
external capacitance for CA3058, 
CA3059, and CA3079. 

2411151.11 

21110 
401.1241 

AC DA4 

1105102 otGATon 
A 41 

1'90-

Im-Vmi 
LAMM 
CAPS, 
Cann 

toe 

44.41121.12042 
m ant 

C DIM oenuo somMO 4414 

101 440510 DI CAlor. 

Fig. 8(a)—Gate pulse duration test circuit with 
associated waveform for CA3058, 
CA3059, and CA3079. 

[
 

1
0
0
.
 G
A
T
E
 P
U
L
S
E
 E
U
R
A
T
O
M
 (

e)
 -
 .
 •
 

II
 

It
 

SI
 

a
  

1211E15 

A11111111T 

4M4141111511ATION 

TWIRAT.11 (TA 1 XPC 

1, 01021T1O1d. 41 

CAME . AI 

ID 

EXTERNAL RESISTANCE 11conl -1n 
1/5-45/ 

Fig. 8(d)—To al gate pulse duration vs. external 
resistance for CA3058 and CA3059. 

Rs 

10 k 

120 V RAS 

60 Ng 

ALL RESISTANCE VALUES 

ARE IN OHMS 100 o F 
9/151/68 

Fig. 7(a)—Input inhibit voltage ratio test 
circuit for CA3058, CA3059, and 
CA3079. 

CA3058 

CA3059 

CA3079 

1/0 V Ro 50/1041. OPERATION 
AollIENT TEVERATIME no) • 151C 

ramprem:. 
=nun= 

 •-anurnumaturmarm tun ran  • 

0.50 052 001 0 4 010 505 001 

EXTERNAL C., TATE IC.211, -4 sa" UM?? 

Fig. 8(b)—Total gate pulse duration i's. external 
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and CA3079. 

/00. 120 
INPUT 

NO 

v RIOS 
RESISTANCE 

EXTERNAL 

50/ 80142 

LOAD 

OPERATION 

111 ql • 100 DO 

ro 

8 , 
o I 

-e -so - - o o 20 40 50 000020 rAI 

11101ENT TEMPERATURE 1 ql— C 

ISCO-10083 
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CA3058, CA3059, CA3079 

V. • 6 V 

925E4161 

CA3055 
EA3OSE 
EA3074 

Fig. 10-Input bias current test circuit for CA3058, 
CA3059, and CA3079. 

100 oT5 -50 -23 0 25 SO 75 
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02.-11111172 

Fig. 12-Sensitivity vs. ambient temperature 
for CA3058, CA3059, and CA3079. 
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Fig. 13-Operating regions for built.in protection 
circuit for CA3058 and CA3059. 
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OPERATING CONSIDERATIONS 

Power Supply Considerations for CA3058, 
CA3059, and CA3079 

The CA3058, CA3059, and CA3079 are in-
tended 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 circuits. 
Typical power supply characteristics are given 
in Figs. 3(b) and 3(c). 
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. (See Fig. 5 for the peak output current 
characteristics). When an external power 
supply is used, Terminal 5 should be con-
nected to Terminal 7 and the synchronizing 
voltage applied to Terminal 12 as illustrated 
in Fig. 5(a). 
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. 1. To assure proper operation of the pro-
tection circuit the following conditions 
should be observed: 

1. Use the internal supply and limit the ex-
ternal load current to 2 mA with a 5 kf2 
dropping resistor. 

2. Set the value of Rp and sensor resistance 
(Ax) between 2 kn and 100 kn. 

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 
unmodified sensor over the entire antici-
pated temperature range, then either a 
series or shunt resistor must be added to 
avoid undesired activation of the circuit. 

If operation of the protection circuit is de-
sired 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 +1.2 V 
at 10 pA will remove drive from the thyristor. 
This required level is compatible with DTL 
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 the 
zero-crossing detector and permits the flow 
of gate current on demand from the differ-
ential sensing amplifier. This mode of opera-
tion 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. 
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CA3060, CA3060A Types 

Operational Transconductance 
Amplifier Arrays 

APPLICATIONS 

• For low power conventional operational amplifier 

applications 

• Active filters 

• Comparators 

• Gyrators 

• Mixers 

• Modulators 

• Multiplexers 

• Multipliers 

• Strobing and gating functions 

• Sample and hold functions 

FEATURES 

• Low power consumption - as low as 1004W per amplifier 

• Independent biasing for each amplifier 

• High forward transconductance 

• Programmable range of input characteristics 

• Low input bias and input offset current 

• High input and output impedance 

• No effect on device under output short-circuit conditions 

• Zen« diode bias regulator 

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, %R). 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. In 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 

achieve a wide range of characteristics for specific applica-

tions. The electrical characteristics of each amplifier are a 

function of the amplifier bias current (IABc). 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, 

multipliers, 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. 
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Fig.4-Input offset current vs amplifier bias current 

Generic applications of the OTA are described in ICAN-

6668, Applications of the CA3090 and CA3080A High-

Performance Operational Transconductance Amplifiers. 

The CA3060AD, CA306081), and CA3060D are supplied in 
a hermetic 16-lead dual-in-line CerartliC package which can be 

operated over the full military temperature range, -55°C to 

+1250C. The CA3060E is supplied in a 16-lead dual-in-line 

plastic package and is operational from -40°C to +85°C. 

MAXIMUM RATINGS, Absolute Meemnum Mein at TA 25.0 

DC Supt:,y Voltage (between VT and V- terminals) 
CA3060AD,CA3060BD,CA3060E  36V (±113V) 
CA30600  14 V (±7V) 

Differential Input Voltage (each amplifier). 
CA3060Ao. CA3060130, CA3060E 
CA3060D 

 say 

DC Input Volta',   to V-

Input Signal Current Wee amplifier of each type)  Or rnA 

Arnold., Bias Current leach amplifier of aach type)   2 inA 

Bias Regulator Input Current  -5 rnA 

Output Short-Circuit Duration.   No Unbutton 

*Show circuit may be applied to ground or to either supply. 

à INVERTING INPUT OF AMPLIFIERS 1, 2, AND 3 IS ON TERMINAL 
Nos 13.12 AND 4, RESPECTIVELY 

O NON-INVERTING INPUT OF AMPLIFIERS 1, 2, AND 3 IS 
TERMINAL Nos 14, 11, AND 5, RESPECTIVELY 

• OUTPUT OF AMPLIFIERS 1. 2, AND 3 IS ON TERMINAL Nos. 16,9, 
AND 7, RESPECTIVELY 

ii AMPLIFIER BIAS CURRENT OF AMPLIFIERS I, 2, AND 3 IS ON 
TERMINAL Nos. 16, 10, AND 6, RESPECTIVELY 

0ecoe, 

Fig.2-Simplified schematic diagram showing bias regulator and 
one operational transconductance amplifier for 
each type of the CA3060 family. 
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Re l -Functional block diagram for each type in the 

CA3060 family. 

Device Dissipation: 
Total Package of each type up to TA • 750C  490 MIN 
000ve TA • 75°C  Derma linearly 6.67 inWPriC 

Temperature Range 
Operating - 
CA3060 AD. CA3060130, CA306013  -55 10 .1250C 
CA3060E   .40 to •85°C 
Storage - 
CA3060A13, CA3060613, CA30600, 
CA3060F   -65 to 01500C 

Lead Tempereture (During Soldering): 
Al distance 1/16 01/32 in. (1.59 t".1.79 mm) 

frorn case for 10s max   •300°C 
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CA3060, CA3060A Types 
ELECTRICAL CHARACTERISTICS (CA30600) 

For each amplifier at TA • 250 C, V + • 6 V, V' • -6 V 

CHARACTERISTIC SYMBOL 

TYPICAL 

CHARACTER- 

ISTICS 

CURVES 

Fig. 

LIMITS 

Arnpl.foar B.» Cunent 

lAoc - 1 pa. IAA, • 10 aLA lAoc 4 100 µA 
UNITS 

MIN. TIP. MAX. MIN. TYP. MAX. MIN TOP. MAX. 

STATIC CHARACTERISTICS 

Input CHUM Vamp VIO 3 1 5 - 1 5 - 1 5 .113/ 

Input Offset Current 110 4 - 3 14 - 30 100 - 260 1000 nA 

Input Dim Currie, NB 5e, la - 33 70 - 300 660 - 2500 5000 nA 

Peak Output Current IOM IN. b 1.3 2.3 - 15 26 - 150 240 - AA 

Peek Output Voltage: 

Positme Vow 4.6 5 - 4.5 4.8 - 4.5 4.7 - 

Negative Vou- 5.8 595 - 5.8505 - 5.7 5.9 - 
V 

Amplifier SuP014 

Current leech amplifier) IA 8A0 - 8.5 14 - 85 120 - 850 1250 be 
Power Consumption 

leech *metier) P - - 0.10 0.17 I 1.46 - 10 14.5 nWil 

Input Offm-Voltege 

Sensitivitv. 

Positive avielv* - 1.5 120 - 2 120 - 2 120 
4N/V 

Negative OVio/OV. 20 120 - 20 120 30 120 

Ampldoer ChM Voltage• VA BC 9 054 _ - 0.66 - V 

DYNAMIC CHARACTERISTICS let 1 kHz unless speedied otherwise) 

Forwerd 7...conductance 

(large signed 921 10e. b 0.3 105 3 18 - 30 102 - rnmho 

CornmoniMode Remotion 

Ratio CROIRR 70 110 - 70 110 - 70 90 - dB 

Cornmon.Mode Input. 

Voltage Range V too - 

4.4 ha 0.1 min. 

4.7 to 0.3 typ 

4.3 to 0 min. 

4.6 t .52 517. 

4.3 to 0 mm. 

4.6 to .52 VP. V 

Slew Rate (Test ckt.. 

F to 13 SR 1 - 8 - visa 

Open-Loon •121 1 

Bandwidth BWOL 11 20 - 45 - - 110 - kHz 

Input Impedenu 

Components . 

Resistance RI 12 800 1600 - 90 170 - 10 20 - kn 

Capacitance at 1 MIN Ct - 27 - 2.7 - pF 

Output Impedance 

Component,. 

Resistance Ro is 200 - - 20 - - 2 - Mr! 

Cepecilance al 1 MHz Co - 4.5 - 4.5 - pF 

ZENER BIAS REGULATOR CHARACTERISTICS let TA e 256 C, 12 u 0.1 mAI 

Voltage VZ 15 Temp. Coal... 3 mV/PC 

MIN. TYP. MAX. 

62 6.7 7.9 V 

Impelan« ZZ - XII3 300 n 
• Tenlogratore.Coatlieronti .12 invi•C (a VARO • 0.54 v. lAec • 

µA. .2.1 mV/OC let VABc 0.060 V. I Aeo - 10 pAl .1.9 

mV/OC let VARO • 0.66 V. ime • 100 pAi 
• conditions lot Input Other Voltage and Supply Sensitivity 

let Iles corm», derived from the reguletoi with an MOMPnete 
resistor connected from terminal No. 1 to the bias terminal on 

the ernplIfite under test --

0500e 
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CA3060, CA3060A Types 

ELECTRICAL CHARACTERISTICS ICA3060AO, CA306080. CA3060EI 
For each amplIfier at TA = 25° C, V 7 = 15 V, V. - -15 V 

CHARACTERISTIC SYMBOL 

TYPICAL 

ISTICS 

CURVE 

Fig. 

LIMITS 

UNITS 

Amplifier Ili. Current 

lApc ' 196 Ismgc ' 101/A 
INK' 180914CHARACTER. 

MIN.' TYP. IMAX. MIN.' TYP. IMAX. 

I 

MIN.! TYP. IMAX. 

CA3060817 

CA3060A0 

CA30110813 

CA310606 

STATIC CHARACTERISTICS 

Input Offset Voltege V10 3 - I 5 I 5 I 5 XV 

Input Olfsel Currem rio 4 3 14 30 100 - 250 1000 nA 

Input Bias Currenl lie s..o 33 70 - 300 550 - 2500 5000 nA 

Peak Oulpul Current 
1051 6/1.6 I 3 2.3 15 26 - 150 240 - pA 

Peak Output Voltage 

Pop... Vote 

7 

12 116 - 12 136 - 12 13.6 
y 

Negeove Vffl. 12 14.7 - 12 14.7 12 147 

Ansel.. SuPPIv 

Coreen. teach anueloloral IA 80.6 - 8.5 14 85 120 850 1200 {Pk 

Power Corraurnphon 

leach amplifier/ P 026 042 26 16 26 36 ,b11/ 
Input 011se..Voltage 

Sensotoro.V• 

Posilive àV..3,3V . IS 150 - 2 150 - 2 150 

jenV 
Neganve -1,/,0,V • 20 150 - 20 150 - 30 150 

Amplifier Bias Vonape• VAK 9 054 0.60 - - 066 - V 

DYNAMIC CHARACTERISTICS let 1 ItH, unleSS specified otherwise) 

Forward Transconductance 

narge signal/ 921 100.0 03 1 55 - 3 18 30 102 - rnmko 

Common.Mode Resection 

Ratio CMRR 70 110 70 110 - 70 90 - dB 

Common.Mode Inoue 

Voilage Range V.cµ 
•I2 o -12 nun 

.13 o -14 vp 

•I7 0 •I2 nun 

*13 o.14 lye 

•12 o •12 min. 

•I3 0.14 PA. 
V 

Slew Rate ITes.51... 

Fog. 131 SR 0 I - 1 8 Vie 

Open-LOOP 1921 1 

Bandwicku 8W01 11 20 - 45 110 1,91 

Input Impedance 

Components 

Resistance R. 12 . 800 1600 90 170 - 10 20 kI-2 

Capacitance at I Mlie Cr 77 - 27 2.7 - DF 

Output Impedance 

COMPD.°. 

Amman. Ro 14 200 20 - - 2 - MIS 

Capacitance al I MHz Co - 45 45 45 - of 

ZENER BIAS REGULATOR CHARACTERISTICS let TR. 250C. 12 e 0.1 mA) 

Voltage Vz 15 Temp Coell Y 3mVeC 

MIN. TYP. MAX. 

62 67 73 
Impede...0e Zz 200 

300 _III./T__ 
• Ternpermure.Coellicient. 22 rnV/I7C la. Vogc • 054 V, ABC . 

1 mA. •7 1 mV/OC I., Vpec . 0.060 V ABC • 10 pis'. •1 9 

inV/oC la. VAK • 0.66 V, I ABC 1009161 

• Cond.°ns lo/ lama 011set Voltage and Solely Sensouvotv 
(al Boas currenl deemed from the regulator tuoth an apP.OGnorae 

rem., connected Now ternunal No 1 to the toas on 

rase amploher under 

14000. 
• 

. 
•I , 

I 
..¡•00 

il : 
: • 

loo 
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FREQUENCY It l• I IOU 
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\\ 
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TYPICAL SLEW RATE TEST CIRCUIT PARAMETERS 

'ADC ASLAETWE I2 RABC RS RF AB RC CC 

µA VOX pA ohms e 
100 8 200 62 k 100k 1001, 51k 100 0.02 

10 1 260 6204 1M 1M 510k lk eoos 

1 el 1 6.201 10M 10M 5.IM 7" 0 

Fig 1.7--Stew rare rest circuit for ampli is, No. I of CA3060. 
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Fig. 76 - Complete schematic diagram showing one of the three operational transconductance amphhers. 

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 lop-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 opamp except that 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 tabulated 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. 

Elias 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. 

In addition, the high output impedance makes these 

amplifiers ideal for applications where current summing is 
involved. 

The design of a typical operational amplifier circuit (See Fig. 

17) would proceed as follows: 

-Sc 
112.-.9706 

Fig 17-20-d8 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 voltage ±50 mV 

Input resistance = 20 kO 

Load resistance = 20 kO 

Device CA3060 

Calculation 

1. Required transconductance 821. 

Assume that the open loop gain Acit. must be at least ten 

times the closed loop gain. Therefore, the forward 

transconductance required is given by 

421 AOLIRL 

• 100/18 kS2 

a: 5.5 mrnho 

(RL = 20 k13 in parallel with 200 1,51 

18 km 

2. Selection of suitable amplifier bias current. 

The amplifier bias current is selected from the minimum 
value curve of transconductance (Fig. 10a) to assure that 

the amplifier will provide sufficient gain. For the required 
921 of 5.5 mmho an amplifier bias current 1A0c of 20 µA 
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 µA. However, the amplifier must 
also supply the necessary current through the feedback 

resistor and for Rs = 20 kfl than Ftp = 200 kS2 if Ao L = 

10. Therefore, the feedbaCk loading =0.5/200 kS2 - 2.5 µA. 

The total amplifier current output requirements are, 

therefore, ±27.5 µA. Referring to the data given in F ig. 6a 

we see that for an amplifier bias current of 20 µA the 

amplifier output current is ±40 µA. This is obviously 

adequate and it is not necessary to change the amplifier 

bias current 1p0C. 

4. Calculation of bias resistance. 
For minimum supply current drain the amplifier bias current 

IABC 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. 

RABC 
IABC 

VSUP • V ABC  

12 - 0.63 
RABC - 20 x 10.6 

=568.5 kr2 or?, 560 kit 

5 Calculation of offset adjustment circuit. 

In order to reduce the loading effect of the offset 

sdjustment circuit on the power supply, 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. 

.x 20 200 x 106 ohms  e. 18 k, 
l  

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 

(i.e. 200 x x lOo 103 volts ) therefore, 

the Offset Voltage Range = 5 mV • 3.6 mV = ±8.6 mV 

The current necessary to provide this offset is 

8.6.10-3  
, or 0.48 (IA 

18 10. 

With a supply voltage of 36 V, this current can be provided 
by a 10 msz resistor. However, the stability of such a resistor 
is often questionable and a more realistic value of 2.2 MS1 

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 employed. In designing 

such circuits, particularly feedback amplifiers, stray circuit 

capacitance must always be considered because of its adverse 

effect on frequency response and stability. For example a 

10-1a2 load with a stray capacitance of 15 pF has a time 

constant of 1 MHz. Fig. 18 illustrates how a to.kn 15-pF 
load modifies the frequency characteristic. 
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100 

FREQUENCY III —MN. 
,yxya 

Fig78—Effect of capacitive loading on frequency response. 

Capacitive loading also has an effect on slew rate; because the 

peak output current is established by the amplifier bias 
current, I ABC (see Fig. 6a), the maximum slew rate is limited 
to the maximum rate at which the capacitance can be 

charged by the lom. Therefore, 

SR = dV/dt = lom/CL 

where CL is the total load capacitance including strays. This 

relationship is shown graphically in Fig. 19. When measuring 

dew 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 easily be accomplished by 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. 

In applications such as integrators, two OTAs 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 -level comparator circuits are an ideal appl'cation for the 

CA3060 since it contains the requisite bree amplifiers. A 

tri-level comparator has three adjustable limits. If either the 

upper or lower limit is exceeded, the appropriate output is 

activated until the input signal returns to a selected 
intermediate limit. Tri-level comparators are particularly 

suited to many industrial control applications. 

--.--. • 2130:dmik Aikazik primialigme Amiligemal 
ill%11111! 
Man Allni1112 AIMM.211 

kliztrAcidEmgrAumblin 

tux 
SLEW ',ATE IVEysl sacs .8038 

Fig.19—Effect of load capacitance on slave rate. 

Circuit Description 

Fig. 20 shows the block diagram of a tri -level comparator 
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 

INI ERMEDIAT E• L 
REFERENCE VOLTAGE 

keEREREPUrVOLTAGE 

CA3060 
TRI- LEVEL 
DETECTOR 

:1> 

RESET 

SET 

CA3066 POSITIVE 
OUTPUT 

FLIP FLOP WEN UPPER\ 

- L" (WEVNÉG ) 

IV. 

FL,Lopi—•- OUTPUT 

CA3066 POSITIVE 

4 - (4nHtl) ) 

  WHEN LOWER 

fiCS-166Q, 

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 ratios 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 initiates a reset function, 

thereby indicating that the signal voltage has returned to the 
intermediate-limit selected. The flip-flops employ two 

CA3086 transistor-array IC's, with circuitry to provide 

separate "SET" and "POSITIVE OUTPUT" terminals. 

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 (IABc) to the three amplifiers via 

terminal 1. Lower -limit and upper-limit reference voltages are 
selected by appropriate adjustment of potentiometers R1 
and R2, respectively. When resistors R3 and R4 are equal in 

value (as shown), the intermediate-limit reference voltage is 

automatically established at a value midway between the 
lower-limit and upper-limit values. Appropriate variation of 
resistors R3 and R4 permits selection of other values of 

intermediate-limit voltages. Input signal (Es) is applied to the 

three comparators 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 intermediate-value, the common flip-flop 
"RESET" line is energized. The loads in the circuits, shown 

in Fig. 21 are 5-V. 25-mA lamps. 

INPUT SIGNAL tEe 

VY •SV 

EU 

5 

LOWER LIAN1 

%MU"  

rue< 

NOTE 2 Ex >Ey•0,1.1.0,10FF I 

Es< L;Ik• 

E,<EL•0210N1.0,10FFI 

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 

gyrator in an active filter circuit. The OTAs in this circuit can 

make a 3-uF capacitor function as a floating 10kilohenry 

inductor across Terminals A and B. The measured O of 13 (at 

a frequency of 1 Hz) of this inductor compares favorably 

with a calculated O of 16. The 20-kilohm to 2.megohm 
attenuators in this cirduit extend the dynamic range of the 

OTA by a factor of 100. The 100-kilohm potentiometer, 

across V+ and V', tunes the inductor by varying the 921 of 

the OTAs, thereby changing the gyration resistance. 

WES 

Fig.22— Two operational transconductance amplifiers of the 

CA3060 connected as a gyrator in an active filter 

circuit. 

NOTE I .ITE. ni SMA0E0 ARM ARE EXTERNAL 
TO IRE CA3086 

RESISTANCE VALUES ARE IRONIES 

Fig.21—Trblevel comparator circuit. 

SA7URAYES WREN 
URRER LNEil IS 
CACCCOCO 

SATURATES WNEN 

=It"  

152  



CA3060, CA3060A Types 

STROBE 'ON" MSV 300 It 
STROBE'OFF' 

STROBF 
RESISTANCE VALUES ARE IN OHMS 

112C3-114.0 

Fig.23—Three-channel multiplexer. 

Fig.24—Two-quadrant multiplier circuit using the CA3060 

with associated waveforms. THREE CHANNEL MULTIPLEXER 

Fig. 23 shows a schematic of a three channel multiplexer 

using a single CA3060 and a 3N138 MOS/FET as a buffer 

and power 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 amplifier bias 

current (IABc) terminal of each amplifier should be 

decreased to maintain 100 pA of strobe—"ON" current at 

this lower supply voltage. Second, the drain resistance for the 
MOS/F ET 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 39032 
resistor and a 1000•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 volts/psec. 
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 (TwA0uadrant 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 8, 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 V7 

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 negative 

only n 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 I Aqc are zero. 

Foist-Quadrant Multiplier 

The CA3060 is also useful as a four-quadrant multiplier. A 

block diagram of such a multiplier. utilizing Amplifier Nos. 

1. 1, 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, 

1011/ = 1-VX1 19211 1/1 (Eq.3) 

Ampl. No. 2 is a non-inverting amplifier so that 

1012) 1.1/x1 192112/1 (Eq. 41 

Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, for an output 

voltage 

Vo VxRL 1921(21 • 9211 1/1 (Eq. 5/ 

The transconductance is approximately proportional to the 

amplifier bias current; therefore. by varying the bias current 

the 921 is also controlled. Amplifier No. 2 bias current is 

proportional to the Y-input signal and is expressed as 

(VI y Vy 

R1 IABC121 (Eq. 6) 

Hence, 

921 121 k (V-) Vy 1. (Eq. 7/ 

Bias for Amplifier No. 1 is derived from the output of 

Amplifier No. 3 which is connected as a unity-gain inverting 

lAec(1). therefore, varies inversely with Vy. 

And by the same reasoning as above 

921 1110 1i 1(V-) • Vy) 

Combining equation 5, 7, and 8 yields: 

VO.Vx • k • RL 11(V•I Vy) • 11V•I Vyji or 

Vo u 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 of the 100.kS2 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 R11 are 

adjusted for symmetrical output signals. Fig. 27 shows the 

(Eq. 81 

output waveform with the multiplier adjusted. The voltage 

waveform in Fig. 27a shows suppressed carrier modulation of 

1.kHz carrier with a triangular wave. 

17 

Fig25—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. 

270 ,ecs 
Fio.26— Typical fourvuadrant multiplier circuit. 

b. 

Fauvoinimav 
MIIIMII014111/110 

blibM111 

Fig 27— Voltage waveforms of four quadrant multiplier 

circuit. 
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CA3062 

Photo Detector and 
Power Amplifier 

For Photoelectric Control Applications 

Applications 

• Counters • Intrusion alarms 

• Sorting • Position sensor 

• Level controls • Edge monitoring 

is Inspection • Isolators 

• See ICAN-6538, "Applications of the RCA-CA31362 IC 
Photodetector and Power Amplifier in Switching Circuiu" 

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. 

The photosensitive section consists of Darlington pairs and 

affords high sensitivity. The power amplifier has a differ-

ential cont iguration which provides complementing outputs 

in response to a light input — normally "ON" and normally 
"OFF". The separate photodetector, arnplifier, 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 IR emit-

ters and visible.light sources. 

ABSOLUTE-MAXIMUM RATINGS 

DISSIPATION, 
Up to TA Y 55°C   700 mW 

Above TA = 55°C  Derate linearly 5.6 mWPC 

At Case Temperature (Tc)≤ 55°C 1  5 W 

Above Tc = 55°C   Derate linearly 16 mW/°C 

TEMPERATURE RANGE: 

Operating   .55°C to +125°C 
Storage   .65°C to +150°C 

LEAD TEMPERATURE (During soldering): 
At distance > 1/32 in 13.17 minl from 

seating plane for 10 s max 

Maximum Voltage Ratings 

Fig. 1 Light operated relay using CA3062. 

 +300°C Fig. 2 - Schematic diagram of CA 3062. 

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 examp e, the voltage 

ange between vertical terminal 2 and horizontal terminal 3 is +15 to 0 volts. 

TERM 

INAL 

No 

10 11 12 1 2 3 4 5 6 7 8 

9 9 -5 

10 

+9 

0 

+9 

0 

+15 

o 

11 •2 

12 
. . . . . . . . 

1 

1 
. . . . . 

+5 

-5 

+3 

-3 

2 

+15 

0 

. . . . +15 

o 

3 
. . . . +5 

0 

4 
• - • 

, +9 

0 

5 

0 

-15 

. +5 

0 

6 

. +15 

o 

7 

+3 

-3 

8 Reference Substra e and Case 

Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between an other terminals are not 
exceeded. 

Maximum Current Ratings 

TERM• 

INAL 

No. 

IIN 
rnA 

'OUT 
rnA 

9 0.1 

10 5 0.1 

0.1 5 

12 0.1 

0.1 

2 100 0.1 

0.1 100 

4 10 

5 0.1 100 

6 100 0.1 

7 0.1 

10 

Fig. 3 • Test circuit for photocurrent and typical spectral 
response of photosensitive Darlington unit. 

DC SUPPLY VOt 3 •vl• .75 

t.te.r,limglmimorà.«. 

-
1
.
1
.
1
0
•
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i 

UIdUUlIi 

• • ,0 • 6,. • 

LLLAFINATION-1,1•ENS PER SOURRE FOOT ICOLOR TOPPCRATuRE. 854«. 

,1, 1i I ill 

o 30 I00 ow 6000 

IRR•DIA.E (RADIANT FLU> DENSITY) AT • 72S en, N. 

47C3 ,55074, 

Fig. 4 - Photocurrent as a function of radiant flux. 
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CA3062 
ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

MEASURE. 
MENT 

TERMINAL 
Nos. 

TEST 
CIR• 
CUIT LIMITS UNITS 

FIG. MIN. TYP. MAX. 
STATIC CHARACTERISTICS 

Photo Darlington Section: 

Collector-to-Entitle! 
Breakdown Voltage VISTUCE0 

E • Olumens/ft7 

IC ' I .A to-ti - to - y 

Emitter-W.8am 
Breakdown Voltage V,..n,Eso IE • 0.1 rnA. E • 0 9-11 

12- 11 - 10 - - V 

Dark Current 
lonnx VCE ' 75 V. E ' O. 10 

3 

0.1 30 pA 

Photo Current I p 
• 7.5 V 

VE • 8 lumens/S*7 E 10 60 - PA 

Wavelength of 
Mao. Sensitivity X max . - 725 

Nona 
net 

Relative Angular Sensitivity - - - - - 

Area of Each 
Photo Transistor 

_ 1.3 x 10'4 cm7 

Amplifier Section 
Output Transistor. 
Collector-to-Emitter 
- Breakdown Voltage 

VISRICE0 6 

VIRRICEO 7 

i 

.c ' l mA 
2-3 
6-5 

- IS - - 

_ 

V 

Emitter-to-Base 
Breakdown Voltage 

MGR/EROS( 

V IEIRIEDO 7 
I • 1 rnA E 

3-8 
6-8 - 5 - - V 

DC Supply Current 
'SUPPLY V 4 a 75 V 0 - - 5.5 10 mA 

Sensitivity 
Illumination. 
For Normal"OF F"Output EON 

Set light input for 
le 70 mA 6 

7. 15. 

.17 

8 70 
No. 
1. 3 

...ens 
PeT.5 For Normal "ON" Output Eo„ Set light input f or 

12 • 5 mA 
2 - 10 - 

DYNAMIC CHARACTERISTICS 

Overall Response Time: 
Turn-On Time ton 

E • 700 pW/crn7 

at X • 930 nrn 

— 12 

38 brs 

Rise Time tr 125 - pa 

Turn-Off Time toff - 03 - Ps 

Fall Time tf - 20 - Ps 

NOTES 

(1) Tungsten filament light source at a color temperature of 2854K. 

(2) One (1) nanometer = 10 Angstrom units. 

(3) A radiant flu> density of 7.5 pW/cm2 at 725 nm produces the 

same photocurrent as 1 lumen/ft2 from a tungsten filament 

lamp at a color temperature of 2854K. 

suenrir TEMPERATURE lie. xec I 
•00- ORA LOAD RESISTOR CONNECTED 

TO LEAD*. 2 I I 
100 

î 
I 80-

3 

1 80 

DC 

8 

SUPPLY VOLT 1451.9 

7.5 
7 i 

1 
Si 
.... 
(i 40 

1 

, 

a ., , 

goo io 100 
LLUAINAT1ON- LUMENS PER SOWN TOOT 'COLO* TEIEPERATuRE•21194•1 mumAINATION - LUMENS PER SQUARE TOOT COLOR TENPERATURE•211S4a1 

; I II I; I I  
• SOO E- IA A I 2 • • 

I I  

00 30 100 800 
IRRADIANCE (RADIANT rips DENSITY, AT ....us ...-,Wfore IRRAIMARCEIRAPANT (LUX UMW, AT b• 723 An.-..Wite 

IALS- CS IMP Am -  
Fig. 8 • Load current 1121 is. illumination as a function of Fig. 9 • Load current (161 se. illumination es a function of 
supply volts. 

MOMENT TEAPERATuRE Irai '25C 
loo.onsi LOAD REUSTOTICONNECTED 
TO LEAD As 11 

supply volts. 

2 

4000 5000 4000 7000 1000 SOW 
PrAVELENGTN ILI-ANDS ROOS 

10000 .000 

ano seo 600 700 800 900 1000 1.00 

MAYELENOTH I -MANOMETERS is Laos 

Fig. 5. Typical spectral response of photosensitive Darling-
ton unit. 

Fig. 6 • Relative anguMr sensitivity. 

Fig. 7 Test circuit for sensitivity and dc current measure-
ment. 

• • 
OC SUPPLY VOLTS 1.0)• •TS 
100-OrMA LOAD RESISTOR 
CONNECTED TO LEAO NA 2 

A A A 01 de • 

ILLUIP*44.0A-LUTIENS PER MIMIC FOOT COLO'S TEIPPERATUAE•2115410." 

I ; 1111 ; 1 * 1 I 
10 30 ROO 

IRRADIANCE IITAPANT Flua °CARTY, AT e • 721m-,.•14*.T 

IMPS-MAMA. 

Fig. 10 Load current (12) vs. illumination as a function of 
case temperature. 
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CA3062 
OC SuFPLT vOLTS •, • '3 
100-0r. LOTO RESIST. CCFAXEC TED 

,0 LEAD No 6 

801 

!
CASE TPAPERAT 

tIcl• • 'sac 

î 60 

0-

• 6 e • 

Llumm•ToON — LuYEMS KR souses COOT ICOCOA TEIAPERATunE•2132.°0 

 I 2 
30 .00 I300 

quespANCE IFIADIANT FLUX 1301SITT, AT à • 72S At. 

sics• ones. 

Fig 11 • Load current 1161 w. illumination as a function of 
COW temperature. 

OC SUPPLY VOLTS 1.1..2 9 
AMBIENT TEMPERATURE I TA I ( DS.0 
LOSO RESISTOR (TORN( No 6.00 I% 
RADIANT ENERGY PIA.SE SOURCE — 
OA A. DIODE .1(630 Ten 

on   
• --N, Lk1 

OFF 

'.:.( 

(ON 

\ ' FZ:t 

( i1SE 

O zOo 400 600 500 
IRRADIANCE (RADIANT FLUX DENS TVI — >MFFP. 

.2.0411 

Fig. 14 • Response time as a function of radiant flux density. 

OPERATING CONSIDERATIONS 

Switching Service 
The CA3062 is primarily intended to provide "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 lumens/ft 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 
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Fig. 12 •• Response time test circuit. 

Fig. 15 • Circuit diagram for "ON-OFF" photoelectric 

control 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 energy input, one expressed in illumination 

values Ilumens/sq. ft.) and the other in irradiance values 

lyW/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. 13. Waveforms for measurement of response time. 

sseu, 

Fig. 16 - Circuit diagram for linear output photoelectric 

applications. 

o 
00 

c-ry 

Fig. 17 - Breadboard layout of test circuit, shown in Fig. 7 

for the CA3062. 



CA3075 

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) • 250p V typ. at 10.7MHz 

• Excellent AM rejection: 55dB typ. at 10.7 MHZ 
• Internal Zener diode regulation for the IF amplifier section 
• Low harmonic distortion 

• Differential peak detection: Permits simplified single-coil tuning 
• Audio preamplifier voltage gain: 21 dB typ. 

• 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 amplifier-limiter section with 
a Zoner 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 diagram (Fig. I). 

The three-stage, emitter-follower-coupled IF amplifier 
section provides a 60-dB typ. 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 F111 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-dit voltage 

gain with low impedance output for driving subsequent 
audio amplifier stages. 

The CA3075 utilizes a 14-lead dual-in-line plastic pack-
age with leads in a special quad-formed arrangement. 

101•111/1111 
«Ow,. 
YOE OR 
RIRAT•oloO 

G:Orel•TOR 
ROSOIOss 
VAN OR 
lOORRALleIT 

O. NW!" ROIS OR tOSIRRos.011 
•R• OR 1110IR•LOR TO 

ROSUIT 0 Or ROO TO SS 

Fig. 2- Test Circuit for input limiting voltage. recovered 
AF voltage, and total harmonic distornon 

o  
o 
e 

R5 
7.6k 

06 

Fig. 1.61.4 diagram of typical FM receiver utilising the CA3075 

MAXIMUM RATINGS, AbsoluterMaximum Voice. ai TA = 25°C 

DC Supply Voltage [between Tenninals 5 I V /trld 3 

DC Current Onto Terminal 5)  

Device Dissipation: 

Up to TA 50°C  

Above TA 50°C  

Ambient Temperature Range: 

Operating   

Storage  

Lead Temperature (During soldering for 10 s max ) 

Op 
1.54 

12.5 V 

30 mA 

760 mW 

demote linearly 7.6 m111'°C 

- 55 to s 125 

- 65 to • 150 

.265 

0 0 

08 

Rit 
1 51. 

013 
57 

1314 
25k 

7 

07 

06 

aok 

R16 
5k 

012 

341, 

0)4 

Ck3 

R33 
ISO 

R26 
150 

p— 
"1125 
k 

Rir 

02•11 
75k 

ALL RESISTANCE VALUES ARE IN OHMS 
ALL CAPACITANCE VALUES ARE IN pF 

F19.3— Schematic 'flagmen of CA3075 

Onl•O1011o 
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CA3075 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

UNITS 
TEST 
CIRCUIT 
FIG. NO. MIN. TYP. MAX. 

StetiC Characteristics 

DC Voltage: 
At Terminal 7 VI 6.1 V 
At Terminal 8 V8 V' 11.2V 5.4 V 6 

At Terminal 12 V12 5.2 V 

DC Current (into Terminal 5): 
AI V. .8.5V 8.5 15 - mA 

At V' = 11.2V 15 - 17.5 - mA 6 

At V' = 12.5V - 19 29 mA 

Dynamic Characteristics at V° = 11.2 

IF AMPLIFIER I. = 10.7MHz 

Input Limiting Voltage VI (lim) 1(Modulation) = 403 Hz - 29 600 0.. y 3 

(lvine, - 3dB point) Deviation = ±75 kHz 

10 = 10.7MHz 
1(Modulation) = 403Hz 

AM Rejection MIR 
FM: Deviation = t75 kHz 

55 dB 5 

AM: Modulation = 30% 

Input Impedance Components: 

Parallel Resistance R1 10 = 10.714Hz ' 4.5 k I) 

Parallel Capacitance C1 VIN = 10 mV INS 4.5 - pF 
_ 

DETECTOR 
Recovered AF Voltage (al 10 = 10.7MHz 

Terminal 12) Vo(AF) l(Modulation) = 400Hz 1.5 - V 3 

Total Harmonic Distortion THD Deviation = t 75 kHz - 1 2 % 

AUDIO PREAMPLIFIER 

Voltage Gain A(AF) VIN = 100.V, fo • 400Hz 21 dB 4 

Total Harmonic Distortion THD VouT • 2 V,10 • 400Hz 1.5 5 % 4 
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. 1, »LIAR 4101a 100114101/ 

R inn OR 100.11.11» TO 
/.011111 0 OF 0011011 - 

PROCIOURt 

e SF, . I I. an, r, • »Ow. 
00», • 100»...10(11•TlIell • FS. 

I 1.1 ••  FOR It.» Reel. 11 101n. 

• ReCORO Vol», 

1.. 1 0.1COM CT Fn GI aaaaa OR 
COmtC 10.0411•TOR TO 110,11 OF 111071 

1.0100. 001." • »On. »TN 11.% •COUl».0. 
1 11101 g». »1111,101. FOR Feu Rte. » »On. 

1.111(0010 FR vol. 

an RLIECTION. » LOG» 

Fig.5 - Test circuit for AM rejection 

aaaaa OR 

111.11ÉTT 
11•CouR0 

1.1111•0 

AC Wren 

le.11,4101 

!On EEEEEE 

11T PROCE01.00 

VOLT/. Lug 

nlIte0 Ge»RATOR Fe» v. • 100.1 RI» 

ROAD 1/. 

GAM • »10410 

10.110.1. 
‘FT .0.0“ EEEEE OR FOR 1. • 1,, 0» 

e 1140 01101/10. in 1 

Fig.4 - Tat circuit foe audio praamplifier voltage gain 
and total harmonic distortion 

Fig. 6-Ten circuit for static chorocr•risrics 



CA3076 

High-Gain Wide-Band 
IF Amplifier-Limiter 

For FM IF Amplifier Applications 

in Communications Receivers 

RCA CA3076, monolithic integrated circuit, is a high-

gain wide-band amplifier-limiter for use in the IF sec-
tions of Communications 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. 1). 
The four-stage emitter-follower-coupled IF amplifier 
section provides an 80-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-curent sink. The voltage re-

gulator section provides zener-regulated, decoupled volt-

ages for the IF amplifier. 

The CA3076 utilizes on hermetically-sealed 8-lead TO-5 

package. 

esims 

'RI, R SELECTED FOR PROPER FILTER MATCHING 

•RECOmmENDED IC IF .PLIFIER-LIMITER, 
DETECTOR, PREAMPLIFIER IS THE RCA CAWS 

Fig. I -Block diagram of typical FM receiver utilising the CA3076. 

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

DC Supply Voltage [between Terminals 7 (V 0) and 31V -1] 15 V 

DC Current (into Terminal 71  35 mA 

Device Dissipation: 

Up to TA = 50°C   500 mW 

Above TA = 50°C  derate linearly 5 mW/°C 

Ambient Temperature Range: 

Operating   - 55 to + 125 °C 

Storage   - 65 to O 150 °C 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) from seating plane 
fcr 10 s max  4. 265 °C 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

SYMBOL 
TEST 
CONDITIONS 

LIMITS 

MIN. TYP. MAX. 
UNITS 

Static Characteristics - V = 8.5 V 

DC Current (into Term. 7) 10 15 24 mA 

Quiescent Operating Current 
(into Term. 4) 14 0.65 mA 

Dynamic Characteristics - V+ = 8.5V, o = 10.7MHz 

Input Limiting  d8 poi Voltage (knee, 
- 3 nt) 

Vi (lim.) 50 200 (•‘ V 

Output Voltage Vo Vi = 20µ V 4 12 - mV 

Output Noise Voltage VN Vi = 0 I mV 

Forward Transfer Admittance: 

Magnitude 
Phase 

I V211 

021 

VI = 
10µ. V 

- 
- 

6 
ee 

- mho 
degrees 

Reverse Transfer Admittance: 

Magnitude 

Phase 
11'121 

012 

0.1 

- 90 - 

µmho 

degrees 

Input-Impedance Components: 

Parallel Resistance 

Parallel Capacitance 

Ri 

C1 - 

7.5 

4 

- k (-1 

pF 

Output-Impedance Components: 

Parallel Resistance 
Parallel Capacitance 

Ro 
Co 

50 
- 

- 
L7 

- k fl 
pF 

Features: 

• exceptionally good sensitivity: input limiting voltage (knee) 50 V 
typ. at 10.7SAHz 

• high gain: 80dB with 2-kilohm load 

• internal voltage supply regulator 

• wide frequency capability: > 20MHz 

1/15•11. 

Fig, 2- Forward transfer admittance (Y27) 
test circuit 

01,y 

Fig. 3- Test circuit for DC current (Terminal 7) 
and operating current (Terminal 4). 
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CA3076 

ATTENUATOR 
110.111 OR OADI 

rej 
EGUIVALENT 

"4;:u!,"'• 
PERU, 
PACKARD 
MC 01 
EQUIVALENT 

1E41 PROCEDURE 

OUTPUT VOLTAGE 
I. SET AITEMLIATOR TO Oa 

O. AAAAAA TO .OV CV 
READ V. Iii . 

OUTPUT NOISE vOlIAGE 

I. KT ATTENUATOR TO 60/11 

2. READ Ve 

160 

Notes, 
Terminol No. S wire  d to the case. 
Teminols No. 3 ondé6 which ore connected to the substrate 
should be connected to the most negative poi.. d. 0.1001 0. 

The re A i sss «IT values included on the schematic diagram 
hem been supplied as o convenience to mist Equipment 
Amu'. tttttt's in optimizing the selection of -outboard' 
components of equipment designs. The values shown may 
very es much os 5.30%. 
RCA t he right to make any changes in the Resist. 
once Values provided such changes do not ad ly affect 
the published performance characteristics of the device. 

T.,Ss 4506 

Fig. 4 Schematic diagram of CA3076. 

:=7.1=1 
.,•• • ,t,u,• 1100 
INSERTION LOSS • AO 1TP 
IIANDVIDTNIAT - In) • 18001. 

Fig. 5. 10.7 NH. voltage gain and noise test circuit 



Micropower Operational Amplifier 
The RCA CA30787 and CA3078AT are high-gain 

monolithic operational amplifiers which can deliver milli-
amperes of current yet only consume rnicrowatts 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 
reality with these devices 

The CA3078AT is a premium device having a supply voltage 

range of V - 0.75V to V' - 15V and an operating 
temperature range of -55°C to •125°C The CA30787 has 

the same lower supply voltage limit but the upper limit is V* 
i.6V and V- -6V The operating temperature range is from 

0°C to .70°C 

ELECTRICAL CHARACTERISTICS 

For Equipment Design 

The CA3078 and CA3078A are supplied in either the 

standard 8-lead 105 Package ("T" suffix), or in the 

8-lead dual-in-line formed-lead "OILCAN" package I"S" 
suffix) 

CA3078, CA3078A Types 

Features.-

• Low standby power as low as 700 nW 

• Wide supply voltage range: +0.75 to r15 V 
• High peak output current: 6.5 mA min. 
• Adjustable quiescent current 

• Output short-circuit protection. 

MAXIMUM RATINGS, Absolute Maxornunt Values at TA • 25°C 

DC Supply Voltage (between V* and V' terminal 
Differential Input Voltage   
DC Input Voltage   
Input Signal Current   

CA3078AT 

Applications: 

• Portable electronics 

• Medical electronics 
• Instrumentation 

• Telemetry 

CA30787 

36V 

V.* to y-
0.1 mA 

Output Short•Circuit Duration • No Limitation 

Device Dissipation   50 mW (up to 125°C) 
Temperature Range 

Operating   
Storage   

Lead Temperature (During Soldering) 
At distance 1/16 11/32 in (1.59 10 79 inml 

horn case for 10s rna•   

-55 to .125°C 
55 to .150°C 

•300°C 

14V 
h3V 

e to V' 
0.1 mA 

No Limitation 

500 rnW (up to 70°C) 

0 to +70°C u 
-65 to «150°C 

•Snmt circuit may be applied to ground or to toner supPly. 

• Types CA3078S and T can be operated over the temperature range of -55 to .125° C, although 

the published limits for certain electrical specifications apply only over the temperature ranee of 
O to 70° C 

CHARACTERISTICS SYMBOLS 

TEST 

CONDITIONS 

CA30787 LIMITS CA3078AT LIMITS 

7
2
-
1
—
 
cn 

RSET ' 1 1V1SI•1C ' 100 PA R SET ' 51 MS & 0 = 20 pA 
V 

& 

V" 

Rs 

I<S2 

RL 

Ki 

TA = 25°C 

TA = 0 to 

70°C TA = 25°C 

TA -= -55 to 

125°C 

MIN TYP MAX MIN MAX MIN TYP MAX MIN MAX 

Input Offset Voltage Vj 0 4 MO 1 3 45 5 070 35 4.5 mV 
Input Offset Current 

110 6 32 - 40 050 2.5 5.0 nA 
Input Bias Current 

1113 60 170 200 7 12 - 50 nA 
Open-Loop Dill Voltage Gain 

A OL .-11) 88. 92' 86 - 92 100 90 - dB 
Total Quiescent Current I 0 100 130 150 20 25 - 45 mA 
Device Dissipation 

D 1200 1560 - 1800 240 300 540 PW 
Maximum Output Voltage Vo , 6 10 .5 1 *53 t 5 

J- 
- 15 1 153 ± 5 V 

Common-Mode Input Voltage 

Range 

VicR 10 
-5.5 

to 

.5 8 

_5 

to 

.5 

-5.5 

10 

.5 8 

- 

-5 

10 

...5 

V 

Common-Mode Rejection Ratio CMRR *-;10 80 110 80 115 dB 
Maximum Output Current 10 , or 10 , 12 65 30 12 - 65 30 mA 
Input Offset Voltage Sensitivity 

Positive -W10' ' 
22 150 - 6 150 - 

pV/V 

Negative V10/.V 
- 10 

22 150 6 150 

R SET 1' 3 MQ, 10 = 201.A 

Input Offset Voltage V10 i ' 10 - . 1 4 35 - 4.5 mV 
Open Loop Dill Voltage Gain 

R OL - 10 - 92 100 88 - 08 
Total Quiescent Current lo 15 20 30 50 MA 
Device Dissipation Po - 6°0 750 - 1350 el 
Maximum Output Voltage Vo , 10 . - ±13.7 ±14 1 -113 5 - V 
Common Mode Rejection Ratio CMF1R '10 80 106 - 

4 
dB ' 

Input Bias Current 118 7 14 55 nA 
Input Offset Current 

110 050 27 55 nA 

OPERATING CONSIDERATIONS 

Compensation Techniques 

The CA3078AT and CA30787 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 curves represent the compensation necessary at 

quiescent currents of 20 siA and 100 pA, 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. 

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 isA and 

100 pA. 

Single Supply Operation 

The CA3078AT and CA30787 can operate from a single 

supply with a minimum total supply voltage of 1.5 volts. 
Figs 27 and 28 show the CA3078AT or CA30787 in 
inverting and non-inverting 20.d8 amplifier configurations 

utilizing a 15.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 IrD load. 

,,,,,, • 

Fig.! - Functional diagram of thee CA3078T 
and CA T. 

• 300°C 
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CA3078, CA3078A Types 

Fig.ZSchernatie diagram of the CA3078T and CA3078AT. 

Typical Value, Intended Only for Design Guidance at TA - 250C and V+ • .6 V. V - = 6 V 

CHARACTERISTICS SYMBOLS 
TEST 

CONDITIONS 

CA3078AT CA3078T 

UNITS RsET • 5.1 Re 
10 • 20 µA 

Rser • !Mr! 
lo • 100 pA 

RsET - 1 Nun 
lo • 100 µ11 

Input 011set Vonaoe ChM rtViorraTA Hs ,..10 Kr! 5 6 6 µV f°C 

Input Offset Current Ord, OV10,41TA Rs • .10 K!..? 6 3 70 70 pAict 

Okten.LooP BandwIdth Belot. 3c1- 61 ,,r 03 2 2 kH: 

Slew Rare 
Oulu., Gam s., See Figs 

20, 21 

0027 0.04 o 04 
VII.Is 

Comparator 05 1 5 19 

Trans.enr Response 
10, , to 90. 
Rue Tune 3 2 5 2 5 Ms 

Input ResIstance R. 7 4 I 7 0 87 &.q2 

OUIPUI Reséslance no I o 8 08 KS? 

Ecnov, Inpul Noise Voltage eN 110Hr1 Rs 0 40 25 nV/krgi 

Eclury Inpul None Current iN110Hz) Rs I WE 025 - 1 pAiN517 

ELECTRICAL CHARACTERISTICS, CT TA = 25° C 

Tymcal Values Intended 0 ly for Deum Guldance 

CHARACTERISTICS 

SYMBOLS 

TYPICAL VALUES 

UNITS 

CA3078AT Cr9078T 

V * ' •1 3V. 
V" • -1 3V 

R SET " 2 m n 
I.• 10 µA 

V• • .0 75V. 
V"•-0 75V 

Rser • lomr! 
10 • 1 pit 

Ii• • • I 3V. 

V-- -1 3V 
Rse, • 2 Mr? 

• lo • 10 ;A 

V• • 0 75V, 

V'. -0 75V 
RsET . 10 han 
10 • 1 µA 

V, 0 0.7 0.9 1 3 1.5 

0.5 .--=A--

.1,v 

Iio 0.3 0054 I 7 

1.8 3.7 045 9 1.3 nA 

A IOL 84 65 80 I..0 dB 

10 I 10 1 PA  

4 26 1.5 2G I 5 IAN 

Vopp I 4 03 1 4 0.3 V 

VicR 
-0.8 

to 
+1.1 

-0.2 
to 

+0.5 

-0.8 
to 

01.1 

-0.2 
10 

+0.5 

V 

CMF1R 100 90 TOO 90 08 

'Om, 12 o 5 I? 0.5 rnA 

OVio/AVI 20 50 20 50 pV y 

06 

SUPPLY wArs y•..6. v - • - 6 
AMBIENT TEMPERATURE 1T.1. 25•C 

SOURCE RESISTANCE IRs1 3 .0 Nil 

CASO MT  

CAMORAT 

• • • 
I 0 .00 .000 

IOTA QUIESCENT 1.0CROVITE RES T 

92(5 .• .1432 

Fee3 - Input offset voltage va total otnescenr current. 

SUPPLY POLT v• • .4. P . ainall. 
arena, TEMPDATURC I 2SC .. . 

VIII Mall a , 

,1-9',;:iairdià 
um ellilledlIIIMMIIIIIIII 
salieimurammiwina 
RieedirmeliMiTiMiira•Maiim 
INIPIZEIMIUBBMINIZINIIIIMMIEIMIIM 

Maindiall1111.11111.311111 

111/1111111M1111M11111111111111M 

íl iiii-eiiiiiiiiiliiià 

MIIIIIIIIMIIIIIIIIIIIMBIlla 

• •I 1111111111MMIMIIIIIMIIIIIIM 
T IC '00 • • 000 10•000 

TOTAL OVICSC MT 11110111011111111. 311.1 
1.1-.1•31 

Frg.4 - Input offset cu rent n. rout renascent cornet 
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VOL v• • .6.v - • -A 
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11.1•25 .0 

C•3070T 

.4 

• ASONIAT 

4--,- ---. 

-1.- 
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4 1 

eo loo .000 100t0 

TO OnESCINT INCROAmPERES 11.1 
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CA3078, CA3078A Types 
AMBIENT I' EIAPERATWIE1 k1•25 
nu, CONMUTAD BE «CS TEINAINAL SAND V• 

77)7 

44.1 •6 • 7 11, • ASA 2 in • In .1 
.00 100 ID 01 001 0001 

TOTAL OulESCEN OAK CRUPERE 11 0 1 sus sa 

Pg.? - thas.setton9 resurence vs total gmescent current. 
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C/530487 
SUPPLY VOLTS v. Niy-•-11 
OUIESCENT CURRENT 12./.100 • 
LOW RESISTANCE 111 1 101. 
AMBIENT TEMPERATURE IT.1•25•C 
C..12ETWEEN TERMINALS I ae 

• 

FREQUENCY III— HT 
.722s-ess• 

Fg. 10 - 01300-loop voltage 92. Y. frequency 
lor 10 e 100 µs1 - CA3078T. 

5 o 

75 Wool, VOLTS 0.• • •6. v. • - 

.CA307. 
• • I p).0 mA  . • 

.•.. 
cAkTioà- • 
ze•zo».: 

" 

_ • 

. • - 
".. 

:7. 

O 

. • 
• 

-SO - 5 0 25 SO 75 loo IZO 
MOMENT TEISPERATUREIT:,/ 

StCS-.211 

Fg.11 - Input offset voltage n. temperature. 

-75 50 -25 0 25 50 rs 100 125 
MOMENT TE10.1.11. I T.) - •C 

92C3-111NS 

Fig.15 - Input bras current rs. temperature. 
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Fig.11 - Output and common-mode voltage vs. supPlv vo ter. 
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Fig.16 - Open-loop voltage gem os ternpeeeture. 
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CA3078, CA3078A Types 

SUPPLY v0 TAGE, •••,-• Nv 
AmBIENT T 1 NPERATURE 7.1•25.0 
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Fig.24 - Phase compensation capacitance 
vs. closed-loop gain - CA3078T. 
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Fig.25 - Phase compensation capacitance 
In. closed-loop gain - CA3078AT. 

FREQUENCY 111—nz 92C4-20194, 

Fig. TO - Equivalent input noise current vs. frequenCy. 

fig.22 - Transient response and sleurate, 
unity gain linvening) test circuit. 

Table I UnItvimin slew r419 vs. cornpensatIon - CA30787 .nd CA3078AT 

SUPPLY VOLTS: V+ . 6, V' ..6 TRANSIENT RESPONSE: 10% OVERSHOOT FOR AN OUTPUT 

VOLTAGE of 100 nIV 

OUTPUT VOLTAGE (Vol . 05V AMBIENT TEMPERATURE ITA ) . 25°C 

LOAD RESISTANCE (R LI .10 1412 

COMPENSATION 

TECHNIOUE 

CA3078T - la . 100 pA 

UNITY GAIN ONVERTINGI 'R. 22 UNITY GAIN (NON-INVERTING) Flp. 23 

RI CI R2 C2 
SLEW 

RATE 
RI Cl 02 C2 

SLEW 

RATE 

A2 pF kf.) ;IF Vita all pF LIZ be V/ps 

5.ngle CARR.. 0 750 PP 0 0.0085 0 1500 PP 0 0.0095 

%Into, & Capac.tor 15 350 P. 0 004 83 500 on 0 0,024 

Input 00 0 025 0 306 067 c• 0 0.311 0.45 067 

CA3078AT - I. = 20 MA 

Song. Capecnor 0 300 P1. 0 0 0095 0 800 c. 0 0 003 

Resmor P. C.II.c. 10, 14 100 P, 0 0.027 34 125 P11 0 002 

Input no 0 0.644 0 156 0.29 c. 0 077 04 0.4 

ounIuvlf ...... 11.1•MO.O. 

Loa INUIDAOLL ,• ••.11.C,• IMO 
MO.., ROJO«. 1,11 -0 I Ian 
OUTRa vOLTAO. 1./po. • 10 V 
P ID OA 

OF • 100 OVIMI, 11 «Al 
• c, • e • 10.1 

0 0 20 30 40 50 60 70 NO OR 
C SEE LOOP NON-INVERT140 VOLTAGE GAIN— dB  

OO5EOew RT112 VOLT e  0,e .1.° 
STITISTSI 

Fog.20 - Slew rate vs. closed-loop 91m 
for IQ - 100 4.4 - CA3078T. 

e71209 

7.7.23 - Slew, rate. unity gain (non-inverting) rest circuit. 

.1 ,454«.7 

Fig.?) - Inverting 20-d8 amplifier circuit. Fig.28 - NorUnverting 20-08 amplifier circuit. 
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CA3080, CA3080A Types 

Operational Transconductance 
Amplifiers (OTA's) 

Gatable-Gain Blocks 

The RCA-CA3080 and CA3080A types are 
Gatable-Gain Blocks which utilize the unique 
operational-transconductance -a mpl if ier(OTA) 
concept described in Application Note ICAN-
6668, "Applications of the CA3080 and 
CA3080A High-Performance Operational 
Transconductance Amplifiers". 

The CA3080 and CA3080A types 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 transconduc-
tance (gm ) is directly proportional to the 
amplifier bias current (I ABC)• 

The CA3080 and CA3080A types are not-
able for their excellent slew rate (50 Vise), 
which makes them especially useful for 
multiplex and fast unity-gain voltage fol-
lowers. These types are especially applicable 
for multiplex applications because power 

is consumed only when the devices are in 
the "ON" channel state. 

The CA3080A is rated for operation over 
the full military-temperature range (-55 to 
+125°C) and its characteristics are specifi-
cally controlled for applications such as 
sample-hold, gain-control, multiplex, etc. 
Operational transconductance 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/Amplifier" (CA-
3094, CA3094A, CA30946). 
These types are supplied in the 8-lead TO-5 
style package (CA3080, CA3080A), and in 
the 8-lead TO-5 style package with dual-in-

line formed leads ("DIL-CAN", CA3080S, 
CA3080AS). The CA3080 is also supplied 
in the 8-lead dual-in-line plastic (MINI-DIP") 
package (CA3080E), and in chip form 
(CA3080H). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE (Between V+ and V— terminals)   36 V 

DIFFERENTIAL INPUT VOLTAGE   V 

DC INPUT VOLTAGE   V+ to V— 

INPUT SIGNAL CURRENT   1 mA 
AMPLIFIER BIAS CURRENT  2 mA 

OUTPUT SHORT-CIRCUIT DURATION *   Indefinite 

125 mW DEVICE DISSIPATION 

TEMPERATURE RANGE: 
Operating 

CA3080, CA3080E, CA3080S   0 to + 70 °C 

CA3080A, CA3080AS   —55 to + 125 °C 

Storage   —65 to + 150 °C 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) 

from case for 10 s max.   + 265 °C 

* Short circuit may be applied to ground or to either supply. 

92C,- ér,e1 

Fig.2 — Schematic diagram for CA3080 

and CA3080A. 

Features: 

• Slew rate (unity gain, compensated): 50 V/µs 

• Adjustable power consumption: 10pW to 30 mW 

• Flexible supply voltage range: ± 2 V to ± 15 V 

• Fully adjustable gain: 0 to gm RL limit 

• Tight gm spread: CA3080 12:1), CA3080A 11.6:1) 

• Extended gm linearity: 3 decades 

Applications: 

• Sample and hold 

• Multiplex 

• Voltage follower 

• Multiplier 

• Comparator 

TAB 

1Nv 
INPUT 

NON-1Nv 
INPUT 

v • 

OUTPUT 

•mPL 'FIER 
BIAS INPUT 

NOTE PIN o oS CONNECTED TO CASE 
TOP VIEW szcs•è•eroee 

NC 

INS 
INPUT 

NON-1NV 
INPUT 

TO-5 Style Package 

TOP VIEW 

OUTPUT 

AMPLIFIER 
MAE MPUT 

Plastic Package (CA3080E) 

Fig.1— Functional diagrams. 

TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS FOR THE CA3080 AND CA3080A 
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Fig.3 — Input offset voltage as a function of 
amplifier bias current. 
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Fig.4 — Input offset current as a function of 
amplifier bias current 
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CA3080, CA3080A Types 

ELECTRICAL CHARACTERISTICS 
For Equipment Design 

TEST CONDITIONS , CA3080 
CA3080E 
CA3080S 
LIMITS UNITS 

CHARACTERISTIC 

V+ = 15 V, V- = -15 V 

'ABC ' 800 °A 
TA . 25oc 

(unless indicated 
otherwise) Min. Typ. Max. 

Input Offset Voltage V10 
0.4 5 mV 

TA = 0 to 70°C - - 6 

Input Offset Current 110 - 0.12 0.6 µA 

Input Bias Current l 
- 2 5 

pA 
TA = 0 to 70°C _ _ 7 

Forward Transconductance 
gm (large signal) 

6700 9600 1 3000 
pmho 

TA . 0 to 70°C 5400 - 

i 
Peak Output Current 1101\11 

RL = 0 350 500 650 
µA 

RL = 0. TA = 0 to 70°C 300 - _ 

Peak Output Voltage: 
Pos itive V*om 

B L sc.' 
12 13.5 - 

V 
Negative V-om -12 -14.4 - 

Amplifier Supply Current IA 0.8 1 1.2 mA 

Device Dissipation PD 24 30 36 mW 

Input Offset Voltage Sensitivity: 

Positive AVio/A - V+150 
pV/V 

Negative AV10/ - 6,Vm150 

Common-Mode Rejection Ratio CMRR 80 110 - dB 

Common-Mode Input-Voltage VICR 
Range 

12 to 

-12 

13.6 to 

-14.6 
- V 

Input Resistance 111 10 26 - kS2 

ELECTRICAL CHARACTERISTICS 
Typical Values Intended Only for Design Guidance 

Input Offset Voltage VIO 1ABc = 511A 0.3 mV 

Input Offset Voltage Change lAViol 
'ABC ' 500 pA to 
, 
.ABC = s 1-1A 

0.2 mV 

Peak Output Current 10M IABC = 5 PA 5 pA 

Peak Output Voltage: 
Positive V+om 

1ABC ' 5 PA 
13.8 

V 
Negative V-OM -14.5 

Magnitude of Leakage Current 
IABC = O. VTI, = 0 0.08 

nA 
'ABC = 0, VTP = 36 V 0.3 

Differential Input Current IABC ' 0. VDI F F = 4 V 0.008 nA 

Amplifier Bias Voltage VABC 0.71 V 

Slew Rate: 

Maximum (uncompensated) 75 
V/ps SR 

Unity Gain (compensated) 50 

Open-Loop Bandwidth BWOL 2 MHz 

Input Capacitance C1 f = 1 MHz 3.6 pF 

Output Capacitance Co f = 1 MHz 5.6 pF 

Output Resistance Ro 15 M0 

Input-to-Output Capacitance C1_0 f = 1 MHz 0.024 pF 

CA3080 
CA3080E 
CA3080S 
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TYPICAL CHARACTERISTICS CURVES AND 

TEST CIRCUITS (Cont'd) 

WI SUPPLY VOLTS. y• •15, V- . Is 
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Fig.5 - Input bias current as a function of 
amplifier bias current. 
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CA3080, CA3080A Types 

ELECTRICAL CHARACTERISTICS 
For Equipment Design 

CHARACTERISTIC 

TEST CONDITIONS CA3080A 
CA3080AS 

LIMITS UNITS 

V+ = 15 V, V— = —15 V 

IABC ' 5°C00 IzA 
TA = 25 
(unless indicated 

otherwise) Min. Typ. Max. 

Input Offset Voltage VIO 
'ABC ' 5 PA — 0.3 2 

mV — 0.4 2 
TA = —55 to + 125°C — 5 

Input Offset Voltage Change IA% l 'ABC ' 500 µA to 

IABC ' 5 PA — 0.1 3 mV 

Input Offset Current 110 — 0.12 0.6 PA 

Input Bias Current II 
— 2 5 

pA TA = —55 to + 125°C — — 8 

Forward Transconductance 

(large signal) gm 
7700 9600 12000 

pmho 
TA = —55 to + 125°C 4000 — — 

Peak Output Current Ilom I 

'ABC ' 5 pA, RL = 0 3 5 7 

pA RL = 0 350 500 650 

RL = 0,TA = —55 to +125°C 300 — — 

Peak Output Voltage: 

Positive V#OM ABC = 5 pA 

RL ' ''''' 

12 13.8 — 

V 
Negative V—om —12 —14.5 — 

Positive V40M 
R L === 

12 13.5 — 

Negative V —OM —12 —14.4 — 

Amplifier Supply Current IA 0.8 1 1.2 mA 

Device Dissipation PD 24 30 36 mW 

Input Offset Voltage Sensitivity: I 

Positive ,niV10/,C,V+ — 150 
pV/V 

Negative AV I0/4V- — — 150 

Magnitude of Leakage Current 
'ABC = 0, V-rp -- 0 — 0.08 5 

nA 
'ABC = 0, V-pp = 36 V — 0.3 5 

Differential Input Current 1ABC = 0, VD' FF = 4 V 0.008 5 nA 

Common-Mode Rejection Ratio CMRR 80 110 dB 

Common-Mode Input-Voltage „ 
Range v ICR 

12 to 

—12 

13.6 to 

—14.6 — 
V 

Input Resistance R1 10 26 — kO 

ELECTRICAL CHARACTERISTICS 
Typical Values Intended Only for Design Guidance 

CA3080A 
CA3080AS 

Amplifier Bias Voltage VABC 0.71 V 

Slew Rate: 

Maximum (uncompensated) 75 
V/irs Unity Gain (compensated) SR 50 

Open-Loop Bandwidth BWoL — 2 MHz 

Input Capacitance C1 f = 1 MHz 3.6 pF 

Output Capacitance Co f = 1 MHz 5.6 pF 

Output Resistance Ro 15 MO 

Input-to-Output Capacitance C1.0 f -- 1 MHz 0.024 pF 

Input Offset Voltage 

Temperature Drift AV Io/AT 
I ABC = 100 pA, 

TA = —55 to +125°C 3 

TYPICAL CHARACTERISTICS CURVES AND 
TEST CIRCUITS (Coned) 

10 , 
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e e s 
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am, 2155 ei•S roC120.21125 5 1I 55,1 

ROCS -17594 

Fig.9 — Total power dissipation as a function of 
amplifier bias current. 
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Fig.10 — Leakage current test circuit. 
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Fig. Il — Leakage current as a function of temperature. 

112<5.. ,53, 

Fig.12 — Differential input current test circuit. 
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CA3080, CA3080A Types 

TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS (Coned) 

SUPPLY vOLTS : V .15.s, IS 
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Fig.13 — Input current as a function of 
input differential voltage. 
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Fig. 16 — Amplifier bias voltage as a function of 
amplifier bias current. 
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Fig. 74 — Transconductance as a function of 
amplifier bias current. 
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Fig. 77 — Input and output capacitance as a 
function of amplifier bias current. 

Fig. 19 — Input-to-output capacitance test circuit. 

APPLICATIONS 

SCOPE1°003(1 

SUPPLY VOLTS 0 0IS0. S 
AMBIENT TEMPERATUR 1 Ts,1 •25 •C 

0.1 lO 00 1000 
AMPLIFIER BIAS PIC ()AMPERES 1 AI 

Fig. 15 — Input resistance as a func ion of 
amplifier bias current. 
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Fig. 18 — Output resistance as a function of 

amplifier bias current. 
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Fig.20 — Input to-output capacitance as a 
function of supply voltage. 

00,r SUS M64 S2CS 14034 

Fig.21 — Schematic diagram of the CA 3080 and CA3080A in a unity-gain voltage follower 
configuration and associated waveform. 
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CA3080, CA3080A Types 

SLEW RATEIIN SAMPLE MODEI.1.3 v/42 
ACQUISITION THIE.•34s 

• TIME mums. POW amen To SETTLE 
WITHIN .25/AV Of £4. VOLT STEP 

Fig.22 — Schematic diagram of the CA3080A in a sample-hold configuration. 
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VOLTAGE-CONTROLLED 
CURRENT SOURCE 

Sv 

MAX 

AT 5V 

-15 HOLD 

30 kû 
STREAK 

INPu 

2.10 

IMMIETRY 
4.75v 

Fig.25 — Sample- and hold circuit. 
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VOLTAGE FOLLOWER 5 v 

CI 
HIGH 
FREG 

4204 

05-800 

5v 

7. ff EXTERNAL 
SWEEPING INPUT 

MIN FRET; 

50011 50011 
REO 

ADJUST 

RO 

LIVE 

TV.1151* 
cture 4-P 5V 

430EV 

AA, 

AEI 4 _ O 

HIGH-FREO 
LEVEL 

ADJUST 

30521 

10 XII 

SO KA 

Fig 23 — 1,000,000/1 single-control function generator — 1 MHz to 1 Hz. 

2-IN914 

nip: an" maw 
Rua. 
LARGE-SIGNAL RESPONSE AND 

SETTLING TIME 

TOP TRACE , OUTPUT SIGNAL 

15 V/DIV AND 24s/DIV 

BOTTOM TRACE INPUT SIGNAL 

15V/DIV AND 24s/DIV 

CENTER TRACE DIFFERENCE OF INPUT ANO OUTPUT 
SIGNALS THROUGH TEKTRONIX 
AMPLIFIER TAIS 

15 rnviOIV ANO 241 /DIV 

92CS-27884 

Fig.26 — Large-signal response and settling time 
for circuit shown in Fig.25. 

(a) — Two-tone output signal from the function 

generator. A square-wave signal modulates 

the external sweeping input to produce 

1 Hz and 1 MHz. showing the 1,000,000/1 

frequency range of the function generator. 

t spoim VAÏATAVAII 
TIC11111111 IL 

Iter111101 riiii1111 
92E5 - 28588 

(b) — Ti Ipie-trace of the function generator sweep-
ing to 1 MHz. The bottom trace is the sweep -

ing signal and the top trace is the actual gen-

erator output. The center trace displays the 

1 MHz signal via delayed oscilloscope trigger-
mg of the upper swept output signal. 

Fig.24 — Function generator dynamic characteristics 
waveforms. 

SAMPLING RESPONSE 

TOP TRACE SYSTEM OUTPUT 

1100 mviCsIV AND 500 ws/DIV 

BOTTOM TRACE SAMPLING SIGNAL 

120 V /DIV AND 500 nsi DIV I 

9TCS• 27E185 

Fig.27 — Sampling response for circuit 
shown in Fig. 25. 
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CA3080, CA3080A Types 

TOP TRACE OUTPUT 

( 50 mV/DIO AND 200ne DIVA 

BOTTOM TRACE INPUT 

(SO mV/DIO AND 200 me/01v.) 

SZCS-27A83 

Fig.28 — Input and output response for 
circuit shown in Fig. 25. 
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UNLESS OTHERWISE SPECIFIED 

SUS - 2,61SP 

Fig.29 — Thermocouple temperature control with CA3079 zero voltage switch as 
the output amplifier. 
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Fig.30 — Schematic diagram of the CA3080A in a sample-
hold circuit with BiMos output amplifier. 

TOP TRACE . OUTPUT-5 V/D1V. a 2 Ft/DIV. 

CENTER TRACE. DIFFERENTIAL COMPARISON OF 
INPUT B OUTPUT-2 rnV/DIV 02 µs/DIV 

BOTTOM TRACE, INPUT-5 V/01V a 2 (at/DIV 

2Ciev 2000Y 100n5 

TOP TRACE OUTPUT — 20 mV/ DIV a 100 me/DIV 

BOTTOM TRACE. INPUT -200 mV/DIV a 100 ns/DIV. 

,zcs-x7eso 

12.C5-2 ,41 

Fig.31 — Large-signal response for circuit shown Fig 32 — Small-signal response for circuit shown 
in Fig. 30. in Fig. 3a 
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CA3081, CA3082 Types 

General-Purpose High-Current 
N-P-N Transistor Arrays 
CA3081- Common-Emitter Array CA3082 -Common-Collector Array 

Directly Drive 7-Segment Incandescent Displays 
and Light-Emitting-Diode (LEO) Displays 

Features 
• 7 transistors permit a wide range of applications in either a common-emitter 

ICA3081) or common-collector (CA3082) configuration 
• High lc: 100 mA max. • Low VcE sat lot 50 mA): 0.4 V WI, 

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 
HO 100 mA) 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. 

The CA3081 and CA3082 are capable of directly driving 

seven-segment displays, such as the RCA NUMITRON 

devices (DR2000 and DR2010), and light-emitting diode 

(LED) displays. These types are also well-suited for 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 CA3081F and CA3082F in a 
16-lead dual-in-line )rit -seal ceramic package, which includes 

a separate substrate connection for maximum flexibility in 

circuit design. 

TYPICAL STATIC CHARACTERISTICS FOR EACH 

TRANSISTOR OF TYPES CA3081 AND CA3082 
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Fig.1 -Functional diagrams of types CA3081 and CA3082. 

MAXIMUM RATINGS. Absolute-Maximum Values at TA • 25°C 

Power Dissipation: 

Any one transistor   500 mW 

Total package   750 rmW 
Above 55°C  Derate linearly 6.67 rnWPC 

Ambient Temperature Range: 

Operating   -55 to *125 °C 

Storage  65 to+ 150 

Lead Temperature (During Soldering): 

At distance 1/16" t1/32" (1.59 rnm 10.79 mm) 

from case for 10 seconds max.   265 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage (VcEol   16 

Collector to-Base Voltage I VcAo)   20 

Collector-to-Substrate Voltage (Vcio).  20 V 

Emitter to-Base Voltage (VEB0)   5 V 

Collector Current (I C)   100 mA 

Base Current (I B)   20 mA 

• The collector of each transistor of the CA3081 and CA3082 is 
noleted from the substrate by an integral diode. The lubstrate must 
be connected to e voltage which n more negatore than env collector 
voltage in order to maintain isolation between tranststors and 
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provide normal transistor action. To avoid undesired couPI ,09 
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CA3081, CA3082 Types 
ELECTRICAL CHARACTERISTICS at TA = 25°C 

For Equipment Design 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 

Typ. 

Char. 

Curve 
Min. Typ. Max. Fig. No. 

Collector so-Base Breakdown Voltage V18 R ICES IC ' 500 pA, IE = 0 - 20 60 V 

Collector to-Substrate Breakdown Voltage Veapicio ICI ' 500 PA. IE = 0.1e = 0 - 20 60 - V 

Collector-to-Emitter Breakdown Voltage V(BR)CEO lc = 1 mA, le = 0 - 16 24 - V 

Emitterto.Base Breakdown Voltage VIBRIEBO IC = 500 PA - 5 6.9 - V 

DC Forward-Current Transfer Ratio hF E 
VcE = 0.5 V, lc = 30 niA - 30 68 - 

VcE = 0.8 V, lc = 50 mA - 40 70 - 

Base-to-Emitter Saturation Voltage VBE sat lc - 30 mA, le = 1 mA 3 - 0.87 1.0 V 

Collector-to-Emitter Saturation Voltage: 

CA3081. CA3082 
VCE sat 

lc = 30 mA, le = 1 mA - - 0.27 0.5 
V 

CA3081 1c= 50mA, le = 5 mA 4 - 0.4 0.7 

CA3082 lc = 50mA, le= 5 mA 4 - 0.4 0.8 

Collector-Cutoff-Current 'CEO VcE = 10 V, le = 0 - - - 10 pA 

Collector-Cutoff Current Icao vci3 - 10 v. 1g - 0 pA 

TYPICAL READ-OUT DRIVER APPLICATIONS 

egtV1124, 
ncc-2: mu gr" 
.30111 

11.1k10. .111.1 

1•115 • • rea3 

Ir .3.12 
1.101,105 COLLECT./ 
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weer.teir-
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• TME R(5151•110E MR 11 is 0.111111510 11, 111f Rfl•TIONS.41. 

st, - O., - v,11.1 01 
R •  MICR( V.•IsRel,/t141.11 

1 11..1 
• .11•10 v1 

11. 0 FOR 5.• v., • V,Ie.EDI V,10 011. r8g,ACROSS 1111 

Fig.6-Schematic diagram showing one transistor of Fig.7-Schematic diagram showing one transistor of 
the CA3081 driving one segment of an incest- the CA3082 driving a light-emitting diode 

descent display. (1.801. 

172   



CA3083 

General-Purpose High-Current 
H-P-N Transistor Array 

RCA-CA3083 is a versatile array of five high-current (to 
100mA I n.p.n transistors on a common monolithic substrate. 
In addition, two of these transistors (01 and 02) are 
matched at low currents fi e. 1mAl for applications in which 
offset parameters are of special importance. 

Independent connections for each transistor plus a separate 

ter minal tor the substrate permit maximum flexibility in 

circuit design. The CA3083 is supplied in a 16-lead clual .m. 

line plastic package, and the CA3083F in a 16.1ead 

frit.seal ceramic package. 

Applications 

Features 

• High lc: 10OrnA max. 

• Low VcE., (at 50 mA): 0.7V max. 

• Matched pair (01 and 021-

V10 (VBE matched): • 5 mV max. 

ho lat 1 mA): 2.5 trA max. 

• 5 independent transistors plus separate substrate connection 

• Tb. CA3083 is avertable in • sealed.iunction 
Beam-Load version (CA3011130. For further 
information sea File No. 515, 'Beam-Leed 
Devices for Hybrid Circuit 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 

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

Power Dissipation' 

Any one transistor 500 rnW 

Total package 750 tnW 
Above 55°C . D kneads. 6$7 mW OC 

Ambient Temperature Range 

Operating   55 to .125 OC 

Storage 65 to .150 

Lead Temperatuae (Duo Ina Solder Ingl 

At distance 1/16" • 1,32- 11 59 mm •0 79 nun) 

from case foi 10 seconds max.   265 °C 

The loll owing ratings apply for each tranestor in the device 

Collector-to Emitter Voltage (VcEol   15 

Collector to Base Voltage (VcBol 

Collectorto-Substrate Voltage (Vciol ° 

Emitter to-Base Voltage (VEE,/ ... 

Collector Current 11,/ . .... 100 

Base Current (1,1   20 

° The collector or each transonor of the CA3083 n nolate0 front the subs.,... by an ',neg.' cbode Tne subs, .... 
moo be connected in a voltage when is more neganve than any collector voltage to order to manntaln nolanon 
between nans'stors and provIde normal transonor even Tu avoel unOesored coup., between eanséstors. he 
subs ..... terrrunal IS) should be mentened al either DC or sognal I AC1 pound A ,,,:table opsas, capacem can 
be used ro establash sins. pound 

TYPICAL STATIC CHARACTERISTICS 

FOR EACH TRANSISTOR 

col...acme .42.721241144 110 

Fig.2 - FE vs lc 

20 

20 

5 

V 
V 

mA 

mA 

4224- rP,42 

Fig. I -Functional diagram of the CA 3083. 

ELECTRICAL CHARACTERISTICS at TA = 25°C 
For Equipment Design 

CHARACTERISTICS SYMBOL 

TEST CONDITIONS 

CTyp.har. 
Curve 

Fig. No 

Mi.. 

LIMITS 

Tee- Mai. 
UNITS 

For Each Transistor: 

Collector lo•Base 
Breakdown Voltage ° I8R)C80 IC ne.A. le'0 - 2° 6° V 

Collector-to-Emitter 

Breakdown Voltage °MINCED lc = IAA 18 . 0 - 15 24 V 

Collectorto-Substrate 
1C1 ' IMPA.I6 ' 0. y (BRICIO 20 60 V 

Breakdown Voltage 
IE ' 0 

Eminer-toDase V IE . 500mA. IC . 0 5 6 9 V 
Breakdown Voltage 

, B,E80 

CollectorCutoll-Current IcEo VcE . 10V, IB = 0 - 10 is A 

Collector-Cutoff •Current Ice, 
VCB u 10°. IE u ° - - 1 eA 

DC Forward-Current 
hFE 

lc = 10mA 

VCE' 3V 2 
00 76 

Transfer Ratio Ic . 50..nA 40 75 

Base to-Emitter Voltage VBE V CE' 3V, IC' 1(hhA 3 065 0 74 086 V 

Collector so-Emitter 

Saturation Voltage VCE sat IC u ehhA• ' B u 6°'A 4 040 0 70 V 

For Transistors 01 and 02 (As a Differential Amplified: 

Absolute Input Offset 'v iol 7 1 2 5 mV 
Voltage VcE o 3V, lc = lmA 

Absolute Input Of f Set Ii l 8 07 25 4A 
Current 
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CA3084 

General-Purpose P-N-P 

Transistor Array 

RCA-CA3084 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. 

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 CA3084 utilizes the 14-lead dual-in-line plastic package. 

FEATURES 

• Matched transistor pair (111 and 02) 

VIO IVBE matched), 6mV max. 

(at 100 pA): ± 0.6 biA 

• Wide operating current range 

• Low noise figure - - 3.2 dB typ. at 1 kHz 

• The CA3084 is available in a sealed-junction 

Beam-Lead version (CA30840. For further 

information see File No. 515, "Beam-Lead 

Devices for Hybrid Circuit Applications". 

APPLICATIONS 

• General use in signal processing systems having low-power 
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 

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

Dissipation: 

Any one transistor . 

Total package   

Above TA = 55.0   

Ambient Temperature Range: 

Operating   

Storage   

Lead Temperature (During Solderingl:  

At distance 1/16 r 1/32 inch (1.59 a 0.79unrn) 

from case for 10 seconds max.   

The following ratings apply for each transistor in the device: 

Collector•to.Emitter Voltage (VcEol   

Collector-to-Base Voltage Wm)   

Base-to-Substrate Voltage (V8,0 1•   

Emitter-to-Base Voltage (VEB01   

Collector Current (1,1 

200 

250 

derate linearly6.67 

-55 to .125 

-65 to •150 

rnW' 

rnW 

inWPC 

oc 
oc 

+265 oC 

-40 

-40 

40 

-40 

-10 

V 

V 

V 

V 

rnA 

The base of each transistor of the CA3084 is isolated from the substrate by an rntegral diode The stilbtrate mud be connected to a voltage 

which s mom negative Man any base voltage in order to maintain osolatron between transrstors and prosrrde normal transrstor action To avoid 

undesered coupling between transostors, the substrate ternbnal l should be maintarnrxt dt ether DC vr stgnal IACI ground A suitable bypass 
capacitor can be used to establish a signal ground 
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STATIC CHARACTERISTICS FOR EACH TRANSISTOR 
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CA3084 
ELECTRICAL CHARACTERISTICS at TA • 25.0 

For Equipment Depgn 

CHARACTERISTICS SYMBOL 

TEST CONDITIONS 

 LIMITS UNITS 

Typ. 
Char«. 
teristics 
Curve Min. Typ. Mae. 

Fig. No. 

Fer Each Transistor: 

IC20 VCB ' -10V. le ' 0 2 - -0.065 -100 nA Collector-Cutoff Current 

Collector-Cutoff Current CEO VCE • -10V, I, • 0 3 - -0.12 -100 nA 

Collector.toEmitter Breakdown Voltage V,A ,cE, Ice = -100pA, I, • 0 -40 -70 V 

Collector.toBase Breakdown Voltage Vc,A,c,, CB ' -1004A. 'E ' O V 

Emitter-to-Base Breakdown Voltage V(,,,E,, 1E, - -100pA, lc = 0 V 

Ernitter.to-Substrate Breakdown Voltage 
V IBRIE10 'El ' RX1PA - 40 100 - V 

CollectorioEmitter Saturation Voltage VcE«i le = lmA. I, = 100)/A 4 -0.125 -025 V 

Base-to.Etnitter Voltage 
V BE 

IE • 1000A, VcE • -10V 
5 -0.50 -0.59 -008 V 

DC Forward .Current Transfer Ratio hyE 7 15 40 

For Transistors 01 and 02 (As a Differential Amplifier), 

le • 100pA, VCE • -10V 8 - 0.422 6 rriV Magnitude of Input Offset Voltage 1 V 101 

Input Ofhet Current 10 - -0.6 0 0.6 ;A 

For Transistors 03 and 041Current.Mirror Configuration), 

V CE ' -5V, VCIO - -51/. 

;::,_;3.=,....., 
10 0.85 1.00 1.15 Collector Current (Normalized) 

iC/15 

Magnitude of Collector Current Ratio 1c1031/1c10411 11 0.90 1.00 1.10 

For Transistors 05 and 06 (Darlington Configuration) 

VCE ' -10V- 'a ' ° - -1 .o mA Collector.Cutoff Current CEO 

e.e.10-emitter Voltage 
VBE 

IE 1000A. VcE • -10V 
13 0.92 1.07 1.20 V 

DC Forward.Current Transfer Ratio hy E 15 100 1230 - 

ELECTRICAL CHARACTERISTICS at TA • 25°C 

Typical Values Intended Only For Design Guidance 

Magnitude of Temperature Coefficient. 

VBE ITOT each transistor) I avBEtari I, = 100pA, 6 -1.78 mV/°C 

VI, (ass differential amplifier) 1011,0 /071 VCE = -1ov 9 0.54 p V.,°C 

V,E (Darlington configuration) lAVBE/AT I 14 - 3.7 mV/.0 

For Each Transistor: 

Input Resistance 
RI I = IkHz, VcE • -I0V, 19 9 Isi2 

Output Resistance R, IC = -100pA 20 600 Idl 

Forward Transconductance 9, 22 - 3 - mmho 

Collector-to.Base Capacitance 
CCBO 'ce ' 0 23 3.3 pF 

Collector-to-Emitter Capacitance 
CCEO 'CE = 0 23 2.5 pF 

Base-to-Substrate Capacitance 
C1310 'cm ' 0 23 4.5 - pF 

an T. • 25•C AND Nté • -10 V 
15 • 5 00. 1.2 • 515 ,•11 • • 
Is • ore to •105PR 
15• 100 1.A. 1,2•100,•• 

• 

-vs 50 25 0 25 50 75 100 125 
AMBIENT TEMPERATURE 

PAC, 'TA ea 

Fig.10-Normalized IC vs TA (transis. 

vs 03 and 04 in a current-

or configuration. 

STATIC CHARACTERISTICS FOR EACH TRANSISTOR 
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STATIC CHARACTERISTICS FOR CURRENT-MIRROR CONFIGURATION 
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- lc vs Is (transistors 03 and 04 in a 

current.rnirror configuration). 
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CA3084 
STATIC CHARACTERISTICS FOR DARLINGTON CONFIGURATION 

AIMENT TERPERATURE 1 Al • 25•C 

COLLECTOR-TO EMITTER vOLT5 Vc, • -10 v 
1.• 

F. 

à 1.3 

àî 

/e1.2 

!!' 

à 

1.0 

001 e  • •0 . • • • e • • 11. 

EMITTER MILLIMPERE 1 1 
rell ,11•14 

Fig.13 - VgE CO 1E  (1811S/StOIS 05 and 06 in a 
darlingtron configuration). 

COLLECTOR-TO MITT 11 vOLTS IV, I • - 10,1 
SOURCE RES STANCE IR I • 500 El 
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Fig. 74 - VBE VS TA (transistors 05 and 06 in a 
darlington configuration). 

DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 
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CA3085, CA3085A, CA3085B Types 

Positive Voltage Regulators 

For Regulated Voltages from 1 7V to 46V 
at Currents up to 100mA 

R CA.CA3085, CA3085A, and CA30856 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 CA3085 Series is shown in Fig. 1. 
The diagram shows the connecting terminals that provide 

access to the regulator circuit components. The voltage re-

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 voltage, They are also applicable for current and 

dual-tracking regulation. 

The CA3085A and CA308513 have output current 

capabilities up to 100 mA and the CA3085 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 mA with the use of suitable external pass 

transistor, The CA3085 Series has an unregulated input 

voltage ranging from 7.5 to 30 V ICA3085i, 7.5 to 40 V 

(CA3085Al. and 7.5 to 50 V ICA3085131 and a minimum re-
gulated output voltage of 26 V ICA30851, 36 V ICA3085A), 

and 46 V ICA3085B1. 

The CA3085A is unilaterally interchangeable with the 
CA3055. 

The CA3085 is available in a sealed-junction Beam-Lead 

version ICA30851.1. For further information see File No. 515. 

"Beam-Lead Devices for Hybrid Circuit Applications. 

V15 Vout Max Max Load 
Type Range Ranee low- Regulapon 

V V mA % Vow-

CA30135 7 5 to 30 I 8 to 26 17' 0 I 

CA3085A 7 5 to 40 I 7 to 36 103 0 15 

CA30858 i 5 lo 50 1 7 to 46 100 0 15 

' Th.t yalue may be attended to 103mA, howerau, 
requiem; not toec.1.ed beyond 12mA 

These types are supplied in the 8-lead TO-5 style package 

ICA3085, CA3085A, CA308513, and the 8-lead TO-5 with 
dual-in-line formed leads ("OILCAN", CA30855, CA3085AS, 

CA3085135). The CA3085 is also supplied in the 8-lead dual-
in-line plastic package ("MINI.DIP", CA3085E), and in chip 

form ICA3085H1. 

Features 

• Up to 100 mA output current 

• Input and output short-circuit protection 

• Load and line regulation: 0.025% 

• Pin compatible with LM100 Series 

• Adjustable output yoltege 

• Low noise 

Applications 

• Shunt voltage regulator 

• Current regulator 

• Switching voltage regulator 

• High-currant voltage regulator 

• Combination positive and negetiye 

voltage regulator 

• Dual tracking regulator 

• See Application Note ICAN.6157 "Applications 

of the CA3085-Series Monolithic IC Voltage 

Regulators". 

Ma•enom Voltage Raton% 
The folio...mg chart ewes the range ol voltage, *WC can he applied to the termonats 
hued vertically ehth retpect to Me terminal., hued non/omen, For example the 
voltage range .aten verleal Termrnal No 7 and horriontal Terminal No I is •3 10 -10 Mtn 

MAXIMUM VOLTAGE RATINGS 

TERM. 
INAL 
No 

5 6 7 8 1 1 3 4 

5 
.5 
_s 

. . . . . •10 
0 

'Vonaget we no, normally 
applied between these 

6 . . . . . . wirmnals. however. vOltages 
apOtahng between these 
terrihnah are tale..1 the 

7 
-10 -10 

5 
o tow.1.ed voilage linhts 

between all other terminals 
8 

. 
are not exceeded 

I • 10 0 1;30V tor CA3065 
- . 0 acv tor CA30135A 

2 0 *1 50V tor CA3013513 
- 0 

3 - 
0 

4 Subsume 
&Caw 

uNREC/1„0,33 
oNeuT 

itesgSTANCE V111. 
•RE ONN1S 

MAXIMUM 
CURRENT RATINGS 

TERM 
INAL 
No. 

1IN 
mA 

'OUT 
mA 

5 10 10 

-0 1 

-10 

e to 

20 150 

2 150 80 

3 150 60 

11° 
Pow es.. 

'otto'liVrT"' 

AND 

Ole CURRENT 
“OSTER 

o V CURRENT REGULATED 
syestawe L'"'itto puma 

Fig.2-Schernatic diagram of CA3085 Series. 

COM.7.007,07. web 
EXTERNAL Melt 

Fig.I-Block diagram of CA3085 Series, 

MAXIMUM RATINGS. AISSOLUTEMAXPAUM VALUES« TA • 15.0 

POWER DISSIPATION: WITHOUT HEAT SINK WITH HEAT SINK ITO-5 ONLY/ 

up to To - 55.0 ... 830 inW up lo Tg • 55°C . tow 

Move T. • 55.0   Really 0887 inWPC Wow Tg • 55°C ..  tr4a as 
16.7 rn  

TEMPERATURE RANGE: 
°Demme   -55 to •125°C 
Siwege . .. -85 to •1500C 

UNREGULATED INPUT VOLTAGE: 
CA3085 33 V 
CA3085A 
CA30858 

40 V 
50 V 

LEAD TEMPERATURE (DURING SOLDERING): 
el Row« 10. • 1032 oren 11 SO. 0 000n.n1 
0•3•0• cm. ha• 10 mends ma.   •766•C 

20 so 50 SO 100 
Ou NWT eitILLIAMINRES 1100,1 

”csw0001 

Fig.3- Dissipation limitation IV IN-VOUT PO, iour). 

I VOLTS 0, 10113 
ouTeuv vot.is tv•OuTh. .   

.• 3,u0gf 0INPERATURE 1 t• 75.0 

.„ 

0 20 00 60 110 .0 
LOAD CuRRENT 11,1- ha 

Te-rAt 

Fig.4- Load regulation characteristics. 
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CA3085, CA3085A, CA308513 Types 
ELECTRICAL CMARACTERISTICS 

04ARACTERISTICS SVAMOt 

TEST CONDITIONS LIMITS 

UNITS TO 
5•41 
Omit 

TA • 25° C 

oemovenel 

CA30116 CA30844 CA31111» 

MIN. TV?. MAX. MIN. TV?. MAX. MIN. TV?. MAX 

FM. No7 

Reference Vollaem VR6 a IS Om • 15V 14 16 IS 15 16 17 15 16 17 V 

Gomm. Revelator 

Cortent 11toement 5 

V * 111 • »V 33 45 - - - - - 

n'A V., • •OV - 

_.1 

3 IN 5 - 

V .IN • 50V - - - - 4 OS 7 

.....1 Volume/ Rene Vu.,••••3•1 _ _ 7 5 30 75 40 75 - 50 V 

Maarernem Outeet 

Volley. 

uou.u .. , ,, 'elm • 30.41).50V4 .11, - XXII. 

Terrn No 6 io G. ' 

20 27 
- 36 37 - 46 47 - v 

5'•••°°°"' 0°755° 
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CA3085, CA3085A, CA3085B Types 

IIICS 

Fig. I3 Test circuit for ripple rejection and output resatance. 

var. 
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Pa•••1.0 I 
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VouT(nin.l. 
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Fig.17-ApplicatOn of the CA3085 Serres in a typical power 
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Fig. 74- Turn on and turn olf recovery time test circuit with 
assocoated waveforms 

TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES 

supply 

Fig. 19— Typocal Inge current voltage regulator circuit. 
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CA3086 
General-Purpose N-P-N Transistor Array 

Three Isolated Transistors and One Differentially— Connected Transistor Pair 

For Low—Power Applications from DC to 120MHz 

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 t requencies 
from DC to 120 MHz. They may be used as discrete 

transistors in conventional circuits. However, they also 
provide the very significant inherent advantages unique to 
integrated circuits, such as compactness, ease 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 Ifrit-seall ceramic package. 

MAXIMUM RATINGS. Absolute-Maximum Values at TA - 25°C 

DISSIPATION 

Any one transistor 300 mg/ 

Total package up to TA . 55•C . 750 mW 

Above TA • 55•C   aerate inseam, 667 mWr•C 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During mIdering) 

At distance 1/16 1/32 inch 11.59 ± 0.79rnm) 
From case lor 10 seconds max 

The following ratings apply for each transistor nt the device 

COLLECTOR-TO-EMITTER VOLTAGE, VcE0 

COLLECTOR-TO-BASE VOLTAGE. VcBG  

COLLECTOR-TO-SUBSTRATE VOLTAGE, Vacs . 

EMITTER TO-BASE VOLTAGE. MERO  

COLLECTOR CURRENT. lc   

-55 to • 125 

-65 to • 150 

• 265 

15 

20 

20 

5 

50 

oc 

V 

V 

V 

V 

rnA 

• The collector of each transistor in the CA3086 à isolated front the substrate by an integral diode. The substrate 
(terminal 131 must be connected to the most negative point in the external circuit to maintain isolahon between 
transistors and to provide for normal transistor action. To avoid undesirable coupling between transistors. he sub-
strate Iterminai 131 should be maintained at either DC or signal (ACI ground. A suitable bypass capacitor can be 
used to establish a signal ground. 

ELECTRICAL CHARACTERISTICS at TA = 2 °C 

For Equipment Design 

CHARACTERISTICS SYMBOLS 

TEST CONDITIONS 

LIMITS 
UNITS 

TYP. 

Charco- 

teristic 

Curves 

Fig. No. 

Min. Typ. Max. 

Collector-to.Base Breakdown Voltage VaifocB0 lc v 10 pA, lE = 0 - 20 60 - V 

Collector-to-Ernitter Breakdown Voltage %RICE° IC ' 1 mA, IB = 0 - 15 24 - V 

Collector-to•Substrate Breakdown Voltage V(BB)cio lc • 10 pA, la  • 0 - 20 60 - V 

Emitter-to-Base Breakdown Voltage V(BEBEB0 IE • 10pA, lc • 0 - 5 7 - v 

Collector-Cutoff Current ICEIO VC8 ' 1". IE . 0 2 - 0.002 100 nA 

Collector -Cutoff Current 
ICEO VcE = 10V, IB • 0 

3 — 
See 
Curve 6 PA 

DC Forward-Current Transfer Ratio 
hF 6 VcE •• 3V, lc • 1mA 4 40 100 - 

1E0 COLLECTOR-TO-EMITTER vOLT nice 
AMBIENT TEMPERMRE legli25K 

a . 

f 

a ")° 
._ 

% g 

, SO/iS. 

50 
001 01 

EMITTER MILLIAMPERES CIE) 
secs- isiaeon 

Fie3- h FE n  

COLL CTOA -TO EIRTTER v0 TS V, •3 
AMICK TEMPERATIEREITati2SK 

lull M 

-
 T
O
-
O
S
T
 I
CI
 

e
 

;
 

muiiuuuuiiuuuii 
op 01 

Eta TER MALIAPPERE 11E1 
Ins-isen 

Fig.4 V BE vs 1E. 

Applications 

• General.purpose use in signal processing systems operating 

in the DC to 120.MHz range 

• Temperature compensated amplifiers 

• See RCA Application Note, ICAN.5296 "Application of the 

RCA-CA3018 Integrated-Circuit Transistor Array" for 

suggested applications. 

Figl - Functional diagram of the CA3086. 

TYPICAL STATIC CHARACTERISTICS 

FOR EACH TRANSISTOR 

1071-iatit Tr. cr_K it , 1, •o   

Iv 

as 

..0--    ,1   
1--- ,   

 .7  

!/-
it:T• 
o is 50 75 100 ev 

AIKEN, tEMPERATuRE 

Fig.2- awn TA . 

92f1-1.011 

vs TA . 

92C5-.5.0. 
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CA3086 
ELECTRICAL CHARACTERISTICS at TA = 25°C Typical Values Intended Only for Design Guidance 

CHARACTERISTICS SYMBOL 

TEST CONDITIONS 

TYPICAL 
VALUES UNITS 

Typ_ 
Chara• 

tenstics 
Curves 

Fig. No, 

DC Forward-Current 
Transfer Ratio hF E VCE ' 3 V IC 10 mA 

4 100 

lc 10 pA 4 54 

Base-to-Emitter Voltage V„ VCE ' 3 V IE ' 1 mA 5 0.715 V 
IE = 10mA 5 0.800 V 

VBE Temperature Coefficient tiVBE/OT VcE = 3V, lc = 1 mA 6 —1.9 rnV/°C 

Collector-to-Emitter 
Saturation Voltage VCEsat IB = 1mA, lc = 10mA 0.23 V 

Noise Figure (low frequency) NF 
1 = 1 kHz, VcE = 3V, 

lc = 100pA, Rs = 1k 31 
— 3.25 dB 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics, 

Forward Current-Transfer Ratio hfe 

f = I kHz, VcE = 3V, lc = ImA 

7 100 — 

Short-Circuit Input Impedance 
hie 7 3.5 kS2 

Open-Circuit Output Impedance hoe 7 15.6 pmho 

Open-Circuit Reverse-Voltage 
Transfer Ratio hre 7 1.e x io-4 — 

Admittance Characteristics: 

Forward Transfer Adrnittance Yfe 

f = 1MHz, VcE = 3V, lc = lmA 

8 31 — j1.5 mmho 

Input Admittance yio 9 0.3 + j0.04 mmho 

Output Admittance Yoe 10 0.001 + j0.03 mmho 

Reverse Transfer Admittance Yre 11 See Curve — 

Gain-Bandwidth Product fr vcE ' 3V. 'c ' 3mA 12 550 MHz 

Emitter-to-Base Capacitance 
CEBO VEB s. 3V, IE = 0 — 0.6 PF 

Collector-to-Base Capacitance 
CCBO VCB ' 3V• 'c - ° _ 0.58 pF 

Collector-to-Substrate Capacitance Cao 
VCI ' 3V. 'c ' ° — 2.8 DF 

COMMON-Ehli TER CIRCIAT, BASE INPUT 
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CA3091 D 

Analog Multiplier 
RCA-CA3091D, a monolithic silicon integrated circuit, is a 

four-quadrant multiplier that provides an output voltage that 

is the product of two input In and yl 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 CA3091D 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, functions 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 CA309113 is supplied in 14-lead dual-in-line ceramic 

package and operates over the full military temperature range 

of -55°C to +125°C. 

• ARON IS-VOLI 
REGULATED SUPPLY 

• EROLI-IS-VOLT 
REGULATED SUPPLY 

• k •DJUST iS PEREORREO NY 
vikeyING YmiS RESISTOR 

1E,.3i.S.yeCt vALUES ARE 

Fig.1 Functional block diagram of CA30910 with typical multipher outboard(P.,Ph.r.1).,c.ltry, 

MAXIMUM RATINGS: Absolute.Maximurn Values at TA », 25.0 

DC Supply Voltages 

Between Terms. 12 and 1   

Between Terms. 4 and 1   

DC Supply Currents. 

At Term. 12 with DC Supply Voltage = 015 V  

At Term. 4 with DC Supply Voltage = —15 V   

Bias Current (At Term. 3)  

Input Current   

Output Short-Circuit Duration   
Voltage Reference Current   

Linearity Correction Currents 
At Terminals 7 and 8   10 mA 

Device Dissipation (Up to 125°C1     200 mW 
Ambient Temperature Range, 

Operating   55 to 0125 °C 

Storage   —65 to .150 °C 
Lead Temperature (during soldering): 

Al distance not less than 1/32 inch 10.79 rnrn) from case for 10 seconds max. ........ (-265 °C 

• E niernel resistânC• is required to limit the current to the indicated -±1 mA value 

0140 

Os 

je. 

010 c„ 0 12 0 13 

03 

0, 

100 

Features:• 

• "Accuracy": r 4% (max./ 
=18 V 

• "Linearity": 3.0% (max.) 
—18 V 

• Feedthrough: 9 mV p-p Ityp.) 

• 3-db bandwidth: 4.4 MHz 

• Low power operation capability: z 6.0 V, 4 inW drain 

• Low power-supply sensitivity: 36 inV/V typ. 

• 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 multipliers bandwidth 

• High immunity to parasitic oscillation 

• Essentially free from excess peaking — provides improved 
frequency response 

• Requires no level shifting et 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 

• Internal bias regulator 

4 mA 

16 mA 

1 mA 
±1 rnA 

No limitation 

10 mA 

013 tGT 

0>.  

0, 

.13 0,. 
DIS 

0, 
.11 

RESISTANCE VALUE,. e in OARS 

Fig.2—Schematic diagram of the CA3091 D. 

 0.0 

Applications: 
• Multiplier • Divider • Squarer • Square Rooter 

• Power-series approxinutor 

• Full-ware rectifier 

• Automatic level controller 

• RMS converter 

• Frequency discriminator 

• Voltage-controlled filters and oscillators 
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CA3091 D 
ELECTRICAL CHARACTERISTICS, For EguipMent Deign 

CHARACTERISTICS SYMBOL 

TEST CONDITIONS LIMITS 

UNITS TA • 25.C. lie -0.5 mA 
V - Is v. v- - -15 V Char. 

Cerro 

Min. Typ. Max. 

STATIC CHARACTERISTICS 

INPUT CIRCUIT 

IC 5 - 0 -20 -2.1 •20 uA 
Input BNence ICorrectionl Current: 

At a Input 

Al y Input v ' 0 - -20 -8.7 *20 MA 

Feedthrough Loseerity Elden. 

ICArrecoonl Current 
IOC -34 -2.9 "34 RA 

OUTPUT CIRCUIT 

I oo a Es y • 0, -10 -0.23 010 0A Output Offset Current 

OUTPUT Offset Voltage Voo loo thru FIL • 331d1 - -0.330 -0.0076 "0.330 V 

Output Peek Current Swing 110 1 Thru Ilk - 24kil 3 0.41 0.46 - rnA 

Output Peak VNtega Swing I vol Across RL • 331t11 4 12 12.9 V 

DC SUPPLIES a BIASING 

V- • -15 V - 2.9 4.5 ink 

Current Drain Ildlinel: 

At Tenn. 4 

Al Term. 12 V" - •15 V - 2.0 3.0 rme 

Reference Volpe V•of Measured...UM». 

68 4 et I- 1mA 

- 5.5 6.1 6.7 V 

DYNAMIC CHARACTERISTICS 

Output Current 10 Wsth I • 0.2mA et each 

enput 

0.21 0.32 rnA 

Norrnelized k FectotN a 11 

4 
11 0.69 1.0 1.7 

Accurecy 
Worst cm et 25AC - 

2.6 4.0 %of 

10 V Linearity 3.0 

FeecIthrough Voltage: 

A, Y ' 20V P-A a ' 0 
- 9 20 rnV 

P-P At • • 20V NA y • 0 - - 9 20 

9.11,11 

»SDI* SI 

C030110 

OC 

IS0s11/1Sh-D.1 

S. /MO SE CLOSE° 

ezueree 
OPEN FOR •ISSISsMr 
MOM OE So 

Is 

*NI MS.TT 

Fig.5- Test circuit for measurement of input resistance. 

.0 

Fig.8- Test circuit for measurement of frequency response. 
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Fig.3- Test circuit for measurement of output current swing 

capability. 
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CA3091 D 
ELECTRICAL CHARACTERISTICS, Typical Values Intended Only for Design Guidance 

CHARACTERISTICS SYMBOL 

TEST CONDITIONS 

TYPICAL 

VALUES 
UNITS TA • 250C, Its • OS mA 

V. • 15 V, V— • —15 V 

Circuit 
and/or 
Char. 
Curve 

STATIC CHARACTERISTICS 

INPUT CIRCUIT 

R1 
US 0.2 mA 

5 
1 3 k 12 

Input Resistance: 

At x Input 

At y Input Ilvig 0.2 rnA 05 k I 

Input Capecitence, 

At x Input 
C1 at 1 MHz 

58 laF 

At y InPut 5.8 pF 

OUTPUT CIRCUIT 

RO 6 1.0 M 11 Output Resistance 

Output Capacitance: CO at 1 MHz 4.0 pF 

DC Supply Voltage Sensitivity: 

At Term. 4 AVO 

AV 
11 

26 rnVN 

At Term. 12 _AVQ 

/0,1f— 
36 inV/V 

DYNAMIC CHARACTERISTICS 

Bandwidth (At -3d13 pointl• 

Through o Input 
BW 

R. 10 48 MHz 

Through y Input 8, 8 4 4 MHz 

30 Error Frequency: 

Through x Input 360 kHz 

Through v Input 310 kHz 

Maximum Slew Rate SR 7pF M parallel with 10MS1 load 7 27 V/us 

Temperature Coefficients: 

Output Offset Current Aloo/AT x & y • 0 _ —0.021 4A/0C 

x-Input Balance Current 
&tic/AT 

x = 0 _A063 trAPC 

y-Input Balance Current Y ' 0 — _0.063 uA/0C 

Normalized k Factor(kN •t) 
kN 

—0.76 %/%/0C 

Accuracy — 0.11 %/0C 

Linearity — 0.06 16/0C 

Feadthrough: 

At x = 0 — 5.6 mV/OC 

At y =0 5.7 nIV/0C 

• -OALARiCt 

5050 
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Fig.11—Test circuit for measurement of current gain and power-supply sensitivity. 

km FACTOR 
k,B 0 I. REFERENCE or 

ADJUSTED k FACTOR 
1,,,•k,k,•01vo• 
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I..• %•NeVoNCO 
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Fig.10- a—input frequency response characteristic 

curve with associated test circuit. 

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.) 

R1 

Input Resistance — Converts the input voltage to an input 

current. 

RL 

Output (Load) Resistance — Converts the output current to a 

voltage. 

RO 
Output Resistance — See V. and I. for the equations 

associated with these properties. 

Regulator Diode 
A temperature compensated Zener diode, included in the 

multiplier circuit, to provide a stable Il q. 

Scale Factor or k factor (k) 

Represents the basic gain of the multiplier as expressed in the 
equation V. = kVxVy 

The equation indicates the ideal transfer function for the 

multiplier. The normalized k factor is expressed by 41 • lakref 
where kr.t is the ideal or reference k factor. The ideal factor. 

keel is the value at which the k factor is set when the k-factor 

adjust control is trimmed. Optimum operation of the 

CA3091D is achieved when the k 'factor is 0.1. 

VIM 
The maximum ac sine.wave voltage to be applied to the 

multiplier; a 20-volt p-p sine wave is the nominal maximum 

swing voltage recommended for use with 50-kilohrn input 

resistors. 

VMID 
An an or dc voltage that approximately satisfies the equation 

VMID = VIM/ 

VO 

The output product voltage derived from the expression 

(kV.V, = Vol 
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CA3091 D 
Viet 

Temperature compensated tener connected to the -15 volt 
supply to provide a reference voltage as an aid in setting up a 

stable I j, 

V., V, 
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. 

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 

indicate "less-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 n. 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 V, = -3V 

indicates that the output voltage is 20 mV less than the 

theoretical output product (kVxV,). This error voltage, 

presented in percent of full-scale input (±10 V), defines the 

"accuracy" of the device. Thus, a 20-rnV 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 CA3091D 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. 

Current Sources 

These circuits provide the biasing currents for the various 

circuits in the IC. The f 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 op when either terminal is set at 20 V pp and 

the other terminal is set to zero. 

11B 
Circuit biasing control current. 

IIC 

See 10C 

lo 
Output product current (kilx ly 10), where k = kR?/ RL 

lic 
Compensatory input and output currents required to correct 

unlinearity along the x axis. (Optional for low-level signal use.) 

le, ly 

Input currents to be multiplied. 

Voltage Scale Factor (determines the gain of the multiplier). 
Current Scale Factor (k11 I R? / 

adjust 

Scale-Factor Adjustment. 

Linearity 
"Linearity" indicates the degree of multiplier error (i.e. 

deviation from "straightline" characteristics) along each of 

the four boundaries of the input o, 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.) 

megoot 11.0r1111.1.11 ,../ 

101,111-11!•11, e 

Note: See "Contour 
Map" in "Syrribois. 
Terms and Defini-
tions" Section 

Fig.12-Contour mapping of multiplier accuracy (plotted on isomers) and linearity. 

Linearity 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.Levell 
This circuit makes the multiplier's transfer function linear for 
low-level x•input signals. 

Linearity 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 is 

k(Vx Vxo) (VyO Vye) = V. *  Voe 

where: k = k factor and represents the basic gain of the 
multiplier 

Vx, V the external inputs to be multiplied 

Vo = the desired value of the product output signal 

V, Vya = the "effective" errors that occur at the inputs 
of the multiplier and cause an output signal 

when either input is in a zero state. 

Voo = 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. 

OPERATING CONSIDERATIONS 

Operation of a Multiplier 

A multiplier is, essentially, a gaimbontrolled amplifier (See 

Fig. 13) that multiplies the input signal (V.) with the 
external gain controlling signal (Vy) to produce the resultant 
output (V0 ). The gain is externally adjustable by a conf. 

ficient (k). Stated simply, a multiplier produces an output 
voltage that is the linear product of two input voltages. 

moo •rn. 

Pelo MOSS 

Fig. 13-Gam -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 gein.controlling 

signal (V,) must be positive and greater than the base.to 
emitter voltage (Fig. 14b). The output current 0 1 -12) of the 

differential amplifier, comprised of transistors 01 and 02, 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 (II -12), therefore, 
is related to both V. and V,. 

•113-11•11 

al Basic circuit. 

Fig. 74- Two-quadrant multiplier. 

lei 

11C1, '11111 

61 Medhpher funchonal 
only ,n 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: 

II -12 = k' Vx V, 

where k' is a constant 

(Eq. 1) 
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CA3091 D 
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 IV. and V,/ to have positive or negative 

polarities (or zero). When either input is zero, the output 

current (I1 -12) must, theoretically, be zero as is shown by 
the following: 

1. Assume Vo 0. 

then is = i2 and 3= i4 

therefore ¡lOi4i2H3. 

Since It = iii4 and 12 = i2H3, 

then I = 12. 

This equality is independent of V, 

2. Now assume V, = 0, 

then is = i6. 

Sine is = i1vi2 and is = 

then = 

Since is = i3 and i2 = 

then i +i4 i3+12-

Therefore 11 = 12. 

This equality is independent of vo. 

eiCS- lees s 

Fig. 15-Batir lour-quadrant 

The multiplying operation discussed in the previous section 

applies when neither Vo nor V, is zero. The output current 

111-121 then satisfies Equation 1, 

11-12 leVoVy. 

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 Vo or V, is O. However, in practical 

applications slight current unbalances do exist. It is noces. 
sary, therefore, to null out such unbalances with external 

potentiometers prior to operation. 

TYPICAL OPERATING CONSIDERATIONS 

The RCA-CA3091D. 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 11181 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 
tener diode is provided on the chip and connected to the 
Reference Voltage 1Term.61. 

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 (II -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 171 is available 
for performing the four basic applications, such as, multi-
plying, dividing, squaring and taking the square root. 

When the CA3091D is used as a multiplier (Fig. 181 or as a 
squarer (Fig. 18/ only the basic pheripheral circuitry on the 
multifunctional circuit board is utilized and the general-

purpose operational amplifier (CA3741T1 is disabled from 
operation. Follow the ac alignment procedures for these two 
applications before operating the circuit. 

When the CA3091D 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<V,.<. 10V and -10V< Vz < 10V. Note, 

the range of V, is limited to the positive polarity; if V, was 
permitted to go negative, the feedback loop would go 

positive and, thereby, create an unstable operating condition. 

Alignment of the divider (Fig. 191 differs from multiplier and 
squarer alignment because of the additional variances intro-

duced by the operational amplifier. A coupling capacitor is 

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 squerprooter function (Fig. 

21) is identical to the alignment procedure for the divider 
function. The input voltage range is limited to 0 < V1 .5 

Table I 

AC Alignment Procedures For CA3091D, Four.Ctuadrant Multiplier 

(Refer to Fig. 16, for circuit pertaining to followingplignment procedures.) 

Stop 
Voltage Sedéng Control 

Adjust 

Test 
Equipment 

Used 
Memo. Notes 

V. V, 

I - - - Set all potentiometers to center of range. 

2 0 VI, • Balance AC VM Vo Adjust for a minimum reading. 

3 0 VIM Linearity AC VM Vo Adjust for e minimum reading 
a - - - Repeat Steps I and 2 until no further improvement 

is noted. 

S VIM o y Balance AC VM Vo Adjust for a minimum reading 

6 o o z.0 DC vm vo Adjust tor cero output. 
Output 

7 

8 
Vika, 

- 
Vamp 

- 
Rk 

- 
AC/DC VM Vo 

- 
Adjust for ViL,/10 at Me output. 

Check multiplier for alignment in all four quedrants. 

VIM - I the maximum AC swing of the sine vow that will be applied to the multiplier. A 20.volt pe value is the nominal maximum swing 
of the AC sine wave with input resistors of 50 kilohrns. 

V., - An AC or DC voltage that approximately satisfies the 'poetical Vkijo • Vjk./ ¿T. For example. it a 50.1tilohm resistor is used with 
• 7-volt input. they Rk Mould he adjusted for is 4 9-volt output. 

10V. This limitation is necessary in order to prevent the 
output voltage (V01 from latching to the negative output 

saturation voltage of the operational amplifier. Table II de-

scribes the divider alignment procedure. 

carnet, 

--h 
SARIPLE-OORRO 
CONNECTIONS FOR 
leuLTUN.e.,SOuRRER. 
OlvoDER.AND SOuRRE 
ROOT. 

• P<•-<•3741111' IS • 
GENERAL.RURPOSE 
OPERATIONAL akeitffte 
swam INTERN. ONASE 
COUMNSATION 
vem VALUES 

Fig. f6- Typical multifunction circuit arrangement utilizing 

the CA30910 and CA3741 T. 

al Foil side 

ONO 

V••,+ 

vo vo 13- Nela v. 

b)Component side. 

Fig. 17-Photographs of a printed-circuit board for multi-

function applications (multiplier, squarer. disinter, 
square rooter) utilizing the CA 30970 and CA3741T. 

  187 



CA3091 D 
Table II — Divider Alignment Procedure 

e " 
N.. 

S0. 

Parson eV" ‘ 
Cou.I.MII 

Tea 
fqRipl.bent 

Wed 
Adj. Notes V. 

V 
VV 
V 

I - - - - - - Set all potentiometers to center of range. 

2 0 Vs Vo a ac - VM 0,,, Adjust for minimum reeding. 

3 0 10Vdc Vo dc dc - OM Fly,11.01 Adjust for OV a outgo. 

4 Vs Vs Vo aC ac - VM %dance Adjust tor minimum reeding. 

5 5V dc 5V do Vo dc dc - VM 'edit., Adjust for 10V de output. 

CONNECT V. AM/ V, 
TERMINALS FOR 50.100011 
(«RATIO.. 

-*VS VOSIOV 

.510 FIR ',FOR 

gegreL 

a) Circuit arrangement for multiplier or squarer operation. 

9, 9  O (fo °o To«  

lei Terminal connections for multiplying operation. 

00 
so 0 

o 
55 VO 

c) Terminal connections for squarer operation. 

Fig. 78-Multifunction circuit-board arrangement with terminal connections for multiplier and squarer operation. 

9, 9,, 9 vo." .. 

• SEE fiC II FOR PERIPRERRI. CIRCUITRY 0255•,11153 

Fig.19-(a)Divider alignment circuit. 

al Circuit arrangement for divider operation 

î 
• 

o r 

bl Terminal connections for divider operation. 

9 o. 

so' 4er; 

RiC3.1.4>le 

fiCS-IRMO 

sus• l 

Fig. 79-lb) Circuit to provide offset ac signal for use in 
divider alignment procedure. 

a) Circuit arrangement for square-rooter operation. 

T  9 1, TV, îo ?0 

I I o 

112C5-11441 vo 

le) Terminal connections for square-rooter operation. 

Fig.20-Multifunction circuit -board arrangement vvith ter. Fig.21-Multifunction circuit-board arrangement with ter-

minal connections for divider operation. minal connections for square-rooter operation. 
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CA3093E 

General-Purpose High-Current N-P-N Transistor-
Zoner Diode- Diode Array 

RCA CA3093E • is a versatile array of three high-current 

(to 100mAl NPN transistors, two 10%-tolerance Zoner diodes 

and one conventional diode, all on a common monolithic 

substrate. Two of the transistors 101 and 021 are matched 
at 1 mA for applications in which offset parameters are of 

special importance. The combination of positive Zoner voltage 
temperature coefficients and negative forward base-emitter 

voltage temperature coefficients provides a unique tempera-
ture compensation capability. 

Independent connections for each transistor and diode plus 

a separate terminal for the substrate permit maximum flexi-
bility in circuit design. 

•Forrnerly developmental type TA6119 
.2,, 22 end DI are transostors interne'', mnnected es shown below 

MAXIMUM RATINGS, AbsoluteMaximum Values at TA = 2eC 

Power Dissipation: 

Any one transistor   

Any one Zoner Diode   

Total package   

Above 25°C   Derate linearly 

Ambient Temperature Range: 

Operating 

Storage   

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79mm) 
from case for 10 seconds mac. 

The following maximum ratings apply for each transistor 

Collector-to-Emitter Voltage (Vm))   

Collector-to-Base Voltage Wax>)   
Collector-to-Substrate Voltage (Vciol •   

Emitter-to-Base Voltage (VEgo)   
Collector Current (Id   

Base Current IIB)   

The following maximum ratings apply for each Zoner Diode or Diode 

Zener Diode dc Current 11Z) 

Zoner Diodeto-Substrate Voltage 1V2101 •   

Diode ID1) Forward Current IlDF)   
Diode (D1) Reverse Voltage (Voss)   

Diode (131)-to-Substrate Voltage (Um)*   

*The collector of each transistor, the cathode of each Zoner doode, 
and the anode of the diode are ',Mated from the substrate by an 
o n I doode The substrate must be connected to a voltage winch 

more mega.ca than any of these Isoured termonals on order to 
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500 

250 

750 

6.67 

-55 to 0125 

-65 to +150 

+265 

15 

20 

20 

5.5 

100 

35 

35 

20 

50 

5.5 

20 

mW 

mW 

mW 

mW1°C 
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°c 
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%.1 

\.1 
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mA 

mA 

mA 

V 

mA 

V 

V 

maontsion omlation between devices and provide normal transistor 
action. To avood undesired coupling between devices, the substrate 
terminal 151 should be meintioned at either du or signal lac) ground. 
A Suitable 1113.1asS capacitor can be used to establosh a sognal ground. 

TYPICAL STATIC CHARACTERISTICS 

1 

e 
TRumsTOR COLLECTOR -TO- DIME. VOLTS IV«) 

E.' 011 

ID °, 

ID 

—woo 

orG 
oo 

1 os 1 
04 

03 
01 
TRAP.515,01/ COL ELL. o. CAO. riéna,a101101010cer 10,1 

•tCS-1114•0 

Fig. 3 - VUE vs lc and V01.'5 101 

Features.' 

• 6 independent devices plus separate substrate connection 

• Compensating temperature coefficients -VBE and VD.1 

VS. Vz 

Transistors 

• Nigh I c (100mA max/ 
• Matched pair (01 & 021 

VIci en 5mV meti) 
at Ir .1mA 

110 . 2.5 pA max 

- 5 0V/'C typ 

• hpp 90 min @ lc • 10mA 
or 50mA 

• Low VCEsat . 07V max @ 50mA 

Zener Diodes 

• Two 1/4W Zeners 

• Vz « 7V n 10% 

• zz • Isç2 typ 

Diode 

• close forward voltage match to VBE's of 01 and 02 

• vgiv 5.5V min. 

Applications 

• Signal processing and switching systems operating from 
DC to VHF 

• Lamp and relay driver 
• Differential amplifier 

• Temperature-compensated amplifier 
• Thyristor firing 

• Temperature-compensated shunt regulator 

• Temperature-compensated series regulator 
• Level shifting 

• Voltage-level clarnping 

• Current regulator 
• 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. 

«Cs - 

Fig. I - Functional diagram of Me CA 3093E (bottom view) 
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Fig 4 - Vcgsat vs lc at 25°C 

 189 



CA3093E 
ELECTRICAL CHARACTERISTICS al TA = 25"C 

For Equipment Design 

CHARACTERISTICS 

TEST CONDITIONS LIMITS 

UNITS s•MHOL 
Min. Top. Mae. 

For Each Transistor 

Collector•toBase 

Breakdown Voltage 
',MAMBO lc = 1004A. IE • 0 

2° 60 - 
V 

Collector.to.Ernitter 

Breakdown Voltage 
VIBA/CE0 lc • 1 rnA. IE • 0 15 24 - V 

Collector•oSubstrete 

Breakdown Voltage 
VIBRICIO la • 101:Wt.'s • 5 

IE • 0 

20 60 - V 

Emittergerflase 

Breakdown Voltage 
VI BRIEBO IE • 500pA, lc - 0 5.5 65 - V 

Collector.Cutoff.Current 'CEO VCE • 10V, IE • 0 - 10 0A 

Collector.Cutoll.Curmnt lam vce . lov. 1E . O - - I AA 

DC Forward Current 
Transfer Ratio 

hF E VCE 3V lc 

IC • lOrnA 40 76 - 

• 50mA 40 75 

Forward Baseso.Emitter Voltage VEE V CE ' 3V. lc • IthriA oss 574 0.85 V 

Collectorto.Emitter 

S•110.11011 Voltage 
V CEsat lc • 50m/k. IE • 5rnA - 0.40 0.70 V 

Forward Baseto.Erngter 
Temp. Coefficient 

4 VBE/./.T le • 10mA rnV/°C 

For Transistors 01 and 02 (As a D.11 rentiel AmPlif.er) 

Absolute Input Offsre, Voltage IVici 

VCE • 3V. lc • lmA 

- 1.2 5 mV 

Absolute Input Offset Current 11 1,) - 0.7 2.5 sak 

Temp. Coefficient of Offset Voltage IAVED/AT I - - s pVeC 

For Each Zener Mode 

Zeno, Voltage Vz lz = lOrnA 6.3 7 7.7 V 

Zener Impedance 2, lz • 10m11. I .. 1 kHz - 15 25 Cl 

Zener Reverse Current 125 Vz • +5V - - 1 itA 

Zener Voltage Temp. Coefficient AVz/PT lz • lOrnA - 
i.e. 

03.6 
•.05 

- mvPc 

V.PC 

Zener.m.Substrate Breakdown 

Voltage 
V11551210 lz • 103s.A 

(Terminals 7 69) 

20 60 - V 

Dissipation Refer to Example in 

APPlication "a" 

mIN 

For Mode IDS/ 

Diode Forward Voltage V DF lc • 10mA. VCE • 3V 0.65 0.74 0.85 V 

Diode Forward Current 'OF - - so role 

Diode Reverse-Breakdown Voltage %awn lag • 50M(A 55 6.9 - V 

Diode-to-Substrate 

&meltdown Voilage 
V ISA/DUO 

IT'eirrnina; 110I A 

20 60 - V 

Diode Forwerd.Voltellh 
Temp. Coefficient 

OVEgrAT 'DF ' 3(h(h - -15 nsVrC 

a . 

i. 

COLLECEOR-TO.ENITTER VOLTi 
»MEN, TEIVERATURE IT 

1..,, 1 • r   
1• 5, 

• 

..-2 . 

ie 

.8 .. 

;. •• 

e 

es. 
COl CCTOR mot 11.01RE. .1,1 .0 

Fig. 8 - 101,3 cl ransi tors 01 and 02 as a 
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CA3093E 
TYPICAL APPLICATIONS 

4/ t 7V Regulator supplying CA3093E Transistors plus an external DI 14V Regulator fro 01, 02.03 
load. 

1)<M1 .16111 

Sample Computation for Determining Permissible Zener Dissipation 

at •25°C. 

CA3093E %tinge at TA • •25'C 

Total Diu. Me, - 750 maY ID @ 6 67 ,,,WPC above 25'C/ 
Each Zener Oise Met • 250 rnW 
May Zener Current • 35 mA 

Assume CA3093E Transistor/Diode Load Dissipation 350 rnW then 
mee. total Zener [Ns,. IPz i • Pz2) • 750- 350 • 400 n4,1 

400 rnW 
1,21 • 1221 'TM.57"‘". 

(Note Mee current feting on each Zen*, is 35 rnA) 

d/ Temp •Compensated Secos Voltage Regulator 

Typical Ternpareture Characteristic • EL • 12V 

e Lie L 
100 eceavc 

AT 

Typical Load ReguNtion @ EL • 12V 

IL -01040 me 

AEL 
• 100. r 0.4% Inc load to full load/ 

OW Or C•30173. eace-esse• 

TYPical Load Reguletion TYPiol Line Reguletion 
for IL • 0 to 25 rnA 

AEL/EL o 100. -6% 
(no load to full loedl 

IlsELIE L) • 100 

4E unreg. 0.9%/V 

Typical Tempereture Cherecteristic 

AEL/EL 
AT Jr 100 - .0.05%/"C 

Typical Line Regulation @E L 12V 

CAE L/ELI a 100 
• 0 45%/V 

AE unreg 

TVPiall 0L Ripple Voltege. 70 rnVp.p 

40L 
'Wheal Load Regulation • 100. -8.5% (no lob] to full loadl 

IL • Om 30 mrA 

14EL/ELI 0500 
TYPical Line Regulation • .075%/V 

AEA, 

cl 8.6V Temp -Compensated Shunt Reguletor 

Ca loess 

TYPrcal Temperature Cherreteristic O RL • 1330 

AEL/EL • 100. t 0.007%/"C 
AT 

Troicei Load Reguletim, IL • 0 to 40 mA 

IAEL/EL)o 100.-3% no loed to lull loadI 

Typical Line %Motion et R. • 3)30 
AELiEL 
,„E loa - 0.55%/V 

el Off-Line 7V Requiem 

or.• ,trie •teutetoe 

ere .1.0. 
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CA3094, CA3094A, CA3094B Types 

Programmable Power Switch/Amplifier 
For Control & General-Purpose Applications 

CA3094T,S,E: For Operation Up to 24 Volts 

CA3094AT,S,E: For Operation Up to 36 Volts 

CA3094BT,S: For Operation Up to 44 Volts 

The CA3094 is a differential-input power-
control switch/amplifier with auxiliary cir-
cuit features for ease of programmability. 
For example, an error or unbalance signal can 
be amplified by the CA3094 to provide an 
on-off signal or proportional-control output 
signal up to 100 mA. This signal is sufficient 
to directly drive high-current thyristors, re-
lays, dc loads, or power transistors. The 
CA3094 has the generic characteristics of the 
RCA-CA3080 operational amplifier directly 
coupled to an integral Darlington power tran-
sistor capable of sinking or driving currents 
up to 100 mA. 

The gain of the differential input stage is 
proportional to the amplifier bias current 
(IABC), permitting programmable variation 
of the integrated circuit sensitivity with either 
digital and/or analog programming signals. 
For example, at an IABc of 100 µA, a one-

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE: 
Dual Supply   
Single Supply   

DC DIFFERENTIAL INPUT VOLTAGE 
(Terminals 2 and 3)   

DC COMMON-MODE INPUT VOLTAGE   

PEAK INPUT SIGNAL CURRENT 
(Terminals 2 and 3)   

PEAK AMPLIFIER BIAS CURRENT 
(Terminal 5)   

OUTPUT CURRENT: 
Peak   
Average   

DEVICE DISSIPATION: 
Up to TA = 550C, 

Without heat sink .......... 

With heat sink 
Above TA = 55°C: 

Without heat sink derate linearly 
With heat sink derate linearly 

THERMAL RESISTANCE 
(Junction to Air)   

AMBIENT TEMPERATURE RANGE: 
Operating   
Storage   

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 
from case for 10 s max.   300 

millivolt change at the input will change the 
output from 0 to 100 mA (typical). 

The CA3094 is intended for operation up to 
24 volts and is especially useful for timing 
circuits, in automotive equipment, and in 
other applications where operation up to 
24 volts is a primary design requirement 
(see Figs.28,29 and 30 in Applications Sec-
tion). The CA3094A and CA30946 are 
like the CA3094 but are intended for oper-
ation up to 36 and 44 volts, respectively 
(single or dual supply). 

These types are available in 8-lead TO-5 
style packages with standard leads ("T" 
suffix) and with dual-in-line formed leads 
"DI L-CAN" ("S" suffix). Type CA3094 is 
also available in an 8-lead dual-in-line plastic 
package "MINI-DIP" ("E" suffix), and in 
chip form ("H" suffix). 

CA3094 CA3094A CA309411 

± 12 V 18 V 122V 

24 V 36 V 44 V 

5* 

Terre. 4 4 Term. 2 & 3 Term. 7 

± 

2 

300 
100 

630 
1 6 

6 67 
167 

140 

55 to +125 
65 to .150 

• Exceechng this voltage ratina well not damage the device unless the peak Mae, nelll current Ir . 10 osi...e.d.d. 

192 

V 
v 

v 

mA 

mA 

mA 
mA 

mW 

rnWPC 
mW/0C 

°CM 

°C 
°C 

°C 

Features: 

• 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 (TH DI @ 0.6 W in 

class A operation — 1.4% typ. 

• High current-handling capability — 100 mA (avg.) 
300 mA (peak) 

• Sensitivity controlled by varying bias current 

• Output: "sink" or "drive" capability 

Applications: 

• Error-signal detector: temperature control 
with thermistor sensor; speed control for 
shunt wound dc motor 

• 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 follow) 

• Ramp-voltage generator • High-power 
comparator 

• Ground-fault interrupter (GFI) circuits 

FUNCTIONAL DIAGRAMS 

ETTER*, 
SREOUt NC T 
CO/SPENSSTIO 

DIFT TRENT'S 

sl't?;•- rut's 

TrICTINSL 
**puffer 
CONK N1ST IO 
OR INHIBIT 
INPUT 

GROuND V• 
OWL- SUPPLY 
ORERTITiON 

SINK Pull, 
E0t ,E110.1 

TAB 

GROUND . V• 

DOYTtl-Sel'IrN"  

DRIVE Doreur 
IENITTERI 

CURRENI [TzlelaWSIT1 
ISTROIN SUI 

NOTE PIN IS CONNECTED TO CASE 

GOIT ver* 
gm, 

TO-5 Style Package 

°rem-
1,, LOME, 

[RITOGRAINARD,1 'STROBE OR SGEll 

Plastic Package 



CA3094, CA3094A, CA3094B Types 

ELECTRICAL CHARACTERISTICS at TA = 25°C For Equipment Design 

CHARACTERISTIC 

TEST CONDITIONS LIMITS 

UNITS 

Single Supply V+ = 30 V 

Dual Supply V+ = 15 V. 

V— = 15 V 

IABC ' 100 PA 
Unless Otherwise 

Specified 

Min. Typ. Max. 

INPUT PARAMETERS 

Input Offset Voltage VIO 
TA = 250C 

TA = 0 to 700C — 

0.4 

— 

5 

7 

mV 

mV 

Input-Offset-Voltage Changel AVici I 

Change in VIO 

Between I ABC = 100 µA 

and 'ABC = 5 ilA 

— 1 8 mV 

Input Offset Current 110 
TA = 250C 

TA = 0 to 700C 

— 

— 

0.02 

— 

0.2 

0.3 

µA 

µA 

Input Bias Current II 
TA = 250C 

TA = 0 to 700C 

— 

— 

0.2 

— 

0.50 

0.70 

µA 

µA 

Device Dissipation PD lout = 0 8 10 12 mW 

Common-Mode Rejection Ratio CMRR 70 110 — dB 

Common-Mode Input— 
VICR 

Voltage Range 

High 27 28.8 — V 
V+ = 30 V 

Low 1.0 0.5 v 

V+ = 15 V 

V— = 15V 

+12 

—14 

+13.8 

—14.5 

— 

— 

V 

v 

Unity Gain-Bandwidth 

IC = 7.5 mA 

VCE ' 15 V 

IABC = 500 /1A . 

— 30 — MHz 

Open-Loop Bandwidth 
BW0L 

At —3 dB Point 

IC = 7.5 mA 

VcE = 15 V 

'ABC = 500 /1A 

4 kHz 

Total Harmonic Distortion 
THD 

(Class A Operation) 

PD = 220 mW 

PD = 600 mW 

— 

— 

0.4 

1.4 

— 

— 
% 

Amplifier Bias Voltage VABC 

(Terminal (No.5 to Terminal No.4) 
— 0.68 — v 

Input Offset Voltage AVio/AT 

Temperature Coefficient 
4 — µV/0C 

Power-Supply Rejection AVRVAN./ — 15 150 µV/V 

1/F Noise Voltage EN 
f = 10 Hz 

IABC = 50 PA 
— 18 — 

1/F Noise Current IN 
f = 10 Hz 

IABC = 50 MA 
— 1.8 — pA)gi 

Differential Input Resistance Rj 'ABC = 20 µA 0.50 1 — nin 

Differential Input Capacitance C1 
f = 1 MHz 

V+ = 30 V 
2.6 — pF 

tegâ! 
MPuTS 

AMPLIPIER 
MAS INPUT 

Um,/ 

EXTERNAL XIMOLIENC• 
COMPENSATION OR INHIBIT, ur 

'Ay NON-Mv 

2 3 SOURCE 

SINK 

OUTPUT 
MOO( 

OUTPUT 
TEAM 

MONTS 

AO 

92..20214 

Fig. I — Schematic diagram of CA 3094. 
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TYPICAL CHARACTERISTICS CURVES 
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Fig.2 — Input offset voltage vs. amplifier bias 
current IIABC, terminal No.5). 
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Fig.3 — Input offset current vs. amplifier bias 
current (1,48C, terminal No.5). 

 193 



CA3094, CA3094A, CA3094B Types 

ELECTRICAL CHARACTERISTICS at TA = 25°C For Equipment Design 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 

Single Supply V+ = 30 V 

Dual Supply V+ = 15 V, 

V— = 15 V 

IABC ' 100 PA 
Unless Otherwise 

Specified 

Min. Fa). Max. UNITS 

OUTPUT PARAMETERS (Differential Input Voltage = 1V) 

Peak Output Voltage: 

(Terminal No. 61 
With 013 "ON" V+OM 

With 013 "OFF" V—OM 

V+ = 30 V 

RL = 2 kS2 to ground 26 27 

0.01 

— 

0.05 

V 

V 

Peak Output Voltage: 

(Terminal No. 61 

Positive V+OM 

Negative V—OM 

V+ =I-15 V, V- -15 V 

RL = 2 k0 to —15 V +11 

— 

+12 

—14.99 

0.5 

— 

—14.95 

V 

V 

Peak Output Voltage: 
(Terminal No. 81 

With 013 "ON" V+OM 

With 013 "OFF" V—OM 

V' = 30 V 

RL = 2 kSt to 30 V 
29.95 

— 

29.99 

0.040 

V 

V 

Peak Output Voltage: 
(Terminal No. 81 

Positive V+OM 

Negative V—OM 

V+ = 15 V, V- = — 15V 

RL = 2 kS2 to + 15 V +14.95 +14.99 

14.96 — 

V 

V 

Collector-to-Emitter 

Saturation Voltage 
(Terminal No. 8) VCE(sal) 

V+ = 30 V 

lc = 50 mA 

Terminal No.6 grounded 
0.17 0.80 V 

Output Leakage Current 

(Terminal No. 6 to 

Terminal No. 4) 

V+ = 30 V 2 10 PA 

Composite Small-Signal 

Current Transfer Ratio (Beta) 

lay and 0 13) hfe 

V+ = 30 V 

VcE = 5 V 

lc = 50 mA 

16,000 100,000 — 

Output Capacitance: 

Terminal No, 6 CO 

Terminal No. 8 

f = 1 MHz 

All Remaining 

Terminals Tied to 

Terminal No. 4 

5 5 

17 

pF 

PF 

TRANSFER PARAMETERS 

Voltage Gain A 

V + = 30 V 
IABC z 100 PA 

/Wow = 20 V 

RI_ = 21(12 

20,000 

86 

100,000 

100 

— V/V 

dB 

Forward Transconductance 
To Terminal No. 1 4m 

1650 2200 2750 pmhos 

Slew Rate: 

Open Loop: 

Positive Slope 

Negative Slope 

IABC' 500 PA 
RL = 2 1(0 

500 

50 

V/ps 

V/ps 

Unity Gain 

(Non-Inverting, 

Compensated) 

IABC = 500 PA 
RL = 2 1(12 

0.7 — V/ps 

194 

TYPICAL CHARACTERISTICS CURVES 

(Cont'cl) 
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ream 
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0 OA• 10 100 aoo 

AMPLIFIER BIAS MICROAMPERES i ,T.,/ 
92CS-20414 

Fig.4 — lnpu bias current vs. amplifier bias 
current ('ABC, terminal No.5). 
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Fig.5 — Device dissipation vs. amplifier bias 
current ('ABC. terminal No.5). 
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Fig.6 — Amplifier supply current vs. amplifier 
bias current ('ABC. terminal No.5). 
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CA3094, CA3094A, CA3094B Types 

SUPPLY VOLTAGE 16, 1.415 V. 
SOURCE RESISTANCE lIes1•00 
LIASSENT TEMPERATURE IT.1•ZS•C 
ft. TEST CIRCA/. SEE FIG 2. 

4 0,0 
RusANCT 1-A3 

FREOutree I, 1-•.3 
43.63 303ea 

Fig.8 - I/F Noise voltage vs. frequency. 
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TER VOLTAGE ME) 80v 

ITAP2544 

i 

• 10 03 COO 

COLLECTOR MILLIAMPERES I c1-0A 

TSCS-200 

Fig. 71 - Composite dc beta vs. collector current 
of Darlington-connected output tran-
sistors (012, 073). 
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AMPLIFIER RIAS CURRENT liouo1-511 

Fig. 74 - Slew rate vs amplifier bias current. 

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 tran-
sistor 013 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 be-
tween terminal No.6 and terminal No.4 or 
ground. In circuit applications where the 
emitter of the output transistor is not con-
nected to the most negative potential in 
the system, it is recommended that a 100-
ohm current-limiting resistor be inserted be-
tween terminal No.7 and the V+ supply. 

40 - 

SUM VOLTAGE IV•1•4610.1V-1.-1Sv 
SOLACE RESISTANCE 1141.1.11 
AsialE T TEIOPERATLAI 1TAODS•C 
FOR VEST CUICIAIT. SEE eID RI 

oafs roste 

Fig.9 - I/F Noise current vs. frequency. 
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OE» Nat. 6 TO 5, -1 
MM. TEMPERATURE 17.1. 25°C 
• AIR TEST ORCLALSEE FIG 22 

o 

e e IO .0. 
PREMIERE, 111-oz 

92C5 :ovv. 

Fig. 12 - Open-loop voltage gain vs. frequency. 
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F 9.15 - Slew rate vs closed-loop voltage gain. 

TEST CIRCUITS 

I/F Noise Measurement Circuit 

When using the CA3094, A, or B audio amp-
lifier circuits, it is frequently necessary to 
consider the noise performance of the de-
vice. Noise measurements are made in the 
circuit shown in Fig.21. This circuit is a 
30-dB, non-inverting amplifier with emitter-
follower output and phase compensation 
from terminal No.2 to ground. Source re-
sistors (Rs) are set to o.n or 1 Ann 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 1-Hz measurement bandwidth. Typi-
cal values for 1/f noise at 10 Hz and 50 µA 
'ABC are En = 18 nV yin and IN = 1.8 
pA/iFir 

COLLECTOR CURRENT (Isle,. 
excs•rosoo 

Fig.10 - Collector-emitter saturation voltage 
vs. collector current of output tran-
sistor 073 

SuIALT vOLTS.V• 41A.v-• IN 

-55•C 

 25 f 

• 135•C 

• 4 
O .10 00 1000 

A.1. FIER A. reARALeePER S 1 

Fig. 13 - Forward transconductance vs 
amplifier bias current. 
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2 •  
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Fig.16 - Phase compensation capacitance and 
resistance vs closed-loop voltage gam. 
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Fig. 17 - Input offset voltage and power-supply 
rejection test circuit. 
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CA3094, CA3094A, CA3094B Types 

3V 

PDISS!PAT(0..1+'flhl 

OFFSET CURRENT los • 4' 
. 0 . 

Fig. 18 — Input offset current test circuit. 

1,22 
,• ECERIRIOI 

SO 
SOO 

50 

500 

OUTPUT 1 ROSI 

Fig.21 — I/F noise test circuit. 

viCs•20.403 

Fig.24 — Slew rate vs. non-inverting unity gain 
test circuit. 

TYPICAL APPLICATIONS 

For Additional Application Information, re-
fer to Application Note ICAN-6048 Some 
Applications of a Programmable Power/ 
Switch Amplifier IC". 

Design Considerations 
The selection of the optimum amplifier bias 
current lIABC1 depends on — 
I. The Desired Sensitivity — the higher the 

TEST CIRCUITS (Cont'ci) 

•3Ov 

Fig. 19 Input bias current test circuit. 

••• 

SA. SOO 

56OR 30 

3E.N 

INCA •20.0, 

Fig.22 — Open-loop gain vs frequency test circuit. 

11.15v 

CLOSED 
LOOP 
GAIN 
da Ta 

R2 

Ka 

Ms 

Ra 

o 

20 l0 60 

01 

Fig.25 — Phase compensation test circuit. 

'ABC, the higher the sensitivity — i.e., a 
greater-drive current capability at the out-
put for a specific voltage change at 
the input. 

2. Required Input Resistance — the lower 
the 'ABC, the higher the input resistance. 

If the desired sensitivity and requred input 
resistance are not known and are to be ex-
perimentally determined, or the anticipated 

100a 26 I 

ICSOUT -( 10u11 
INPUT VOLTAGE RANGE FOR OMNI TO 27v 

COAS Id5I.20I.OG I 

e2C3-103.• 

Fig.20 — Common-mode range and rejection ratio 
test circuit. 

:nn 

V2C1•20.02 
•I3V 

Fig.23 — Open-loop slew rate vs 1,:igc test circuit. 

COMMON 

C, 

0, • 1.4514 

R, • 0.51 Ma. 3 MIN 

R2. 5.1 REL•30 RUN 

IT • 2 2 mil, 2 HRS 

Re 44 •111.4 MRS 

Ry • 1.5 RE1 

R6. 50 ITE1 

. 3.1 REE 

Gir 1.5(0 

* POTENTIOMETER REQUIRED FOR INITIAL TIME SET 
TO PERMIT DEVICE INTERCONNECTING TIME VARIATION 
WITH TEMPERATURE < 0.3 %/ • C. 

12+5 .2000542 

s. 
0 

0 o 

29v 

27v 

TIME. I MR 
52 SET TO R4 

Fig.26 — Presettable analog timer. 

equipment design is sufficiently flexible to 
tolerate a wide range of these parameters, it 
is recommended that the equipment designer 
begin his calculations with an IABc of 100 
µA, 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. 
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CA3094, CA3094A, CA3094B Types 

WHERE • TI.-1 1 DEPENDS ON THE 
E IN 2, 

CHARACTERISTICS OF Z, AND Z, 

(AI 

TYPICAL APPLICATIONS (Confd) 

IN A NON -INYERTINu MODE 
AS A FOLLOWER 

WHERE E ouT • EON 

W IN SINGLE- ENDED OUTPUT OPERATION,THE CA3094 
MAY REQUIRE A PULL UP OR PULL DOWN RESISTOR 

WOO-201MR, 

Fig 27 — Application of the CA3094: (alas an inverting op-amp, and 
(b) in a non-inverting mode, as a follower. 

2,3y • 

0  
VOLTAGE A 

o 
VOLTAGE AT TERMINAL 
No 8 

TIME DELAY (SECONDSI• RC APPRCOI 

Problem: To calculate the maximum value of R 
required to switch a 100-mA output current 
comparator 

Given: 'ABC = 5 AA, RABC = 3.6 Mfl18 V  
5 µA 

PULL UP II = 500 nA@IABc = 100 µA ¡from Fig.4) 
li = 5 µA can be determined by drawing a line on 
Fig.4 through 'ABC = 100 µA and 16+ 500 nA 
parallel to the typical TA = 25°C curve. 

Then: = 33 nA @ IABc = 5 µA 

18-12 volts 
Rmax - 180 Mn @ TAx25°C 33nA 
Rmax = 180 Mn O 2/3 ° = 120 M'2@ 

TA = —55°C 

Ratio of I at TA = +25°C to l ) at TA = —55°C 
for any given value of IA66. 

Fig.28 — RC timer. 

On a negative-going transient at input (Al, a 

negative pulse at C will turn "on" the CA3094. 
and the output (El will go from a low to a high 
level. 

At the end of the time constant determined by C1, 
Rt, R2, R3, the CA3094 will return to the "off" 
state and the output will be pulled low by 

RLoAD. This condition will be independent of 
the interval when input A ieturns to a high level. 

Fig.29 — RC timer triggered by external negative pulse. 

COMSiedi aC•120 

• TRAXIMRN PULSE WIDTH m0.11 

C I DUPONT DE NEmOuRS 

Fig.30 — Free-running pulse generator. 

Fig.31 — Current or voltage-controlled oscillator. 

12C5 2040. 

Fig.32 — Single-supply astable multi vibrator. 

Fig.33 — Dual-supply astable multivibrator. 
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CA3094, CA3094A, CA3094B Types 

TYPICAL APPLICATIONS (Coned) 

112C» 2027092 

• V • IMP.T 

.0 913 

UPPEN TIIRESICSO 

te lke.e>e \r '.1 

LONER TNRE Sm.,. 

[ V ((1 .1))..., 

e  R. ,:••••,,, 
100 AR 

0 0036 

(a) DUAL SUPPLY b) SINGLE SUPPLY 

Fig.34 — Comparators (threshold detectors) —dual-
and single-supply types. 

9v , iNPUT RANGE.. TO 30 V 

FOR 0 V OUTPUT 

• •V INPUT RANGE • -16 TO-30 V 

FOR•13 12 OuTOuT 

Fig.35 — Temperature controller. 
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In<nliECTE0 FOR 3 a e PONT Al 

REG 
3 4. 12 2C •• PASS S IT/N. NO 1NP. SiGNAL 7002• 

puTOuT • OFFSET AOF acCLuCc“ R•Fss iNAL 10.1.0 1 AT • 36 vOLTS 

0 00 

PS 

OUT Poi 

92CS TOSS. 

E 02. 

een 

REGUL AT ON 

MAX LINE A V0L, 
  •100 0075%29 

[V0L, IINIT.M.1 A DIN 

MAX LOAD • A Sp, 
  .0 0073* 90, 
V0o• C iNi TIAL 1 

I IL PROM I TO 30 enA1 

9229 - 20562 

Fig.36 — Dual-voltage tracking regulator. 

\ GROUND FAULT 

vT'iLes'a vivecI" 

‘TILFIUM'ALV3.1 rAV 
1ADJUSTAllur *Cm 
Fc TON. 

— 

Fig.37 — Ground fault interrupter (GFI) and 
waveform pertinent to ground fault 
detector. 
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CA3094, CA3094A, CA3094B Types 

TREISE 
0 q "BOOST" 'cur 001 

Keel > 020 

11100a 
tWA/V,..-• 

K 1 
0004s 

0001sT 

INPUT C 

De 

25 1002.e 

e 100 co un 
ICV0 cee s feed. JUNIPER 

TYPICAL PERFORMANCE DATA 
For 12-W Audio Amplifier Circuit 

c2 
047 eT 

Power Output let load. Tone Control set at "Flat"/ 

Music lal 5% THO, regulated supply) 15 

Continuous lot 0.2% IMO. 60 RP 6 2 OM Tosed on a 4 1 repo, 
unregulated 2060191 See Fell In ICAN.6048, 12 

Total Harrnonic Orstomoon 

Al 1 W. unregulated 1.1001V 0 05 

At 12 W. unregulated suPP4 057 *1 

08 Voltage Own  40 

Hum and Noose 1Below conunuous Power Output I 83 dB 

Input Rewstance   250 la 3! 

Tone Control Range See Fig 9 In ICAN 6048 

Fig.38 — 12-watt amplifier circuit featuring true complementary-symmetry 
output stage with CA3094 in driver stage. 

0 -Os 155391 

12011 

STANCOR 
NO A-8609 
OR COMMENT 

Oe AC TO 26 IISCT Al III 

• penorm. TNCTISIAL 
COMPENSATION NETWOR3 

ea 

185331 

FOR STANDARD INPUT SNORT Ce. R, .250 RD 
C. .0041,,f. REMOVE Re 

TOR CERAMIC CATITTODGE INPUT C,•000•7si 

e1.2 500.REMOOE JUMPER FROM Ce, LEAVE Re 

..C•1 POW, 
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CA3095 E 

Super-Beta Transistor Array 
Differential Cascode Amplifier Plus 3 Independent Transistors 

RCA-CA3095E is a monolithic array of transistors con 

nested as a super-beta differential cascade amplifier with 

three independent n-p-n transistors. (Refer to Fig. 1 for 

following description.) 

The differential cascade amplifier incorporates two cascade 

amplifiers consisting of transistors 01, 03 and 02, 04, 

respectively, plus a voltage-limiting circuit, consisting of 

diodes D1. D2 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 pA to 2 ',IA. Each of these 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 for bibs considerations of the differential 

cascade amplifier. 

MAXIMUM RATINGS, Absolute Worm.," Values Tr T • 25 °C 

Power Dissipation: 
Any One Transistor   300 rrig4 
Total Packege-

Up to 25 °C   750 mg/ 
Above 25 °C  derme linearly 6.67 mWPC 

Ambient Temperature Range: 
Operating   -55 to +125 
Storage -55 to +150 

Lead Temperature 113uriny Soldering': 
At distance not less than 1/32- 10.79 mad 
from case for 10 seconds max  +265 

Voltage and Current Ratings Apply for Each 
Specified Transistor. 

Super-Beta Transistors (01, 021-
Collector-to-Bwe Voltage (Vas&  6 
Emitter-to-Base Voltage IVE60)   6 
Collector-to-Subs Voltage (Vcio)• .. 45 
Collector Current (lc)   so 
Base Current Ile   20 

STATIC CHARACTERISTICS 

Characteristics Symbol 

Teel Corelition Limits 

Urns TA . 25 °C 
Min. Typ. Max. 

Characteristics Apply for Each Super-Beta Cascade Amplifier Transistor 
Pair lot 03) end (02, 041, Unless Indicated Otherwise 

Collector-to-Base Breakdown Voltage V(BR IC80 lc = 10 riA. IE - 0 See Note I 6 V 

Emitter-to-Base Breakdown Voltage 
'Applies only to 01 & 021 VieRIEBO 

Term. 9 to 8 or 
15 • 1000A. lc • 0 7... 7 .8 6 8 V 

Collector-to-Subs  Breakdown Voltage Viefflac, 'Cl • 100 trA. 16 . IE • 0 45 V 

Collector Cutoff Current ICE R 
V6-8 or VR2-8 • 10 V. III • 100 riA 

RBE Y 100 NISZ 
100 IA 

DC Forward-Current Trensler Ratio hF E 

V10_8 • 5 V 
or 

V6-8 • 5 V 

lc . 1 mA 1500 

lc • 100 pA 1000 2000 5000 

1500 

Base-to-Emitter Voltage 
(Applies only to 01 & 02/ 

Vim lc • 100 trA. Vg_g or V 0_8 • 5 V 0.50 0.59 0.68 V 

Saturation Voltage V,, 
Igor lip • 1 mA.111. 100pA. 
17 or lg. 100mA - 022 0.7 V 

For Cascade Amplifiers as • Differential Ma ched Pair 

Magnitude of Input-Offset Voltage 110l lc = 1000A - I 5 mV 

Magnitude of Input-Offset Current 11101 4 20 nA 

Magnitude of Input-Offset Voltage Drift 
(Temp. Coef 1.1 

ItiViCil 

33 riV/ C C 

Magnitude of Input-Offset Current Drift 

(Temp. Coef LI 

lâticil 

AT 0.05 nAPC 

cC 
cC 

0c 

V 
V 
V 

mA 
mA 

The exceptionally high-beta characteristics of 01 and 02, 

plus the large signal-voltage swing capability of 03 and 04, 

make the composite differential cascade 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 08, are high-voltage 

silicon n-p-n conventional types for general use in signal 

processing systems in the frequency range from de through 

vhf. Separate terminals for each of these transistors permit 

maximum flexibility in circuit design. 

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 

Conventional N-P-N Transistors (03, 04, 06, 
07, 081-

Collector-to-Base Voltage (Vc601   
Collector-tpErnitter Voltage (Vcgol 
Emitter-to-Base Voltage (VE60/   

Collector-to-Substrate Voltage Mace   
Collector Current (1c)   
Base Current (le   

Conventional P-N-P Transistor (051-

Collector-to-Base Voltage Iticgo)   

Collector-to-Emitter Voltage (VcEcil 
Limiting Circuit Current flpin 11/   

as 
36 
6 
45 
50 
20 

45 
-35 
20 

V 
V 
V 
V 

nsA 
mA 

V 
V 

mA 

• The collector of each transistor is isolated from the substrate by 
en integral diode. The subs  must be connected to a voltage 
which is more negative than any collector voltage in order to 
maintain isolation between transistors and provide norrnel transistor 

action. To avoid undesired coupling between transistors. the 
substrate terminal should be maintained et either dc or heal lac) 
ground. A suitable bypass capacitor can be used to establish e sign•I 
ground. 

Note 1 Terminal No. 9 to terminals 10 and If connected o terminal No. 7 to terminals 6 and 11 connected. 

Features 

• Two super-beta n-pn transistors - hpE > 1000 

• Voltage-limiting circuitry (D1, 02, 051 

• Operation possible at I tEt down to < 1 nA 

• Matched pair (01 and 02) - 

Vict = 5 mV max, at lc • 100 pA dc 

11c) 20 nA max, at lc 100 siA de 

• Wide current range - < 1 roA to 2 mA 

Independent Transistors: 

• 116E . 300 typ. for each transistor 

• Wide current range - < 11.1A to 10 mA 

• Matched general-purpose transistors 

• High voltage - Vcg0 = 45 V max. 

Applications 

Differential Cascade Amplifier: 

• Super-beta pre-amplifier for op-amp 

• High-impedance dc meter amplifier 

• Low-noise video amplifier 

• Pretoelectric transducer amplifier 

• Long-intenral timer 

• Long-duration one-shot multivibrator 

• Comparator with high-input impedance 

• Long-time-constant integrator 

• Photocell amplifier 

• Low-noise amplifier-for operation from high-source 

impedances 
Independent Transistors: 

• General use in signal processing systems in dc through vhf range 

Fig. I- Functional doyen. 

VAS RATE 

so" egetwar "t 
InC3-

Test Circuits for Measurement of Super-Beta 

Cascade Amplifier Characteristics 

• SEE FIG 27 92C$ 

Fig.2- VaR)C80 mar Ctreuit 

V • -3V 

9. se 

• Me Ins 27 
MCI-10332 

Fig.3-IcE, test circuit 
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CA3095E 
STATIC CHARACTERISTICS (Cont'd) 

Charactenstics Symbol 

Test Cohdilloos Limas 

Undo TA • 25 '›C 
Min. Typ. Max. 

For 5a4hConyenhonal Hon Transestor 103. 04. 06, 07. 08) 

C011ector•to-Base Breakdown Voltage VIBRICB0 'C ' 10 PA. IE • 0 45 95 V 

Collectorio-Emitter Breakdown Voltage %RICE° IC = 1 .A.18 • 0 35 50 - V 

Emitter-to-Base Breakdown Voltage \NBA)EB0 IE • 100 kA. IC • 0 6 8 - V 

Collectorzo-Substrate Breakdown Voltage VIBRICIO ICI = 100 PA. IB = IE • 0 45 95 - V 

Collector Cutoff Curren, 'CEO VcE • 10 V.I8 • 0 - 100 nA 

Collector Cutolf Current 'coo vcB = 10 v. 15 = o — 10 nA 

DC Forward-Current Transfer Rat. Ope VcE • 5 V 

lc • 10 rnA - 210 

lc • 1 mA 150 300 500 

lc . 10).A - 180 

Bam-to-E miller V011age VBE IC . I rnA. VcE • 6 V 060 0.69 078 V 

Collector•to-E nutter Saturation Voltage VCE (sat I ic • 10 mis. IB • 1 rnA - 022 0.7 V 

Dynamic Charameresucs 

CharacIerisocs Symbol 

Ten Cohoiltiom Léalits 

Unots TA . 25°C 
Min TVP. M.. 

Charecterostics Apply for Each Super Beta Cascode Amplifier Transistor 
Pair 101. 031, Unless Indicated Otherwise 

Ga.-Bandwidth Product 1.i. 'C ' 'OOP& V6-8 • V10-5 . 5 V, 78 MHz 

Noise Voltage (F1 eeeee ed to Input) 
For Ditferential Amplifier Operation 

EN lc • 50 kik. f • 10 Hz 13 - nV/ jTlz 

Noise Current (Referred to Input I 
Fur Differential Amplifier Operation 

IN lc • 5 iiA. f . 10 Hz 012 PA/ Ji 
Collector-to-Base Capacitance CCB V6_7 . V10-9 . 5 V. 15• 0 0.3 OF 
Collector -to-Subs eeeee Capacitance CCIO VB_B • V10-5 . 5 V.115 • 0 30 - AF 

For Each Conyentmnal Transistor (03 through 081 

Gain-Bandwidth Product IT 
IC • 1000A, VcE • 5 V - 100 

MHz 
lc • 3 rnA. VcE . 5 V 320 

Noise Voltage IR eeeeee d to Inpsal EN lc • 100 pA. VcE • 5 V. I • 10 Hz 5 nV/ /TIC 
No.,. Current IRelerred to Input) IN lc . 10 ii/k. VcE . 5 V, f • 10 Hz - 0.8 pA/ II 

Collector -to-Base Capacitance CCB VCB • 5 V. IE • 0 pF 

Collector-to-Substrate Capacitance Ccic. Vci • 5 V. le • 0 2 - pF 

urye plotted for10EO characte(istic. 

A 
200P 

PIN 4. TO -PIN I VOLTAGE IV .01•50 
PIN 10-TO PIN • VOLTAGE V. 
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Operating Considerations 

Operation Considerations for the Super-Beta Differential 
C.stscode Amplifier 

An internal voltage-limiting network (diodes 01. 02 and 

p.n.p transistor 05) incorporated in the differential cas-
code amplif ier, assures that the applied collector.to.ernitter 

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 8. This 

arrangement provides superior common-mode and power-

supply rejection. As a general rule-of.thumb, the current 

supplied into Pin 11 should be approximately 0.04 to 0.1 

times the value of the quiescent current of Pin 8. 

TYPICAL APPLICATIONS 

•••• VOLTAGE— v 

Fe27-8iat arrangement for opere en of the sopor-beta 

differential escode amphky 
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Fig26-Collectorlo.substrate capacitance vs bias voltage 

for the COnventiOnal transistors. 

Pip. 28-Super-beta Op-Amp with diode drive networli. 
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CA3095E 

TYPICAL APPLICATIONS (Cont'd1 

1.0 

« r‘ .6 .4. 
107.. ire rew 

.6.•>•1•6130.101 

e ME F16 

Fig30-lirgh.purompeence. lotenorse omphlœr 

61.-10.6 
• YE te4 

Fig.19—Supepbeta Op.Amp with few., drove network. 
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Figg32—Loard.y monosuel• multivibrator circuit 
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Fig34-C430950 wideband amplifier. 
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CA3096, CA3096A, CA3096C 

N-P-N/P-N-P Transistor-Array 
Five-Independent Transistors: Three n-p-n and Two p-n-p 

RCA-CA3096CE, CA3096E, and CA3096AE 

are general-purpose high-voltage silicon tran-

sistor 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 con-

nections for each transistor permit maximum 

flexibility in circuit design. 

Types CA3096AE, CA3096E, and CA3096CE 

are identical, except that the CA3096AE 

specifications include parameter matching 

and greater stringency in IcB0, 'CEO, and 
VcE(SAT). The CA3096CE is a relaxed 

version of the CA3096E. 

The CA3096CE, CA3096E, and CA3096AE 

are supplied in 16-lead dual-in-line plastic 

packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
EACH EACH 

N-P-N P-N-P 

COLLECTOR-TO-EMITTER VOLTAGE, VcE o: 

CA3096AE, CA3096E   

CA3096CE   

COLLECTOR-TO-BASE VOLTAGE, Vc Bo: 

CA3096AE, CA3096E   45 

CA3096CE   30 

COLLECTOR-TO-SUBSTRATE VOLTAGE, Vc 10 

CA3096AE, CA3096E   45 

CA3096CE   30 

EMITTER-TO-SUBSTRATE VOLTAGE, VE io: 

CA3096AE, CA3096E   

CA3096CE   

EMITTER-TO-BASE VOLTAGE, VE80: 

CA3096E, CA3096E   

CA3096CE   

COLLECTOR CURRENT, lc All Types) 

POWER DISSIPATION, Po : 

Up to TA = 55°C: 

Device (Total)   

Each Transistor   

Above TA  = 5ec derate linearly at   

AMBIENT-TEMPERATURE RANGE, TA : 

Operating  

Storage   

LEAD TEMPERATURE (DURING SOLDERING). 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mml 

from case for 10 s max. 
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200 
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-24 
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-10 

V 

V 

mA 

mW 
mW 

mW/°C 

-55 to +125°C 

-65 to +150°C 

265°C 

104:  

1 
1 09 
75 
11 • 
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e, *--.._ 
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-100 - -50 -25 0 25 SO 75 100 
TEMPE 003U 3t_ 

WS-M.0 
Fig. 2 - Collector cut-off current (I CEO) as a 

function of temperature (n-p-n). 

.4pplications: 

• Differential Amplifiers 

• DC Amplifiers 

• Sense Amplifiers 

• Level Shifters 

• Timers 

• Lamp and Relay Drivers 

• Thyristor Firing Circuits 

• Temperature-Compensated Amplifiers 

• Operational Amplifiers 

SUBSTRATE 

9255-20308 

Schematic Diagram 

CA3096AE, CA3096E, CA3096CE 
ESSENTIAL DIFFERENCES 

CHARACTERISTIC CA3096AE CA3096E CA3096CE 

V(BRicE0 IV) 

Max 
35 35 24 

p.n.p -40 -40 -24 

%RIM (V) 

Max. 
45 45 30 

P-h-P -40 -40 -24 

hFE @ 1 .A 
150-500 150.500 100-670 

1,-n •I, 20-150 20-150 15-200 

hFE 0 ICe1MA 
P-h-P 40-200 46-200 30-300 

lato InAl 
n.p.n 

Max. 
40 100 100 

P-6-p —40 —100 —100 

'CEO (nA) 

Max. 
100 1000 1000 

ge.n.p —100 —1000 —1000 

VcEISATIDD 
Max. P-h-P 0.5 0.7 0.7 

WI& (mW) 

Max. 
5 — 

P-AP 5 - 

DV (pA) 
n-ren 

Max. 
06 _ 

P.AP 025 
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CA3096, CA3096A, CA3096C 
STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C 
For Equipment Design 

CHAR AC- 
TERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS CA3096AE CA3096E CA3096CE 

Min. Typ. Max. Min. Typ. Max Min. Typ. Max. 
For Each n p-n Transistor 

ICE10 VcB = 10 V, 

IE ' ° 

- 0.001 40 - 0.001 100 - 0.001 100 nA 

'CEO VcE = 10 V, 

I B = 0 

- 0.006 100 - 0.006 1 - 0.006 1 µA 

%RICE° lc= 1 mA, 

19 = 0 
35 50 35 50 - 24 35 - V 

VIBRICB0 lc - 10 µA, 

I E ' ° 

45 100 45 100 30 80 - V 

V(BR)CIO ICI ' 10PA, 

113 ' I E ' ° 

45 100 - 45 100 30 80 - V 

V(BR)EBO 1E = 10 µA, 

lc= 0 
6 8 6 8 - 6 8 - v 

vz Iz = loilA 6 7.9 9.8 6 7.9 9.8 6 7.9 9.8 V 

VCE(SAT) =  lc 10 mA. 
19 = 1 mA 

0.24 0.5 - 0.24 0.7 0.24 0.7 V 

VBE lc = 1 mA, 

VCE ' 5 V 

0.6 0.69 0-78 0.6 0.69 0.78 0.6 0.69 0.78 V 

hFE 150 390 500 150 390 500 100 390 670 

IAVBE/AT1 lc = 1 mA, 

VCE' 5 V 

- 1.9 1.9 - - 1.9 - mV/°C 

09 COLLECTOR TO EINTTER VOLTA6 I vcc1• SP 

oe 1 

1 
: oi. 

ià 

............"'.''' 

04 
s e • • • • • 

001 01 

COL ECTOR CURRENT ''c-' 
12C -20. 

Fig. 5 - V86 (n-p-n) as a function of collector 
current. 

40 20 20 40 60 PO .00 

TEMPERATURE - 1.0 MP es. 

Fig 6 - 1/86 (n-p-n) as a function of tempera-
ture. 
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Fig. 4 - Transistor (n-p-n) h FE as a function of 
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CA3096, CA3096A, CA3096C 

STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C (Coned) 
For Equipment Design 

CHARAC- 
TERISTIC 

TEST 
CONDITIONS 

LIMITS 

UNITS CA3096AE CA3096E CA3096CE 

Min. Typ. Max. Min. Typ. Max, Min. Typ. Max. 

For Each p-n-p Transistor 

IC130 VcB = -10 V. 

1E ' CI 

- -0.006 - 40 - -0.06 -100 - -0.06 -100 nA 

¡CEO VCE= -10V, 
IB = 0 

- -0.12 -100 - -0.12 - 1 - -0.12 - 1 µA 

V(BR)CEO lc = -100 µA, 

18 ' CI 

-40 -75 - -40 -75 - -24 -30 - V 

%RICE° lc = -10 µA, 
I E = 0 

-40 -80 - -40 -80 - -24 -60 - V 

VIBRIE80 I E = -10 µA, 

1C ' CI 

-40 -100 - -40 -100 - -24 -80 - V 

VIBRIE10 1E1 ' 10 µA, 
18 = lc = 0 

-40 -100 - -40 -100 - -24 -80 - V 

VCEISAT) lc = -1mA, 
18 = 

- -0.16 -0.4 - -0.16 -0.4 - -0.16 -0.4 V 

VBE lc = -1004A. 

VCE = -5 V 

-0.5 -0.6 -0.7 -0.5 -0.6 -0.7 -0.5 -0.6 -0.7 V 

hF E 

lc = -100 µA, 

VCE ' -5 V 

40 85 200 40 85 200 30 85 300 

lc = -1 mA, 

VCE = -5 V 

20 47 150 20 47 150 15 47 200 

ILWBE/ATI lc = -100 µA, 

VCE ' -5 V 

- 2.2 - - 2.2 - - 2.2 - mV/°C 

STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C (CA3096AE Only) 
For Equipment Design 

CHARACTERISTIC 
TEST 

CONDITIONS 

LIMITS 

UNITS CA3096AE 

Min. Typ. Max. 

For Transistors Q1 and 02 (as a Differential Amplifier) 

Absolute Input Offset Voltage, IVIol 

VCE = 5 V, lc = 1 mA 

- 0.3 5 mV 

Absolute Input Offset Current, III& - 0.07 0.6 µA 

Absolute Input Offset Voltage 14%1 

- 1.1 - ;WPC Temperature Coefficient, AT 

For Transistors Q4 and 05 (As a Differential Amplifier) 

Absolute Input Offset Voltage, 1%1 

v •CE - -5 V, lc = -100µA 
= Rs 0 

- 0.15 5 mV 

Absolute Input Offset Current 11101 - 2 250 nA 

Absolute Input Offset Voltage lAVRDI 

- 0.54 - µV/°C Temperature Coefficient, AT 

.-50 .25 o 25 

TEIMIERATURE 

Fig. 8 - Collector cut•off current (IcEol as a 
function of temperature (p -n-p). 

C
O
L
L
E
C
T
O
R
 
C
U
T
-
O
f
f
 
C
U
R
R
E
N
T
 a
c.
..

—.
. 

-
 .. 
. 
-
 -8
 
- 

..
..
t 
- 
.
 -
 e' 

1 , 
I et• 

-50 -a 0 ZS SO T5 MO 

TEMPERATuRE--.5 

Fig. 9 - Collector cut-off current (1c80) as a 

function of temperature (p -n-pl. 

NO 
- 

1.  

" 

0 
C 
« so 
fi S. 

à .. e 
30 UI , 

à 

s° 

3 

q 
'  SO 

1 I 

I - 
o 

8 o 
001 10 

COLLECTOR CURRENT IX, )-m3 5550. 203,9 

Fig. 10 - Transistor (p-n-p) h FE as a function 
of collector current. 

o o 

COLLETOR-TO EMITTER VOLTAGE IvcEl SV 

-S° so s  TElPERNTURE- E' So so 
C3- 052 

Fig. 11 - Trans,stor (p-n -p h FE as a function 

of temperature. 

 207 



CA3096, CA3096A, CA3096C 
DYNAMIC 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

Typical Values Intended Only for Design Guidance 

CHARACTERISTICS TEST CONDITIONS 
TYPICAL 

VALUES 
UNITS 

For Each n-p-n Transistor 

Noise Figure (low frequency), NF 
= f 1 kHz, VcE = 5 V, 

IC = 1 mA, Rs = 1 kn 
2.2 dB 

Low-Frequency, Input Resistance, Ri f = 1.0 kHz, VcE = 5 V, 

lc = 1 mA 

10 IcS2 

Low-Frequency Output Resistance, 130 80 k1.2 

Admittance Characteristics: 

f = 1 MHz, VcE = 5 V, 
lc = 1mA 

7.5 mmho Forward Transfer Admittance, gfe 

Yfe bfe —j13 

gie 
Input Admittance, „. — 

'le bie 

2.2 

mmho j3.1 

goe 
Output Admittance, 

Y °e  —boe 

0.76 
mmho 

j2.4 

Gain-Bandwidth Product, fT VCE '5 V. IC ' 1.0mA 280 MHz 

VcE - 5 V, lc = 5mA 335 

Emitter-to-Base Capacitance, CEB VEB ' 3 V 0.75 pF 

Collector-to-Base Capacitance, CcB VcB = 3 V 0.46 pF 

Collector-to-Substrate Capacitance, Cci Vci = 3 V 3.2 pF 

For Each p-n-p Transistor 

Noise Figure (low frequency), NF 
f = 1 kHz, 
lc = 100 µA;Fts = 1 kS2 

3 dB 

Low-Frequency Input Resistance, Ri f= 1 kHz, VcE = 5 V, 

lc = 100 µA 

27 1(9 

Low-Frequency Output Resistance, F1, 680 Id2 

Gain-Bandwidth Product, fT VcE = 5 V, lc = 100 µA 6.8 MHz 

Emitter-to-Base Capacitance, CE B VEB ' —3 V 0.85 pF 

Collector-to-Base Capacitance, Cc g VCB ' —3 V 2.25 pF 

Base-to-Substrate Capacitance, CBI VBI = 3 V 3.05 pF 

6 • • 2 6 
001 0 I 

COLLECTOR CURRENT I lc I —46 „ cc 

Fig. 15 — Magnitude of input offset voltage 

IV 101 as a function of collector 
current for p-n-p transistor 04-05 
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Fig. 16 — Noise figure as a function of frequen-
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Fig. 13 — VBE (p-n-p) as a function of tempera-
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CA3096, CA3096A, CA3096C 

oos 2 • 6 .01 T • 65 2 4 650244 •Soo 

FREQuENCY111-.. 42C5•2032 

Fig. 18 — Noise as a funcbon of frequency for 

n-p-n transistors. 
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Fig. 24 — Forward transconductance as a 

function of frequency. 
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Fig. 19 — Noise figure as a function of frequen-

cy for n-p-n transistors. 
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Fig. 22 — Input resistance as a function of 
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Fig. 25 — Input admittance as a function of 

frequency. 
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Fig. 23 — Output resistance as a function of 

collector current. 

Fig. 26 — Output admittance as a function of 

frequency. 
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CA3096, CA3096A, CA3096C 
e 

COLLECTOR-TO-EMITTER VOLTAGE oko • 5V 

I 
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6 • Y • -4- - 

0 o 7 • 6 RiO 2 • 4 • 10 
COLLECTOR CuRRENT 11,1—mA 

112C3-205» 

Fig. 30 — Gain-bandwidth product as a function 

of collector current (P-n-PL 

Fig. 33 — Line-operated level switch using CA3096AE or CA 3096E. 

'.RC DELAY CHANGES 7% 
206 SUPPLY yOLYAGE CHANGE OF 5.0% 61 G ROS 

Fig. 35 — One-minute timer using CA3096AE 

and a MOS/FET. 
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Fig. 31 — Capacitance as a function of bias 

voltage 
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Fig. 32 — Frequency comparator using 
CA3096E. 
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Fig. 34 — Frequency comparator charac-

teristics. 
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Fig. 36 — CA3096AE small-signal zero-voltage detector having ncnse immunity. 
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Fig. 37 — Ten-second timer operated form 15-voit 

supply using CA3096E. 
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CA3096, CA3096A, CA3096C 

Features: 

1. Can be operated with either dual 

supply or single supply. 

2. Wide-input common-mode range 

+5 V to —5 V. 

3. Low bias current: <1 µA. 

Fig. 39 — Cascade of differential amplifiers using CA3096AE. 

(0102-0254) 

92C5- 22147 

CA3096CH 

3 3- 4 3 
(0094-0109) 

37-45 
(0940,143) 

Dimensions in parentheses are in millimeters and 
are derived lrom the basic inch dimensions as in-

dicated. Grid graduations are in mils (10-3 inch). 

37 45 
(0940 r 143) 

The photographs and dimensions represent a chip 

when it is part of the wafer. When the wafer is cut 

into chips, the cleavage angles are 57 instead of 
900 with respect to the face of the chip. Therefore, 

the isolated chip is actually 7 mils (0.17 mm) 

larger in both dimensions. 
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CA3097E 

Thyristor/Transistor Array 

For Military, Commercial, and Industrial Applications 

RCA-CA3097E Thyristor/Transistor 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 pc-p/n-p, transistor pair, a caner 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 +125.C. 

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

Includes: 

• Uncommitted n-p-n Transistor 

• Sensitise-Gate Silicon Controlled Rectifier 

• Programmable Unijunction Transistor (PUT) 

• pn.p/n.pn Transistor Pair 

• Zoner Diode 

• Separate Substrate Connection 

Isolation Voltage, any terminal to substrate'   

Dissipation, Total Package: 

Up to TA = 55°C 

Above TA = 55°C 

Ambient Temperature Range: 
Operating   

Storage   

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 (03,051 
The following ratings apply with terminals 6 & 9 connected together. 

Collector-to-Emitter Voltage (VcED)   

Collector-to-Base Voltage (VcB01   
Emitter-to-Base Voltage (VEBD)  

Collector Current (Ic)   

Base Current OB)   
Dissipation (PD)   

p.n.p Transistor (041 
The following ratings apply with terminals 7 & 8 connected together. 

Collector-to-Emitter Voltage (VcE0)   
Collector-to-Base Voltage (VcB0)   

Emitter-to-Base Voltage (VEgG)   

Collector Current 11D)  

Base Current (IB)   
Dissipation (PD)   

+50 V 

750 inW 

  delete linearly at 6.67 mW/°C 

-55 to +125°C 

-65 to +150°C 

+265 °C 

30 V 

50 V 

5 V 

100 mA 

20 mA 
500 rnW 

-40 V 

-50 V 
-40 V 

-10 mA 

-3 mA 

200 mW 

pri-p/n-p-n Transistor Pair (03,04) 

Dissipation (PD) Programmable Unijunction Transistor, PUT (01) 500 mW Gate-to-Cathode Positive Voltage (VG K)  30 V 

Gate-to-Cathode Negative Voltage IVGKR)  5 V 
Gate-to-Anode Negative Voltage (VGA)   

+.3300 VV Anode-to-Cathode Voltage (VAK)   
DC Anode Current   150 mA 

Peak Anode Non-Recurrent Forward (On-State) Current )10 us pulse)   2 A 
Total Average Dissipation   300 mW 

Silicon Controlled Rectifier, SCR (02)  

Repetitive Peak Reverse Voltage (VRRKm). RGK = 1 KO  30 V 
Repetitive Peak Off-State Voltage (VDR K m). RGK = 1 k0   30 V 

DC On-State Current IITDC)  150 mA 
Peak Surge (Non-Repetitive) On-State Current (10 gs pulse)   2 A 

Forward Peak Gate Current (IGFm)   
Peak Gate-to-Cathode Reverse Voltage (VGRm)  20 A 

5mv 

Total Average Dissipation   300 mW 
Zener Diode, (21)  

DC Current (1z)   25 mA 

Dissipation (PD)   250 mW 

• 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 dc or signal lac) ground. 

Features: 

• Complete isolation between elements 

• n-pn transistor - VcE0 = 30 V (min.) 

IC 100 mA (max.) 

• pn.p/n-p-n transistor pair - beta 

8000 (Wis.) @ lc 10 mA, individuel pn.p, n.p-n, 
or transistor pair operation 

• Programmable unijunction transistor 

(PUT) - peek-point current - 15 nA 
(typ.) at AG 1 MO: VAX n30 V 

• (PUT) Extremely long RC time constants 

with low velue of external capacitor 

• Sensitive-gate silicon controlled rectifier (SCR) - 

150 mA forward current (max.) 

• Zener.diode impedance (22) 15T) 

(typ.) at 10 mA 

Applications: 

• Timers 

• Light dimmers/motor controls 

• Oscillators 

• "One-shot- multisibretors 

• Voltage.regulaton 

• Comparators. Schmitt triggers 

• Constant-current sources 

• Amplifiers 

• Logic circuits 

• SCR triggering 

• Pul. Circuits 

TzcS,TPTS 

Fig I - &hemline dragam  of CA3097E. 

TYPICAL CHARACTERISTICS 

AMBIENT TEMPERATURE ITAMASTC 
PORCED-CURRENT TRANSFER RATKM1,11.1610 

ON-

ON - 

! I  
• 6 A. 

COLLECTOR CURRENT llol-rnA 

12C% • ,,01. 

9,0.2 - Hase-to.ernetter saturation voltage vs. collector Current for 
n.p n tranostors 03 & 05. 

COLLECTOR -TO. EMITTER  uoleuuctncci .sn 

MOMENT TEMPERATURE I T.I - C 

Fig3 - Bese-rolonerter voltage r. amber's temperature for n.p.n 
transistors 03 05. 

• 
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CA3097E 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
Ambient Temperature 

(TM= 215°C 
Unless Otherwise Specified 

FIG. 
No. 

LIMITS UNITS 

Min. Typ. Max. 

n-pn TRANSISTORS 03,05 (TERMINALS 6 and 9 CONNECTED) 

COLLECTOR CUTOFF CURRENT Ic80 Vc8 = 10 V, IE - 0 - - 1 p A 

COLLECTOR CUTOFF CURRENT IcEo VCE = 10 V.18 - 0 - - 10 mA 

COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE 

V/81)0CE0 lc = 1000A. 18 - 0 30 - - V 

COLLECTOR-TO-BASE 
BREAKDOWN VOLTAGE 

V/BsoCBO lc - 10014A, IE = 0 V 

COLLECTOR-TO-SUBSTRATE 
BREAKDOWN VOLTAGE 

V(BR)CIO Ici = 10001,18 - 0,1E = 0 50 - - V 

EMITTER-TO-BASE 
BREAKDOWN VOLTAGE 

V/8s0EBO IE = 1001,A. IC ' 0 5 7.5 10 V 

COLLECTOR-TO-EMITTER 
SATURATION VOLTAGE VCE(SAT) 

IÇ . 50mA, 18 - 5mA 
5 

- - 0.65 
V 

lc - 1011)&18 = 1 mA - 0.10 - 

BASE-TO-EMITTER 
SATURATION VOLTAGE 

VBE(SAT) lc • 10mA, le - lmA 2 - 0.76 - V 

BASE-TO-EMITTER 
VOLTAGE VBE VCE ' 3V- 1c = 10mA 3 0.65 0.73 0.85 V 

DC FORWARD-CURRENT 

TRANSFER RATIO 
hFE 

VCE = 3V, lc . 10mA 4 100 130 - 

VCE ' 3V- 1c - 513mA 80 120 

p-n-p TRANSISTOR 04 (TERMINALS 7 and 8 CONNECTED) 

COLLECTOR CUTOFF CURRENT lam Vc8=-10 V, IE = 0 - -1 pA 

COLLECTOR CUTOFF CURRENT lcEo VcE =-10 V, IB . 0 - - -10 pA 

COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE 

V(BR)CEO lc --100,uA, 18 = 0 -40 - - V 

COLLECTOR-TO-BASE 
BREAKDOWN VOLTAGE 

VmsoCE10 lc --100A. IE - 0 -50 - - V 

EMITTER-TO-SUBSTRATE 
BREAKDOWN VOLTAGE 

V/81:0E10 1E1 - 10pA, 1B = 0,1E f 0 -50 - - V 

EMITTER-TO-BASE 
BREAKDOWN VOLTAGE 

V(ER)E90 IE • -10pA, lc • 0 V 

COLLECTOR-TO-EMITTER 
SATURATION VOLTAGE VCE(SAT) lc A, IE . -100pA 6 - - -0 33 V 

BASE-TO-EMITTER 
SATURATION VOLTAGE VBE(SAT) lc .-1mA, 18 . -1005A- 7 - -0.7 - V 

BASE-TO-EMITTER 
VOLTAGE VBE VCE —3 V- 1c - -M O% 8 -0.5 -0.6 -0.7 V 

DC FORWARD-CURRENT 
TRANSFER RATIO hFE 

VCE ' - 3 V. IC ' -1/X/hA 
VCE • -3 V, lc - -I mA 

9 
30 

40 

60 

- - 

n-p-n/p-n-p TRANSISTOR PAIR 03,04 

DC FORWARD-CURRENT 

TRANSFER RATIO 
hFE 

VCE (n-1" )- 3V. 1c - 10mA 10 - 8000 - 

VCE (n-R-n) ' 3V. lc - 50mA 10 - 6500 - 

g 

ANSI 
DC FORWARD 

NT TEMPERATURE 
CURRENT 

ITLI 
TRANSFER 

25 C 
RATIO 4/1.10 

f 09 

§ 

1 j " 

elif 0, 

e 
l OA 

_97.. 

.s...............................„, 

002 02 2 20 

COLLECTOR CURRENT (I 1•N.O. 

12C5 - 2.10, 

Fig.7 — Base-to-ernitter saturant'', voltage to. collector 
current for p-n-p transistor 04. 

COLLECTOR TO-EMI ER VOL OBI (ltd 3V 
:TERMINALS TOO II CONNECTED TOSETNER 

50 5 0 25 50 75 100 IS 
OlARIEST TEMPERATURE I TL ,—•C 

SEC 5 • 2.504 

Fig8 — 8ase-to-ernotter voltage vs. ambient temperature for 
p-n.p transostor 04. 

TYPICAL CHARACTERISTICS (CONED) 

COLLECTOR-TO-DDT TER VOLTAGE Nt9IT 5 v 
TERMINALS MAGIE S CONNECTED TOGETNER 

6 r • 6 • 

COLLECTOR CURRENT ITO. 60. 

ens Eno. 

Fig. • - DC foreordeurrent reallliatt ratio vs. collector current 

for ppe Pentium 03 & 05. 
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FORCED-CURRENT TRANSFER RATIO Ile/19)6* 
TERMINALS 6 AND 9 CONNECTED TOGETHER 
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25•C 
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COLLECTOR CURRENT I Ic, 

'BUS 2.903 

Flg.5 - Collector-to-emitter saturation voltage n. collector 
for Opp transistors 03505 
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FORCED- CuRRENT 
TERMINALS ?AND • 

TRANSFER 
CONNECTED 

RATO Ik/I.InD 
TOGETHER 

T 

1 

...le 

i' 
In Ce' 

Os 

COLLECTOR CURRENT lid —NA 
IEC5 -2.104 

Fig.6 - Collector-to-emitter satur non voltage n. collector 

current for p-n-p IrOillitIor 04. 

COLLECTOR-TO-FOTTER VOLTAGE ric91 3 V 

TERMINALS 7 &NO • CONNECTED TOGETHER 

COLLECTOR CURRENT 11c,...• 
1.2C5 • 2.905 

Fog9 — OC forward-current transfer ratio vs. collector current 

ICI-POP transistor 04. 
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CA3097 E 

ELECTRICAL CHARACTERISTICS (Cont'd.) 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Ambient Temperature 

(TA) = 25°C 

Unless Otherwise Specified 

FIG. 

NO. 

LIMITS UNITS 

Min. Typ. Max. 

PROGRAMMABLE UNIJUNCTION TRANSISTOR PUT), 01 

OFFSET VOLTAGE VT• 
Vs = 10V, RG 10161 

11,22. 
0.2 - 0.7 

V 
Vs = 10V, RG = MD 0.2 - 0.7 

ANODE-TO-CATHODE 

ON-STATE VOLTAGE 
VF 

IF = 50mA 
12 

- 0.90 1.5 
V 

IF = 100mA - 1 - 

PEAK OUTPUT VOLTAGE Vom 
C = 0.220F 

Anode Supply Voltage . 20V 
13,23 - 10 - V 

PEAK-POINT CURRENT 1p 
Vs .- 10V, RG = 101,3-2 14,220 - Q56 1 

PA 
Vs = 10V, fiG = 110412 - - 0.015 0.15 

VALLEY-POINT CURRENT ly 
Vs • 10V, RG = 10kft 17.15 4 40 

pA 
Vs = 10V, RG = 1MS) 16 - - 25 

GATE REVERSE CURRENT /GAO Vs = 30V 220 - 0.02 - nA 

GATE REVERSE CURRENT IGKS Anode-To-Cathode Short, Vs, 
= 30V 

22d - 0.2 - nA 

OUTPUT PULSE RISE TIME I , 
Anode-Supply Voltage = 20V 
C = 0.22 rà F 

23 _ 60 _ ns 

SILICON CONTROLLED RECTIFIER (SCR), 02 

PEAK OFF-STATE CURRENT: 

FORWARD IDXM VoRK64 . 30V, RGK - let 24 - - 2 
jrA 

REVERSE /RXM VRRXM ' 3RV. RGK ' lint 24 - - 2 

FORWARD DC VOLTAGE DROP VT IT - 50 mA 18 - 0.90 1.5 V 

GATE-TO-SOURCE 

TRIGGER CURRENT 
/GS 

TA = 25°C 26 33 100 
PA 

TA = -55°C 26 - 50 - 

DC GATE-TRIGGER VOLTAGE VGT V1 = 10V, FtL= 1000 19 - 0.55 0.75 V 

HOLDING CURRENT /HO RGK ' Ikn 20.24 - 1.2 - mA 

CRITICAL RATE-OF-RISE 

OF OFF-STATE VOLTAGE 
dy/dt 

EXPONENTIAL RISE. 

RGK --r lle %pm = 30V 
25 - 150 - V/ps 

GATE-CONTROLLED 

TURN-ON TIME 
101 See Fig. 33 33 - 50 - no 

CIRCUIT-COMMUTATED 

TURN-OFF TIME 
t6 See Fig. 33 33 - 10 - bIS 

ZENER DIODE. 21 

ZENER VOLTAGE Vz 12 = 10mA 21 7.2 8 8.8 V 

ZENER IMPEDANCE Zz 12 . 10mA, I . 1kHz - 15 25 n 
ZENER VOLTAGE 

TEMPERATURE COEFFICIENT 

eVz/VzIAT I z = 10mA - +006 - 

AVz/AT - +4 - mV/0C 

ZENER-TO-SUBSTRATE 

BREAKDOWN VOLTAGE 
V(BR)ZIO 

lz = 100pA 

TERM. 5 TO SUBSTRATE 
50 80 

- 
- V 

• VT - Vp - Vs IF ig. 22) 

' CURVE IA/ AMBIENT TEMPERATURE 1%1 25•C 
EQUIVALENT GATE RESISTANCE lRIflOEA 

CURVE Mr EQUIVALENT GATE VOLTAGE %IMO V 

EQUIVALENT GATE RESISTANCE IRGI•Ktaft 

STCS-211113 

Fie13 - Peak output voltage es. anode supply arsine* for 
01 (PUT/. 

EQUIV4ENT GATE SOURCE VOLTAGE I V51-V 

-;5 -50 .25 0 25 50 75 100 
AMBIENT TEMPERATURE IT. - •C 92C5 22.53 

Fig - Pan-point current vk splenoune voltage and amffient 
temperature for 01 (PUT1. 

TYPICAL CHARACTERISTICS (CONT'D) 
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COLLECTOR-TO-EAIITTER VOLTAGE, I.: Sy 

‘A ittei...wet -:j--............\\ ...,...0_..‘,._- 

./ 

TTTT 
• 5:c 

IC 

- 

, 

04 e 
VCE 00 

10 100 

COLLECTOR CURRENT (TO,. 
CS• 910 

Fig $0 - OC forwarecurrent transfer ratio vs. collector currant 
for trensistor pair 03. 04, 

50 25 0 S 50 T5 100 .25 
IENT (T. I- •C 

1NCS- Mel 

Fig fr - Offset voltage vs. ama/en temperature for 01 (PUT,. 

I 
'T. 
Z. 
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à 

ARMENT 
GATE-TO 
EQUIVALENT 

TEMPERATURE 
-SOURCE 

GATE 
VOLTAGE 
RESISTANCE 

ITA.2 •C 
IV 1.00 

IRe IMP 

F.: a 

k 0. 
.:, 
1 OA 

ANODE-TO-CATHODE ON -STATE CURRENT 110-indli 

52C5- 219.2 

Fig12 - Anode-to-cathode on-sta e voltage n, anode-to-cathode 
assure current for 01 (PUT). 

Fraigefflfflikurireliu: 
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E   :   itz:E9 Oji 
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FEEEEMEE::•••-••=?PeEME ' 
5 10 5 20 25 10 

EQUIVALENT GATE-SOURCE VOLTAGE I 1r1s)- V 

s2C5 -21e5 

Fig. TO - V.4/ay-point current vs. gelesourca vonalle 
01 (PUT). 
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CA3097E 

TYPICAL CHARACTERISTICS ICON(0) 
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0 
MI. ENT GATE-SOURCE VOLTAGE IV, -V 

WC, 2 916 

FigI6 - Valfeywoint current yr eta-source voltage 
for Or (PUT). 

E PEA« OTT- STATE VOLTAGE IVLI•10 V 

'STANCE IR,1• 10On 

SO 25 0 25 50 5 100 izs 
AMBIENT 1E0 ERA,. 

MS- 2,5.5 

Fig I9 - Gatedigger voltege vs. ambient unweretunt for 
02 (SCR). 

1. Composite pm.p/n.pm 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  terminal 7 

Base   terminal 6 

Emitter  terminal 9 
To use 03 and 04 as a composite use terminals 6, 7. 8. and 

9 as required. 

2. Programmable Uni jonction 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, RO), 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 exclusively leakage current. When the anode voltage be-

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 greeter 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 

40 

O 

30 

20 

GA E -TO- SOURCE vOLTAGE10,1 •I0 v 

CO 1 vl ALENT LAIE RESISTANCE IN01•101In 

• •“. 

-50 .25 0 as 50 15 100 4 5 
ANSI [sr TEMPERATuRE IT.I-•C 

•665 T.A.T 

Fig - Volley-pent, current rt. ambient temperature for 
01 (PUT). 

GATE-TasTRODE RESISTANCE I RW-11 

Fig 20 - Typical 0C holding current vs gate.to-cathode 
resistance for 02 (SCR). 

OPERATING CONSIDERATIONS FOR CA3097E 

that 1p is not the maximum current allowed through the 
device, but is the current required at the peak of the V.I 

curve. 1p is typically a very low value of current. 

After the PUT has switched to its low-impedance state, the 

device will remain "on" of the anode-current (IA) exceeds 

the valley-point current (Iv). If lelv, the PUT will switch 

back to Cs high•impedance "off" state. Thus. the PUT can be 

made to "latch" or recover, depending on Iv. Since tv 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., "off" 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 1p 1p 15 nA at Vs 10 V, 

RG = I Ma. This low valye of 1p indicates that an extremely 

large value of anode-supply resistor, e.g. 6011,10 ItYP.I. can be 
used in timing circuits requiring long RC time constants. This 

becomes important when considering the size of the external 

tinting capacitor to be used. Consequently, the use of the PUT 
in the CA3097E is advantageous since it has a lower 1p than 

most discrete PU T'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 (21 connected as 

forward-biased diode) considerably reduces the effect of tem-
perature on the switching .point. 

0 02 OA 01, . 

FOR.. OC ON-STATE VOLTAGE (Ve— V 

52[3.-2.5,4 

Fiore - Forward OC ondtant torrent va onolue voltage for 
02 (SCR). 

1 
is I NATURE ins 

!I 1 

6 e • 6 e 

UREA CURRENT Ire—. 

1  
92..21921 

Fig21 - Zoner mirage v6. »net' current for Zl. 

O. 

Bypassing Anode Current 

If the PUT gate equivalent source is such that IA>lv. 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 of Fig. 29. 

03 transistor is turned "on" after the PUT fires and shunts cur, 

rent away from the anode, thereby forcing Its<lv. The PUT 

they turns "off" allowing CT to recharge through RT. to re-

Peat the cycle. 

Protecting The PUT Against 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, 02 (SCR) 

The SCR should be used with a 1 kf) (or less) resistor con-
nected between the cathode and gate terminals if the SCR is 

to be subjected to its maximum forward and reverse voltage 

(aline (VDXM and VRKm). Selecting a value for RGK of 
1 kft (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 
(ea.. a PUT) will determine the lowest value of RGK at 

which the SCR will fire with a VOK--x0.55 V. With a value of 

5000 for RGK. the trigger source must be capable of sup• 

plying 1.1 mA. RGK should be non-inductive within the 

frequency band of the noise transients normally encountered 

.n a particular application. 
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Fog. 22 - Generel anode cnarecterosncs for 01 (PUT). 

CONDITIONS 

Ts • 25•C 

SE.C5 • 2.92.1 

YEE 

Fig 24 - Principl volterigurrent characteristics 

for 02 (SCR!. 

YAK 

tZfr 

12CS-21129 

Fig 23 - Output puler chartered+ ics for Of (PUT). 

IV TH Ste CLOSED. INCREASE vs UNTIL SUR PIRES lee, CROPS 
FROM eV TO APPROXIMATELY IV 1. Ts, MUGGER/ I MEASURED 
JUST PEW. TO TIES T IGGERING POINT VOTE THAT VAS Me 
DECRErfnS Vs IS INCREASED DUE TO CURRENT DRAWN OUT 
OF THE GATE TERRINE OF THE SCR •S IT TURNS ON 10 UNLATCH 
T.« SCR OPEN SWI 

V, SleULD RE CAPER EOP SUPPLYING MILLIVOLT INCREMENTS 

NEAR THE TRIGGER POINT 

12C, 21925 

Fig. 25- Definition of critical ran of rise of 

off.stete voltage for 02 (SCR). 

APPLICATIONS CI RCUITS 

SURSTE•TE 
TIMING •ERIOD • 200 SEC WITH I OAP POT CENTERED 
TIMING CYCLE «GINS WHEN ACM APPLIED 

• SPRAGUE TYPE 4300, S JUT SO V 
SPRAGUE TYPE 6301. SHF AT SO 
OU E0111vALEMT 92CS 192T 

Fig 27 - AC lineopmeted one.shot Omar. 

CA301172 

UNREGULATED 

SEC, 2,1211 

Fig. 26 - net dictiit for determining 
',sin 02 (SCR). 

TYPICAL TEMPERATURE CHARACTERISTIC - 

e EL •330Cl ae 100.t0 01% CC RUA - el» 

TOP LOAD REGULATIONe. ..TO 40 seA.111 VO,V01• 100. 
-3%INO LOAD TO FULL LOAD/ 

TOP LINE REGULATION @ R .00 t oss%,, 

Fig 28 - TernperartéreCOrnpanSated eunr regulator. 

SU 
V0 2 

Ojo 

2HE 

R.SV 

v0 1 

1.10 

PULSE RATE ADJUSTED SO VARYING ET OR CT • 
OUTPUT PULSE WIDTH ADJUSTED CT RIC. 
DIFFERENTIATING TIME CONSTANT 

TYPICAL OPERATION FOR 

V., IS V. Cy•O pP Ily • • 3111 
C. •/12 pf R. • 601a 

Fig 29 - Pull* generstoe. 
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CA3097E 

TONG. LOGO REGULATOR Q  Vo' .2 V. IL.° T040. 

• 100•YO 4 'LINO LOAD TO PLIS LOAD! 
TO 

TYPICAL LINE REGULATION le vo.2 v 

wev• •100•TO S./ 
SOURIRES SACS. D' RCA 

Fie 30 - Scrim voltage regulator. 

APPLICATIONS CIRCUITS (CONTI» 

VUNREGU DDDDD • 10- 13 v 

TYPICAL LOAD REGULATION Q  To • t v.2,0 To 40. 
yo 

• % 

TYPICAL LINE REGULATION le vo• TU. 4.20. 

• TO 
v. 

30115%./OLT 
•TUNREGuLATED 

33E1,11. 

Fie II - 5 to 7.5 V shunt widow, 

10 yes 

TD•1 

• 310.STAOLE DELAY TINE SET DV •132.1STAIENT OF le DART Rol OR 
1. Colo MONT RE GREATER 'HARI', OF 011PuTI FOR TIONOSTARLE 

OPERATION 

02ISCRI SWITCHING TIME, 
GATE-CONTROLLED Tuler,ON TIME l•ol I• 50 I Tyl. 
CIRCUIT •COmmeTATED TURN- OF r TINE I eoI.I0. 4•TP ) 

Fie 33 - *Contestable multivibrttor with what* *Icy. 

NOT IS TO IR W USING OSUNA DIODE 
22CS•22.711 

Fig.35 - Plum control circuit. 

62.0•11.> 

• OPTIONAL SPEED-UP CAPACITOR 
• REQUIRED IF OC SWINGS MELON GROUND 

TYPICAL OPERATING CONDITIONS 
FREOUENCY IN • 0- ICI NH/ 

SUPPLY VOLTAGE 'Sy 
1../12.Ro•S IDA 

113. 6 2 613.11, 3005 

C1.1120 pF 
vy.1.0•75v.vyoL•SV 

HYSTERESIS VOLTAGE .29 0 
UPPER THRESHOLD VOLTAGE IVwyU v.yel.Loo 

(R2 R. \ 
LOWER THRESHOLD VOLTAGE IVy.1.)•  I V•IV. •.4   

HYSTERESIS vOLTAGE• OTT U-V,.1. 

ti.132 

Fig. 32 - Schmitt wince 

T., • ...NG PERIOD ISV LEWD CURRENT, 

PUT FIRES WHEN To OR y 

•C.TC1C.,"'• ¡C • It 103.05 MATCHED, 

IT SET ST ADJUSTING Ry.ly 1"., "  

Too • CAPACITOR DISCHARGE TIME THROUGH LOAD LOAD TURNS 

OFF WHEN SCR ANO« CURRENT FALLS SELON HOLDING 

CURRENT 12..1 TYPICAL IMO .1.2 ••5 
EXAMPLE FOR TIMING PERIOD OF I 3 ARN 

Cy • .0430,F. ly 'lipS 

Ry• 1.1;. '., 1FOR Ry 6 IRAI 

ACTS- 2.9. 

Fog.34 - Lomcurrentttram batteryroperated 

long interim, astable tenter. 
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CA3098 Types 

Programmable Schmitt Trigger 
— With Memory 
—Dual-I nput Precision Level Detectors 

Applications: 

• Control of relays, heaters, LED's lamps, 
photo-sensitive devices, thyristors, 
solenoids, etc. 

• Signal reconditioning 
• Phase and frequency modulators 
• On/off motor switching 
• Schmitt triggers, level detectors 
• Time delays 
• Overvoltage, overcurrent, overtemperature 
protection 

• Battery-operated equipment 
• Square and triangular-wave generators 

The RCA-CA3098 Programmable Schmitt 

Trigger is a monolithic silicon integrated 

circuit designed to control high-operating-

current loads such as thyristors, lamps, 

relays, etc. The CA3098 can be operated 

with either a single power supply with 

maximum operating voltage of 16 volts, or a 

dual power supply with maximum operating 

voltage of ±-8 volts. It can directly control 

currents up to 150 mA and operates with 

microwatt standby power dissipation when 

the current to be controlled is less than 
30 mA. The CA3098 contains the following 

major circuit-function features (see Fig. 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" refer-

ence. The resultant output of the differ-

ential amplifiers actuates a summer cir-

cuit which delivers a trigger that initi-
ates a change in state of a flip-flop. 

2. Flip-flop: the flip-flop functions as a 

bistable "memory" element that changes 

state in response to each trigger command. 

3. Driver and otuput stages: these stages 

permit the circuit to "sink" maximum 

peak load currents up to 150 mA at 

terminal 3. 

4. Programmable operating current: the cir-

cuit incorporates access at terminal 2 to 

permit programming the desired quiescent 

operating current and performance para-

meters. 

The CA3098 is supplied in the 8-lead dual-in-

line plastic package ,("Mini-Dip", E suffix), 
8-lead TO-5 style package IT suffix), 8-lead 

TO-5-style package with formed leads "DI L-

CAN" IS suffix), and in chip form (H suffix). 

For information on another RCA Dual-Input 
Precision Level Detector, see the data bulletin 

for the RCA-CA3099E, File No. 620. 

.01614- RMIENCE   

SIGNAL INPUT 0  

'LOW . REFERENCE®  

T TEN -EGTIT 

Features: 

• Programmable operating 
current 

• Micropower standby dissi-
pation 

• Direct control of currents up 
to 150 mA 

• Low input on/off current of 
less than 1 nA for pro-
grammable bias current 
of 1 µA 

DIFF 
AMPL 

DIFF 
AMPL 

SUMMER 

co.PARATOR  I 

• Built-in hysteresis: 20 mV 
max. 

• Programmable hysteresis: 
20 mV to V+ 

• Dual reference input 
• High sensor range: 100 St 
to 100 
• Stable predictable switching 

levels 
• Temperature-compensated 
reference voltage 

• Power can be strobed off 
via term. 2 

® PROGRAMMABLE 
BIAS CURRENT 
INPUT 11, 51 

-9-

FLIP -FLOP 
IMEMORY) DRIVER 

T  
OUTPU 

SUB-
STRATE 

•-• 

Fig. 1 — Block diagram of CA3098 programmable Schmitt trigger. 

OUTPUT 
CURRENT 
CONTROL 

0 

0 

' SINN. 
OUTPUT 

Maximum Ratings, Absolute-Maximum Values at TA = 25°C: 

Supply Voltage Between Terminals 6 and 4,   16 v 
Output Voltage Between Terminals 7 and 4, and 3 and 4   16 v 
Differential Input Voltage Between Terminals 8 and 1, and 

Terminals 7 and 8   10 

Operating Voltage Range: 

Term. 8   V— to V+ 

Term. 7   (V— plus 2.0 V) to V+ 

Term. 1   (V— ) to (V+ minus 2.0 V) 
Load Current (Term. 3)   150 mA 
Input Current to Voltage Regulator (Term. 5)   25 mA 

Programmable Bias Curent (Term. 2)   1 mA 

Output Current Control (Term. 5)   15 mA 
Power Dissipation: 

Without Heat Sink: 

Up to TA = 55°C 

CA3098S, CA3098T   630 mW 
CA3098E   630 mW 

Above TA = 55°C Derate linearly at   6.67 mW/°C 
With Heat Sink: 

Up to TA = 55°C 

CA3098S, CA3098T   1.6 

Above TA = 55°C 
CA3098S, CA3098T Derate linearly at   16.67 mW/°C 

Ambient Temperature Range (All Packages): 

Operating   —55 to +125 °C 

Storage   —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 

V 
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General Description of Circuit Operation 

(Refer to Figs. 2, 3, 4) 

When the signal-input voltage of the CA3098 

is equal to or less than the "low" reference 
voltage (LR), current flows from an external 

power supply through a load connected to 

terminal 3 ("sink" output). This condition is 

maintained until the signal-input voltage 

rises to or exceeds the "high" reference volt-
age (HR), thereby effecting a change in the 

state of the flip-flop (memory) 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 becomes equal to or less than the "low" 

reference voltage (V R). 

The CA3098 comparator is unique in that it 

contains circuit provisions to permit pro-

grammability. This feature provides flexi-

bility to the designer to optimize quiescent 

power consumption, input-circuit charac-

teristics, hysteresis, and additionally permits 

independent control of the comparator, 

namely, pulsing, strobing, keying, squelching, 

etc. Programmability is accomplished by 

means of the bias current ('bias) supplied 
to terminal 2. 

An auxiliary means of controlling the magni-

tude of load-current flow at terminal 3 is 

provided by "sinking" current into terminal 5. 

Figs. 3 and 4 highlight the operation of the 

CA3098 when connected as a simple hys-

teresis switch (Schmitt trigger). 
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SuPPLT OL •GE I v• I • 12 v 
•NC“. REFER NEE voLT GE I SR •R 
.LOw . RE ER N E VOLTAGE IVL.1•12V 

VIO1LRI •VI-VLR 

10 100 1000 

PROGRAMMING BIAS CURTES 14u.s,-,A RECE SOPRM 

Fig. 5 — Input-offset voltage ('low" reference) 
vs. programming bias current. 

PROGRAMMING BIAS CURRENT I 1...41•I00 •A 

VIOINRI • VI - VMR 

5 

SO .25 0 25 50 75 100 na 
AMBIENT TEMPERATURE IT.I-•C 47 To 75 

Fig. 8 — Input-offset voltage ("high reference) 
vs. ambient temperature. 

Fig 2 — Schematic Diagram of CA3098. 
.V. • 12 Vdc 

INPU 
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CA3098 Types 
 ov. 

Sequence Input Signal Level 

4.>-E IN >0 
2 8>.-E IN >4 
3 EIN >8 
2 8 ›E ity >4 
1 4>ElN >G 

Output Voltage (V) 
(Term. 3) 

o 
o 

12 
12 
o 

Fig. 4 - Resultant output states of the CA3098, 
shown in Fig 3 as a function of various 

Fig. 3 — Basic hysteresis switch (Schmitt trigger), input signal levels. 

TYPICAL CHARACTERISTIC CURVES 
AMBIENT Eu ERA•TuRE 1T.1•25 IC 

SUPPLY OLTAGE I v. I • 12 v 
•NIGN. REFER ROE VOLTAGE II/up • 6 V 
• LOw • REFERENCE vOLTAGE IvL.1•01/ 

510 IORI V1°HR 

A • I 
10 100 IWO 

PROGRAMMING BIAS CURRENT I / -7* BV.S.2OflR 

Fig. 6 — Input-offset voltage ("high" reference) 
vs. programming bias current. 
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1 V• I •I2 V 
VOLTAGE IV.. 
VOLTAGE IV,..1• 

• 6 
6 
V 
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-...." ................r",...o...m4.•'"'' 

• 10 • lo0 MOO 
PROGRAMMING 111AS CURT NT CEBIA5I-412 

CC,- 20404 

Fig 9 — Min. hysteresis voltage vs. programming 
bias current. 

.75 50 25 25 50 75 CO 125 

AMBIENT TEMPERA TUR Te- C •ZCS- 20.27 

Fig. 7 — nput-offse voltage "low reference) 
vs. ambient temperature. 

CO 75 50 Es 0 25 50 15 

AMBIENT TEMPERATURE IT. - •C 
.2GS 201 ,S 

Fig. 10 — Min. hysteresis voltage vs. ambient 
temperature. 
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CA3098 Types 

ELECTRICAL CHARACTERISTICS at TA = 25°C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 
Fig. 

No. 

LIMITS 

Min. Typ. Max. 
UNITS 

Input Offset Voltage: 

"Low" Ref., %um VLR - Gnd, VH R - 3 V 

'BIAS - 100 pA 
5 -15 -3 6 mV 

"High" Ref., Vio(HR) VE.IR - Gnd, VLR - -3 V 

'BIAS - 100 µA 
6 -10 ±10 10 

Temp. Coeff: 

"Low" Ref. 

"High" Ref. 
-55 °C to + 125 °C 

-55 °C to + 125 °C 

7 

8 

- 

- 

4.5 

±8.2 

- 

- 
/WPC 

Min. Hysteresis' 

Voltage Vto(HR.LR) : 
VREG - 6 V, v + = 12 V 

'BIAS - 100 pA 
9 - 3 20 mV 

Temp. Coeff. -55°C to + 125 °C 10 - 6.7 - µVrC 

Output Saturation Voltage, 

VcE(SAT) 

V1 = 4 V, VREG = 6 V, 

V+ = 12 V, 'BIAS =100µA 
11 12 
' 

- 0.72 1.2 V 

Total Supply Current, 

'TOTAL -

VI - 4 V, VREG - 6 V; 

V+ - 12 V, IB IAs = 100 pA 
13,14 500 710 800 pA 

"OFF" VI -8 V,VR EG- 6 V 

Vf - 12 V, IRIAs= 100µA 
400 560 750 µA 

Input Bias Current, I i R: 

18(p-n-O) 
Vi - 4 V, VREG - 6 V 
V+ = 12 V, IRIAs = 100µA 15 - 42 100 nA 

IB(n-p-n) 
V1 - 8 V, VREG - 6 V 

V+ = 12 V, 'Rips = 100µA - 28 100 nA 

Output Leakage Current, 

ICE(OFF) 
Current from Term. 3 when 

046 is "OFF" 
- - 10 MA 

Switching Times: 

Delay, td lc = 100 µA 

'BIAS - 100 µA 

V+ = 5 V 

V REG = 2'5 V 

18 

- 600 - ns 

Fall, tf - 50 - ns 

Rise, tr - 500 - ns 

Storage, ts - 4.5 - Ms 

Output Current, 10 V+ = 12 V, IRIAs = 50 pA - 100 - - mA 
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Fig. 14 - Total supply current vs. ambient 
temperature. 
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42O3-2642A 

Fig. 15 - Input bias current vs. programming bias 
current. 
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AMBIENT TEMPERATURE 1151•25, 
PROGRAMMING BIAS CURRENT 11.5,•1000,6 
SUPPLT VOLTAGE IV.. I2V 

1 

.......), 

100 .1:00 
OUTPUT SINE CURRENT 

sus• Os , 

Fig. 11 - Output saturation voltage vs. output 
sink current. 
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Fig. 12 - Output saturation voltage vs. ambient 
temperature. 
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Fig. 13 - Total supply current vs. programming 
bias current. 

Fig. lb - input-offset voltage 
test circuit. 
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CA3098 Types 

HYSTERESIS VOLTAGE. 01 "OFF"—VfON. 
92CS 2.44, 

Fig. 17 — Min. hysteresis voltage, total 
supply current, and input-
bias-current test circuit. 

6V 

Y2CS• S69.2 

Fig 19 — Time delay circuit: Terminal 3 
"sinks" after r seconds. 

Fig 18 — Switching time test circuit. 

TYPICAL APPLICATIONS 

h 6V 

TARE ,n2 

IN910 

= ---
Fig. 20 — Time delay circuit: "sink"current 

interrupted after T seconds. 

60 Kfl 

9/CS -269 5 

RL 
2 KO 

IL 

26120 

Notes (a) Motor pump is "ON" when water level rises above 
thermistor TH2. 

(b) Motor pump remains "ON" until water level falls 

below thermistor THI• 
(c) Thermistors, operate in self 'heating mode. 

Fig. 22(a) — Water-level control. 

TH2,4 

TANK 

3 WATER 
LEVEL 

12C3-$11707 

Fig. 22(b) — Water level diagram for 
circuit of Fig 22(a). 

92C5 -26901 

SINE 
WAVE 
INPUT 

h 6 V 

6 V 

KA 

60 II 

SQUARE-
WAVE 

OUTPUT 

_FL_ 
92,5•261, 

Fig 21 — Sine-wave to square-wave converter 
with duty-cycle adjustment 
(VI and V2). 

12.- Mug 

Fig. 23 — OFF/ON control of triac with 

programmable hysteresis. 
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INPUT PULSE MUST 
BE GREATER THAN 
1 tys RUT LESS 
THAN DESIRED IoN 

INPUT 

AMP 
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toN(rns) 

IS 
150 
300 

91CS- i6915 

Fig. 24 — One-shot multivibrator. 

VALUE OF 
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CA3099E 
Programmable Comparator - - With Memory 

RCA-CA3099E Programrnable Comparator is a monolithic 

silicon integrated circuit designed to control high-oPeratln9 

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 I 8 volts. 

It can directly control currents up to 150 mA. It operates with 

nucrowatt standby power dissipation when the current to be 

controlled is less than 30 mA. The CA3099E contains the 

following six IS/ major circuit-function features (Figure II: 

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 hip-flop. 

2. Flip-flop; the flip-flop functions as e bistable "memory" 

element that changes state in response to each trigger 

command. 

3. DN.« and mr1Put mages; these stages permit the circuit to 

"sink" maximum peak load currents up to 150 mA at 

terminal 3. 

4. Programmable operating current; the circuit incorpoieles 

a separate terminal to permit programming the desired 

quiescent operating current and performance parameters. 

5. Internet sources of reference voltage and progremmeble 

bias current; an integral circuit supplies a temperature-

compensated reference voltage (Vb/2) which is about 1/2 

of the externally applied bias voltage We Additionally, 

integral circuitry can optionally be used to supply an 

uncompensated constant-current source of bias ('bias)-

6. Voltage regulator; provides optional on-chip voltage regu-

lation when power for the CA3099E is provided by an 

unregulated supply. 

Maximum Retinas, Absolute-Maximum M U« at TA 25°C, 

Supply Voltage Between Terminals 10 and 4, 
9 and 4. 8 and 4   16 

Output Voltage 8erween Terminals 7 and 4, 
and 3 end 4  16 

DIfferential Input Voltage Between 
Terminals 14 and 1. and Terminals 13 and 14 10 

Operating Voltage Range 
Term 14   OV toV. 
Term 13 2 0 V to v. 
Term  I OV toV• minus 2 0 V 

Load Current (Term 31 . . 150 mA 

Input Current to Voltage Regulator ITerm, 51 25 mA 
Programming Oies Current ITerm. 21 1 mA 
Output Current Control (Term 71 15 mA 

Power Dissipation 
Up to TA - 55°C   
Above TA 55°C . Ovate Linearly al 6.67 mWeC 

Ambient Temperature Range 
Operating . 
Storage   -65 to •150°C 

Lead Termperature (During Soldering) 
At distance not less Man 1/32 rnch 10.79 rnrn) 
Irom seating plane for 10 s maximum 

V 

V 

V 

750 n1W 

-55 to .125 °C 

.265 °C 

Won" Of «QRS.« 
VOs so" of f.if, 

Svis. 

usetswarcc 

.„. 

Fief-Block diagram or CA3099F programme.* eem. ,,,,, 
(See page 3 for pm., Oescreption of cared operarrimi 

Features.-

• Programmable Operating current 

• Micro-power standby dissipation 

• Directly controls current up to 150 mA 

• Low input on/off current of leu than 1 nA 
for programmable bias current of 1 µA 

• Builtin hysteresis: 10 mV max. 

• Programmable hysteresis: 10 mV to V. 

• Dual reference input 

• High sensor renter 100 SI to 100 MSS 

• Stable predictable switching levels 

• Ternperature.compensated reference 
voltage 

Applications: 

• Control of relays, h , LED's, lamps, 
photo-sensitive devices, thyristors, 
solenoids, etc. 

• Signal reconditioning 

• Phase and frequency modulaton 

• On/off motor switching 

• Schmitt triggers. level detectors 

• Time delays 

• Overvoltege, twercurrent, 
overtemperature protection 

• Battery•operated equipment 

• Square and triangular-wave generators 

ELECTRICAL CHARACTERISTICS AT TA = 25°C (Unless otherwise indicated) 

CFIARACTERISTICS SYMBOL TEST CONDITIONS 
Tas • 25PC Unless Otherwne Indfcated 

FIG. No. 
LIMITS 

UNIT 
MIN. TYP. MAX. 

Reference Voluge 
VApp 

Term 9 - 12 V, Term.4 • GA. Term.I I • Test 5 7 6 63 V 

A eeeee nce Voltege 
Temperature Coefficient 

100 SIV/oC 

Regulated SUPP.V Voltage VNEG Term 5 1K to 12V. Term 4 - Grcl. Term 6 10K toGrd 5 6 72 8 V 

Regulated Supply Voltage 
Temperature Coefficient 5 - 29 - mV/ 111C 

Input Onset Voyage 
"Low' R eeeee nce Vic ILR1 VLF, . Grd. Vsast - 3 V. letes , 10031A 20.6 -8 -3 2 

rnV 
"High- R eeeee nce V10114111 VH F, - Grd. VLF, = -3 V. Igme. 100pA 20, 7 -5 I 5 

"Low.' Reference Temp 
Coellicient -55°C to •I250C 20.8 45 20 

ilna°C 
"High' • Reference Temp 
Coelficient -550C to •125°C 20,9 2 1,20 

Min posters,. Voltage ViotHp -. LAI VREG = 6 V V• • 12 V. Isnass • 100 pA 21, 10 3 10 mV 

Min Hysteres.s Voltage 
Temperature Coefficient 

-55°C to •125°C 11 - 67 20 pV/0C 

Chapu, Saturation Voltage VcE1SAT I Vs4 V. VR G 6 V, V. - 12 V. Isms - 100 PA • E ' 21.12,13 072 12 V 

Total Suppty Current 
'TOTAL "ON" 

l  TOTAL 

Vt . 4 V, yREG - 6 v. v. - 12 V, I giAg • t00 0A 21.14.15 NM 710 800 
MA 

lTOTAL "OFF" Vs • 8 v, vREG - 61/, v. - 12 V, ImAg - 100 µa 21,14.15 420 560 750 

Input Bias Current 

1811,-11-01 
48 

Vi . 4 V. VREG - 6 V. V. - 12 V. 181AS ' le PA 21.16,17 33 200 
-- - nA 

181n-p-n1 VI • 8 V. VREG -651. v. - 12 V. 101A5 • 100 p.A 21.16.17 - 20 60 

Output Leakage Current 10EIOFF I Curient frOM Term.3 when 046 is -OFF" - - 10 

31.4 Internal Bras Current 11Eic 113,19 120 200 280 

Switching Times 

Delay td lc - 100 pA 

113IAS ' 100 PA 

V• - 5 V 

VREG • 2.5 V 

22 - 600 

ns 
Fan 22 50 

Rise 1; 22 - 500 

Storage is 22 - 45 - p5 
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CA3099E 

General Description of Circuit Operation (Refer to Fig.1) 

When the signal-input voltage of the CA3099E is equal to or 

less than the "low" reference voltage (LA), current flows from 
an external power supply through a load connected to 

terminal 3 ("sink" output). This condition is maintained 

until the signal-input voltage rises to or exceeds the "high" 

reference voltage (FIR), thereby effecting a change in the 

state of the flip-flop (memory) 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-circuit 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 

(Ibis') 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 (Yb) 

applied at terminal 9 develops a source of temperature-

compensated reference voltage (. Vq/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 "8". 

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 (exclusive 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. 

o. 

I iCS• i01,0 

Fig. 3 - Funcoonel theorem. 
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F•g.2-Schrmator chagram of CA3099E. 

TYPICAL CHARACTERISTIC CURVES 
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CA3099E 
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For application information, see Data Bulletin File No, 620. 
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rpEOJENCT II I— km Lus-oso 

Fig. 3 — Open-loop gain v& frequency and 
temperature. 

CA3100 

Wideband 
Operational Amplifier 

RCA-CA3100S, CA3100T is a large-signal 
wideband, high-speed operational amplifier 
which has a unity gain crossover frequency 

(fT) 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 (±7 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. 15). 

The CA3100 circuit contains both bipolar 
and P-MOS transistors on a single mono-
lithic chip. 

The CA3100 is supplied in either the stand-
ard 8-lead TO-5 package ("T" suffix), or in 
the 8-lead TO-5 dual -in-line formed-lead 
"OI L-CAN" package ("S" suffix). 

Applications: 

• Video amplifiers 

• Fast peak detectors 

• Meter-driver amplifiers 

• High-frequency feedback amplifiers 

• Video pre-drivers 

• Oscillators 

• Multivibrators 

• Voltage-controlled oscillator 

• Fast comparators 
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Fig. 2 — Open-loop gain, open-loop phase shift vs. 
frequency. 
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Fig. 1 — Schematic diagram for CA3100. 

Features: 

• High open-loop gain at video frequencies - 42 dB typ. at 1 MHz 
• High unity-gain crossover frequency IfT) - 38 MHz typ. 
• Wide power bandwidth - Vo =18 V p-p typ. at 1.2 MHz 
• High slew rate - 70 Vhis (typ.) in 20 dB amplifier 

25 V/µs (typ.) in unity-gain amplifier 
• Fast settling time — 0.6 ps typ. 
• High output current — ±-15 mA min. 
• LM118, 748/LM101 pin compatibility 
• Single capacitor compensation 
• Offset null terminals 

MAXIMUM RATINGS, Absolute-Maximum 

Values at TA = 25°C: 

Supply Voltage (between 

V+ and V- terminals) .. 36 

Differential Input Voltage ±12 

Input Voltage to Ground* ±15 

Offset Terminal to V-

Terminal Voltage   -±0.5 

Output Current   50 m Ae 

Device Dissipation: 

Up to TA = 55°C   630 mW 

Above TA = 55°C   6.67 mWPC 
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Fig 4 — Open-loop gain vs frequency and supply 
voltage. 
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92CM-21655R1 

Ambient Temperature 

Range: 

Operating   -55 to +125°C 

✓ Storage   -65 to +150°C 
✓ Lead Temperature 

✓ (During Soldering): 
At distance 1/16 ± 1/32 
inch (1.59 ± 0.79 mm) 

✓ from case for 10 s max .. 300 °C 

alt the 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. 

o 10 20 
NONINvERTIND 4AIN— de 

0 191 
INVERTING SOIN —  dB 

CLOSED.LOOP PIN taco—de 92CS- 1573 

Fig. 5 — Required compensation capacitance vs 
closed-loop gain. 
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CA3100 
ELECTRICAL CHARACTERISTICS, At TA= 25° C 

CHARACTERISTICS 

TEST CONDITIONS 

SUPPLY VOLTAGE IV.,V - I=15 V 
UNLESS OTHERWISE SPECIFIED 

LIMITS 

UNITS 

MIN. TYP- MAX. 

STATIC 

Input Offset Voltage, V10 Vo = 0 I- 0.1 V - ± 1 ± 5 mV 

Input Bias Current, 118 
Vo = 0 ± 1 V 

0.7 2 IA 

Input Offset Current, 110 - ± 0.05 ± 0.4 µA 

Low-Frequency Open-Loop 
Voltage Gain,AoL• 

Vo = ± 1 V Peak, F = 1 kHz 56 61 - dB 

Common-Mode Input 
Voltage Range, Vt0R 

CMRR > 76 dB 
_ 

' 12 
• 14 

-1 3 - 
V 

Common-Mode 
Rejection Ratio, CkARR V1 Common Mode = ± 12 V 76 90 - dB 

Maximum Output Voltage: 
Positive, Vom` Differential Input Voltage . 0 ± 0.1 V 

RL = 2 KS/ 

+9 +11 - 
V 

Negative,Vom - -9 -11 - 

Maxtmum Output Current: 

Positive. 10M . Differential Input Voltage . 0 ± 0.1 V 

RL 250 S2 

+15 +30 - 
mA  

Negative, tom - -15 -30 - 

Supply Current,'" Vo = 0 ± 0 1 V, RL >10 KS/ 8.5 10.5 mA 

Power-Supply 

Rejectton Ratio,PSRR 
4v• - t i v. Av - -- ± 1 V 

_ 
60 70 - d8 

DYNAMIC 

Unity-Gain 
Crossover Frequency. 17 

CC 0. Vo - 0 3 V 1P-Pl - 38 - MHz 

1-MHz Open-Loop 

Voltage Gain.AOL 
f , 1 MHz, CC 0, Vo - 10 V (P-P1 36 42 -  dB 

Slew Rate. SR: 

20-d8 Ampltiter Ay 10, Cc - 0, V1 1 V (Pulse) 50 70 - 
V/Os 

Follower Mode Ay - 1, CC . 10 pF, Vi - 10 V (Pulse) 25 - 

Power Bandwidth, PEtW•: 

20-dB Amplifier AV = 10. Cc - 0, Vo - 18 V 1P-P1 0.8 1 2 
MHz 

Follower Mode Ay . 1, C . 10 pF, Vo , 18 V (P-P1 - 04 - 

Open-Loop Differential 

Input Impedance, Z1 
F . 1 MHz 30 - KU 

Open-Loop 
Impedance , ZO 

F . 1 MHz - 110 -  
UOutput 

Wideband Noise Voltage Re-
ferred to Input, eN(Total) BW . 1 MHz, Rs . 1 KU _ 8 - pVpms 

Settling Time, ts 

[Output Swing To Within ± 50 mV of 9 1 
RL . 2 Ka CL = 20 pF 0.6 Fis 

A Power Bandwidth 
Slew Rate 

IT Vo (P-P 
Low-frequency dynamic characteristic 
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Fig 9 - Typical open-loop differential input 
knpedenee.v° frequency. 
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Fig 10 - Maximum output voltage swing vs. 
frequency. 
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frequency. 
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Fig. 8 - Wideband input noise voltage vs. source 
resistance. 
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CA3100 
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Fig. 15 — Open-loop voltage gain test circuit 

Fig. 18 — Wideband input noise voltage test 
circuit. 
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Fig. 13 — Supply current vs. supply voltage. 

TEST CIRCUITS 

Fig. 16 — Slew rate in 10X amplifier test circuit FIg. 17 — Follower slew rate test c,cuit. 

21v 

Fig. 19 — Output voltage swing (Vat'', output 
current swing (10m) test circuit. 

TYPICAL APPLICATIONS 
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Fig. 21 — 20 dB video amplifier. 
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Fig. 20 — Settling time test circuit. 
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Fig. 22 — 20 dB video line driver. 
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Fig. 23 — 1 MHz meter-driver amplifier. 
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CA3118, CA3146, CA3183 Types 

High-Voltage Transistor Arrays 

RCA-CA3118AT, CA31187, CA3146AE, CA3146E. CA. 
3183AE. and CA3183E are general-purpose high-voltage 
silicon nen transistor arrays on a common monolithic 
substrate. 

Types CA3118AT and 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. Both types are supplied in a hermetically sealed 12-
lead TO-5 type package and operate over the full military 
temperature range. (CA3118AT and CA31187 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 VHF range. 

Types CA3183AE and CA3183E consist of five high-current 
transistors with independent connections for each transistor. 
In addition two of these transistors Pal and 021 are matched 
at low-current lie. lmAl 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." 

TYPE 

PTA 

rnW 

iC 

rnA 

°CEO 

V 

°C80 

V 

°CE sat. 
at 10mA 

he. 
V 

hFE 
at 1mA. 

ei V0E-5V 

tyP. 

°IC 1 '10 TA Range 
ic,,,..n., 

°C 

DM. Pea at 1 mA 

was. 
mV 

may 

shh 

VALUES APPLY FOR EACH TRANSISTOR 
CA3118AT 300 SO 40 50 0.33 95 ±5 2 
CA31187 300 so 30 40 0.33 95 ±5 2 
CA3146AE 300 50 40 so 0.33 95 ±5 2 -55 - *125 
CA3146E 300 50 30 40 033 95 ±4 2 
CA3183AE 500 75 40 50 0.16 75 ±5 2.5 
CA3183E 500 75 30 40 0.16 75 ±5 2.5 

• Caution on Total Peckeg, Power Dissipation: The maximum total package dissipe ion rating for the CA31113 Series circuits is 450 rnW at 
temperatures up to neC, the dorm li early at 5 nOY°C. The masingan total package dissipation retitle for the CA3146 and CA3183 
Series circuits is 750 rnW at temperatures p to .55°C, then datare linearly at 6.67 mW°C. 

MAXIMUM RATINGS, Absolute-Maximum Values at TA - 250C 

Power Dissipation: 

Any one transistor - 

CA3118AT, CA31187, CA3146AE, CA3146E 

CA3183AE, CA3183E   500 
Total package - 

Up to 85°C ICA3118AT, CA 3118T)   450 mW 
Up to 55°C (CA3146AE, CA3146E. CA3183AE, CA3183E)   750 mW 

Above 85°C (CA3118AT, CA3118T)  dorare linearly 5 mWr.0 

Above 55°C ICA3146AE. CA3146E,CA3183AE. CA3183E)  derate linearly 6.67 mW/°C 

Ambient Temperature Range: 

Operating - 

300 mW 

mW 

55 to n1 25 °C 

Storage tall types)   -65 to .150 .c 

Lead Temperature ¡During Soldering): 

At distance 1/16 ± 1/32 inch f1.590 0.79mm) 

from case for 10 seconds max.   -a265 °C 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage I \ice)),   

CA3118AT, CA3146AE, CA3183AE   op 

CA31187, CA3146E, CA3183E   30 

Collector-to-Base Voltage (Vc80): 

CA311EIAT. CA3146AE, CA3183AE   so 

CA3118T, CA3146E, CA3183E 40 

Collector-to-Subs Voltage I Vciol: • 

CA 3118AT. CA 3146A E, CA 3183A E   50 

CA31187, CA3146E, CA3183E   40 

Emitter-to-Base Voltage IVE go) all types   

Collector Current - 
CA3118AT. CA31187, CA3146AE, CA3146E   50 

CA3183AE, CA 3183E 75 
Base Current 1181 - CA3183AE. CA3183E zo 

5 

• The collector of each transistor is isolated from th• substrat. by an integral diode. The substrate 
must be connected to • voltage which is more negative than env collector voltage in order to 
maintain isolation betvveen transistors and provide normal transistor ection. To avoid undesired 

coupling between transistors, the substrate terminal should be mein 'alined at either DC or sig-
nal (AC) ground. A suit•ble bypass capacitor can be used to establish • signal ground. 

V 

V 

mA 

mA 

mA 

Features 
• Matched general-purpose transistors 
• VBE matched t5mV max. 

• Operation Iront DC to 120 MHz ICA3118AT, T: 

CA3146AE, El 

• Low-noise figure: 3.2d8 gyp. at 1kHe (CA3118AT, T; 

CA3146AE, El 
• High lc: 75mA max. ICA3183AE, El 

Applications 
• General use in signal processing systems in DC through 

VHF range 

• Custom designed differential amplifiers 
• Temperature compensated amplifiers 

• Lamp and relay drivers (CA3183AE. El 

• Thyristor firing (CA3183AE, E) 

le<3 .1,44/6 

CA3118AT, C43118T 

CA31464E, CA314. 

sus-

92C5- 6.06 

16 1 • 6 • in il is 12 
sue Tease (i) Ms *16" 

CA318.14.E. CA311136 

Fig 1 - Schematic diagrams of high-voltage arrays 
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CA3118, CA3146, CA3183 Types 
COMPARISON OF RELATED PREDECESSOR TYPE WITH TYPES IN THiS DATA BULLETIN 

DATA 

FILE 

NO. 

"CEO 

" fl' 

VCBO 

.... 

VCE sat . 
typ. V 

Vetp 
- typ V 1C 

to. A 

CCB 

typ. pF 

CCI 

typ, pF 

CEE 

typ pF Ic-lOrnA Ic•IrnA 

CA3018 

CA30I8A 

CA3118AT 

CA31I8T 

338 

338 

15 

15 

40 

30 

20 

20 

50 

40 

023 

023 

033 

033 

0.715 

0.715 

0.730 

0730 

50 

50 

50 

50 

068 

0.58 

0.37 

037 

/8 

2.8 

2.2 

2.2 

06 

0.6 

0 7 

07 

CA3046 

CA3146AE 

CA3146E 

341 15 

40 

30 

20 

50 

40 

Ic•lOrnA IC• 1 mA 

50 

50 

50 

0.58 

0.37 

0.37 

2.8 

/2 

2.2 

0.6 

0.7 

0.7 

0.23 

033 

033 

0.715 

0.730 

0.730 

CA3083 

CA3I83AE 

CA3183E 

481 15 

40 

30 

20 

50 

40 

Ic.50mA IC.10 rnA 
100 

75 

75 

0.4 

1.7 

1.7 

0.74 

0.75 

0.75 

STATIC ELECTRICAL CHARACTERISTICS - CA3118 and CA3146 Series 

CHARACTERISTICS SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 
TA n 250C 

CA3118AT, CA3148AE CA3118T, CA3146E 

Min. Typ. M.o. Min. Typ. Man. 

Fn. Each Transistor: 

Collector•to.Base 

Breakdown Voltage VIBR/CB0 IC • 1°44 . 'E " 0 50 72 40 72 '-V 

Collector.to.Errutter 

Breekdown Voltpe VIBR/CE0 IC • 1^`A. 1B ' 0 40 56 - 30 56 V 

Collector.to.Substrate 

Breakdown Voltege VIBR /CIO 
ICI ' 1044.18 .0 

'E • 0 
50 72 40 72 V 

ErnItter.to-Base 

Breakdown Voltage VIBRIEBO lE • 10PA• 1C • 0 5 7 5 7 V 

C011ector.Cutoff Current IcE, VCE • 10V, I, • 0 we 
cu•ve 

5 lea 
curve 5 PA 

Collector•Cutof I Current Imp Vcg • 10V. IE . 0 0 002 100 0.002 100 nA 

DC Forward.Current 

Transfer Reno 
"FE VcE-5V 

Ic•10mA 85 85 

.1A Icm 30 1.00 ao 100 

Ic•1096 90 - 90 

Elaw.to E molter Voltage %/BE VCE • 3V. 1c • 1mA 063 0 73 083 0.63 0.73 0.83 V 

Collector.m.E nutter 

Saturatoon Voltage 
VCE l sa 

lc • lOrnA. Ig - 1 rnA - 033 - 0.33 V 

For ...nee... 03 ond 04 IDerlington Confessor...), 

Collector.Cutoff 

Current C.3'18^T 
and 

'CEO VCE " 10V• '8 • 0 5 MA 

DC Forward-Current 

Transfer Raloo 

CA3118T 

on y 
hFE VCE • 5V. Ic • 1mA 1500 9000 1500 9000 - 

Base.to.Ern.t I er 

103to 04/ 
1/BE VCE•51., 

IE = lOrnA I 46 1.46 
V 

IE •IrnA 1 32 1 32 

Megnaude of Spew. 

Emu., Temperature 

Coef f con? 

, VBE 
- 

AT VCE • 5V. 1E • 1"'A 4.4 rnV/ 0C 

For trineetors 01 and 02 IAS a Differential Arnold ier I : 

Magmtude of Input 

Offset Voltage 

IVBE1 " VBE2I 

1%1 Vce • 5V. IE • 1 rnA - 0.48 5 048 5 n1V 

Magmtude of I CA3118AT and 

'FE Rate I CA31187 only 

VCE • SV. 

ICl ' IC2 • 1mA 
09 10 I 1 09 10 1.1 

Magmtude of Base.to. 

Emu.. Temperature 

Coeff '<went 

AV BE 

1 AT 1 
VCE • 5V , 

1p • 1 rnA 
1.9 1.9 rnV/0C 

Alagn.turle of V,0 

IVBE 1 - VBE / Temp- 

emature Coefloceent 

-"Nil 
AT 

VCE • 5V, 

Cl1  • 1C2 " ' mA 
1.1 - 1.1 PV/OC 

Magmtude of CA3146AE 

Input Offset and 

Current CA3146E 1 c'n'T 

I'10, 4 1021 

110 
VCE ' 5V. 

'CI' 'C2 • ' rflA 
0.3 2 0.3 2 (IA 

TYPICAL STATIC CHARACTERISTICS CURVES-
CA3118 and CA3146 SERIES (con 'd Fig.2 to 12) 

'Or BA C Ile 0  

, 

e e - I ¡ . 

e 

., 
e 
e 

'àli ke 
à 
e 

4i 
e 2. 

g : 
--: :______,° 
--10, 

AMBIENT TEMPERATURE ITAI-PC 
25 50 15 PO 129 
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CA3118, CA3146, CA3183 Types 
DYNAMIC ELECTRICAL CHARACTERISTICS - CA3118 and CA3146 Series 

CHARACTERISTICS 
SY M 
BOL 

TEST CONDITIONS 

CA3118AT 

CA3146AE 

CA3118T 

CA3146E 
UNITS TA 4 250C 

Min. Typ. Max. Min. TYR 0704 • 

Low Frpuency Noise Fog.. NF 

I • 1.11? VcE • 5V. 

lc = 10000. Souroe 

repstan ce - iiiS2 

- 325 - - 3.25 - dB 

Law-Fr...wen., Srnall.S.,nal 

EquIplent•Corcun 

Ch.rectensvcs 

Foward.Current Tromp., 
Ratio 

,Ve 

I = II.H. Vcc • 5V 

lc - IrnA 

100 100 

Shoe 1.C.rcu. Inpul 
Vanocianoe 

1... 2.7 - 3.5 - Ica 

OpenCxctio Output 
InPaclenof 

hoe 156 - 106 emho 

Open.C.p. Revere.. 
Vol.«. Transfer Apo 

Is,. I 0.10 1 e.lo-4 

Adrnottance Character... 

Foweed Transfer Adrnmanoe V.. 

f IMO. Vcc • 51/. 

lc = IrnA 

32110 - 3111.5 - pp. 

Input Adrn.tanot V.. - 0 15.,eat 030,0.04 men.° 

Output Adroatanoe Yoe 0001..0.03 0.001410.03 

Reverse Transfer Adrn.lance V,. Sae canoe Sae cu... ninxio 

Gen13pdpffin Product IT VCE • 5V. ,c « 3rnA 300 500 - 300 500 - NIP 

Ern...1.8.4e Cepotence CE, Vce • 50.1c • 0 0.70 - 070 - pF 

Conecto,PB•seCepacnance CCB vc8 • 50. 1c • o 0.37 - 0.37 oF 

Coxecitoi.xxSo  
Cap...Once 

cc, Vci • 5V. IC • 0 22 2.2 PF 

STATIC ELECTRICAL CHARACTERISTICS - CA3183 Series 

CHARACTERISTICS SYMBOL 

TEST CONDITIONS LIMITS 

UNITS TA 4 250C CA3183AE CA3183E 

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

For Own Tronsinca: 

Colleopolo0ase 

Breakdown Volume 
V1BR Ice° .c-I001.A..€.0 so - 40 V 

Colleclo,to.Emme. 

Brealpdoew Voltage 
VIBRICE0 IC •...er 'VW 40 33 V 

CoPclor.to.SuPlraw 

Breakdown Volvege 
vosolcm ICI . IWOBA r 18-0. 

E • 0 
so - 40 V 

Ernaw,to Bow 

Ppltdown Poop 
V1BRIE80 15 • 500M/A. IC • 0 5 5 V 

Collector.C.Polf Current IcEct VCE • 10V. 16 -0 To - 10 VA 

r Collecor•Cutolf Current Ice, Oc, • .0V. IE • 0 I I MA 

DC A orvereCurrent 

Tronsho palm 
SOC 

VCE • 3 V. lC • .13". 40 40 

VcE • 5V. I, • 501,10 40 40 

Bret° Emma, Voltpe VeE VcE • 3V. lc • iOnvi 065 075 005 065 075 085 V 

COIMmo,o•E muter 

Solumman Voltage 
• °CEse 1C' 50h1A• 1B • 5,n. - 1 7 30 7 30 V 

Far TF*4.117714.01 awl 02 lAa • Chtf•Potel Amplified: 

APP... Input 00.1 

Volt.. 
I V101 

VCE * 3V. IC • ..... 

047 5 - 047 5 roV 

Alwalute Input Offs.. 

Current 
1.101 - en 25 - 0 WI 2.5 PA 

• A ...mum ellsoption of 5 trans. ors • ISOrnIN • 75OrnW .00 vb, tor procular pg,...tron 

-n -50 -25 0 23 50 13 co 125 

APIIHENT TEIIPERAT0112 ITAI 
12CS-MMTA 

Fig. 9 - VBE vs. TA for Darlington 

pair 103 and 041. 

001.1.201.0...0-240,01 VOLTS 'S.W.,. 

 : ,:atimeatear.411 

es 50 23 0 25 50 13 100 OS 

«PVT TEMPERATURE T.1-12 
52CS-54/1% 

Fig. 10 - VI0 vs. TA for DI and 02. 

TYPICAL STATIC CHARACTERISTICS CURVES-
CA3118 and CA3146 SERIES (cont'd Fig.2 to 12) 

lO 20 30 40 
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Fig 6 - VcE sat vs. lc for any 
transistor. 
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CA3118, CA3146, CA3183 Types 
TYPICAL STATIC CHARACTERISTICS CURVES-
CA3118 and CA3146 SERIES (Fig.2 to 12) 
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Fig 12 - 110 as 10101 and 021 for types CA3146AE 
and CA3146E. 
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(FOR ANY TRANSISTOR )-CA3118,CA3146 SERIES (Fig. 13 to 22) 
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CA3118, CA3146, CA3183 Types 
TYPICAL STATIC CHARACTERISTICS CURVES—CA3183 SERIES 
(Fig. 23 to 30) 

COLLECTOR-TO-EMITTER VOL AGE iOce • 10 V 

••••••• 

-50 - 5 0 25 0 75 100 
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Fig 13 — I cEo vs TA for any transistor. 
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Fig. 16 — hFE vs. lc for any transistor. 
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Fig. 27 — V8E vs. I c for any transistor. 
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Fig 29 — IV vs. lc for differential amplifier (01 and 02) 
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Fig 25 — h FE vs. TA for any transistor. 
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Fig 28 — VcE se K. IC for any transistor. 
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Fig. 30 —11101vs. I' for differential amplifier (01 and 02). 
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CA3127E 
High-Frequency N-P-N 
Transistor Array 
For Low-Power Applications at Frequencies up to 500 MHz 

Features: 

• Gainaandwidth Product RI.) > 1 GH. 

• Power Gain • 30 dB Iwo) at 100 MHz 

• Noise Figure = 3.5 dB (typo) at 100 MHz 

• Five independent transistors on a common substrate 

RCA-CA3127E consists of five general.purpose silicon opn 

transistors on a common monolithic substrate. Each of the 

completely isolated transistors exhibits low 1/f noise and a 

value of ly in excess of 1 GHz, making the CA3127E useful 

from dc 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 16.1ead dual.in.line plastic 

package and operates over the full military temperature range 

of -55 to +125°C. 

CHARACTERISTICS CURVES 

COMMON-EMITTER CONFIGURATION 
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001 Ot e 

COLLECT,» wow« lk 

Fig 3 - tIf noise figure ogeolloeforoorfoof or RsouRcE 4 I ka 

Applications: 

• VHF amplifiers 

• VHF mixers 

• Multifunction combinations - RF/mixer/oscillator 

• IF Converter 

• IF amplifiers 

• Sense amplifiers 

• Synthesizers 

• Synchronous detectors 

• Cascade amplifiers sacs-222 in 

Fig. I- &formate Outgrow of CA3127E. 

MAXIMUM RATINGS. Absolute.Maximum Values, 

at TA 4 25°C 

POWER DISSIPATION. Pc . Collector.to.Ernitter Voltage. V CEO   15 V 

An, one transistor  
85 888 C011eCtOrloSase Voltage. Vc80   

Total Peckage. 
For TA up to 75°C   425 rnW Collector-to.Substrate Voltage. Vcic) •   20 V 20 V 

For TA >75°C Deane Linearly at   6.67 rnW/I'C Collector Current. Ii-   20 mA 
AMBIENT TEMPERATURE RANGE: 

Cnerenng   -55 to .125*C 

Storage   -65 to •150% 

LEAD TEMPERATURE IDURING SOLDERING): 

At *femme 1/16 S1/32 inch 11.59 S0.79 rnml 
from case for 10 seconds me  .265% 

STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARACTERISTICS SYMBOL TEST CONDITIONS LIMITS UNITS 

Min. Typ. Man, 

For Each Trentimine 

Collectoeto•Base 

Breetdown Voltage 8 1BAICE10 IC . 180'. IE • 0 20 32 v 

Collectoeto•Ernitter 
Breakdown Voltage 8 1813/CEO lc • I rnA, Is • 0 15 24 V 

C011ector•to-Sob  
Breakdown Voltage 8 IBRICIO 

Ici • lo mA. I, .. O 
I, • 0 

20 60 - V 

Emineetollase 
Breakdown Voltage . V IBRIEBO IE " 1°.A. IC • ° 4 57 V 

CollectoeCutoffOurrent 'CEO Vc, • 10 V, I, • 0 05 m. 

ConectorCoollOurrent 
ICB0 Vc, • 10 V, I, • 0 _ 40 nA 

DC forward.Currem 

Truster Ratio hFE Vc, -6V 

lc • 5 naA 35 BB 

lc • 1 mA 40 90 

lc .0.1 mA e as 

8we.toErnitter Voltage Vee Vce • 6 V 

oc -5 mA 0.71 0.81 0.91 

V lc • I mA 0.66 0.76 0.86 

lc • 0.1 tnA 080 0.70 eso 

Collecier.to.Emater 
Saturation Voltage 8CElsatl lc • 10 Wt. 1, • 1 mA 0.26 0.50 V 

Meteitude of Odfeenm 

. BE 
>BE' Os à 02 rmocma 

Vc, • 63/. IC • 1 mA 

es 5 nni 

Magnitude of De eeeee nce 
18'61 _ 0.2 3 m4 

.When owe et a fen« tor reference volfnee, the [Mono most not Cm suln•CM0 tO mOr• thm 0 1 nntletouto of energy frOrn any 130.•11210 
‘opositmo or olmtrosonn Ormhoros In order to prevent clogna•loon on Om tonetron monurn Opor tine lomo out ont Moon:1.1ms Mon 10 mn. 

The following ratings apply for each transistor in the device. 

..The collector of emh transistor of the CA3127E is isolated from the 
substrate by an intent*. diode The substrate Iterminai 5/ must be 
oonnoottol to Me Most nowt,. point 10 the external circuit to men. 
rain isolation between tranintOrt end to provide for normal transistor 
Octen. 

DYNAMIC CHARACTERISTICS at TA • 25°C 

CHARACTERISTICS SYMBOL TEST CONDITIONS 

Fig. No. 

LIMITS UNITS 

Min. Typ. Piles. 

I/F Noise Figute NF 
I • 100 kHz. Rs • 5C0 It 
oc « I inA 2 - 18 dB 

Gen.Bandwidth Prodmt 
1T Vc, • 6 V, lc «5 mA 4 GR. 

Collectoelellese Capeetence Cce vc, - 6 V.1 • I MIM 5 - See 

Fig. 

6 

OF 

coa..o..-oosoko.o..o.Ceomitence Ccs Vo t. 6 3/.1 - 1 WI: 5 - OF 

EmitteeteBesa Capacitance CEB VB, • 4 V,1 • 1 M14:5 pF 

Voltage Gain A 
Vc, • 6 V, I • 10 MHz 

RL • 1 KO, lc • 1 mA 
6, 18 ze - dB 

Power Gen GA 
Cascode Confnemoon 
I • 100MHz, V. . 12 V 

lc • 1 mA 

19.20 27 30 dB 

Noise Fier. .NF 19.20 - 3.5 de 

Input Resistance 1/0 , Common-Emitter 

Configuration 

Vc, • 6 V 

lc • 1 mA 

f • 200 MU. 

10 - 400 11 

Output Renitence 11922 12 4.6 no 

Input Capacitance C11 10 3.7 - OF 

Output Cepecitance C2, 12 2 of 

Magnitude of Forwerd Trans.:Irene., IY 211 14.18 - 24 - medro 
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CA3127E 
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CA3130, CA3130A, CA3130B Types 

BiMOS 
Operational Amplifiers 
With MOS/FET Input, COS/MOS Output 

RCA-CA3130T, CA3130E, CA3130S, CA-
3130AT,CA3130AS,CA3130AE,CA313OBT, 
and CA3130BS are integrated-circuit oper-
ational amplifiers that combine the advan-
tages of both COS/MOS and bipolar tran-
sistors 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 per-
formance. 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 ter-
minal, an important attribute in single-supply 
appl ications. 

A complementary-symmetry MOS (COS/ 
MOS) transistor-pair, capable of swinging the 
output voltage to within 10 millivolts of 
either supply-voltage terminal (at very high 
values of load impedance), is employed as 
the output circuit. 

The CA3130 Series circuits operate at supply 
voltages ranging from 5 to 16 volts, or ±2.5 
to -±8 volts when using split supplies. They 
can be phase compensated with a single ex-
ternal capacitor, and have terminals for 
adjustment of offset voltage for applications 

r— 
BIAS CIRCuiT CURRENT SOURCE FOR 06 AND 07 

requiring offset-null capability. Terminal pro-
visions are also made to permit strobing of 
the output stage. 

The CA3130 Series is supplied in standard 
8-lead TO-5 style packages (T suffix), 8-lead 
dual-in-line formed lead TO-5 style "DI L-
CAN" packages (S suffix). The CA3130 is 
available in chip form (H suffix). The 
CA3130 and CA3130A are also available 
in the Mini-DIP 8-lead dual-in-line plastic 
package (E suffix). All types operate over 
the full military-temperature range of —55°C 
to +125°C. The CA3130B 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 —55°C to +125°C. The CA3130A 
offers superior input characteristics over 
those of the CA3130. 

CuRR,EC:. FORT-  UcnC, R E 
t_o 
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0100ES 05 THROUGH De PROVIDE GATE-OXIDE PROTECTION 
FOR MOS/FET INPUT STAGE 

SECN-2•714•11 

Fig.1 — Schematic diagram of the CA3130 Series. 

Features: 
• MOS/FET input stage provides: 

very high Z1 = 1.5 TS2 (1.5 x 10 12 S2) typ, 

very low II = 5 pA typ. at 15-V operation 

2 pA typ. at 5-V operation 

• Common-mode input-voltage range includes 

negative supply rail; input terminals can 

be swung 0.5 V below negative supply rail 

• COS/MOS output stage permits signal swing 

to either (or both) supply rails 

• Low V10: 2 mV max. (CA3130B) 

• Wide BW: 15 MHz typ. (unity-gain crossover) 

• High SR: 10 V/ps typ. (unity-gain follower) 

• High output current (le): 20 mA typ. 

• High AoL: 320,000 (110 dB) typ. 

• Compensation with single external capacitor 

Applications: 
• 
• 
• 
• 

Ideal for 

single-supply 
applications 

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 

• Voltage followers 

(e.g., follower for single-supply D/A 

converter) 

• Voltage regulators 

(permits control of output voltage 

down to zero volts) 

• Peak detectors 

• Single-supply full-wave precision rectifiers 

• Photo-diode sensor amplifiers 

PNASE COMPENSATION 

'NV 
INPUT 

NON-INV 
INPvT 

mv MPuT 

NON 
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OUTPUT 

OFFSET 
V AND CASE 
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17110114 
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NULL 

IICA.2.0114 

E Suffix 

Fig. 2 — Functional diagrams for the CA3130 series. 



CA3130, CA3130A, CA3130B Types 

MAXIMUM RATINGS, Absolute-Maximum Values 

DC SUPPLY VOLTAGE 
(Between V+ and V- Terminals)   16 V TEMPERATURE RANGE: 
DIFFERENTIAL-MODE OPERATING (all types)   -65 to + 125°C 
INPUT VOLTAGE   ± 8 V STORAGE (all types) .  -65 to + 150°C 
COMMON-MODE DC OUTPUT SHORT-CIFICUIT 
INPUT VOLTAGE... (V + +8 V) to (V - -0.5 V) DURATION '   INDEFINITE 
INPUT-TERMINAL CURRENT   1 mA LEAD TEMPERATURE 
DEVICE DISSIPATION: (DURING SOLDERING): 
WITHOUT HEAT SINK - AT DISTANCE 1/16 ± 1/32 INCH 
UP TO 55°C   630 mW (1.59 ± 0.79 mm) FROM CASE 
ABOVE 55°C .... Derate linearly 6 67 mW/°C FOR 10 SECONDS MAX  +265°C 

WITH HEAT SINK - 
AT 125°C   418 mW •Short circuit may be applidd to ground or to either 
BELOW 125°C ... Derate linearly 16.7 mW/°C supply. 

INRIT 

rEASISO 

NA• 

COMPENSATION 

" Nsjr.F.' MOEN PEDUWEDI 

STRODE 

TOTAL SUPPLY VOLTAGE IF. INDICATED VOLTAGE GAMS, • 15 V 
• WITN MPUT TERMINALS BIASED SO TrIAT TE. 6 POTENTIAL 
IS V ABOVE TERM • 

ELECTRICAL CHARACTERISTICS at TA=25°C, V"=15 V, V' = 0 V (Unless otherwise specified) 0.TPuT DRIV. TO UT., SUPPLY .IL 

CHARACTERISTIC 

LIMITS 

Units CA313013 (T,S) CA3130A (T,S,E) CA3130 (T,S,E) 

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

Input Offset Voltage, 

1V 101 , V±=±7.5 V 
- 0.8 2 - 2 5 - 8 15 mV 

Input Offset Current, 

11 101, V±=±7.5 V 
- 0.5 10 - 0.5 20 - 0.5 30 pA 

Input Current, 11 

V±=±7.5 V 
5 20 - 5 30 - 5 50 pA 

Large-Signal Voltage 

Gain, Ao L 

Vo=10 Vp,p, RL-2 ks2 

100 k 320 k - 50 k 320 k - 50 k 320 k - V/V 

100 110 - 94 110 - 94 110 - dB 

Common-Mode 

Rejection Ratio,CMRR 
86 100 - 80 90 - 70 90 - dB 

Common-Mode Input- 

Voltage Range, VICR 0 

-0.5 

to 

12 

10 0 

-0.5 

to 

12 

10 0 

-0.5 

to 

12 

10 V 

Power-Supply Rejection 

Ratio, AVI0/AV± 

V±=±7.5 V 

- 32 100 - 32 150 - 32 320 µV/V 

Maximum Output 

Voltage: 

At R kS2 Vom + 12 13.3 - 12 13.3 - 12 13.3 - 

V 

L=2 
Vom - - 0.002 0.01 - 0.002 0.01 - 0.002 0.01 

At RL= 0. Vole 14.99 15 - 14.99 15 - 14.99 15 - 
vom_ _ 

0 0.01 - 0 0.01 - 0 0.01 

Maximum Output 

Current: 

lom + (Source) @ 

Vo = 0 V 12 22 45 12 22 45 12 22 45 
mA 

10m - (Sink 1 @ 

Vo = 15 V 12 20 45 12 20 45 12 20 45 

Supply Current, l+: 

Vo=7.5 V,RL=- .., - 10 15 - 10 15 - 10 15 
mA 

Vo = 0 V, RL = oe 2 3 - 2 3 - 2 3 

Input Current, I i ' - Fig.12 15 - Fig.12 - - Fig.12 - nA 

Input Offset Voltage 

Temp. Drift, 

AV10/AT • 

5 15 - 10 - - 10 - INPC 

Large-Signal Voltage 

Gain, AoL • 

50 k 320 k - - 320 k - - 320 k - VN 

94 110 - - 110 - - 110 - dB 

-55 to +125° C, V ±= ± 7.5 V (I l and AV io/ All, Vo -= 10 Vp_p and RL = 2 k Ç2 (A0L ). 

• 

OUTPUT 

"[S-2•,, 

Fig. 3 - Block diagram of the CA3130 Series. 
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CA3130, CA3130A, CA3130B Types 

TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 

CHARACTERISTIC 

TEST 

CONDITIONS 

CA3130B 

(T,S) 

CA3130A 

(T,S,E) 

CA3130 

(T,S,E) 

UNITS 

V+ = +7.5 V 

— 5 V = —7. V 

TA = 250C 
(Unless Other-

wise Specified) 

Input Offset Voltage 

Adjustment Range 

10 kS-2. across 

Terms. 4 and 5 

or 4 and 1 

±22 ±22 ±22 mV 

Input Resistance, R1 1.5 1.5 1.5 -1-12 

Input Capacitance, C1 f = 1 MHz 4.3 4.3 4.3 pF 

Equivalent Input Noise 

Voltage, er, 

BW = 0.2 MHz 

Rs = 1 

23 23 23 µV 

Unity Gain Crossover 

Frequency, f T 

CC = 0 15 15 15 
MHz 

CC = 47 pF 4 4 4 

Slew Rate, SR: 

Open Loop CC = 0 30 30 30 
V/µs 

Closed Loop CC = 56 pF 10 10 10 

Transient Response: 

Rise Time, tr 

CC = 56 pF 

CL = 25 pF 

RL = 2 kS2 

(Voltage 

Follower) 

0.09 0.09 0.09 µs 

Overshoot 10 10 10 % 

Settling Time (4 Vp . p 

Input to <0.1%) 
1.2 1.2 1.2 is 

• Although a 1-MSS source is u ed for this test, the equivalent input noise remains constant for values of R s 

up to 10 MSS. 

CHARACTERISTIC 

TEST 

CONDITIONS 

(T,S) 

CA3130A 

(T,S,E) 

CA3130 

(T,S,E) 

UNITS 

V+ = 5 V 

— V = 0 V CA3130B 
TA = 250C 

(Unless Other-
wise Specified) 

Input Offset Voltage, V10 1 2 8 mV 

Input 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 Voltage 

Gain, Ao L 

Vo = 4 Vp_p 

R L = 5 {62 

100 k 100 k 100 k VA/ 

100 100 100 dB 

Common-Mode Input 

Voltage Range, Vic R 0 to 2.8 0 to 2.8 0 to 2.8 V 

Supply Current, I+ 

Vo = 5 V, 

RL = 
300 300 300 

11A 
Vo = 2.5 V, 

RL = 00 
500 500 500 

Power Supply Rejection 

Ratio, AVio/AV + 200 200 200 µV/V 

6 10 12 14 16 
TOTAL supply VOLTAGE 0/41— V 

s- 4 

Fig. 7 — Quiescent supply current vs. supply voltage 
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CA3130, CA3130A, CA3130B Types 

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 applications. Conse-
quently, 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. 8 can be used both for 
phase compensation and to strobe the output 
stage into quiescence. When Term. 8 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. 
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/MOS digital 
circuits in comparator applications). 

Input Stages—The circuit of the CA3130 is 
shown in Fig. 1. It consists of a differential. 
input stage using PMOS field-effect tran-
sistors (06, 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 
function as a differential-to-single-ended con-
verter to provide base drive to the second-
stage bipolar transistor (011). Offset nulling, 
when desired, can be effected by connecting 
a 100,000-ohm potentiometer across Terms. 
1 and 5 and the potentiometer slider arm to 
Term. 4. Cascode-connected PM OS transistors 
02, 04 are the constant-current source for 
the input stage. The biasing circuit for the 
constant-Lurrent source is subsequently de-
scribed. The small diodes D5 through D8 
provide gate-oxide protection against high-
voltage transients, e.g., including static elec-
tricity during handling for 06 and 07. 

Second-Stage—Most of the voltage gain in the 
CA3130 is provided by the second amplifier 
stage, consisting of bipolar transistor 011 
and its cascode-connected load resistance 
provided by PMOS transistors 03 and 05. 
The source of bias potentials for these PMOS 
transistors is subsequently described. Miller-
Effect compensation (roll-off) is accom-
plished by simply connecting a small capa-
citor between Terms. 1 and 8. A 47-picofarad 
capacitor provides sufficient compensation 
for stable unity-gain operation in most 
applications. 

Bias-Source Circuit—At total supply voltages, 
somewhat above 8.3 volts, resistor R2 and 
zener diode Z1 serve to establish a voltage of 
8.3 volts across the series-connected circuit, 
consisting of resistor R1, diodes D1 through 
D4, and PMOS transistor 01. A tap at the 
junction of resistor R1 and diode D4 provides 
a gate-bias potential of about 4.5 volts for 

PMOS transistors 04 and 05 with respect to 
Term. 7. A potential of about 2.2 volts is 
developed across diode-connected PMOS tran-
sistor 01 with respect to Term. 7 to provide 
gate bias for PMOS transistors 02 and 0.3. It 

should be noted that 01 is "mirror-con-
nected"t to both 02 and 03. Since tran-
sistors 01, 02, 03 are designed to be iden-
tical, the approximately 200-microampere 
current in 01 establishes a similar current in 
02 and 03 as constant-current sources for 
both the first and second amplifier stages, 
respectively. 

At total supply voltages somewhat less than 
8.3 volts, zener diode Z1 becomes non-
conductive and the potential, developed 
across series-connected R1, D1-D4, and 01, 
varies directly with variations in supply 
voltage, Consequently, the gate bias for 04, 
05 and 02, 03 varies in accordance with 
supply-voltage variations. This variation re-
sults in deterioration of the power-supply-
rejection ratio (PSFIR) at total supply volt-
ages below 8.3 volts. Operation at total sup-
ply 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 Class A 
mode. When operating into very high resist-
ance loads, the output can be swung within 
millivolts of either supply rail. Because the 
output stage is a drain-loaded amplifier, 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 en-
countered. As a voltage follower, the ampli-
fier can achieve 0.01 per cent accuracy levels, 
including the negative supply rail. 

Input Current Variation with Common-
Mode Input Voltage 

As shown in the Table of Electrical Charac-
teristics, the input current for the CA3130 
Series Op-Amps is typically 5 pA at TA=25°C 
when terminals 2 and 3 are at a common-
mode potential of +7.5 volts with respect to 
negative supply Terminal 4. Fig.11 contains 
data showing the variation of input current 
as a function of common-mode input voltage 
at TA = 25°C. These data show that circuit 
designers can advantageously exploit these 
characteristics to design circuits which typi-
cally require an input current of less than 1 
pA, provided the common-mode input volt-
age does not exceed 2 volts. As previously 
noted, the input current is essentially the 
result of the leakage current through the 

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". 

gate-protection diodes in the input circuit 
and, therefore, a function of the applied 

-I 0 I Z • 5 6 7 

INPUT CURRENT I,. p. 

P2C3-29011. 

Fig.11 — Input current vs. common-mode voltage. 

voltage. Although the finite resistance of the 
glass terminal-to-case insulator of the TO-5 
package also contributes an increment of 
leakage current, there are useful compensa-
ting factors. Because the gate-protection net-
work functions as if it is connected to 
Terminal 4 potential, and the TO-5 case of 
the CA3130 is also internally tied to Term-
inal 4, input terminal 3 is essentially "guarded" 
from spurious leakage currents. 

Offset Nulling 

Offset-voltage nulling is usually accomplished 
with a 100,000-ohm potentiometer con-
nected 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 cir-
cuits is typically 5 pA at 25°C. 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 cur-
rent approximately doubles for every 10°C 
increase in temperature. Fig.12 provides data 
on the typical variation of input bias current 
as a function of temperature in the CA3130. 

V'2•7 5V 

-80 -60 -40 -20 0 20 40 60 80 1CO 120 140 
AMBIENT TEMPERATURE 1;0-'5 

9? 5-211 44 

Fig. 72 — Input current vs. ambient temperature. 

In applications requiring the lowest practical 
input current and incremental increases in 
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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 mar-
kedly reduce and stabilize input current 
variations. 

Input-Offset-Voltage (V10) 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 
dc gate-source bias potential is applied to the 
device for extended time periods. The magni-
tude of the change is increased at high tem-
peratures. Users of the CA3130 should be 
alert to the possible impacts of this effect if 
the application of the device involves ex-
tended operation at high temperatures with a 
significant differential dc bias voltage applied 
across Terms. 2 and 3. Fig.13 shows typical 
data pertinent to shifts in offset voltage 
encountered with CA3130 devices (T0-5 
package) during life testing. At lower tem-
peratures (T0-5 and plastic), for example 
at 85°C, this change in voltage is con-
siderably less. In typical linear applica-
tions where the differential voltage is small 
and symmetrical, these incremental changes 
are of about the same magnitude as those 
encountered in an operational amplifier em-
ploying a bipolar transistor input stage. The 
two-volt dc differential voltage example rep-
resents conditions when the amplifier output 
stage is "toggled", e.g., as in comparator 
applications. 

MOMENT TEMPERATURE IT,0•120•C 

f9i$ e , 

[PAPERER LIC VOLTAGE 
I•EROSS TERNS • 3I• 0 V 
: OUTPUT VOLTAGE VT/E 

vs. operating life. 

Powe r-Supply Conside rations 

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. 14a and 14b 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 08 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 08 (from the positive 
supply) decreases correspondingly. When the 
gate terminals of 08 and 012 are driven in-
creasingly negative with respect to ground, 
current flow through 08 is increased and 
current flow through 012 is decreased 
accordingly. 

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 out-
put terminal (No. 6) voltage is at V+/2, i.e., 
the voltage-drops across 08 and 012 are of 
equal magnitude. Fig. 7 shows typical quies-
cent supply-current vs. supply-voltage for the 
CA3130 operated under these conditions. 
Since the output stage is operating as a 
Oats 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 08 or 012 are swung out of their 
linear regions toward cut-off (a non-linear 
region), there will be a corresponding re-
duction in supply-current. In the extreme 
case, e.g., with Term. 8 swung down to 
ground potential (or tied to ground). NMOS 
transistor 012 is completely cut off and the 
supply-current to series-connected transistors 
08, 012 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. 14a shows a 
dual -supply arrangement for the output stage 
that can also be strobed off, assuming RL=.., 
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 con-
nected between Term. 6 and ground in the 
circuit of Fig.14b. Let it further be assumed 
again that the input-terminal bias (Terms. 2 
and 3) is such that the output terminal (No. 
6) voltage is a V412. Since PMOS transistor 
08 must now supply quiescent current to 
both RL and transistor 012, it should be 
apparent that under these conditions the 
supply-current must increase as an inverse 
function of the RL magnitude. Fig. 9 shows 
the voltage-drop across PMOS transistor 08 
as a function of load current at several supply-
voltages. Fig. 6 shows the voltage-transfer 
characteristics of the output stage for several 
values of load resistance. 

Wideband Noise 
From the standpoint of low-noise perform-
ance considerations, the use of the CA3130 
is most advantageous in applications where 
in 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 µV when the test -circuit 
amplifier of Fig. 15 is operated at a total 
supply voltage of 15 volts. This value of 
total input-referred noise remains essentially 
constant, even though the value of source 

POSITIVE 
surely 

I al (MAL POWER -SUPPLY OPERATION 

1151 SINGLE POWER-SUPPLY OPERATION 

12C3- 2412, 

Fig. 14 — CA3130 output stage in dual and single 

power-supply operation. 
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92CS-24,26 

Fig. 15 — Test-circuit amplifier (30-d13 gain) used 
for wideband noise measurements. 

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. 

TYPICAL APPLICATIONS 

Voltage Followers 

Operational amplifiers with very high input 
resistances, like the CA3130, are particularly 
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suited to service as voltage followers. Fig. 16 
shows the circuit of a classical voltage 
follower, together with pertinent waveforms 
using the CA3130 in a split-supply config-
uration. 

A voltage follower, operated from a single 
supply, is shown in Fig. 17, together with 
related waveforms. This follower circuit is 
linear over a wide dynamic range, as illus-
trated by the reproduction of the output 

.75 V 

1111=111111111111=11111111 
li ;11111111111111111111111111 

1111M11111/11111111111111 
11011111111111111111111111111 

111111111111111111111111111 
1111111M11111111•11111 
111111113111111M111 
jur=IIIIIIIIIIIIIIIIIIIII 
Top Trace: Output 

Bottom Trace: Input 

(a) Small-signal response (50 mV,div. 

and 200 nt/div.) 

Top Trace: Output signal (2 V/div. 92CS•24739 

and 5 us/div.) 

Center Trace: Difference signal (5 mV/div. 

and 5 ps/div.) 
Bottom Trace: Input signal (2 V/div. 

and 5 gs/div.) 

(b) Input-output difference signal showing 

settling time (Measurement made with 

Tektronix 7A13 differential amplifier) 

Fig. 16 - Split-supply voltage follower with 
associated waveforms. 

waveform in Fig. 17a with input-signal 
ramping. The waveforms in Fig. 17b 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. 17b also shows 
the manner in which the COS/MOS output 
stage permits the output signal to swing down 
to the negative supply-rail potential (i.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. 

•15 V 

(a) Output-waveform with input-signal ramping 
12 V/div. and 500 ps/div.) 

I. 

OV 

OV 

-OV 

92CS- 24728RI 

Top Trace. Output (5 V/div. and 200 gs/div.) 

Bottom Trace: Input (5 V/div. and 200 us/div.) 

(b) Output-waveform with ground-reference 
sine-wave input 

Fig. 17 - Single-supply voltage-follower with 

associated waveforms. (e.g., for use 
in single-supply D/A converter; we 
Fig.9 in ICAN-6080). 

9-Bit COS/MOS DAC 

A typical circuit of a 9-bit Digital-to-Analog 
Converter (DACI • is shown in Fig.18 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 connected 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.18. 

The circuit uses an R/2R voltage-ladder 
network, with the output potential obtained 
directly by terminating the ladder arms at 
either the positive or the negative power-
supply terminal. Each CD4007A contains 
three "inverters", each "inverter" function-
ing 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 806,000-ohm re-
sistors from the same manufacturing lot. 

A single 15-volt supply provides a positive 
bus for the CA3130 follower amplifier and 
feeds the CA3085 voltage regulator. A 
"scale-adjust" function ts provided by the 
regulator output control, set to a nominal 
10-volt level in this system. The line-voltage 
regulation (approximately 0.2%) permits a 
9-bit accuracy to be maintained with varia-
tions 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. 19. During positive excur-
sions, the input signal is fed through tne 
feedback network directly to the output. 
Simultaneously, the positive excursion of the 
input signal also drives the output termi-
nal (No. 6) of the inverting amplifier in a 

negative-going excursion such that the 1N914 
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/R1. When the equality 
of the two equations shown in Fig. 19 is 
satisf ied, the full -wave output is symmetrical. 

Peak Detectors 

Peak-detector circuits are easily implemented 
with the CA3130, as illustrated in Fig. 20 
for both the peak -positive and the peak-
negative circuit. It should be noted that with 
large-signal inputs, the bandwidth of the 

.-Digital-to-Analog Conversion Using the 
RCA-CD4007A COS/MOS IC-, Application 
Note ICAN-6080. 
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Fig. 18 — 9-bit DAC using COSIMOS digital switches and CA3130. 
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peak-negative circuit is much less than that of 
the peak-positive circuit. The second stage 
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other hand, during a negative-going signal 
excursion at the collector of 011, the 
transistor functions in an active "pull-down" 
mode so that the intrinsic capacitance can be. 
discharged more expeditiously. 
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Top Trace: Output signal (2 Vicliv.) 

Bottom Trace: Input signal (10 WSW) 

Time base on both traces: 0.2 ms/div. 

Fig. 79 — Single-supply, absolute-value, ideal full-wave 
rectifier with associated waveforms. 
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CIO PEA« NEGATIVE DETECTOR CIRCUIT 

Fig.20 — Peak-detector circuits. 

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 re-
quired to approach zero. Fig. 21 shows the 
schematic diagram of a 40-mA power supply 
capable of providing regulated output volt-
age 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, (22, and 
05 in IC2 are configured as a low impedance, 
temperature-compensated source of adjust-
able reference voltage for the error amplifier. 
Transistors 01, 02, 03, and 04 in IC3 
(another CA3086 transistor-array IC) are 
connected in parallel as the series-pass ele-
ment. Transistor 05 in IC3 functions as a 
current-limiting device by diverting base 
drive from the series-pass transistors, in 
accordance with the adjustment of resistor 
R2. 

Fig. 22 contains the schematic diagram of a 
regulated power-supply capable of providing 
regulated output voltage by continuous ad-
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Fig.21 — Voltage regulator circuit (0 to 13 V at 40 ma). 
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justment 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, al-
though the output of IC1 is boosted by a 
discrete transistor (04) to provide adequate 
base drive for the Darlington-connected series-
pass transistors 01, 02. Transistor 03 func-
tions in the previously described current-
limiting circuit. 

Mu Iti vibrators 

The exceptionally high input resistance pre-
sented by the CA3130 is an attractive feature 
for multivibrator circuit design because it 
permits the use of timing circuits with high 
R/C ratios. The circuit diagram of a pulse 
generator (astable multivibrator), with pro-
visions for independent control of the "on" 
and "off" periods, is shown in Fig. 23. 
Resistors R1 and R2 are used to bias the 
CA3130 to the mid-point of the supply-volt-
age and R3 is the feedback resistor. The 
pulse repetition rate is selected by position-
ing Si to the desired position and the rate 
remains essentially constant when the re-
sistors which determine "on-period" and 
"off-period" are adjusted. 

Function Generator 

Fig. 24 contains a 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, R1. A voltage-
control input is also available for remote 
sweep-control. 

The heart of the frequency-determining sys-
tem is an operational-transconductance-ampli-
fier (OTA) •, IC1, operated as a voltage-con-
trolled current-source. The output, lo, is a 
current applied directly to the integratina 
capacitor, Cl, in the feedback loop of thJ 
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. 

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 IC1 so as to toggle the current 
source from plus to minus in generating the 
linear triangular wave. 

*See File No. 475 and ICAN-6668. 
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Fig.23 — Pulse generator (astable multivibrator) with 
provisions for independent control of "ON" 
and "OFF" periods. 
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Fig. 24 — Function generator (frequency can be varied 
1,000,000/1 with a single control). 

Operation with Output-Stage Power-Booster 

The current-sourcing and -sinking capability 
of the CA3130 output stage is easily sup-
plemented to provide power-boost capability. 
In the circuit of Fig. 25, three COS/MOS 
transistor-pairs in a single CA3600E . IC array 
are shown parallel connected with the output 
stage in the CA3130. In the Class A mode of 
CA3600E shown, a typical device consumes 
20 mA of supply current at 15-V operation. 

o 

0 - is 

- 2•735 

This arrangement boosts the current-handling 
capability of the CA3130 output stage by 
about 2.5X. 

The amplifier circuit in Fig. 25 employs 
feedback to establish a closed-loop gain of 
48 dB. The typical large-signal bandwidth 
(-3 dB) is 50 kHz. 

*See File No. 619 for technical information. 
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The photographs and dimensions represent a chip 
when it is part of the wafer. When the wafer is 
cut into chips, the cleavage angles are 570 in-
stead of 900 with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils 

(0.17 mm) larger in both dimensions. 

Dimensions and Pad Layout for CA3130H. 
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High-Current, High-Beta 
N-P-N Transistor Arrays 
Hermetic Gold-CHIP Type For Industrial, Commercial, 
and Military Applications 

Four Isolated Discrete Sealed-Junction High-Current 

N-P-N Transistors 

The RCA-CA3138G and CA3138AG are high. 

Current n-p-n transistor arrays containing 

four isolated (discrete) sealed-junction high-

current n-p-n transistors. They are intended 

for high-current, high-speed switching and 

driver applications. 

The CA3138AG has all the features and 

characteristics of the CA3138G but is in-

tended for applications requiring premium 

grade specifications -- higher rating for 

Vcgo of 25 volts and limits established for 

'CEO and 1EBO• 
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Preliminary Data 
Features: 

• High Current -1 A 
• High Beta - 95 min. at lc = 500 mA, VcE = 5 V 
• Low VcE(SAT) -0.4 V max. at lc = 500 mA, IB = 12.5 mA 
• "Hermetic Gold-CHIP" Construction 
• Silicon Nitride Passivated Applications: 
• Platinum Silicide Ohmic Contacts • High-Current LED Driver 

• Gold-CHIP Interconnect Metallization • Relay and Solenoid Driver 
and Gold Bonding Pads • Lamp Driver 

The CA3138G and CA3138AG are supplied 

in a 14-lead dual-in-line plastic package and 

operate over the full military temperature 

range of -55°C to +125°C. The transistor 

chip used for these types is 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 

a silicon nitride passivation layer. A multi-

layered, highly corrosion-resistant, terminal 

connection system of unique design is 

employed. 
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Fig. 1 — Terminal diagram (top view). 

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

COLLECTOR-TO—EMITTER 
VOLTAGE   15 V 
With Base Open (VcE0) 

COLLECTOR-TO-BASE 
VOLTAGE 
With Emitter Open IVCB0) 

CA3138G 20 V 
CA3138AG 25 

EMITTER-TO-BASE 
VOLTAGE   5 v 
With Collector Open IV EB0) 

COLLECTOR CURRENT Ilc) 1 A 
POWER DISSIPATION (PD): 

At TA up to 25*C: 
For Each Transistor   1 
Total Package   2 

At TA above 25°C derate 
linearly   20 mW/*C 

AMBIENT TEMPERATURE 
RANGE: 
Operating   —55 to +125 
Storage   —65 to +150 

LEAD TEMPERATURE 
(DURING SOLDERING): 
At distance 1/16 ± 1/32 inch 
11.59 ± 0.79 mm) from case 
for 10 seconds max.   265 *C 

V 
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CA3138G, CA3138AG Types 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

Characteristic 

LIMITS 

Units Test Conditions CA3138G CA3138AG 

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

Collector-to-Emitter Sustaining 

Voltage, VcEolsusls 
I c = 1 mA, IB = 0 15 20 - 15 20 - V 

Collector-to-Emitter Breakdown 

Voltage, V(BR)CES 
lc = 10 µA 20 55 - 25 60 - V 

Collector-to-Base Breakdown 

Voltage, VIBRICB0 
IC = 10 µA, IE = 0 20 55 - 25 60 - V 

Emitter-to-Base Breakdown 

Voltage, V(BR)EBO 
1E = 10 µA, lc = 0 5 7.2 - 5 7.2 - V 

Base-to-Emitter Saturation 

Voltage, VBE(sat)* 
lc = 500 mA, I B = 12.5 mA 0.7 0.81 1.1 0.7 0.81 1.1 V 

Collector-to-Emitter Saturation 

Voltage, VcEls t16 
Ic=500mA,I B = 12.5 mA 0.26 0.4 0.26 0.4 V 

Collector-Cutoff 
Current 

1C130 Vc B = 15 V - 0.03 1 - 0.02 0.1 

µA 'CEO VcE = 10 V - 0.5 - - 0.3 1.0 

1E60 VEB ' 4 V - 0.01 - - 0.01 0.1 

Static Forward-Current Transfer 

Ratio (Beta), hF E. 

Ic=10 mA, VcE = 5 V - - - 35 140 - 

lc = 100 mA, VcE ,. 5 V 80 160 450 80 160 450 

I c = 500 mA, Vc E = 5 V 95 170 500 95 170 500 

lc = 1 A, VcE = 5 V 40 170 - 40 170 - 

Small-Signal Forward Current 
Transfer Ratio, hfe 

lc = 50 mA, VcE = 10 V, 
f = 100 MHz 

2 - - 2 - - 

Collector-to-Base 

Capacitance, CcB 
Vcs = 10 V, IE = 0 - 18 - - 18 - pF 

Emitter-to-Base 

Capacitance, CEB 
VEB = 0.5 V, lc = 0 - 77 - - 77 - pF 

Rise Time (See Test Ckt. 

Fig. 6),tr lc = 570 mA 

IBi = 30 mA 

1B2 ' 0 

- 100 - - 6 - ns 

Fall Time (See Test Ckt. 

Fig. 61, tf - 6 - - 100 - ns 

Delay Time (See Test Ckt. 

Fig. 61, td - 7.5 - - 7.5 - ns 

Storage Time (See Test Ckt. 

Fig. 6), t, - 850 - - 850 - ns 

.Pulse ConditIons: width = 300 us; duty cycle = 1%. 

46V 

ion 

160 n 

60 es ON 

40 et OFF 

INPUT / 

TO SsAcMOPPLEING 

OUTPUT 

10% 

',CS-26926M 

Fig. 6 - Switching time test circuit and waveforms. 
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CA3140, CA3140A, CA3140B Types 

BiMOS Operational Amplifiers 
With MOS/FET Input, Bipolar Output 

The CA31406, CA3140A, and CA3140 are 
integrated-circuit operational amplifiers that 
combine the advantages of high-voltage PMOS 
transistors with high-voltage bipolar tran-
sistors on a single monolithic chip. Because 
of this unique combination of technologies, 
this device can now provide designers, for 
the first time, with the special performance 
features of the CA3130 COS/MOS opera-
tional amplifiers and the versatility of the 
741 series of industry-standard operational 
amplifiers. 
The CA3140,CA3140A , and CA3140 BiMOS 
operational amplifiers feature gate-protected 
MOS/FET (PMOS) transistors in the input 
circuit to provide very-high-input impedance, 
very-low-input current, and high-speed per-
formance. The CA3140B operates at supply 
voltages from 4 to 44 volts; the CA3140A 
and CA3140 from 4 to 36 volts (either single 
or dual supply). These operational amplifiers 
are internally phase-compensated to achieve 
stable operation in unity-gain follower oper-
ation, and, additionally, have access termi-
nals for a supplementary external capacitor 
if additional frequency roll-off is desired. 
Terminals are also provided for use in appli-
cations requiring input offset-voltage nulling. 

The use of PMOS field-effect transistors in 
the input stage results in common-mode in-
put-voltage capability down to 0.5 volt below 

the negative-supply terminal, an important 
attribute for single-supply applications. The 
output stage uses bipolar transistors and in-
cludes built-in protection against damage 
from load-terminal short-circuiting to either 
supply-rail or to ground. 

The CA3140 Series has the same 8-lead termi-
nal pin-out used for the "741" and other 
industry-standard operational amplifiers. They 

are supplied in either the standard 8-lead 
TO-5 style package IT suffix), or in the B-

leed dual-in-line formed-lead TO-5 style pack-

age "OIL-CAN" (S suffix). The CA3140 is 
available in chip form (H suffix). The 

CA3140A and CA3140 are also available in 

an 8-lead dual-in-line plastic package (Mini-

DIP-E suffix). The CA31408 is intended for 
operation at supply voltages ranging from 4 

to 44 volts, for applications requiring pre-
mium-grade specifications and with electrical 

limits established for operations over the 

range from —55°C to +125°C. The CA3140A 
and CA3140 are for operation at supply volt-

ages up to 36 volts (±18 volts). The CA3140 

ages up to 36 volts (±18 volts). All types can 

be operated safely over the temperature range 
from —55°C to +125°C. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Features: 

• MOS/FET Input Stage 
(a) Very high input impedance (Zi N) — 1.5 Ts-2 typ. 
(b) Very low input current (II) — 10 pA typ. at ± 15' 

(c) Low input-offset voltage (V10) — to 2 mV max. 

(d) Wide common-mode input-voltage range IVicR I - 
can be swung 0.5 volt below negative 
supply-voltage rail 

(el Output swing complements input common-mode 
range 

If I Rugged input stage — bipolar diode protected 

• Directly replaces industry type 741 in 
most applications 

• Includes numerous industry operational 

amplifier categories such as general-pur-

pose, FET input, wideband (high slew rate) 

• Operation from 4-to-44 volts 

Single or Dual supplies 
• Internally compensated 

• Characterized for ± 15-volt operation 
and for TTL supply systems with 

operation down to 4 volts 
• Wide bandwidth — 4.5 MHz unity 

gain at ± 15 V or 30 V; 3.7 MHz at 5 V 

• High voltage-follower slew rate — 9 Vita 

• Fast settling time — 1.4 ps typ. 

to 10 mV with a 10-Vp.p signal 

• Output swings to within 0.2 volt 
of negative supply 

• Strobable output stage 

CA3140, CA3140A CA3140B 
DC SUPPLY VOLTAGE 
(BETWEEN V+ AND V— TERMINALS)   36 V 44 v 

DIFFERENTIAL-MODE INPUT VOLTAGE   ± 8 V ± 8 V 
COMMON-MODE DC INPUT VOLTAGE   (V+ +8 V) to (V— —0.5 V) 
INPUT-TERMINAL CURRENT   1 mA 
DEVICE DISSIPATION: 
WITHOUT HEAT SINK — 
UP TO 55°C  630 mW 
ABOVE 55°C   Derate linearly 6.67 mWPC 

WITH HEAT SINK — 
Up to 55°C   1 W 
Above 55°C   Derate linearly 16.7 mW/°C 

TEMPERATURE RANGE: 
OPERATING (ALL TYPES)   —55 to + 125°C 
STORAGE (ALL TYPES)   —65 to +150°C 
OUTPUT SHORT-CIRCUIT DURATION •   INDEFINITE 
LEAD TEMPERATURE (DURING SOLDERING): 
AT DISTANCE 1/16 ± 1/32 INCH (1.59 ± 0.79 MM) 
FROM CASE FOR 10 SECONDS MAX  

• Short circuit may be applied to ground or to either supply. 

TA 

-ANO cast 
TOP VIEW 
Sand T Suffixes 

OutPur 

oçrseT 
NULL 

INV INPUT 

NON 
INV INPUT 

Fig. 1 — Functional diagrams of the 
CA3140 series. 

TOP VIEW 

E Suffix 

+265°C 

STROBE 

V, 

OUTPUT 

OFFSET 
NULL 

1,<S- Olis 

Applications: 

• Ground-referenced single-supply amplifiers 

in automobile and portable instrumentation 

• Sample and hold amplifiers 

• Long-duration timers/multivibrators 
(microseconds—minutes—hours) 

• Photocurrent instrumentation 

• Peak detectors • Active filters 

• Comparators 

• Interface in 5 V TTL systems & other 

low-supply voltage systems 

• All standard operational amplifier applications 

• Function generators • Tone controls 

• Power supplies • Portable instruments 

• Intrusion alarm systems 
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CA3140, CA3140A, CA3140B Types 

TYPICAL ELECTRICAL CHARACTERISTICS CIRCUIT DESCRIPTION 

CHARACTERISTIC 

TEST 
CONDITIONS 

v+ - +15 V 

V- = -15 V 

TA = 25°C 

CA314013 

(LS) 

CA3140A 
(T,S,E) 

CA3140 
(TSE) 

UNITS 

Input Offset Voltage 
Adjustment Resistor 

Typ.Value of Re-

sistor Between 
Term. 4 and 5 or 
4 and 1 to Adjust 

Max. VIO 

43 18 4.7 kn 

Input Resistance R1 1.5 1.5 1.5 Trz 

Input Capacitance C1 4 4 4 pF 

Output Resistance Ro so so so n 

Equivalent Wideband 
Input Noise Voltage en 

(See Fig. 39) 

BW = 140 kHz 
Rs = 1 MS2 

48 48 48 biv 

Equivalent Input 
Noise Voltage en 
(See F ig.10) 

f = 1 kHz Rs = 

100 n 

40 40 40 
nV/1171z 

f= 10 kHz 12 12 12 

Short-Circuit Current 

Opposite Supply 

to 

Source lom+ 40 40 40 mA 

Sink lom— 18 18 18 mA 

Gain-Bandwidth 

Product, (See Figs. 5 &18) fi 4.5 4.5 4.5 MHz 

Slew Rate, (See Fig.6) SR 9 9 9 V/As 

Sink Current From Terminal 8 
To Terminal 4 to Swing 
Output Low 

220 220 220 PA 

Transient Response: 
Rise Time 

RL= 2 KZ 
CL = 100 pF 

0.08 0.08 0.08 Pt 

Overshoot (See Fig. 37) tr 10 10 10 % 

Settling Time 
at 10 V P.P. 

(See Fig.17) 

1 mV ts 
RL = 2 kft 

CL = 100 pF 
Voltage Follower 

4.5 4.5 4.5 

10 mV 1.4 1.4 1.4 
bis 

Fig.2 — Block diagram of CA3140 series. 

Fig.2 is a block diagram of the CA3140 
Series PMOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail. Two 
class A amplifier stages provide the voltage 
gain, and a unique class AB amplifier stage 
provides the current gain necessary to drive 
low-impedance loads. 

A biasing circuit provides control of cascoded 
constant-current flow circuits in the first and 
second stages. The CA3140 includes an on-
chip phase-compensating capacitor that is 
sufficient for the unity gain voltage-follow-
er configuration. 
Input Stages — The schematic circuit diagram 
of the CA3140 is shown in Fig.3. It con-
sists of a differential-input stage using PMOS 
field-effect transistors (09, 010) working 
into a mirror pair! of bipolar transistors (Q11 
012) functioning as load resistors together 
with resistors R2 through R5. The mirror-
pair transistors also function as a differen-
tial-to-single-ended converter to provide base-
current drive to the second-stage bipolar 
transistor (013). Offset nulling, when de-
sired, can be effected with a 10-kn poten-
tiometer connected across terminals 1 and 
5 and with its slider arm connected to termi-
nal 4. Cascode-connected bipolar transistors 
02, 05 are the constant-current source for 
the input stage. The base-biasing circuit for 
the constant-current source is described sub-
sequently. The small diodes D3, D4, D5 pro-
vide gate-oxide protection against high-volt-
age transients, e.g., static electricity. 

Second Stage — Most of the voltage gain in 
the CA3140 is provided by the second amp-
lifier stage, consisting of bipolar transistor 
Q13 and its cascode-connected load resis-
tance provided by bipolar transistors 03, (14. 
On-chip phase compensation, sufficient for 
a majority of the applications is provided by 
Cl. Additional Miller-Effect compensation 
(roll-off) can be accomplished, when de-
sired, by simply connecting a small capa-
citor between terminals 1 and 8. Terminal 
8 is also used to strobe the output stage into 
quiescence. When terminal 8 is tied to the 
negative supply rail (terminal 4) by mechani-
cal or electrical means, the output terminal 6 
swings low, i.e., approximately to terminal 
4 potential. 

Output Stage — The CA3140 Series circuits 
employ a broadband output stage that can 
sink loads to the negative supply to comple-
ment the capability of the PMOS input stage 
when operating near the negative rail. Quies-
cent current in the emitter-follower cascade 
circuit (017, 018) is established by tran-
sistors (014, 015) whose base-currents are 
"mirrored" to current flowing through diode 
D2 in the bias circuit section. When the 
CA3140 is operating such that output ter-
minal 6 is sourcing current, transistor 018 
functions as an emitter-follower to source 
current from the V+ bus (terminal 7), via 
07, R9, and R11. Under these conditions, 
the collector potential of 013 is suffi-
ciently high to permit the necessary flow of 
base current to emitter follower 017 which, 
in turn, drives 018. 
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CA3140, CA3140A, CA3140B Types 

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 

At V+ = 15 V, V— = 15 V TA = 25°C Unless Otherwise Specified 

CHARACTERISTIC 
LIMITS 

UNITS 
CA31408 CA3140A CA3140 

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

Input Offset Voltage, IViol — 0.8 2 — 2 5 — 5 15 mV 

Input Offset Current, II101 — 0.5 10 — 0.5 20 — 0.5 30 pA 

Input Current, Il — 10 30 — 10 40 — 10 50 pA 

Large-Signal 
Voltage Gain, AoL. 

(See Figs. 4,18) 

50 k 100 k — 20 k 100 k — 20 k 100 k — V/V 

94 100 — 86 100 — 86 100 — dB 

ComMon-Mode 

Rejection Ratio, CMRR 
(See Fig.9) 

— 20 50 — 32 320 — 32 320 pV/V 

86 94 — 70 90 — 70 90 — dB 
' 

Common-Mode 

I nput-Voltage 
Range, Vicq 

(See Fig.201 

—15 
—15.5 

to 

+12.5 

12 —15 
—15.5 
to 

+12.5 
12 —15 

—15.5 
to 

+12.5 
11 V 

Power-Supply 

Rejection AVio/AV — 32 100 — 100 150 — 100 150 pV/V 

Ratio, PSRR 

(See F ig.11) 
80 90 — 76 80 — 76 80 — dB 

Max. Output 
Voltage. VOM I +12 13 — +12 13 — +12 13 — 

V (See Figs.13,20) Vom — —14 —14.4 — —14 —14.4 — —14 —14.4 — 

Supply Current. l + 

(See Fig.7 I 
4 6 — 4 6 — 4 6 mA 

Device Dissipation, Po — 120 180 — 120 180 — 120 180 mW 

Input Current, I l• 

(See F ig.19) 

— 10 30 — 10 — — 10 — nA 

Input Offset 
Voltage 'Vie 

— 1.3 3 — 3 — — 10 — mV 

Input Offset Voltage 

Temp. Drift, AVio/LIT 

— 
5 — — 6 — pV/°C 

Large-Signal 
Voltage Gain, AoLA 

(See Figs.4,18) 

20 k 100 k — — 100 k — — 100 k — V/V 

86 100 — — 100 — — 100 — dB 

Max. Output Vom+ +19 +19.5 — — — — — — — 
V 

Voltage,* Vom — —21 —21.4 — — — — — — — 

Large-Signal 

Voltage Gain, AoL é* 

20 k 50 k — — — — — — — V/V 

86 94 — — — _ _ _ — dB 

• At Vo = 26Vp.p, +12V, —14V and RL = 2 kS-2. • At RL = 2 kn. 

A At TA = —55°C to +125°C, V+ = 15 V, V— = 15 V, Vo = 26Vp.p, RL = 2 kS2. 

é At Vo = +19 V, —21 V, and RL = 2 k12. * At V+ = 22 V, V— = 22 V. 

When the CA3140 is operating such that 
output terminal 6 is sinking current to the 
V— bus, transistor 016 is the current-sinking 

element. Transistor 016 is mirror-connected 
to D6, R7, with current fed by way of 021, 
R12, and Q20. Transistor 020, in turn, is 
biased by current-flow through R13, zener 
D8, and R14. The dynamic current-sink 
is controlled by voltage-level sensing. For 
purposes of explanation, it is assumed that 
output terminal 6 is quiescently established 
at the potential mid-point between the V+ 
and V— supply rails. When output-current 
sinking-mode operation is required, the col-
lector potential of transistor 013 is driven 
below its quiescent level, thereby causing 
017, 018 to decrease the output voltage at 
terminal 6. Thus, the gate terminal of PMOS 
transistor 021 is displaced toward the V— bus, 
thereby reducing the channel resistance of 
021. As a consequence, there is an incre-
mental increase in current flow through 
020, R12, 021, D6, R7, and the base of 
016. As a result, 016 sinks current from 
terminal 6 in direct response to the incre-
mental change in output voltage caused by 
018. This sink current flows regardless of 
load; any excess current is internally supplied 
by the emitter-follower 018. Short-circuit 
protection of the output circuit is provided 
by 019, which is driven into conduction by 
the high voltage drop developed across R11 
under output short-circuit conditions. Under 
these conditions, the collector of 019 di-
verts current from 04 so as to reduce the 
base-current drive from 017, thereby limit-
ing current flow in 018 to the short-cir-
cuited load terminal. 

Bias Circuit — Quiescent current in all stages 
(except the dynamic current sink) of the 
CA3140 is dependent upon bias current 
flow in R 1 . The function of the bias cir-
cuit is to establish and maintain constant-
current flow through Dl, 06, 08 and D2. 
Dl is a diode-connected transistor mirror-
connected in parallel with the base-emitter 
junctions of 01, 02, and 03. Dl may be 
considered as a current-sampling diode that 
senses the emitter current of 06 and auto-
matically adjusts the base current of 06 
(via 01) to maintain a constant current 
through 06, 08, D2. The base-currents in 
02, 03 are also determined by constant-
current flow Dl. Furthermore, current in 
diode-connected transistor D2 establishes the 
currents in transistors 014 and 015. 
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Fig.3 - Schematic diagram of CA3140 series. 

TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE 

At V+ = 5 V, V- = 0 V. TA = 25°C 
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Fig.4 - Open 'loop voltage gain vs supp y voltage 
and temperature. 

t1,7 

CHARACTERISTIC CA3140B CA3140A CA3140 UNITS 

Input Offset Voltage IVIOI 0.8 2 5 mV 

Input Offset Current 11101 0.1 0.1 0.1 pA 

Input Current II 2 2 2 pA 

Input Resistance 1 1 1 TO 

Large-Signal Voltage Gain AOL 

(See Figs 4,18) 

100 k 100 k 100 k V/V 

100 100 100 dB 

Common-Mode Rejection Ratio, CMRR 20 32 32 pV/V 

94 90 90 dB 

Common-Mode Input-Voltage Range VicR 

(See Fig.20) 

- 0.5 --0.5 -0.5 
V 

2.6 2.6 2.6 

Power-Supply Rejection Ratio AVjo/AV + 32 100 100 pV/V 

90 80 80 dB 

Maximum Output Voltage VOM I 3 3 3 
V 

(See Figs 13,20) VOM - 0. 13 0.13 0.13 

Maximum Output Current: 

Source I0M 4 10 10 10 
mA 

Sink -OM - 1 1 1 

Slew Rate (See Fig.6) 7 7 7 V/ps 

Gain-Bandwidth Product (See Fig.5) fT 3.7 3.7 3.7 MHz 

Supply Current (See Fig.7) I+ 1.6 1.6 1.6 mA 

Device Dissipation PD 8 8 8 mW 

Sink Current from Term. 8 to 
Term. 4 to Swing Output Low 

200 200 200 MA 

e 
7-

LOAD RESISTANCE IRO • 2 AU 
LOAD CAPACITANCE ICLI • 100 or 

k-

AMBIENT TEMPERATU   

ko 15 zo 2s 
SUPPLY VOLTAGE ce, v-) - VOLTS 

aks.;;.ok 

Fig.5 - Gain-bandwidth product vs supply voltage 
and temperature. 
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CA3140, CA3140A, CA3140B Types 
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APPLICATIONS CONSIDERATIONS 

Wide dynamic range of input and output 
characteristics with the most desirable high 
input-impedance characteristic is achieved in 
the CA3140 by the use of an unique design 
based upon the PM0S-Bipolar process. Input-
common-mode voltage range and output-
swing capabilities are complementary, allow-
ing operation with the single supply down 
to four volts. 
The wide dynamic range of these parameters 
also means that this device is suitable for 
many single-supply applications, such as, 
for example, where one input is driven be-
low the potential of terminal 4 and the 
phase sense of the output signal must be 
maintained — a most important considera-
tion in comparator applications. 

OUTPUT CIRCUIT CONSIDERATIONS 

Excellent interfacing with TTL circuitry is 
easily achieved with a single 6.2-volt zener 
diode connected to terminal 8 as shown in 
Fig.12. This connection assures that the 
maximum output signal swing will not go 
more positive than the zener voltage minus 
two base-to-emitter voltage drops within the 
CA3140. These voltages are independent 
of the operating supply voltage. 

V. 
5 TO 315V 

TYPICAL 
TTL GATE 

OCA-anni 

Fig. 72 — Zener clamping diode connected to 
terminals 8 and 4 to limit CA3140 
output swing to TTL levels. 

Fig.13 shows output current-sinking capa-
bilities of the CA3140 at various supply 
voltages. Output voltage swing to the nega-
tive supply rail permits this device to oper-
ate both power transistors and thyristors 
directly without the need for level-shifting 
circuitry usually associated with the 741 
series of operational amplifiers. 
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Fig.16 show some typical configurations. 
Note that a series resistor, RL, is used in both 
cases to limit the drive available to the driven 
device. Moreover, it is recommended that a 
series diode and shunt diode be used at the 
thyristor input to prevent large negative 
transient surges that can appear at the gate of 
thyristors, from damaging the integrated 
circuit. 
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OFFSET-VOLTAGE NULLING 

The input-offset voltage can be nulled by 
connecting a 10-1(Q potentiometer between 
terminals 1 and 5 and returning its wiper arm 
to terminal 4, see Fig.15a. This technique, 
however, gives more adjustment range than 
required and therefore, a considerable por-
tion of the potentiometer rotation is not 
fully utilized. Typical values of series re-
sistors that may be placed at either end of 
the potentiometer, see Fig.15b, to optimize 
its utilization range are given in the table 
"Electrical Characteristics For Design Guid-
ance" shown in this bulletin. 
An alternate system is shown in F ig.15c. This 
circuit uses only one additional resistor of 
approximately the value shown in the table. 
For potentiometers, in which the resistance 
does not drop to zero ohms at either end of 
rotation, a value of resistance 10% lower 
than the values shown in the table should 
be used. 

LOW-VOLTAGE OPERATION 

Operation at total supply voltages as low as 
4 volts is possible with the CA3140. A cur-
rent regulator based upon the PMOS thres-
hold voltage maintains reasonable constant 
operating current and hence consistent per-
formance down to these lower voltages. 

The low-voltage limitation occurs when the 
upper extreme of the input common-mode 
voltage range extends down to the voltage at 
terminal 4. This limit is reached at a total 
supply voltage just below 4 volts. The out-
put voltage range also begins to extend down 
to the negative supply rail, but is slightly 
higher than that of the input. Fig.20 shows 
these characteristics and shows that with 
2-volt dual supplies, the lower extreme of the 
input common-mode voltage range is below 
ground potential. 
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Fig. 15 — Three offset-voltage nulling methods. 
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Fig.16 — Methods of utilizing the Vcesat) sinking-
current capability of the CA3140 series. 

BANDWIDTH AND SLEW RATE 

For those cases where bandwidth reduction 
is desired, for example, broadband noise re-
duction, an external capacitor connected be-
tween terminals 1 and 8 can reduce the open-
loop —3 dB bandwidth. The slew rate will, 
however, also be proportionally reduced by 
using this additional capacitor. Thus, a 20% 
reduction in bandwidth by this technique 
will also reduce the slew rate by about 20%. 

Fig.17 shows the typical settling time re-
quired to reach 1 mV or 10 mV of the final 
value for various levels of large signal in-
puts for the voltage-follower and inverting 
unity-gain amplifiers. The exceptionally 
fast settling time characteristics shown in 
Fig.18 are largely due to the high combina-
tion of high gain and wide bandwidth of 
the CA3140. 

INPUT CIRCUIT CONSIDERATIONS 

As mentioned previously, the amplifier in-
puts can be driven below the terminal 4 
potential, but a series current-limiting re-
sistor is recommended to limit the maximum 
input terminal current to less than 1 mA to 
prevent damage to the input protection 
circuitry. 

Moreover, some current-limiting resistance 
should be provided between the inverting 
input and the output when the CA3140 is 
used as a unity-gain voltage follower. This 
resistance prevents the possibility of ex-
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tremely large input-signal transients from 
forcing a signal through the input-protection 
network and directly driving the internal 
constant-current source which could result 
in positive feedback via the output terminal. 
A 3.9-kft resistor is sufficient. 

The typical input current is in the order of 
10 pA when the inputs are centered at nomi-
nal device dissipation. As the output supplies 

load current, device dissipation will increase, 
raising the chip temperature and resulting in 
increased input current. Fig.19 shows typi-
cal input-terminal current versus ambient 
temperature for the CA3140. 

It is well known that MOS/FET devices can 
exhibit slight changes in characteristics (for 
example, small changes in input offset volt-
age) due to the application of large differ-
ential input voltages that are sustained over 
long periods at elevated temperatures. 

Both applied voltage and temperature ac-
celerate these changes. The process is rever-
sible and offset voltage shifts of the opposite 
polarity reverse the offset. Fig.14 shows the 
typical offset voltage change as a function of 
various stress voltages at the maximum rating 

of 125°C (for TO-5); at lower temperatures 
(T0-5 and plastic), for example, at 85°C, 
this change in voltage is considerably less. 
In typical linear applications, where the 
differential voltage is small and symmetircal, 
these incremental changes are of about the 
same magnitude as those encountered in an 
operational amplifier employing a bipolar a 
transistor input stage. 

SUPER SWEEP FUNCTION GENERATOR 

A function generator having a wide tuning 
range is shown in Fig.21. The 1,000,000/1 
adjustment range is accomplished by a single 
variable potentiometer or by an auxiliary 
sweeping signal. The CA3140 functions as a 
non-inverting read-out amplifier of the tri-
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Fig. 18 — Open-loop voltage gain and phase lag 
vs frequency. 
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angular signal developed across the integra-
ting capacitor network connected to the 
output of the CA3080A current source. 
Buffered triangular output signals are then 
applied to a second CA3080 functioning as 
a high-speed hysteresis switch. Output from 
the switch is returned directly back to the 
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input of the CA3080A current source, there-
by, completing the positive feedback loop. 

The triangular output level is determined by 
the four 1N914 level-limiting diodes of the 
second CA3080 and the resistor-divider net-
work connected to terminal No.2 (input) of 
the CA3080. These diodes establish the in-
put trip level to this switching stage and, 
therefore, indirectly determine the ampli-
tude of the output triangle. 

Compensation for propagation delays around 
the entire loop is provided by one adjust-
ment on the input ot the CA3080. This 
adjustment, which provides for a constant 
generator amplitude output, is most easily 
made while the generator is sweeping. High-
frequency ramp linearity is adjusted by the 
single 7-to-60 pF capacitor in the output of 
the CA3080A. 

It must be emphasized that only the CA-
3080A is characterized for maximum output 
linearity in the current-generator function. 

METER DRIVER AND 
BUFFER AMPLIFIER 

Fig. 22 shows the CA3140 connected as a 
meter driver and buffer amplifier. Low 
driving impedance is required of the CA-
3080A current source to assure smooth 
operation of the Frequency Adjustment 
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"1123 
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Three tone test signals, highest frequency 
0.5 MHz. Note the slight assymmetry at the 
three-second/cycle signal. This assymmetry 
is due to slightly different positive and nega-
tive integration from the CA3080A and from 
the pc board and component leakages at the 
100-pA level. 

(al Function generator with fixed frequencies 

Fig.21 — Function generator. 

Control. This low-driving impedance re-
quirement is easily met by using a CA3140 
connected as a voltage follower. More-
over, a meter may be placed across the 
input to the CA3080A to give a logarithmic 
analog indication of the function generators 
frequency. 
Analog frequency readout is readily accom-
plished by the means described above be-
cause the output current of the CA3080A 
varies approximately one decade for each 
60-mV change in the applied voltage, VABC 
(voltage between terminals 5 and 4 of the 
CA3080A of the function generator). There-
fore, six decades represent 360-mV change 
in VABC. 

Now, only the reference voltage must be 
established to set the lower limit on the 
meter. The three remaining transistors from 

the CA3086 Array used in the sweep gener-
ator are used for this reference voltage. In 
addition, this reference generator arrange-
ment tends to track ambient temperature 
variations, and thus compensates for the ef-
fects of the normal negative temperature 
coefficient of the CA3080A VABC termi-
nal voltage. 

Another output voltage from the reference 
generator is used to insure temperature 
tracking of the lower end of the Frequency 
Adjustment Potentiometer. A large series 
resistance simulates a current source, assuring 
similar temperature coefficients at both ends 
of the Frequency Adjustment Control. 

To calibrate this circuit, set the Frequency 
Adjustment Potentiometer at its low end. 
Then adjust the Minimum Frequency Calibra-
tion Control for the lowest frequency. To 
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establish the upper frequency limit, set the 
Frequency Adjustment Potentiometer to its 
upper end and then adjust the Maximum 
Frequency Calibration Control for the maxi-
mum frequency. Because there is inter-
action among these controls, repetition of 
the adjustment procedure may be necesary. 

Two adjustments are used for the meter. 
The meter sensitivity control sets the meter-
scale width of each decade, while the meter 
position control adjusts the pointer on the 
scale with negligible effect on the sensitivity 
adjustment. Thus, the meter sensitivity ad-

+15V 

10 101 

10 

-I5V 

N TRIANGLE 

/1/1/ SAWTOOTH 

MA 'LOG « 

92, - 

GATE 
PULSE 
OUTPUT 

justment control calibrates the meter so 
that it deflects 1,6 of full scale for each de-
cade change in frequency. 

SINE-WAVE SHAPER 

The circuit shown in Fig. 23 uses a CA3140 
as a voltage follower in combination with 
diodes from the CA3019 Array to convert 
the triangular signal from the function gen-
erator to a sine-wave output signal having ty-
pically less than 2% THD. The basic zero-
crossing slope is established by the 10-ka 

ettS•tr•ile. 

Fig. 23 — Sine-wave shaper. 

potentiometer connected between terminals 
2 and 6 of the CA3140 and the 9.1-1d2 re-
sistor and 10-kn potentiometer from termi-
nal 2 to ground. Two break points are es-
tablished by diodes Di through D4. Positive 
feedback via D5 and 06 establishes the zero 
slope at the maximum and minimum levels 
of the sine wave. This technique is neces-
sary because the voltage-follower configu-
ration approaches unity gain rather than the 
zero gain required to shape the sine wave at 
the two extremes. 

This circuit can be adjusted most easily with 
a distortion analyzer, but a good first approxi-
mation can be made by comparing the output 
signal with that of a sine-wave generator. The 
initial slope is adjusted with the poten-
tiometer R1, followed by an adjustment of 
R2. The final slope is established by ad-
justing R3, thereby adding additional seg-
ments that are contributed by these diodes. 
Because there is some interaction among 
these controls, repetition of the adjustment 
procedure may be necessary 

SWEEPING GENERATOR 

Fig. 24 shows a sweeping generator. Three 
CA3140's are used in this circuit. One 
CA3140 is used as an integrator, a second 
device is used as a hysteresis switch that 
determines the starting and stopping points 
of the sweep. A third CA3140 is used as a 
logarithmic shaping network for the log 
function. Rates and slopes, as well as saw-
tooth, triangle, and logarithmic sweeps are 
generated by this circuit. 

WIDEBAND OUTPUT AMPLIFIER 

Fig. 25 shows a high-slew-rate, wideband am-
plifier suitable for use as a 50-ohm trans-
mission-line driver. This circuit, when used 
in conjunction with the function generator 
and sine-wave shaper circuits shown in Figs. 
21 and 23 provides 18 volts peak-to-peak 
output open-circuited, or 9 volts peak-to-peak 
output when terminated in 50 ohms. The 
slew rate required of this amplifier is 28 
volts/Ms (18 volts peak-to-peak x zr x 0.5 
MHz). 
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Fig. 25 — Wideband output amplifier. 

POWER SUPPLIES 

High input-impedance, common-mode capa-
bility down to the negative supply and high 
output-drive current capability are key fac-
tors in the design of wide-range output-volt-
age supplies that use a single input voltage 
to provide a regulated output voltage that 
can be adjusted from essentially Oto 24 volts. 

Unlike many regulator systems using com-
parators having a bipolar transistor-input 
stage, a high-impedance reference-voltage di-
vider from a single supply can be used in con-
nection with the CA3140 (see Fig. 261. 

IICS-11•11 

Fig. 26 — Basic single-supply voltage regulator 
showing voltage-follower configuration. 

Essentially, the regulators, shown in Figs. 
27 and 28, are connected as non-inverting 
power operational amplifiers with a gain of 
3.2. An 8-volt reference input yields a 
maximum output voltage slightly greater 
than 25 volts. As a voltage follower, when 
the reference input goes to 0 volts the 
output will be 0 volts. Because the off-
set voltage is also multiplied by the 3.2 
gain factor, a potentiometer is needed to 
null the offset voltage. 
Series pass transistors with high lax) levels 
will also prevent the output voltage from 
reaching zero because there is a finite voltage 
drop (VcEsat) across the output of the 
CA3140 (see Fig.13). This saturation volt-
age level may indeed set the lowest volt-

age obtainable. 

The high impedance presented by terminal 
8 is advantageous in effecting current limit-
ing. Thus, only a small signal transistor is 
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Fig. 27 — Regulated power supply. 

required for the current-limit sensing amp-
lifier. Resistive decoupling is provided for 
this transistor to minimize damage to it or 
the CA3140 in the event of unusual input or 
output transients on the supply-rail. 

Figs. 27 and 28, show circuits in which a 
D2201 high-speed diode is used for the 
current sensor. This diode was chosen for its 
slightly higher forward-voltage drop charac-
teristic thus giving greater sensitivity. It must 
be emphasized that heat sinking of this 
diode is essential to minimize variation of the 
current trip point due to internal heating of 
the diode. That is, 1 ampere at 1 volt 
forward drop represents one watt which 
can result in significant regenerative changes 
in the current trip point as the diode tem-
perature rises. Placing the small-signal refer-
ence amplifier in the proximity of the cur-
rent-sensing diode also helps minimize the 
variability in the trip level due to the nega-
tive temperature coefficient of the diode. 

In spite of those limitations, the current 
limiting point can easily be adjusted over 
the range from 10 mA to 1 ampere with a 
single adjustment potentiometer. If the 
temperature stability of the current-limiting 
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Fig. 28 — Regulated power supply with 
"foldback"current limiting. 
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system is a serious consideration, the more 
usual current-sampling resistor-type of cir-
cuitry should be employed. 

A power Darlington transistor fin a heat 
sink TO-3 case), is used as the seres-pass 
element for the conventional current-limiting 
system, Fig. 27, because high-power Dar-
lington dissipation will be encountered at 
low output voltage and high currents. 

A small heat-sink VERSAWATT transistor is 
used as the series-pass element in the fold-
back current system, Fig.28, since dissi-
pation levels will only approach 10 watts. 
In this system, the D2201 diode is used for 
current sampling. Foldback is provided by 
the 3 kS2 and 100 kS2 divider network con-
nected to the base of the current-sensing 
transistor. 

Both regulators, Figs. 27 and 28, provide 
better than 0.02% load regulation. Because 
there is constant loop gain at all voltage set-
tings, the regulation also remains constant. 
Line regulation is 0.1% per volt. Hum and 
noise voltage is less than 200 µV as read 
with a meter having a 10-MHz bandwidth. 

Fig.31 (a) shows the turn ON and turn OFF 
characteristics of both regulators. The slow 
turn-on rise is due to the slow rate of rise 
of the reference voltage. Fig. 29 (b) shows 
the transient response of the regulator with 
the switching of a 2o.s2 load at 20 volts out-
put. 

TONE CONTROL CIRCUITS 

High-slew-rate, wide-bandwidth, high-output 
voltage capability and high input impedance 
are all characteristics required of tone-con-
trol amplifiers. Two tone control circuits 
that exploit these characteristics of the 
CA3140 are shown in Figs. 30 and 31. 
The first circuit, shown in Fig. 31, is the 
Baxandall tone-control circuit which provides 
unity gain at midband and uses standard 
linear potentiometers. The high input im-
pedance of the CA3140 makes possible the 
use of low-cost, low-value, small-size capaci-
tors, as well as reduced load of the driving 
stage. 

Bass treble boost and cut are -± 15 dB at 
100 Hz and 10 kHz, respectively. Full 
peak-to-peak output is available up to at 
least 20 kHz dué to the high slew rate of the 
CA3140. The amplifier gain is —3 dB down 
from its "flat" position at 70 kHz. 
Fig. 30 shows another tone-control circuit 
with similar boost and cut specifications. 
The wideband gain of this circuit is equal to 
the ultimate boost or cut plus one, which in 
this case is a gain of eleven. For 20-dB 
boost and cut, the input loading of this cir-
cuit is essentially equal to the value of the 
resistance from terminal No.3 to ground. 
A detailed analy,is of this circuit is given in 
"An IC Operational Transconductance Amp-
lifier (OTA) With Power Capability" by 
L, Kaplan and H. Wittlinger, IEEE Trans-
actions on Broadcast and Television Re-
ceivers, Vol. BTR-18, No.3, August, 1972. 

0047e 

FOR SINGLE SUPPLY 

030 v 

22 ma 

e MC 100 Ittl 
BOOST CCW ROO CUT 

BASS 

TONE CONTROL NETWORK 

20 aB FLAT POSITION GAIN 
215 dB BASS AND TREBLE ROOST AND 
CUT AT ao Hz AND 10 NIL RESPECTIVELY 

25 VOLTS p-o OUTPUT AT 20 AIN 
-3 dB AT 241)112 PITON 11.1N REFERENCE 

FOR DUAL SUPPLIES 

Fig. 30 — Tone control circuit using C43130 series 

(20-dB midband gain). 

BOOST BASS CUT 

(LINEAR 
240E12 5 ma WW1 I FOR SINGLE SUPPLY 

215 AB BASS AND TREBLE BOOST 
AND CUT AT 100 IN mo 10 INN, 

51•11 5 MD TA RO RESPECTIVELY 
(LINEAR) 25 VOLTS p-p OUTPUT AT 20 Ittlz 

BOOST TREBLE CUT -3 dB AT 70 kHz FROM WI, 
REFERENCE 

JON, COON01- NET., ..nt O dB FLAT POSITION GAIN 

FOR DUAL SUPPLIES 

Fig. 31 — Baxandall tone control circuit using 

CA3140 series. 

WIEN BRIDGE OSCILLATOR 

Another application of the CA3140 that 
makes excellent use of its high input-imped-
ance, high-slew-rate, and high-voltage quali-
ties is the Wien Bridge sine-wave oscillator. 
A basic Wien Bridge oscillator is shown in 
Fig. 32. When R1 = R2 = R and C1 = C2 = C, 
the frequency equation reduces to the fa-
miliar f 1/27r RC and the gain required for 
oscillation, Aosc is equal to 3. Note that 
if C2 is increased by a factor of four and R2 
is reduced by a factor of four, the gain re-
quired for oscillation becomes 1.5, thus per-
mitting a potentially higher operating fre-
quency closer to the gain-bandwidth pro-
duct of the CA3140. 

Oscillator stabilization takes on many forms. 
It must be precisely set, otherwise the am-
plitude will either diminish or reach some 
form of limiting with high levels of distor-
tion. The element, Rs, is commonly re-
placed with some variable resistance element. 
Thus, through some control means, the value 
of Rs is adjusted to maintain constant oscil-

lator output. A FET channel resistance, a 
thermistor, a lamp bulb, or other device 
whose resistance is made to increase as the 
output amplitude is increased are a few of 
the elements often utilized. 

C2 R2 

OUTPUT 

21r CI 2 

RI 
Aos• 

ACL 'IV rp)21; 

92CS• en» 

Fig. 32 — Basic Wien bridge oscillator circuit 

using an operational amplifier. 

Fig. 33 shows another means of stabilizing 
the oscillator with a zener diode shunting 
the feedback resistor (Rf of Fig. 32). As 
the output signal amplitude increases, the 
zoner diode impedance decreases resulting 
in more feedback with consequent reduction 
in gain; thus stabilizing the amplitude of the 
output signal. Furthermore, this combina-
tion of a monolithic zoner diode and bridge 
rectifier circuit tends to provide a zero tem-
perature coefficient for this regulating sys-
tem. Because this bridge rectifier system 
has no time constant, i.e., thermal time con-
stant for the lamp bulb, and RC time con-
stant for filters often used in detector net-
works, there is no lower frequency limit. 
For example, with 1-µF polycarbonate capa-
citors and 22 Ann for the frequency deter-
mining network, the operating frequency is 
0.007 Hz. 

As the frequency is increased, the output 
amplitude must be reduced to prevent the 
output signal from becoming slew-rate limi-
ted. An output frequency of 180 kHz will 
reach a slew rite of approximately 9 volts/ 
;4 when its amplitude is 16 volts peak-to-
peak. 
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Fig. 33 - Wien bridge oscillator circuit using 

CA3740 series. 

SIMPLE SAMPLE-AND-HOLD SYSTEM 

Fig. 34 shows a very simple sample-and-hold 
system using the CA3140 as the readout 
amplifier for the storage capacitor. The 
CA3080A serves as both input buffer amp-
lifier and low feed-through transmission 
switch. System offset nulling is accom-

plished with the CA3140 via its offset 
nulling terminals. A typical simulated load 
of 2 krt and 30 pF is shown in the schematic. 

In this circuit, the storage compensation 
capacitance (C1) is only 200 pF. Larger 
value capacitors provide longer "hold" periods 
but with slower slew rates. The slew rate 
dv i 
— = = 0.5 mA/200 pF = 2.5 Wm. 
dt c 

• ICAN-6668 "Applications of the CA3080 
and CA3080A High-Performance Oper-
ational Transconductance Amplifiers". 

O—LE 

-15m S HOLOAMP 

iNPu 

fuS-ine» 

Fig. 34 - Sample- and hold circuit. 

Pulse "droop" during the hold interval is 
170 pA/200 pF which is = 0.85 µV/µs; 
(i.e., 170 pA/200 pF). In this case, 170 pA 
represents the typical leakage current of 
the CA3080A when strobed off. If C1 were 
increased to 2000 pF, the "hold-dr000" rate 

will decrease to 0.085 µV/µs, but the sfew rate 
would decrease to 0.25 V/µs. The parallel 
diode network connected between terminal 

3 of the CA3080A and terminal 6 of the 
CA3140 prevents large input-signal feed-
through across the input terminals of the 
CA3080A to the 200 pF storage capacitor 
when the CA3080A is strobed off. Fig, 35 
shows dynamic characteristic waveforms of 
this sample-and-hold system. 

Top 1.75Cr OUTPUT 

( 5C rnY/DIV ANO 200nx/DIV.1 

BOTTOM TRACE -INPUT 

(50 AW/C1v AND 200 At/DIV 1 

92CS 

LARGE SIGNAL RESPONSE AND 

SETTLING TIME 

TOP TRACE OUTPUT SIGNAL 

15 V/DIV. AND Zss/OIV I 

BOTTOM TRACE INPUT SIGNAL 

15V/D1V• AND 2p8/DIT.1 

CENTER TRACE • DIFFERENCE OF NPUT AND OUTPLT 
SIGNALS THROUGH TEKTRONIX 
AMPLIFIER MIS 

5n.V/DIV.AND 2e/DIV.) 92C5-27884 

SAMPLING RESPONSE 

TOP TRACE STSTEM OUTPUT 

111>DinV/DIV. AND500 rtsi011/1 

BOTTOM TRACE SAMPLING SIGNAL 

120 ViOlV AND 500 n,/01V.1 

9/C S-21889 

Fig. 35 - Sample- and hold system dynamic 

characteristics waveforms. 

CURRENT AMPLIFIER 

The low input-terminal current needed to 
drive the CA3140 makes it ideal for use in 
current-amplifier applications such as the one 
shown in Fig. 36.• In this circuit, low cur-
rent is supplied at the input potential as the 
power supply to load resistor RL. This load 
current is increased by the multiplication 
factor R2/R1, when the load current is 
monitored by the power supply meter M. 
Thus, if -the load current is 100 nA, with 
values shown, the load current presented 
to the supply will be 100 µA; a much easier 
current to measure in many systems. 

Note that the input and output voltages are 
transferred at the same potential and only 
the output current is multiplied by the 
scale factor. 

The dotted components show a method of 
decoupling the circuit from the effects of 
high output-load capacitance and the poten-
tial oscillation in this situation. Essentially, 
the necessary high-frequency feedback is 
provided by the capacitor with the dotted 
series resistor providing load decoupling. 

RI 

IL 

Rt. 

-15V 

(.."".. 

Fig. 36 - Basic current amplifier for low-current 

measurement systems. 

Fig. 37 shows a single-supply, absolu te-value, 
ideal full-wave rectifier with associated wave-
forms. 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 in-
verting amplifier in a negative-going excur-
sion such that the 1N914 diode effectively 
disconnects the amplifier from the signal 
path. During a negative-going excursion of 
the input signal, the CA3140 functions as a 
normal inverting amplifier with a gain equal 
to —R2/R 1. When the equality of the two 
equations shown in Fig. 37 is satisfied, the 
full-wave output is symmetrical. 

• "Operational Amplifiers Design and Ap-
plications", J. G. Graeme, McGraw-Hill 
Book Company, page 308 — "Negative 
I mmittance Converter Circuits". 
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'427131 

PO V p- ge WOW - SOB, 290 10.4. OC 00100 .4 1 . 32 V 

Fig. 37 — Single-supply, absolute-value, ideal full-wave rectifier with assoc•ated waveforms. 
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Fig. 38 — Split-supply voltage-follower test circuit and associated waveforms. 

• 150 

R. 

NOISE 
VOLTAGE 
OUTPUT 

219 (-3•13) 140 kHz 

TOTAL NO SE VOLTAGE (REFERRED 
TO INPUT »48 •48 TOP 

Fig. 39 — Test circuit amplifier (30-d8 gain) used 

for wideband noise measurement. 
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CA3140H Chip 

The photographs and dimensions represent 

a chip when it is part of the water. When the 

wafer is cut into chips, the cleawage angles 

are 570 instead of 90° with respect to the 

face of the chip. Therefore, the isolated 

chip is actually 7 mils (0.17 mml larger 

in both dimensions. 

34 62 
1, 372 13741 

1 

'Ott-Zola) 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in-
dicated. Grid graduations are in mils (10-3 inch). 

 259 
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BiMOS Operational Amplifiers 

With MOS/FET Input, COS/MOS Output 

The RCA-CA3160T, CA3160S, CA3160E; 
CA3160AT, CA3160AS, CA3160AE; and 
CA316OBT, CA3160BS are integrated-cir-
cuit operational amplifiers that combine the 
advantages of both COS/MOS and bipolar 
transistors on a monolithic chip. The CA3160 
series circuits are frequency-compensated 
versions of the popular CA3130 series. 

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 per-
formance. 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 ter-
minal, an important attribute in single-supply 
applications. 

A complementary-symmetry MOS (COS/ 
MOS) transistor-pair, capable of swinging 
the output voltage to within 10 millivolts 
of either supply-voltage terminal (at very 
high values of load impedance), is employed 
as the output circuit. 

The CA3160 Series circuits operate at supply 
voltages ranging from 5 to 16 volts, or +2.5 
to +8 volts when using split supplies, and have 
terminals for adjustment of offset voltage 
for applications requiring offset-null capa-

7 
BIAS CIRCUIT 

4050 
R2 

5 lefl 

I INPUT STAGE 

NON—INV 
INPUT 

INV —INPUT 

Features: 
• Similar to CA3130 but has internal compensation 

• MOS/FET input stage provides: 

very high Z1 = 1.5 Tt (1.5 x 10 12 1/1 typ. 

very low II = 5 pA typ. at 15-V operation 

2 pA typ. at 5-V operation 
• Common-mode input-voltage range includes 

negative supply rail; input terminals can 

be swung 0.5 V below negative supply rail 

• COS/MOS output stage permits signal swing 
to either (or both) supply rails 

bility. Terminal provisions are also made to 
permit strobing of the output stage. 

The CA3160 series is supplied in standard 
8-lead TO-5-style packages (1- suffix) and 
8-lead dual-in-line formed-lead TO-5 style 
"DI L-CAN" packages (S suffix). The CA3160 
is available in chip form (H suffix). 

The CA3160A and CA3160 are also available 
in the 8-lead dual-in-line plastic package 
(Mini-DIP-E suffix). All types operate over 
the full military-temperature range of —55°C 
to +125°C. The CA3160B is intended for 
applications requiring preminium-grade speci-
fications and with limits established for: 
input current, temperature coefficient of 
input-offset voltage., and gain over the range 
of —55°C to +125°C. The CA3160A offers 
superior input characteristics over those of 
the CA3160. 

r — — — — 
CURRENT SOURCE FOR 06 AND 07 I "CURRENT—SOURCE 

LOAD" FOR Oil 

O5 DT 
SECOND 
STAGE 

rime 

SUPPLEMEN Aire 

OFFSET NULL NOTE IF IF DESIRED 

DIODES 05 NROUGTI OU PROVIDE GATE -OBOE PROTEC ON 
FOR NOS/ FE T INPUT STAGE 

Fig. 1— Schematic diagram of the CA3160 Series. 

08 

OUTPUT 

A—K—) 

92CM 2.536 

Ideal for 
single-supply 
applications 

• Low V10: 2 mV max. ICA3160B) 

• Wide BW: 4 MHz typ. (unity-gain crossover) 
• High SR: 10 V/ps typ. (unity-gain follower) 
• High output current (lo): 20 mA typ. 

• High Ao L: 320,000 (110 dB) typ. 
• Internal phase compensation for unity gain 

(With terminal access for supplementary ex-
ternal phase compensation network if desired) 

Applications.. 

• Ground-referenced single-supply amplifiers 
• Fast sample-hold amplifiers 

• Long-duration timers/monostables 

• Ideal interface with digital COS/MOS 

• High-input-impedance wideband amplifiers 
• Voltage followers 

(e.g., follower for single-supply D/A 
converter) 

• Voltage regulators 
(permits control of output voltage 
down to zero volts) 

• Wien-Bridge oscillators 

• Voltage-controlled oscillators 

• Photo-diode sensor amplifiers 

SuPPLENENTAR , 
CONPENsANON 

TOP VI UN 

OFFSET 

My mPuT 

NON 
MyMPul 

y • 

Sand T Suffixes 

TOP MEW 

E Suffix 
CA3160 Series devices have an on-chip frequency-
compensation network. Supplementary phase-
compensation or frequency roll-off lif desired) can 
be connected externally between terminals 1 and 8. 

STROBE 

V• 

OUTPUT 

OFFSET 
NuLL 

Fig.2 — Functional diagrams of the CA3160 Series. 

262  



CA3140, CA3140A, CA3140B Types 
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Fig. 37 — Single-supply, absolute-value, ideal full-wave rectifier with associated waveforms 
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Fig. 38 — Split-supply voltage-follower test circuit and associated waveforms. 
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Fig. 39 — Test circuit amplifier (30-d8 gain) used 

for wideband noise measurement. 
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CA3140H Chip 

The photographs and dimensions represent 
a chip when it is part of the wafer. When the 

wafer is cut into chips, the cle.ivage angles 

are 5e instead of 500 with respect to the 
face of the chip. Therefore, the isolated 

chip is actually 7 mils (0.17 mm) larger 

in both dimensions. 

(1 3,1 ?2,141 

48C4-2 ,403 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in-
dicated. Grid graduations are in mils (10-3 inch). 
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CA3141E 

High-Voltage Diode Array 
For Commercial, Industrial, and Military Applications 

Features: 

• Matched monolithic construction - VE for each diode pair 
matched to within 0.55 mV (typ.) at IE = 1 mA 

• Low diode capacitance - 0.3 pF (typ.) at VR = 2 V 

• High diode-to-substrate breakdown voltage - 30 V (min.) 

• Low reverse (leakage) current - 100 nA (max.) 

The RCA-CA3141E High-Voltage Diode Ar-

ray consists of ten general-purpose high-

reverse-breakdown diodes. Six diodes are 

internally connected to form three common-

cathode diode pairs, and the remaining four 

diodes are internally connected to form two 

common-anode diode pairs. Integrated cir-

cuit construction assures excellent static and 

dynamic matching of the diodes, making the 

CA3141E extremely useful for a wide variety 

of applications in communications and 

switching systems. 

The CA3141E is supplied in the 16-lead 

dual-in-line plastic package (E suffix), and in 

chip form (H suffix). 

ELECTRICAL CHARACTERISTICS at T = 25°C 

CHARACTERISTIC 
TEST 

CONDITIONS 

LIMITS 
UNIT 

Min. Typ, Max. 

DC Forward Voltage Drop, VE 

I F (Anode) 100 µA - 0.7 0.9 

V 1 mA - 0.78 1 

10 mA - 0.93 1.2 

DC Reverse Breakdown 

V°Itage• V IBR)R 
I E = -10 µA 30 50 - V 

DC Breakdown Voltage Between 

Any Diode and Substrate, 

V(BR)DI 

I DI - 10 µA 30 50 - V 

DC Reverse (Leakage) Current,' R VE = -20 V - - 100 nA 

DC Reverse (Leakage) Current 

Between Any Diode and 

Substrate, I DI 

VD, = 20 V - 100 nA 

Magnitude of Diode Offset 

Voltage Between Diode Pairs 

VD, = 20 V 

I EA = 1 mA 
- 0.55 - mV 

Temperature Coefficient of 

Forward Voltage Drop, 

AVE/AT 

IF = 1 mA - -1.5 - mV/°C 

Reverse Recovery Time, trr IE = 2 mA, IR =2 mA - 50 - ns 

Diode Capacitance, CD See Fig 5 pF 

Diode Anode-to-Substrate 

Capacitance, CDA1 
See Fig. 6 pF 

Diode Cathode-to-Substrate 

Capacitance, CDC, 
See Fig. 7 pF 

Magnitude of Anode-to-Cathode 

Current Ratio, IIFA/IFCI 
I FA = 1 mA, ViDs = 10 V 0.9 0.96 - 

Applications: 

• Balanced modulators or demodulators 

• Analog switches 

• High-voltage diode gates 

• Current ratio detectors 

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

PEAK INVERSE VOLTAGE (PIV) 
PEAK DIODE-TO-SUBSTRATE VOLTAGE 

BUS- 27.73 

Fig. 1 - Terminal assignment. 

30 V 
30 V 

PEAK FORWARD SURGE CURRENT (I F (SURGE)]   100 mA 
DC FORWARD CURRENT (IF)   25 mA 
DISSIPATION: 

Any one diode unit   
Total Package: 

Up to 55°C   650 mW 
For TA> 55°C   Derate linearly at 6.67 mWPC 

AMBIENT TEMPERATURE RANGE: 
Operating 
Storage   
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10s roas.   +265°C 

50 mW 

-55 to +125°C 
-65 to .150°C 
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Fig. 2 - DC forward voltage drop vs. 
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CA3160, CA3160A. CA3160B Types 

BiMOS Operational Amplifiers 

With MOS/FET Input, COS/MOS Output 

The RCA-CA3160T, CA3160S, CA3160E; 
CA3160AT, CA3160AS, CA3160AE; and 
CA316OBT, CA3160BS are integrated-cir-
cuit operational amplifiers that combine the 
advantages of both COS/MOS and bipolar 
transistors on a monolithic chip. The CA3160 
series circuits are frequency-compensated 
versions of the popular CA3130 series. 

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 per-
formance. 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 ter-
minal, an important attribute in single-supply 
applications. 

A complementary-symmetry MOS (COS/ 
MOS) transistor-pair, capable of swinging 
the output voltage to within 10 millivolts 
of either supply-voltage terminal (at very 
high values of load impedance), is employed 
as the output circuit. 

The CA3160 Series circuits operate at supply 
voltages ranging from 5 to 16 volts, or +2.5 
to +8 volts when using split supplies, and have 
terminals for adjustment of offset voltage 
for applications requiring offset-null capa-

Features: 

• Similar to CA3130 but has internal compensation 

• MOS/FET input stage provides: 

very high Z1 = 1.5 TS2 (1.5 x 10 12 S2) typ. 

very low II = 5 pA typ. at 15-V operation 

2 pA typ. at 5-V operation 

• 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 

• COS/MOS output stage permits signal swing applications 

to either (or both) supply rails 

• Low V10: 2 mV max. (CA3160B) 

• Wide BW: 4 MHz typ. (unity-gain crossover) 
• High SR: 10 V/ps typ. (unity-gain follower) 

• High output current (10): 20 mA typ. 

• High A0L: 320,000 (110 dB) typ. 
• Internal phase compensation for unity gain 

(With terminal access for supplementary ex-
ternal phase compensation network if desired) 

Applications: 

• Ground-referenced single-supply amplifiers 

• Fast sample-hold amplifiers 

• Long-duration timers/monostables 

• Ideal interface with digital COS/MOS 

• High-input-impedance wideband amplifiers 
• Voltage followers 

(e.g., follower for single-supply DIA 
converter) 

at Voltage regulators 
(permits control of output voltage 
down to zero volts) 

• Wien-Bridge oscillators 

• Voltage-controlled oscillators 

• Photo-diode sensor amplifiers 

bility. Terminal provisions are also made to 
permit strobing of the output stage. 

The CA3160 series is supplied in standard 
8-lead TO-5-style packages IT suffix) and 
8-lead dual-in-line formed-lead TO-5 style 
"DI L-CAN" packages IS suffix). The CA3160 
is available in chip form (H suffix). 

The CA3160A and CA3160 are also available 
in the 8-lead dual-in-line plastic package 
(Mini-DIP-E suffix). All types operate over 
the full military-temperature range of —55°C 
to +125°C. The CA3160B is intended for 
applications requiring preminium-grade speci-
fications and with limits established for: 
input current, temperature coefficient of 
input-offset voltage., and gain over the range 
of —55°C to +125"C. The CA3160A offers 
superior input characteristics over those of 
the CA3160. 

  r r - 
BIAS CIRCUIT CURRENT SOURCE FOR 06 AND 07 I 'CURRENT-SOURCE 

LOAD' FOR Oil 

zi 

•  

•  
Di 

D2 

1:13 

04 

021 

-ID 
04 05 

40511 
P2 I 

--We-

51111 j 1 

J 
E INPUT STAGE 

NON- NV 
INPUT 

INV -1,PUT 

f ie351.] 

OS 

••••1 

07 

iSO 

09 

i4 

SECOND 
STAGE 

OUTPUT 
STAGE 

25 

010 

Ot 

  L _ J 

OUTPUT 

0- OFFSET NULL "No T-SUczeekeTtled -  '<D.. STOOPING 0 v 
NOTE ir DESiaCO 

0100ES 05 NROUGH OR PROVIDE GATE -OXIDE PROTECTION 
FOR MOO/FEY INPUT STAGE 

Fig. 1 - Schematic diagram of the CA3160 Series. 

920,•20536 

SMOSI 

PON-INv 
INPyt 

Out. , 

AND CASE a . 

TOP VIEW 

Sand T Suffixes 

INV INPOT 

NON 
NU INPUT 

v-

TOP VIEW 

STROBE 

V. 

OUTPUT 

OFFSET 
NuLL 

E Suffix 
CA3160 Series devices have an on-chip frequency-
compensation network. Supplementary phase-
compensation or frequency roll-of f (if desired) can 
be connected externally between terminals 1 and 8. 

Fig.2 — Functional diagrams of the CA3160 Series. 
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CA3160, CA3160A, CA3160B Types 
MAXIMUM RATINGS, Absolute-Maximum Values 

DC SUPPLY VOLTAGE 
(Between V+ and V- Terminals)   16 V 
DIFFERENTIAL-MODE 
INPUT VOLTAGE   ± 8 V 
COMMON-MODE DC 
INPUT VOLTAGE... (V+ +8 V) to IV- -0.5 VI 
INPUT-TERMINAL CURRENT   1 mA 
DEVICE DISSIPATION: 
WITHOU1 HEAT SINK - 
UP TO 55°C   630 mW 
ABOVE 55°C .... Derate linearly 6 67 mWPC 
WITH HEAT SINK - 
AT 125°C   418 mW 
BELOW 125°C ... Derate linearly 16.7 mW/°C 

l'EMPERATURE RANGE: 

OPERATING (All Types)  -55 to +125°C 

STORAGE (All Types)   -65 to +150°C 

OUTPUT SHORT-CIRCUIT 

DURATION*   INDEFINITE 

LEAD TEMPERATURE 

(DURING SOLDERING): 

AT DISTANCE 1/16 ± 1/32 INCH 
(1.59 ± 0.79 MM) FROM CASE 

FOR 10 SECONDS MAX  +265°C 

*Short circuit may be applied to ground or to either 
supply. 

ELECTRICAL CHARACTERISTICS at TA=25°C, V"=15 V, V- = 0 V (Unless otherwise peed ied) 

CHARACTERISTIC 

LIMITS 

Units CA3160B (T, S) CA3160A (T, S, E) CA3160 (T, S, E) 

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

Input Offset Voltage, 

1V101 • V±=±7.5 V 
- 0.8 2 - 2 5 - 6 15 mV 

Input Offset Current, 
11 10 1, V±=±7.5 V 

- 0.5 10 - 0.5 20 - 0.5 30 pA 

Input Current, Il 
V±=±7.5 V 

- 5 20 - 5 30 - 5 50 pA 

Large-Signal Voltage 
Gain, Ao L 

Vo=10 V RL . 2 ks-2 

100 k 320 k - 50 k 320 k - 50 k 320 k - V/V 

100 110 - 94 110 - 94 110 - dB 
Common-Mode 

Rejection Ratio,CMRR 
86 100 - 80 95 - 70 90 - dB 

Common-Mode Input- 
Voltage Range, VicR 0 

-0.5 

to 

12 

10 0 
-0.5 
to 

12. 
10 0 

-0.5 

to 
12 

10 V 

Power-Supply Rejection 

Ratio, AV I0MV .± 
V5=±7.5 V 

- 32 100 - 32 150 - 32 320 pV/V 

Maximum Output 

Voltage: 

At R K2 Vo rvi' 12 13.3 - 12 13.3 - 12 13.3 - 

V 

L=2 
Vom - - 0.002 0.01 - 0.002 0.01 - 0.002 0.01 

At RL= .., VOM I 14.99 15 - 14.99 15 - 14.99 15 - 
vom_ _ 

0 0.01 - 0 0.01 - 0 0.01 

Maximum Output 

Current: 

loro + (Source) @ 

Vo = 0 V 12 22 45 12 22 45 12 22 45 
mA 

lom - (Sink) @ 
Vo = 15 V 12 20 45 12 20 45 12 20 45 

Supply Current, l+: 

Vo=7.5 V,R L=.. - 10 15 - 10 15 - 10 15 
mA 

Vo = 0 V, RL = ... - 2 3 - 2 3 - 2 3 

Input Current, l) • - Fig.11 15 - Fig.11 - - Fig.11 - nA 

Input Offset Voltage 
Temp. Drift, 

AV 10/AT • 

- 5 15 - 6 - - 8 - pV/°C 

Large-Signal Voltage 

Gain, AoL' 

50 k 320 k - - 320 k - - 320 k - V/V 

94 110 - - 110 - - 110 - dB 

• TA = -55 to .125°C, V ±= ± 75 V II I and AV10/ Tl. Vo = 10 V0.0 and RL = 2 k (Ao L I. 

CIRCUIT DESCRIPTION 

Fig.3 is a block diagram of the CA3160 
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 applications. Con-
sequently, the CA3160 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 CA3160. 
A biásing circuit provides two potentials for 
common use in the first and second stages. 
Terminals 8 and 1 can be used to supplement 
the internal phase compensation network if 
additional phase compensation or frequency 
roll-off is desired. Terminals 8 and 4 can also 
be used to strobe the output stage into a low 
quiescent current state. When Terminal 8 is 
tied to the negative supply rail (Terminal 4) 
by mechanical or electrical means, the out-
put potential at Terminal 6 essentially rises 
to the positive supply-rail potential at Ter-
minal 7. This condition of essentially zero 
current drain in the output stage under the 
strobed "OFF" condition can only be a-
chieved when the ohmic load resistance pre-
sented to the amplifier is very high (e.g., 
when the amplifier output is used to drive 
COS/MOS digital circuits in comparator 
applications). 

Input Stages - The circuit of the CA3160 is 
shown in Fig.1. It consists of a differential. 
input stage using PMOS field-effect tran-
sistors (06, 07) working into a mirror-pair 
of bipolar transistors (09. Q10) functioning 
as load resistors together with resistors R3 
through R6. The mirror-pair transistors also 
function as a differential-to-single-ended con-
verter to provide base drive to the second-
stage bipolar transistor (Q11). Offset nulling, 
when desired, can be effected by connecting 
a 100,000-ohm potentiometer across Terms. 
1 and 5 and the potentiometer slider arm to 
Term. 4. Cascode-connected PMOS tran-
sistors 02,04, are the constant-current source 
for the input stage. The biasing circuit for the 
constant-current source is subsequently de-
scribed. The small diodes D5 through D7 
provide gate-oxide protection against high-
voltage transients, e.g., including static elec-
tricity during handling for Q6 and 07. 

Second-Stage - Most of the voltage gain in 
the CA3160 is provided by the second am-
plifier stage, consisting of bipolar transistor 
011 and its cascode-connected load resistance 
provided by PMOS transistors 03 and 05. 
The source of bias potentials for these PMOS 
transistors is described later. Miller Effect 
compensation (roll off) is accomplished by 
means of the 30-pF capacitor and 2-kfl 
resistor connected between the base and 
collector of transistor 011. These internal 
components provide sufficient compensation 
for unity gain operation in most applications. 
However, additional compensation, if desired, 
may be used between Terminals 1 and 8. 

Bias-Source Circuit - At total supply volt-
ages, somewhat above 8.3 volts, resistor R2 
and zener diode Z1 serve to establish a volt-
age of 8.3 volts across the series-connected 
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CA3160, CA3160A, CA3160E1 Types 

TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 

CHARACTERISTIC 

TEST 
CONDITIONS 

CA316013 

IT, SI 

CA3160A 

(T, S, El 

CA3160 

(T, S, E) 

UNITS 

V+ = +7.5 V 

V- = -7.5 V 

TA = 25°C 

(Unless Other-
wise Specified) 

Input Offset Voltage 
Adjustment Range 

10 kS2 across 
Terms. 4 and 5 
or 4 and 1 

±22 ±22 ±22 mV 

Input Resistance, R1 1.5 1.5 1.5 112 

Input Capacitance, C1 f = 1 MHz 4.3 4.3 4.3 pF 

Equivalent Input Noise 

Voltage, en 

Bw. 

0.2 MHz 

Rs=1 MSI 

RB.10M1-1 

40 
50 

40 

50 
40 
50 

j./V 

Equivalent Input Noise 
Voltage, en 

Rs= 
100 sl 

1 kHz 
10 kHz 

72 
30 

72 
30 

72 
30 

nV\/-1-1 

Unity Gain Crossover 

Frequency- 1T 

4 4 4 MHz 

Slew Rate, SR: 10 10 10 V/ps 

Transient Response: 

Rise Time, tr CL = 25 pF 

Ri= 2 kS 2 
(Voltage 
Follower ) 

009 009 009 ps 

Overshoot 10 10 10 % 

Settling Time (4 Vp.p 

Input to <0.1%) 
1.8 1 8 1.8 ps 

CHARACTERISTIC 

TEST 
CONDITIONS 

CA316013 

IT, SI 

CA3160A 

(T, S, El 

CA3160 

(T, S, El 

UNITS 

V+ = 5 v 
v- v = o 
TA = 25°C 

(Unless Other-
wise Specified) 

Input Offset Voltage, V10 1 2 6 mV 

Input Offset Current. 110 0.1 0.1 0.1 pA 

Input Current, li 2 2 2 pA 

Common-Mode Rejection 
Ratio, CMRR 100 90 80 dB 

Large-Signal Voltage 

Gain, Aoi 

Vo = 4 Vp.p 

Ri .-- 5 kft 

100 k 100 k 100 k V/V 

100 100 100 dB 

Common-Mode Input 
Voltage Range, VicR 0 to 2.8 0 to 2.8 0 to 2 8 V 

Supply Current, I+ 

Vo = 5 V. 

.0 R i = 
300 300 300 

PA 
Vo = 2.5 V, 

RL 
500 500 500 

Power Supply Rejection 

Ratjo, AV ioffiV+ 200 200 200 pV/V 

CIRCUIT DESCRIPTION (coned) 

circuit, consisting of resistor R1, diodes D1 
through D4, and PMOS transistor 01. A 
tap at the junction of resistor RI and diode 
D4 provides a gate-bias potential of about 
4.5 volts for PMOS transistors 04 and 05 
with respect to Terminal 7. A potential of 

about 2.2 volts is developed across diode-
connected PMOS transistor Q1 with respect 
to Terminal 7 to provide gate bias for PMOS 
transistors Q2 and C13. It should be noted 
that Q1 is "mirror-connected"t to both 02 
and 03. Since transistors Q1, 02, 03 are 
designed to be identical, the approximately 
200-microampere current in 01 establishes 
a similar current in 02 and 03 as constant-
current sources for both the first and sec-
ond amplifier stages, respectively. 
At total supply voltages somewhat less than 
8.3 volts, zener diode Z1 becomes non-
conductive and the potential, developed 
across series-connected R1. D1-04, and 01, 
varies directly with variations in supply 
voltage. Consequently, the gate bias for 
04, 05 and 02, 03 varies in accordance 
with supply -voltage variations. This varia-
tion 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 Class A 
mode. When operating into very high re-
sistance loads, the output can be swung 
within millivolts of either supply rail. Be-
cause the output stage is a drain-loaded 
amplifier, its gain is dependent upon the 
load impedance. The transfer character-
istics of the output stage for a load re-
turned 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. 

Offset Nulling 

Offset-voltage nulling is usually accomplished 
with a 100,000-ohm potentiometer con-
nected across Terminals 1 and 5 and with the 
potentiometer slider arm connected to Term-
inal 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. 

t For general information on the characteristics of 
COS/MOS transistor-pairs in linear-circuit appli-
cations, see File No. 619, data bulletin on 
CA3600E "COS/MOS Transistor Array" 
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Fig. 3 — Block diagram of the CA3160 Series. 
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CA3160, CA3160A, CA3160B Types 

Input Current Variation with Common-
Mode Input Voltage 

As shown in the Table of Electrical Charac-
teristics, the input current for the CA3160 
Series Op-Amps is typically 5 pA at TA=25°C 
when Terminals 2 and 3 are at a common-
mode potential of +7.5 volts with respect to 
negative supply Terminal 4. Fig. 12 contains 
data showing the variation of input current 
as a function of common-mode input voltage 
at TA=25°C. These data show that circuit 
designers can advantageously exploit these 
characteristics to design circuits which typi-
cally require an input current of less than 1 
pA, provided the common-mode input volt-
age does not exceed 2 volts. As previously 
noted, the input current is essentially the 
result of the leakage current through the 
gate-protection diodes in the input circuit 
and, therefore, a function of the applied 
voltage. Although the finite resistance of the 
glass terminal-to-case insulator of the TO-5 
package also contributes an increment of 
leakage current, there are useful compensa-
ting factors. Because the gate-protection net-
work functions as if it is connected to 
Terminal 4 potential, and the TO-5 case of 
the CA3160 is also internally tied to Term-
inal 4, input terminal 3 is essentially "guarded" 
from spurious leakage currents. 

Input-Current Variation with Temperature 

The input current of the CA3160 Series cir-
cuits is typically 5 pA at 25°C. 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 cur-
rent approximately doubles for every 10°C 
increase in temperature. Fig. 13 provides data 
on the typical variation of input bias current 
as a function of temperature in the CA3160. 

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 CA3160. 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-Voltage (V10) 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 
dc gate-source bias potential is applied to the 
device for extended time periods. The magni-
tude of the change is increased at high temp-
eratures. Users of the CA3160 should be alert 
to the possible impacts of this effect if the 
application of the device involves extended 
operation at high temperatures with a signi-
ficant differential dc bias voltage applied 
across Terminals 2 and 3. Fig. 14 shows typi-
cal data pertinent to shifts in offset voltage 
encountered with CA3160 devices in TO-5 
packages during life testing. At lower temper-
atures (T0-5 and plastic) for example at 
85°C, this change in voltage is consider' 
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ably less. In typical linear applications where 
the differential voltage is small and sym-
metrical, these incremental changes are of 
about the same magnitude as those en-
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Fig. 74 — Typical incremental offset-voltage shift 
vs. operating life. 

countered in an operational amplifier em-
ploying a bipolar transistor input stage. The 
two-volt dc differential voltage example 
represents conditions when the amplifier out-
put state is "toggled", e.g., as in comparator 
applications. 

Power-Supply Considerations 

Because the CA3160 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. 15(a) and 15(b) 
show the CA3160 connected for both dual-
and single-supply operation. 

— r NEGATIVE 
SUPPLY 

131 

—r POSITIVE 
SUPPLY 

DUAL POWER-SUPPLY OPERATION 

- 
— r, POSITIVE 
a SUPPLY 

lb) S NGLE POWER-SUPPLY OPERATION 

Fig. 75 — CA3160 output stage in dual and 
single power-supply operation. 

Dual-supply operation: When the output 
voltage at Terminal 6 is zero-volts, the cur-
rents supplied by the two power supplies are 
equal. When the gate terminals of 08 and 

012 are driven increasingly positive with 
respect to ground, current flow through 012 
(from the negative supply) to the load is in-
creased and current flow through 08 (from 
the positive supply) decreases correspond-
ingly. When the gate terminals of 08 and 
012 are driven increasingly negative with 
respect to ground, current flow through 08 
is increased and current flow through 012 is 
decreased accordingly. 

Single-supply operation: Initially, let it be 
assumed that the value of FIL is very high 
(Or disconnected), and that the input-terminal 
bias (Terminals 2 and 3) is such that the out-
put terminal (No. 6) voltage is at V112, i.e., 
the voltage-drops across 08 and 012 are of 
equal magnitude. Fig. 7 shows typical quies-
cent supply-current vs. supply-voltage for the 
CA3160 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 charac-
teristics (see Fig. 6). If either 08 or 012 are 
swung out of their linear regions toward cut-
off (a non-linear region), there will be a cor-
responding reduction in supply-current. In 
the extreme case, e.g., with Terminal 8 swung 
down to ground potential (or tied to ground). 
NMOS transistor 012 is completely cut off 
and the supply-current to series-connected 
transistors 08, 012 goes essentially to zero. 
The two preceding stages in the CA3160, 
however, continue to draw modest supply-
current (see the lower curve in Fig. 7) even 
though the output stage is strobed off. Fig. 
15(a) shows a dual-supply arrangement for 
the output stage that can also be strobed off, 
assuming RL=..., by pulling the potential of 
Terminal 8 down to that of Terminal 4. 

Let it now be assumed that a load-resistance 
of nominal value (e.g., 2 kilohms) is con-
nected between Terminal 6 and ground in 
the circuit of Fig. 15(b). Let it further be 
assumed again that the input-terminal bias 
(Terminals 2 and 3) is such that the output 
terminal (No. 6) voltage is a V+/2. Since 
PMOS transistor 08 must now supply quies-
cent current to both RL and transistor 012, 
it should be apparent that under these condi-
tions the supply-current must increase as an 
inverse function of the RL 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 
voltage-transfer characteristics of the output 
stage for several values of load resistance. 

Wideband Noise 

From the standpoint of low-noise perform-
ance considerations, the use of the CA3160 
is most advantageous in applications where 
in 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 40 µV when the test-circuit 
amplifier of Fig.16 is operated at a total 
supply voltage of 15 volts. This value of 
total input-referred noise remains essentially 
constant, even though the value of source 
resistance is raised by an order of magnitude. 



CA3160, CA3160A, CA31606 Types 

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. 

475 V 
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NOISE 
VOLTAGE 
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BW1-54B1 200 kHz 
TOTAL NOISE VOLTAGE (REFERRED 

70 INPUT I •40,V TYP 

Fig. 16 — Test-circuit amplifier (30-dB gain) used 
for wideband noise measurements. 
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TYPICAL APPLICATIONS 
Voltage Followers 

Operational amplifiers with very high input 
resistances, like the CA3160, are particularly 
suited to service as voltage followers. Fig.17 
shows the circuit of a classical voltage 
follower, together with pertinent waveforms 
using the CA3160 in a split-supply config-
uration. 

A voltage follower, operated from a single. 
supply, is shown in Fig.18 together with 
related waveforms. This follower circuit is 
linear over a wide dynamic range, as illus-
trated by the reproduction of the output 
waveform in Fig.18b with input-signal ramp-
ing. The waveforms in Fig.18c 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 poten-
tial. This unique characteristic is an important 
attribute in both operational amplifier and 
comparator applications. Fig.18c also shows 
the manner in which the COS/MOS output 
stage permits the output signal to swing down 
to the negative supply-rail potential (i.e., 
ground in the case shown). The digital-to-
analog converter (DAC) circuit, described in 
the following section, illustrates the practical 
use oi the CA3160 in a single-supply voltage. 
follower application. 

+75 V 

- 
74, 25 pF 
_,_ SIMULATED LOAD 
= CAPACITANCE 

92C5•,135 ,6 

(c) Input-Output Difference S,gnal Shotnetng 
Settling Time 
Top Trace: Output Signal 
Center Trace: Difference Signal 5 mV/div 
Bottom Trace: Input Signal 

Fig. 17 — Split-supply voltage follower with associated waveforms. 

9-Bit COS/MOS DAC 

A typical circuit of a 9-bit Digital-to-Analog 
Converter (DAC)* is shown in Fig.19. This 
system combines the concepts of multiple-
switch COS/MOS IC's, a low-cost ladder 
network of discrete metal-oxide-film resis-
tors, a CA3160 op amp connected as a 
follower, and an inexpensive monolithic regu-
lator in a simple single power-supply arrange-
ment. 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.19. 

The circuit uses an R/2R voltage-ladder net-
work, with the output-potential obtained 
directly by terminating the ladder arms at 
either the positive or the negative power-
supply terminal. Each CD4007A contains 
three "inverters", each "inverter" function-
ing 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 para-
llel combinations of 806,000-ohm resistors 
from the same manufacturing lot. 

A single 15-volt supply provides a positive 
bus for the CA3160 follower amplifier and 
feeds the CA3085 voltage regulator. A 
"scale-adjust" function is provided by the 
regulator output control, set to a nominal 
10-volt level in this system. The line-voltage 
regulation (approximately 0.2%) Permits a 
9-bit accuracy to be maintained with varia-
tions 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. 

Error-Amplifier in Regulated Power Supplies 

The CA3160 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 re-
quired to approach zero. 

The circuit shown in Fig.20 uses a CA3160 
as an error amplifier in a continuously ad-
justable 1-ampere power supply. One of the 
key features of this circuit is its ability to 
regulate down to the vicinity of zero volts 
with only one dc power supply input. 

An RC network, connected between the base 
of the output drive transistor and the input 
voltage, prevents "turn-on overshoot", a 
condition typical of many operational-ampli-
fier regulator circuits. As the amplifier be-
comes operational, this RC network ceases 
to have any influence on the regulator per-
formance. 

* "Digital-to-Analog Conversion Using the RCA-
CD4007A COS/MOS IC", Application Note 
ICAN-6080. 
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Fig. 18 — Single-supply voltage-follower with associated 
waveforms. (e.g., for use in single-supply D/A 

converter; see Fig.9 in ICAN-6080.) 
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Precision Voltage-Controlled Oscillator 
The circuit diagram of a precision voltage. 
controlled oscillator is shown in Fig.21. The 
oscillator operates with a tracking error in the 
order of 0.02 percent and a temperature co-
efficient of 0.01%/°C. A multivibrator 
(AO generates pulses of constant amplitude 
(V) and width (12). Since the output 
(terminal 6) of At (a CA3130) can swing 
within about 10 millivolts of either supply-
rail, the output pulse amplitude (V) is 
essentially equal to V+. The average output 
voltage (Eavg = V T2/T1 ) is applied to the 
non-inverting input terminal of comparator 
A2 via an integrating network R3, C2. 
Comparator A2 operates to establish &cult 
conditions such that Eavg = V1. This circuit 

12c•••2115.1•1 

Fig.20 — Voltage regulator circuit (0.1 to 35 Vat 1 A). 

condition is accomplished by feeding an out-
put signal from terminal 6 of A2 through R4. 
De to the inverting terminal (terminal 2) 
of At, thereby adjusting the multivibrator 
interval, T3. 

Voltmeter With High Input Resistance 

The voltmeter circuit shown in Fig.22 il-
lustrates an application in which a number 
of the CA3160 characteristics are exploited. 
Range-switch SW1 is ganged between input 
and output circuitry to permit selection of 
the proper output voltage for feedback to 
Terminal 2 via 10 MI current-limiting re-
sistor. The circuit is powered by a single 
8.4-volt mercury battery. With zero input 

9t CS - 26)(1.1 
01 05 • IN914 

VCO CONTROL VOLTAGE I V¡1 
010-1001 

(SENSITIVITY • 11:117/ VOLT/ 

fig.21 — Voltage-controlled oscillator. 

signal, the circuit consumes somewhat less 
than 500 microamperes plus the meter cur-
rent required to indicate a given voltage. 
Thus, at full-scale input, the total supply 
current rises to slightly more than 1500 
microamperes. 

Function Generator 

A function generator having a wide tuning 
range is shown in Fig.23. The adjustment 
range, in excess of 1,000,000/1, is accom-
plished by a single potentiometer. Three 
operational amplifiers are utilized: a CA3160 
as a voltage follower, a CA3080 as a high-
speed comparator, and a second CA3080A 
as a programmable current source. Three 
variable capacitors Cl, C2, and C3 shape 
the triangular signal between 500 kHz and 
1 MHz. Capacitors C4, C5, and the trimmer 
potentiometer in series with C5 maintain 
essentially constant (±10%) amplitude up 
to 1 MHz. 

Staircase Generator 

Fig.24 shows a staircase generator circuit 
utilizing three COSIMOS operational ampli-
fiers. Two CA3130's are used; one as a 
multivibrator, the other as a hysteresis switch. 
The third amplifier, a CA3160, is used as a 
linear staircase generator. 

Picoammeter Circuit 

Fig. 25 is a current-to-voltage converter con-
figuration utilizing a CA3160 and CA3140 
to provide a picoampere meter for ±-3 pA full-
scale meter deflection. By placing Terminals 
2 and 4 of the CA3160 at ground potential, 
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output (Terminal 6) near ground, thus mar-
kedly reducing the dissipation by reducing 
the supply current to the device. 

The CA3140 stage serves as a X100 gain 
stage to provide the required plus and minus 
output swing for the meter and feedback 
network. A 100-to-1 voltage divider network 
consisting of a 9.9-KS-2 resistor in series with 
a 100-ohm resistor sets the voltage at the 
10- Klet resistor (in series with Terminal 3) to 
±30 mV full-scale deflection. This 30-mV 
signal results from ±3 volts appearing at the 
top of the voltage divider network which 
also drives the meter circuitry. 

By utilizing a switching technique in the 
meter circuit and in the 9.9 Ka and 100-ohm 
network similar to that used in voltmeter 
circuit shown in Fig. 22, a current range of 
3 pA to 1 nA full scale can be handled with 
the single 10-KMS1 resistor. 

Single-Supply Sample-and-Hold System 

Fig. 26 shows a single-supply sample-and-hold 
system using a CA3160 to provide a high 
input impedance and an input-voltage range 
of 0 to 10 volts. The output from the input 
buffer integrator network is coupled to a 
CA3080A. The CA3080A functions as a 
strobeable current source for the CA3140 
output integrator and storage capacitor. The 
CA3140 was chosen because of its low out-
put impedance and constant gain-bandwidth 
product. Pulse "droop" 'during the hold 
interval can be reduced to zero by adjusting 
the loo-Ka bias-voltage potentiometer on 
the positive input of the CA3080A. This 
zero adjustment sets the CA3080A output 
voltage at its zero current position. In this 
sample-and-hold circuit it is essential that the 
amplifier bias current be reduced to zero to 
minimize output signal current during the 
hold mode. Even with 320 mV at the ampli-
f-er bias circuit terminal (5) at least ± 100 pA 
of output current will be available. 

Wien Bridge Oscillator 

A simple, single-supply Wien Bridge oscil-
lator using a CA3160 is shown in Fig. 27. 
A pair of parallel-connected 1N914 diodes 
comprise the gain-setting network which 
standardizes the output voltage at approxi-
mately 1.1 volts. The 500-ohm potentiometer 
is adjusted so that the oscillator will always 
start and the oscillation will be maintained. 
Increasing the amplitude of the voltage may 
lower the threshold level for starting and for 
sustaining the oscillation, but will introduce 
more distortion. 

Operation with Output-Stage Power-Booster 
The current sourcing and sinking capability 
of the CA3160 output stage is easily supple-
mented to provide power-boost capability. 
In the circuit of Fig.28, three COS/MOS 
transistor-pairs in a single CA3600 IC array 
are shown parallel-connected with the output 
stage in the CA3160. In the Class A mode of 
CA3600E shown, a typical device consumes 
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Fig. 26 — Single-supply sample-and-hold system—input 0-to-10 volts. 

the CA3160 input is operated in the "guarded 
mode". Under this operating condition, even 
slight leakage resistance present between 
Terminals 3 and 2 or between Terminals 3 
and 4 would result in zero voltage across this 
leakage resistance, thus substantially reducing 
the leakage current. 

If the CA3160 is operated with the same 
voltage on input Terminals 3 and 2 as on 
Terminal 4, a further reduction in the input 
current to the less than one picoampere level 
can be achieved as shown in Fig. 12. 

To further enhance the stability of this cir-
cuit, the CA3160 can be operated with its 
20 mA of supply current at 15-V operation. 
This arrangement boosts the current-handling 
capability of the CA3160 output stage by 
about 2.5X. 

The amplifier circuit in Fig. 28 employs 
feedback to establish a closed-loop gain of 
20 dB. The typical large-signal-bandwidth 
(-3 d13) is 190 kHz. 
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Fig.27 — Single-supply Wien Bridge oscillator. 
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CA3401E, CA3401G 

Quad Single-Supply 
Operational Amplifier 

For Automotive Electronics and Industrial 
Control Systems 

"G" Suffix Types — Hermetic Gold-CHIP in 
Dual-In-Line Plastic Package 

"E" Suffix Types — Standard Dual-In-Line 
Plastic Package 

The RCA-CA3401 is a high-gain monolithic 
quad operational amplifier designed specifi-
cally for applications using a single positive 
power supply. No external compensation 
is necessary. Closed-loop stability in each of 
the four independent amplifiers is main-
tained by a 3-pF on-chip capacitor. The 
CA3401 is ideally suited for applications in 
industrial control systems, automotive elec-
tronics, and general purpose amplifiers, e.g. 
oscillators, tachometers, active filters, and 
multichannel amplifiers. 

The CA3401 is supplied in a 14-lead dual-in-
line plastic package (E suffix), a hermetic 
gold-chip in 14-lead dual-in-line plastic pack-
age IG suffix), in chip form (H suffix), and 

as a hermetic gold-chip (HG suffix). It 
is a direct replacement for the Motorola 
MC3401P, and is pin-compatible with the 
Motorola MC3301P and the National Semi-
conductor LM3900N. The CA3401 can be 
operated over the temperature range of 
—55 to +125°C, although the limit values of 
certain specified electrical characteristics ap-
ply only over the range of 0 to +75°C. 

v. 

BIASING NETWORK 
(COMMON TO FOUR 

AMPLIFIERS) 
AMPLIFIER Ne.I 

Features: 

• Single-supply operation — +5 V to +18 Vdc 

• Internally compensated 

• Wide unity-gain bandwidth — 5 MHz typ. 

• Low input bias current — 50 nA typ. 

• High open-loop gain — 2000 V/V typ. 

Applications: 

• Automotive 

• Constant-Current Sources 

• Multivibrators 

• Sample and Hold 

• Square-Wave Generator 

• Oscillators 

• Tachometers 

• Active Filters 

• Multi-Channel Amplifiers 

• Summing Amplifiers 

MAXIMUM RATINGS, Absolute-Maximum 

Values at TA = 25°C 

DC SUPPLY VOLTAGE . +18 V 
INPUT SIGNAL CURRENT 5 mA 
DEVICE DISSIPATION: 
Up to TA = 25°C   625 mW 
Above TA = 25°C . . Derate linearly 5 rnW/°C 

AMBIENT TEMPERATURE RANGE 
Operating   —55 to + 125°C 
Storage   —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.. 300 °C 

Fig.4 — Schematic diagram of CA3401. 
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Fig.1 — Block diagram of CA3401. 
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CA 3401E, CA3401G 

ELECTRICAL CHARACTERISTICS AT TA = 25°C, V+ = 15 V (Unless Indicated Otherwise) 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

STATIC 

Output Voltage: 

High, VoH 13.5 14.2 - 

V Low, VOL - 0.03 0.1 

Max. Undistorted Output Swing, 
VOP-P 00C<TA<75°C 10 13.5 — 

Output Current: 

Source, SOURCE 5 10 
mA 

Sink. ISINK 0.5 1 

Total Quiescent Current: lo 

Noninverting inputs open - 6.9 10 
mA 

Noninverting inputs grounded - 7.8 14 

Input Bias Current, I jg 
RL = co TA = 25°C - 50 300 

nA 
RL = co 0°C <TA <75°C - - 500 

DYNAMIC 

Open-Loop Voltage Gain, AoL 
TA = 25°C 1000 2000 - 

WV 
0°C<TA‘75°C 800 - - 

Input Resistance, R1 0.1 1 - MS/ 

Slew Rate, SR CL = 100 pF, RL = 5 kn - 0.6 - Vim 

Unity Gain Gandwidth, BW - 5 - MHz 

Phase Margin, (I) - 70 - Degrees 

Power Supply Rejection f= 100 Hz - 55 - dB 

Channel Separation, e91/e02 f - 1 kHz - 65 - dB 
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Br v. IN THE LINEAR OPERATING 
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Fig.6 - Open-loop gain and input resistance, 
input bias current and output current 
test circuit. 
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CA3600E 

COS/MOS Transistor Array 
For Linear Circuit Applications 

RCA-CA3600E is an array of COmplementary.5ymmetry MOS 
Field-Effect Transistors' on a monolithic silicon substrate. It is 
comprised of three n-channel and three p-channel enhancement-
type MOS transistors arrayed as shown in Fig. 1. and specified 
and tested for linear circuit operation. These transistors are 
uniquely suitable for service in complementary -symmetry 
circuits at supply voltages in the range of 3 to 15 volts and are 
useful at frequencies up to 5 MHz (untuned). Each transistor 

MAXIMUM RATINGS, Absolute-Maxirnum Values at TA 25°C 

M the CA3600E can conduct currents up to 10 mA. 

This device is supplied in the 14-lead dual -in-line plastic 
package. 

Formerly RCA Dev. No. TA63811. 

• The theory and construction of COS/MOS transistors are described in the 

"RCA COS/MOS Integrated Circuits Manual," RCA Solid State Division 

Technical Series Publication No. CMS-271. 

DISSIPATION: 
Any one transistor at TA up to 55°C   
Total package at TA up to 55°C  
Above TA = 55°C   

AMBIENT TEMPERATURE RANGE: 
Operating   
Storage   

LEAD TEMPERATURE (During Soldering) 
At distance not less than 1/16" 1/32" (1.59 ± 0.79 mml 

from case for 10 s max.   

The Following Ratings Apply fos Each Transistor in the Device: 

DRAIN-TO-SOURCE VOLTAGE, %S. 
n-channel   
p-channel   

DRAIN-TO-GATE VOLTAGE, VoG, 
n.channel   
p-channel   

SOURCE-TO-SUBSTRATE VOLTAGE, VsB: 
n-channel   
p-channel   

GATE-TO-SOURCE VOLTAGE, VGs: 

p-channel transistors (pl, p2. P31  0 VIrnin.1,-Volmax.) 
',channel transistors Ins, n2, ns)  O v(min.),..Volmax.) 
COS/MOS transistor-pairs (pi -.1. P2-n2. 03,13)  O VImin.),+VDDImas.) 

DRAIN CURRENT, IIDI 10mA 

GATE CURRENT, IIGI 100 'irk 

The Following Rating Applies for Each COS/MOS Transistor-Pair in the Device: 

DC SUPPLY VOLTAGE (VDD - Vss)   

150 mw 
750 mW 

derate linearly 6.67 mW/0C 

-55 to +125°C 
-65 to +150°C 

265°C 

+15 V 
-15 V 

+15 V 
-15 V 

+15 V 
-15 V 

+15 V 

Rules for Maintaining Electrical Isolation Between Transistors and Monolithic Substrate 

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" 
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Features: 

• High input resistance   100 GO 1typ.) 
• Low gate-terminal current . . .   10 pA (typ.) 
• Matched p-channel pair: 

Gate-voltage differential (ID -100 izA) ±20 mV Imes.) 
• No "Popcorn- (burst) noise 

• Stable transfer characteristics over an 
operating temperature range of -55°C to .126°C 

when operated in complementary circuit configuration 
at supply voltages in the 5 to 15 volt range (see Fig. 141 

• Integrated integral gate-protection system (see Fig. 34) 
• High voltage gain (see Fig. 11). . . up to 53 dB (typ.) 

per COS/MOS stage 
• Individual MOS transistors have square-law characteristics, 

superior cross-modulation performance, and greater 

dynamic range than bipolar transistors 

Applications: 
• High input impedance, general-purpose amplifiers 
• Preamplifiers 
• Differential amplifiers 
• Op-amps and comparators 
• Constant-current sources and current mirrors 
• Micropower amplifiers and oscillators 
• Control of lamps, LED's, relays, and thyristors 

• Timers 
• Choppers 
• Mixers 

Ma• t.45, 

Piet - Schantatk diagram tor CA 3600E COSIMOS transistor array. 

1 Oren memo.. "channel of per no 2 B. Dunn tarronnal, n.c.nnel of pan no 1 

2 Source 1mmonel. p•chennel of per no 1 9 Source tannins,. n <funnel of pan ro 3 

3 Canaan gate lerfmnal of paor vn 2 10 Common gate monmel of [ma no 3 

Sputc• Wm., ',channel of pa« no 2 11. Source tannin,. "channel of pan no 3 
5 13epn ternvnal, neesannel of pan no 2 12 Common Pram tannmal of pen no 3 

6 Common pur fermi., of pa.. no I 13. Oren tanninel. odmn. of pan no I 

7 Source ennvrial. nchannel of oan no 1 14. Source 'ermine ochannel of pan no. 1 

and sobtnete connecnon for and uantrau conneepon for 
all nehannal /ransom's • V, Immortal an "channel trannuon • 055 tennonal 

7-terminal Identification for Fig. I. 
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CA3600E 
ELECTRICAL CHARACTERISTICS, Ar I-4  25°C 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

TYPICAL 

CURVE OR CIRCUIT 

FIG. NO 

LIMITS 

UNIT 

Min. Typ. FAzA 

For Eech p-Channel MOB Transistor 

Drain Current I o V/30.-10 %/Nor -3.6 V 2,3,4 -OS -1 1 -2.0 mA 

Gate.to.Source Threshold Voltage Vosi /h/ 10.-10mA 

Gate-to-Source Voltage 

Dellerenteel Ip/ vs. 021 SV GSI -VGS21 
10 .-100 mA.Vos•-10 V S ±4 ±20 rn1/ 

Forward Transconductance .fs lo.-1 rnA,I.1 kHz 6 920 Nrnho 

Low-Frequency None Voltage 
eN 10 .-1 rnA,I. I k Hs.R..0 11 7 - 0.03 orV ,M1 

Low-Frequency None Current ire lo•-1 rnii.l. I klit.Rel mn 7 02 pA Iii. 

Curren 7Mirror 

Transler Rate (p //p2) 'MIR I/•-100 siA.Vos.- 10 V 30 07 1 I 1.5 - 

Gate.Terrnmal Current 'GT V00 .-101/.5, 3.5 V b)015 -40 nA 

Input Capacitance cl 6.3 pF 

Output Caoacoarwe co - 3 pF 

Input-to-Output Capacitance 8.0  en pF 

For Each n.Channel MSS Trensistor 

Drain Current to Vos"•I0 V,V *38 V 2.3.4 0.4 09 1.6 enA 

Gate-to-Source Threshold Voltage Vosi/hi to.10mA 15 V 

Gate-to-Source Voltage 

Differential in, ys n2) 
V GS I - V GS21 10 .100 riA.Vos=.10 V 5 - ±30 rnV 

Forward Transconduceance EN to . t rnA.1 ,1 kHz 6 860 - rani. 

Low-Frequency Noise Voltage 
eN to.' rnA.I.1 hilr,f1,-0 It 7 my W11 

Low-Frequency Noise Current 'N 10 .1 rnA.I.1 liHr.R,-1 MD 7 - 0.3 pA i,Fi 

CurrenterImor 

Transfer Rate Sol /n21 IMTR 11 ,100 mA.Vos - • 10 V 29 e7 1.3 20 - 

Gale.Terrn,nal Current 
IGT Voe• 10 V.VGs..3 7 V mo1 .40 nA 

Input Capacitance c, 5.5 pF 

Output Capacitance Co 2.0 pF 

Input-to-Output Capacitance CI.0 0.35 pF 

For Each COSIMOS Tramistor Pair 

Drain Current 
1013 VDD..10 V 9.10 1.0 2.2 4.0 gm% 

Ora...Source Cutoff Current DORM/ V00.•10 V.VDD •0 V 

Gate Voltage(Vol..10 V or 0 V e 0.5 100 nA 

DC Output Voltage Vo Voo..10 V 10 4.2 se 58 V 

Forward Transconductance If, VDD.•I0 V, f a 1 1.1.17 6 - 2300 - 0.17.0 

Slew Rate 10Pen.L40114 SR Voo••15 V 10 - 95 V.m. 

Amplifier Voltage Gain 
A OL VDD••10 V,I•1 kils.F1b.22 Mil 

e5011 10.11 32 dB 

Gate.Terrnenal Curren, 
IGT VD/3...10 V 10 - b3-005 ±20 ..P. 

Broadband Output Noise Voltage 
EON Voio..10 V,RD .221.818..10 kit 1811 - 500 y V 

Input Capacnance Ci 11 8 ra 

Output Cepacnance Co 50 nF 

Input-180.mm Capacitance 
C I.0 

1.1 PI 
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CA3600E 
APPLICATIONS 

•Vor,, 

Fig. 10- COSMOS monster-psis biased for lineesPods operation. 

INPUT VOLTAGE 

Fig. f3 - Representsfion of voluge.transfer characteristics for 
COSIMOS trans.°, paff. 

The Basic COS/MOS 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 . Since mutually compatible p-channel and 
nehannel 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. 

A "True-Complemantary" Linear Amplifier Using COSMOS 
Transistors 

Fig. 10 shows the schematic diagram of a single-stage "true-

complementary" linear amplifier using one pair of the corn-

elementary 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 R, represents the source resistance of the 

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 I millivolts of either supply-voltage 

"rail". Fig. 9 shows typical supply voltage (VD& vs. supply 

current (IDD) characteristics for the single-stage amplifier. The 

curves in Fig. 12 show the normalized amplifier supply current 

asa function of ambient temperature at various supply voltages. 
When the amplifier is operating at VDD = 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. 

Voltage-Transfer Characteristics 

Fig. 13 illustrates a voltage-transfer characteristic cane of a 

COSMOS transistor pair connected in the amplifier circuit of 
Fig. 10, with a biasing resistor (Rb) connected between the 

drain and gate terminals 110,121. If the p- and n-channel tran-

sistors have identical characteristics, their channel resistances 

are equal, and the biasing method shown establishes a steady-
state condition such that terminal 12 is at mid-potentiai 

between VDD and ground. Thus, with negligibly small gate-
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Fig. 14- Volta,' °antler PsraCIISitteCt for COSIMOS transistor-pair 
;polders in Fig 10. 

source leakage resistances, under zero-signal conditions, the 

biasing resistor (Rb) establishes gate potential at the mid-point 

between VDD and ground, i.e.. Vin Veut. 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 (VW swings in the positive direction. 

there is a reduction in the instantaneous output voltage (1/0,,,) 

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 dynamic 

linear operation, i.e., Class A amplifier service. When the 
signal input-voltage level (Vin) becomes very large, the output 

signal (Vb ,) waveforms become distorted because the tran-

sistors are driven into the non-linear portions of their voltage-

transi er 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 1100) is 

reduced to essentially zero. 

Fig. 14 shows typical voltage-transfer characteristics of each 

COS/MOS pair in the CA3600E at several values of VDD. The 

shape of these transfer characteristics is comparatively constant 
despite temperature changes from -55 to +125°C. 

The biasing arrangement used in the circuit of Fig. 10 provides 

an easy method of establishing feedback for ac signals in 

accordance with the Rb/Fis ratio. When the feedback of ac 
signals is not desirable, the circuit of Fig. 15 may be used. 

The ac bypass capacitor (C31 minimizes ac signal feedback. 

Cascading Amplifier Stages of COSMOS Transistor Pairs 

Ultra-high-gain amplifiers can be designed by cascading stages 

of COS/MOS 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. 
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Post-Amplifiers For Op-Amps 

COS/MOS transistor-pairs can be advantageously applied as 
post-amplifiers for op-amps. Because the input impedance of 
the COS/MOS pair is comparatively high, the op-amp operates 
under essentially unloaded conditions. Each COSMOS pair 

can sink and source output current up to about 10 mA. 

Additionally, the opornp output can be directly coupled to 

bias the COS/MOS pair. A detailed description of the subject 

has been published previously. 

The schematic diagram in Fig. 18 shows a COS/MOS transistor. 

pair serving as a post-amplifier to an RCA-CA3080 Operational 

Transconductance Amplifier. The approximate 30-dB gain in 

a single COS/MOS transistor-pair is an added increment to the 

100•013 gain in the CA3080. yielding a total forward gain of 

about 130 dB. The open-loop slew rate of the circuit in Fig. 19 

is approximately 65 V/ps. When compensated for the unity-
gain voltage-follower mode shown in Fig. 19, the slew rate is 

about 1 V/ps. 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 COSMOS post-amplifier shown in 

Fig. 20 increases the total open-loop gain of the system to 

about 160 dB (100,000.000Xl. Open-loop slew rate remains at 
about 65 V/ps. A slew rate of about 1 V/ps 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. Novo. 

IOW 

IMO 

vet• irn• 

Fig 16- Hip/-pin smells, uses ...PO COSMOS °Psittacosis 
in CA36P2E. 
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CA3600E 
APPLICATIONS - Post-Amplifiers for Op Amps (Cont's0 
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foe three-map COSMOS transistoropair amplifier in Fog. 16. 

Multivibestors, Threshold Detectors, and Comparators 

Descriptions of Several circuits US1OQ COS/MOS transistor-

pairs in both monostable and astable multivibrators have been 

published. The characteristics of COS/MOS 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 

characteristicsof the input differential amplifier in the CA3080 

Operational Transconductance Amplifier. Moreover, speed 

vs. power consumption tradeoffs can be made by adjustment 

of the Amplifier-Bias-Current IIABC) supplied to terminal 5 of 

the CA3080. The quiescent power consumption of the circuits 

shown in Fig. 22 is typically 6 mW, but can be made to operate 

in the rnicropower region by suitable modifications. 

The schematic diagram of a programmable micropower com-

parator, shown in Fig. 23 employs the combination of an 

op-amp ICA3080Al and COSMOS transistor-pairs in the 

CA3600E. Quiescent power consumption of the circuit is 

about 10 MWItYP.). When the comparator is strobed -ON", 

transistor pt is driven into conduction and the OTA becomes 

active. Under these conditions, the circuit consumes 420 pW 

and responds to a differential-input signal in about 8 ps. 

By suitably biasing the CA3080A, the circuit response time 

can be decreased to about 150 ny 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 this micropower comparator à typically 130 dB. 

If MONOSTAILE SP TIVIGRATOR 
v• 

Fig. 22- Multistablecircuits using COS/MOS transistoe4i ere 

Fig. 18 COS/MOS transistor-poor used as postmnpli fief to sperms on 
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Fog 21- Unity -pin amploloar um COS/MOS transoatorpaors as 

POSaamploher ro op amp 

Fog. 20- COS/MOS transistor-pen used as two-stage poscamplofier ro 

op-amp on open-loop comm. 

Fog. 23- Progremenable microposver comparator. 
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CA3600E 

Oscillator Circuits 

Oscillator circuits using COS/MOS transistor-pairs have been 

widely used for several years in clock and watch circuits 

because of their low power consumption and good frequency 

stability. Details of their operating theory and characteristics 

have been published. 

The design of COS/MOS oscillator circuits, like tile design of 

any oscillator circuit, involves the provision of an amplifying 

section to operate compatibly with an appropriaté feedback 

network. A single stage aMpl1fier 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. 2b The familiar pi-network has been connected 

between the input and output terminals, points "D" and "G", 

to provide the required 180° phase shift for stable oscillator 
performance. The frequency-determining crystal is an integral 

part of the pi-network feedback circuit. The resistors R1 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. 

Fig. 29- Typical crystelescilletor circuit cuing COSMOS 
...mood (la CA36006). 

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 literature. As shown in 
Fig. a rudimentary form of "current-mirror" consists of a 
transistor ei with a second transistor 02 connected as a diode. 

When both transistors have identical characteristics, a 

current 11 forced to flow through 02 produces a current 1121 

of equal magnitude to flow in the collector of 01 (provided 

there is sufficient collector potential for Oil. In a common 
form of application, a source of potential is used to force 

constant.current flow It. and thus to establish the flow of 

constant current 12 through 01. Arrangements of this generic 
current ,mirror type are frequently used when 01 acts as the 

common.emitter impedance in a differential.arnplifier 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 (V05) in N2 retains control of the drain 
current as in normal transistor action, i.e., IDst geDs 

where gis q the forward transconductance of the device. If a 

current li is forced into the diode-connected transistor (N2), 

the gate-tolource 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. 

If the gate and source terminals of another transistor (Nil are 

connected in shunt with the gate and source terminals of N2, 

as shown in Fig. 27, Ni 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 CA36008 COSMOS transistor 
array. 

Current mirrors can also be designed with p-channel MOS 

transistors as illustrated by the arrangement in Fig. 30 using 

transistors in the CA3600E. The characteristics of a current 

mirror using the p-channel transistors in the CA36008 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 

Complementary Current Mirrors Using COS/MOS Transistor-
Pairs 

COS/MOS transistor.pairs can be applied advantageously in 

the design of Complementary Current-Mirrors, as shown in 

Fig. 30 Transistors Pi and Ni are series-connected and biased 
for linear operation as previously described, so that there is a 

current flow ID I through P1 and NI. 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 ID I. 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 drown in Fig. 28. Transistors P2 and N2 

are series-connected together with a 60-megohm resistor to 
establish their drain current at 5 nA. The potential developed 

across terminals 1 and 2 also appears as the gate-source voltage 
for transistor Pi, thereby establishing a mirror-current source 
of 5 nA at terminal 13 to charge capacitor Ci linearity. In this 

circuit, the "mirrored" current-sink available at terminal 8 

(transistor N1) is unused. This type of currentmirror con. 

figuration is exceptionally stable with temperature variations. 

1121S. 21 462 

Fig. 26- Current mirror using ApA bipolar &mutton. 

12 

1-4 

Fig 27-Current mirror using »channel MOS trensistort 

12 secs • ri 

Fist 28.-Current mirror using Achennel MOS vervistors in CA3600E. 

10 

i 

I 

1 

10.1 

3 

AMBIENT TEMPERATURE IT./ • Ott I... 

,0,1.111,41..TEOwS.OUiliC..E.  v -say 
-IS V 

-4V 

coi et 10 

MODE CuratENT 11,1- ma 
PM. v.. 

Fig. 29- Cbarentristice of current mirror circuit of Fig. 30 using 
penennel transistors. 

1 0a- o 

1CuarrErdi Marcel 

icaaterri -Vaal 

ii 02 ,02-1 1 

secs- est. 

Fib 30- ComPlemntery current mirrors using COS/MOS 
tensistorpeirs in CA3600E. 

AmSnENT Ileanrmiulta 
ft. 533 

Fig 3I- Normalised drain current ratio vs. ambient temperature for 
Wind fern., mirror cling penennel venue or (Fig. et 
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CA3724G, CA3725G 

High-Current N-P-N 
Transistor Arrays 

Four Individual Sealed-Junction 

High-Current N-P-N Transistors 

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 break-
down voltage ratings. 

The CA3724G and CA3725G are supplied in 
a 14-lead dual-in-line plastic package and 
operate over the full military temperature 
range of —55°C to +125°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. 

Applications: 

• Core-Memory Driver 

• High-Speed Switching 

• High-Current LED Driver 

• High-Voltage Switching 

• Relay and Solenoid Driver 

• Lamp Driver 

Features: 
• High Current — 1 A 

is High Breakdown Voltage: 

CA3725G = 80 V dc min. V(BRICES 

@ lc = 10 µA 

CA3724G = 70 V dc min. V(BR)CES 
@ lc = 10 µA 

• Fast Switching Speeds: 

t„ = 30 ny typ.@ lc = 500 mA 

toff = 36 ny typ. @ lc = 500 mA 

• 'Hermetic Chip" Construction 

• Silicon Nitride Passivated 

• Platinum Silicide Ohmic Contacts 

• Gold Chip-Metallization 

• Electrically similar and pin compatible 

with industry types MPQ3724, MPQ3725; 

FPI:13724, FP03725; DH3724, DH3725; 

SP3724, SP3725 in similar packages 

3203 -24294 

Fig. 1—Terminal diagram (top view). 

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

COLLECTOR-TO-EMITTER VOLTAGE 
With Base Open 

COLLECTOR-TO-BASE VOLTAGE 
With Emitter Open 

EMITTER-TO-BASE VOLTAGE 
With Collector Open 

COLLECTOR CURRENT 

POWER DISSIPATION: 
At TA up to 25°C: 

For Each Transistor 
Total Package 

At TA above 25°C derate linearly 

AMBIENT TEMPERATURE RANGE: 
Operating  —55 to +125 
Stoi•age  —65 to +150 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/32" 13.17 mm) from 

seating plane for 10 s max. 

\ICE° 

VC80 

VEBO 

PD 

v,„ 
• • 9 7 V 

< . 

PULSE WIDTH • I ys 

2 • 50 n 
DUTY CYCLE < 2% 

m 500 rnA , se • 50 rnA 

I8 2 .- 50 mA 

• 30Y 

ISO 
-3 8 V ir INPUT I 

I 
I- 0 V° l 
TO SAMPLING SCOPE I 

t,< Ins I 
I, Y 1001d1 l 

OUTPUT 

Fig. 2—Switching time test circuit. 

300 

32C 04 - 24300 

CA3724G CA3725G 

40 50 V 

70 80 V 

6 6 V 

1.0 1.0 A 

1.0 1.0 
2.0 2.0 

20 r-nw/cic 

—55 to +125 °C 
—65 to +150 °C 

300 °c 
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CA3724G, CA3725G 

ELECTRICAL CHARACTERISTICS AT TA = 25°C 

Characteristic 

Limits 

Units Test Conditions CA3724G CA3725G 

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

Collector-to-Emitter Sus- , 
taming Voltage,VCE0 (sus ) 

I =10 mA,I B=0 
C 

40 - _ 50 - - V 

Collector-to-Emitter Break-
down Voltage,V(BB)cEs 

Ic=10µA,IB=0 70 - _ 80 - - V 

Collector-to-Base Break-
down Voltage,V (BR ICBO 

Ic=10 pA,IE=0 70 - - 80 - - V 

Emitter-to-Base Break-
down Voltage, V (BR)EBO 

lE=10 µA,Ic=0 6 - 6 - - V 

Base-to-Emitter Saturation 
Voltage,VBEIsatl • 

I=500 mA, 
IB=513 mA 

0.75 - 1.0 0.75 - 1.0 V 

Collector-to-Emitter 
Saturation Voltage,VcE(sat) 

Ic=500 mA, 
IB=50 mA 

- - 0.5 - - 0.5 V 

Collector-Cutoff Current, 

ICBO 

VcB=40 V. 

IE'CI 
1.7 - - 1.7 µA 

Static Forward-Current 
Transfer Ratio (Beta), 

hFE 

Ic=100 mA, 
VcE=1.0 V 

Ic=500 mA, 
VcE=1.0 V 

Ic=1 A,VcE=1.0 V 

35 

30 

20 

- 

- 

- 

- 

- 

- 

35 

30 

20 

- 

- 

- 

- 

- 

- 

Small-Signal Forward- 
Current Transfer Ratio, 
hfe 

Ic=50 mA, 
VcE=10 V, 
f=100 MHz 

2.0 - - 2.0 - - 

Turn-On Time (See Test 
Ckt. Fig. 2), ton 

Ic=500 mA, 

161'5° mA 
- - 40 - - 40 ns 

Turn-Off Time (See Test 
Ckt. Fig. 21, toff 

IC=500 mA,I B1= 

1B2 -5° mA 

_ 60 
60 Ils 

Emitter-to-Base 
Capacitance, Ceb 

1C=0, 
VEB =0.5 V 

_ 95 - - 95 - PF 

Collector-to-Base 
Capacitance, Ceb 

l E--°, 
Vc B=10 V 

- 12 - - 12 - pF 

*Pulse Conditions width , 300 bl duty cycle = 1%. 
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CA6078, CA6741 Types 

Operational Amplifiers 
CA6078AT — Micropower Type 

CA6741T — General-Purpose Type 

For Applications where Low Noise 

(Burst + 1/f) is a Prime Requirement 

Virtually free from "popcorn" (burst) noise: 

device rejected if any noise burst exceeds 20 µV (peak), 

referred to input over a 30-second time period. 

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 CA37417 

are a result of improved processing developments and rigid 

burst-noise inspection criteria. A highly selective test circuit 

(See Fig. 21 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 

1/f noise spectrum. 

In addition the .CA6078AT and CA6741T offer the same 

features incorporated in the CA3078AT and CA37417 

respectively, including output short-circuit protection. 
latch-free operation, wide common-mode and differential. 

mode signal ranges, and low-offset nulling capability. 

For detailed data, characteristics curves, schematic diagram, 

dimensional outline, and test circuits, refer to the Opera-

tional Amplifier Data Bulletins 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 CA6078AT and CA6741T utilize the hermetically sealed 

8-lead TO-5 type package. The CA6078AT and the CA6741T 

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 8-lead dual-in-line (Mini-Dip) package. 

XL; 
Newnw"...••••• nienwinuem. sweet 

Tice — 10 •••/DIV 
lycs.10ryl 

a. Typ, device with hieburstwoise 
tenstic. 

tarns CA6741T 

Applications: 

• Low-noise AC •mplifier 

• Narrow-bend or band-pens filter 42,r 
• Integretor or differentiator 
• DC amplifier 

• Summing amplif inn 
Nett • .sComoycllo c•st 

yy<s-ron, 

Features: 

• Intemal phase compensation 

• Input bias current: 500 nA mex. 
• Input offset current: 200 nA max. 

• Open-loop voltage gain: 50,000 (94 dB) min. 
• Input offset voltage: 5 mV max. 

MAXIMUM RATINGS, Absolute-Meximum Values at TA = 25•C 

Rua Ks' 

y. 

hoYi •.• • II C.Atcrlo .10 c•SY 

CA6078AT 

Applications: 

• Portable electronics 
• Medical electronic. 

• DC emplifier 

• Narrow-bend or band-pass filter 
• Integrator or differentimor 
• Instrumentation 

• Telemetry 

Features: • Summing amplifier 

• Open-loop collage pin: 40,000 (92 dB) rnin. 

• Input offset voltage:3.5 mV max. 
• Operates with low total supply voltage: 

1.5 V min. (t 0.75 V) 

• Low quiescent operating current: 
adjustable for application optimization 

• Input bias current: adjustable to below 1 nA 

DC Supply Voltage (between V"." and V- terminals)   

Differential-Mode Input Voltage   

Common-Mode DC Input Voltage'   

Device Dissipation: 

Up to 750C (CA6741T), Up to 1250 (CA6078AT)   500 inW 
Above 750C  Derate linearly 5 mW/OC 

Temperature Range: 

Operating  
Storage   

Output Short-Circuit Duration.  

Lead Temperature (During soldering)'  

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) 

from case for 10 seconds max.   300°C 

CA6741T 

44 V 

230 V 

215 V 

55 to .125 °C 
-65 to .150 OC 
No limitation 

A ll Supply Voltage is Ins than EIS volts, the Absolute Maximum Input Voltage is equal to the Supply Voltage. 

•Short circuit may be applied to ground or to either supply. 

e 
à, 

92 
eteeettoreereseeetné 

TIME— 20 rny /OW 

ISGS-e0,30 

b. Typ dance controlled for burst noise. 

F4.1 -Typ. neyelorms of type with high burst noise and type 
controlled for burst noise. 

C5 & 11, •100101 FOR CA6,11T AND MONA FOR CA601GAT 
• cosmic on CA601RAT 55,0.0551 

diagreen of burstmoise -popcorn" tat equipment. 

CA6078AT 

36 V 

t6 V 

V* to V-

250 mW 

-55 to .125 0C 
-65 to +150 OC 

No limitation 

300 PC 

'hIllIUi _ 

I i-

SUF. Y VOLTAGE: V 6 v, v- • -IS V 
610111ENT YENIPERISTURE I abn• 

IIlUUIIl 

...Le Omelet no mxiii• 

h1 II IiIi..ui.i 
! ui.ui EdaA 

IIillUhllHhllIIIH 
o 

FREQuENCY fen-20360 

Fig.3-IN es. Fiequency for C46078A 

1€ e° . . > 
.1 0 

O 

i 

vi,:-..". re" :e..1".,'"?1,e%,".,;: 
I 

— SLIMY ---' ........_...... CURRENT 11.40•2¢A 

iooe 

! : 

i 

I o 
10 

FREQUENCY lb —Ha sits-son. 

Fige-EN a. Frequency for CA6078AT 
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CA6078, CA6741 Types 

ELECTRICAL CHARACTERISTICS - CA6078AT, For Equipmenr Design. 

CHARACTERISTICS SYMBOLS 

TEST CONDITIONS 

Supply Volts: V. 6, V- •• -6 
TA 250C, lo 20 µA 

LIMITS 
UNITS 

MIN TYP. MAX. 

Noise C1sarartarietic 

"Popcorn" 

(Burst) Noise 

Bandwidth • 1 kHz 

RSI ' RS2 ' 200 ka 

Device is rejected if thetotal norsevoltage 
(burst • 1/0, referred to input, exceeds 
20 µV peak, during a 30-sec. test period. 

Principal Cheracearistica (For deteiNd Electrical Outracterirties refer to CA3078AT Deb Bulletin, File No. 636.) 

Input Offset Voltage Vio R≤ 10 kn 0.7 3.5 rnV 

Input Offset Current 110 - 0.5 2.5 nA 

Input Bias Current 1113 7 12 nA 

Open Loop 

Differential 

Voltage Gain 

AOL RL ≥ 10 ka 
Vo .. 24V 

40,000 100,000 - 

92 100 - OB 

Cornmon.Mode Input Voltage Range \flu/ V° V- • 15 V ±14 V 

Cornmon.Maie Rejection Ratio CMRR Rs≤ 10 k2-( eo 115 - dB 

Output Voltage Swing Vo(P P) 
RI.210SE 213.7 214.1 - 

v 
RL 2 2 kft - 214 - 

Supply Current I ( - 20 25 µA 

ELECTRICAL CHARACTERISTICS - CA67417, For Equipment Deem. 

CHARACTERISTICS SYMBOLS 

TEST CONDITIONS 

Supply Volts; V± • 15, V- • -15 

TA • 258C 

LIMITS 

UNITS 
MIN. TYP. MAX. 

Nolen Oserecteristic 

"Popcorn" 

(Burst) Noise 

Bandwidth . 1 kHz 

RS1 - Rs2 - 100 kf2 

Der ice isrejected if the totalnoiseyoltage 
(burst o 14), referred to input, exceeds 
20 f2V peak, during a 30-sec. test perrod. 

Principal Characteristics (For detailed E ectricel Ch. racteristica refer to CA3741T Dota Bulletin, File No. 531.) 

Input Offset Voltage VIO RS S 10 kll 1 5 rnV 

Input Offset Current 110 - 20 200 nA 

Input Bras Current lie — eo 500 nA 

Open-Loop 

Different.' 

Voltage Gain 

AOL RI_ à• 2 ka 

Vo • ±10 V 

50,000 200,1300 - 

94 108 - dB 

Common-Mode Input Voltage Range Vics 212 213 v 

Common-Mode Rejection Ratio CMRR Rs S 10 k a 70 90 - dB 

Output Voltage Swing Vo(P 71/ 
RL>10 kft 212 214 

v 
Rs_.2 kll ±10 ±13 

Supply Current lo - 1.7 2.8 mA 

br• 

TEST BLOCK 
DIADIe Poe 
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CD2500 Series 

BCD to 7-Segment 
Decoder-Drivers 

30mA and 80mA/Segment 
DECODER-DRIVERS 
For Use With 
Low—Voltage Digital 
Display Devices, 
Lamps, and Relays 

RCA CD2500E series 7-Segment Decoder-Drivers an: 
monolithic MSI integrated circuits which decode 13CD 

code) inputs to 7-line outputs representing a de-

cimal number .from 0 in Hon 7-segment incandescent dis-
play devices. 

RCA CD2500E and 102501E are:XlmA per-output-line 
devices designed for use with incandescent display d, 

vices such as the RCA Direoo and DR2010. The 
C1Y2500E, in addition to the outputs for the 7-segment 

display device, has a decimal point output.the('D250IE 
also has a special-feature, a terminal 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 faun an external variable puls,width control source. 

as shown in Fig. 7. 

RCA (1)2502E and CD2503E arc SO mA-per-line ver-
sions of the CD2.500E and CD2.50IE, respectively, and 
are designed for use with high-current lamps mid relays. 

RCA CD2500E series devices ive supplied in 16-lead 

dual in-line plastic packages which can be used over the 

operating temperature range of 0°C to • 75°C. 

Lit 5a 

FEATURES• 

• High current sinking capability 
for direct display driving 

• Intensity control provision 

• BCD inputs are compatibl• with corernmcially avail-
able DTL & TTL devisas 

• Lamp test provision 
• 5V poem supply 

• Clamp dicers on all inputs 

• Lamp 'supply up to .8 vohs 
• Ripple blanking capability 

• Decimal point output 

• Over-range d eeeee ion (automatic blanking of display 
devic• when BCD input 9) 

DP0 

DPI 

Decimal Point Output soi 
6 5 

Decimal Point Input 

DPI musl be SuPnlied flOrn an 
extenal souice 

CD2500E and CO2501( 00. 
form DIE OlVellel-011PEI hoot-
loo necessoy lo energize Ike 
demna) peed filament in lire 
display drove. 

• 
Fig. 1•CO2500E and CD2502E (with decimal point) 

ABSOLUTE MAXIMUM RATINGS ot 25°C unless otherwise specified: 

Power Supply Voltage: 

Continuous 10°C to • 75°C)   - 0.5 to • 5.5 V 

Pulsed (duration I second)   -0.5 to 05 

Input Voltage  - 0.5 to • 5.5 V 

Output Voltage (open collector transieter) - 0.5 to • 8 V 

Operating Temperature Range   0°C to n 75°C 

Storage Temperature Range .- 65 °C to • 150°C 

Lead Temperature (During Soldering). 
At distance I/16 I IC2 inch (139 t 0.79mm) 
from case for 10 seconds max.   0265°C 

eco 
nenrn 

Î TT TT iT 
L)LJU 
7 

gn 1,11 ,1 • 

CD2500E DEC PT DEC PT 
sun C03502E INPuT Como 

CDSSOIE npaC5n nentiso 
AND CO2503E odPuT OUTPUT et 

iNTEHSITY 

• FOR COSSOOE AND COMTE TYPES ONLY 

• FOR con. AND COSSO3E TYPES ONLY 

e e e 

r  iror. 
Fig. 3. Logic diaatern 

OECOCED'OUTPUTS 

Fi 

REI0 , Ripple-Bloating 00100 

& Wendt Coottol 'nod 
RBI - Ripple-Blanking Input 

YCC 3•3 T • 
S 4 3 0 

3 4 
• C LT, PON TeCT D a ONO 

Fig. 2-0O2501E and CD2503Efrith ripple élnalane 
and intensity control prositeion1 

scc 

an 

For Terminals 9 through 
15 cmd Terminal 4 of 
CD2500E and CD2502E 
only 

For Terminal 4 of CD2501E and CD2503E. 

Transistor i a "turned on" when BCD code •qual• 0 and 
Terminal 5 Is at "0 L•vel.' (Grounded). When BCD code is 
between 0 and 9, transistor Q In "open". Diode A and trans-
istor are "open". when BCD cod• is > 9. 

925 000 

Fig. d - Equivalent output circuits 

465 

Fig. 5 -Equivalent input circuit lor terminals I, 2, 

5, 6 d 7 
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CD2500 Series 

ELECTRICAL CHARAC TERISTICS at Ambient Temperature (TA) Indicated 

CHARACTERISTICS SYMBOLS 
MEASUREMENT 

TERMINALS 

TEST 

CONDITIONS 

0°C • 25°C • 5°C 
UNITS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

Input High Voltage 

(Logic II V 111 

I, 2. 5, 6. & 7 input ruin threshold voltage 2.0 2.0 2.0 V 

3 VCC .-7".'Ill ', 
Ground all eh., inputs 

2.4 2.4 2.4 V 

Input Low Voltage 

(Logic 01 
VIL I. 1, 5. 6. 6 7 

3 
Input low threshold voltage 

- 0.85 

0.45 

0.85 

0.45 

0.85 

0.45 
V 

Input Forward 

Cunent I, 1- 

I, 2. 5. 6. & 7 

V,  ------------------1.41 

VF , 
Terminal 3 
only 

VCG - 5.25 V 

- 1.6 - 1.0 - 1.6 - 1.6 

mA 
CD250IE 

3 1 CD2503E 
- 10.0 - 10.0 - 10.0 

3 {  CO25006 

CD2502E 
- 10.4 - - 10.4 - 10.4 

1, 2, 5, 6. 8. 7 

Vcc r 4.75 V 

- -   

mA 3 1CD250IE 
CO25031 - 9.0 - 9.0 

CD2500E 
3 , 

CD2502E 
- 9.4 - 9.4 

Input Revelse 

Current 
1,,, 1, 1, 5, 6.8 7 

VCC 5.25V 

Terminal 3 
i,,,,,,,,,,,, 

V, = 4.5V 40 40 - 60 
µ A 

V, 2.4 V 40 40 40 

Output Low Voltage VOL 

1 CD2500E 9 91' 19  
CD2501E 

and 4 of CD2500E 

VCC 4-75 V 

10L 3004 
0.40 - 0.30 0.40 - 0.40 

V 

CD2501E 

4 1 CD2503E 

VCC 5-25.10L ' 3200 

VCC - 4.75. 10 ,. Y 2.82 mA 

0.45 

0.45 

- 0.30 

0.30 

0.45 

0.45 

0.45 

0.45 

9 thru 15 { CD2502E 
CD25031 

and 4 of CD25021 

Vcc • 4.75 V 

101- 9941A 

1.0 0.60 1.0 1.0 

Output Hun Voltage V 

9 thru 15-All ty1pes 

"d 4 01 1 CC:2'550002E1 

Vcc - 5V 

1011 - 2W .0 

8.0 8.0 8.0 
V 

4-0O25011, CD2503E VCC Y 4.75 ,610, r - 240.0 2.4 2.4 - 2.4 

Input Capacolance C,,, I, 2, 5, 6, 6 7 
VCC ' " V 3 5 pF 

Power Supply 
Gwent Do nn 

(Term.' 16/ 
ICCL 

CO25011 

CD2503E 

VCC = 5.0 V 

( Segment Output Currents -0) 

 Telmnal 3 Cuounded 

48 _ 

mA 
CD2500E 

CD2502E 
50 

Fig. 6-Digital display device segment designation 

s lb 

MOST SenEICANT 

P/MOLE NUMBER I DECIMAL PRACTICM 

/- 'Nt NM, CONTROL I VARIABLE 
PuL SE -WIDT - CONTR. SOURCE / 

• Romeo, pull-op output 721_, DTL. DI RTL invertet. 

LEAST c.M.nifICANT 

• Suppression of the non-significant zeroes rat both eribernes 
of the display) is accomplished by rounding the RB I terminal 

of the dunces aosoCiatted with the most significant digit of the 

whole pazt of the numb>, dioplaied and the least Significsnt dirt 
of the fractional poition of that number. 

Fig. 7 - Typical ripple blanking and intensity control application diagram using RCA CD2507E 

and display devices DR2000 or equivalents (See Table Al 
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CD2500 Series 
TRUTH TABLE 

INPUT 
o • Low Ural 1 .11 re Lena 

OUTPUT 
0 . Fol.., Let I. Filament OuT 

Tad 
DISPLAY 

DC 0 AL/TDP,R9,s0 t I sloDP. ally 

X x X U 0 - X 0 000000 —le 

0000 —0 111111100 

0000 —I 0000001 ,4) 
b b O I —X 1001111-1(D 

0010 —X 0010 010 - 10 

0 0 1 1 I — X 0000110 - 10 

0100 0 0 1 1 0 0 — 1 9 

0101 I —X 0100100-1 G 
.1 , 0 I - 0100000-10 
0 1 I I I — X 0 0 0 I 1 1 1 1 0 

1000 I -X0000000-10 

1001 -X 0000100-10 

1010 1 111110 

1 011I - X111 I III 
i 0 

e 

1100 
111-10 

110 I 1-x I 111111'0 

11 01-X11 
I 1 11110 

I I I - x11 I I I III() 
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Fig. 8. Typical decimal point feature application 
diagram using RCA CD2500E sod RCA display 

device DR2010 (or squiv.i.") 

OP, Decmal Pomt Input 

Decoul Pam, Output 

TABLE A 

DISPLAY 
DEVICE 
TYPE 

TYPE 
OF 
DISPLAY 

CHARACTERISTICS 

DR2000 I I 
I— . _.• 

Rewired Driving Current. 

24 ± 2mA per segment 

0.6" Letter height DR2010 

_ 
I I _ 

x l I 
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CA270 Types 

TV Synchronous Demodulators 
For Color and Black-and White TV Systems 

The RCA -CA270AW, CA270BW, and CA-

270CW are integrated circuits which perform 

the functions of synchronous detection of 

the TV if, video amplification and buffering, 

and noise inversion on dual-polarity wave-

forms. These devices also offer agc and afc 

facilities for use with n-p -n transistor if ampli -

fiers and tuners. Both positive and negative 

polarities of video output are available. This 

feature provides greet flexibility by permitting 

the designer to use either output for deriving 

the video and sound channels. 

The RCA -CA270 series is pin-compatible and 

electrically similar to the industry series 

TCA270, but incorporates several improved 

features. In particular, improved white noise 

IF 
INPUT 

AMPLIFIER 
LIMITER 

DETECTOR 
TUNING 

020 

inversion and sync inversion systems force 

overshoots in the video waveform to be 

returned to accurately defined potentials. 

This design effectively removes dependence 

on both the degree of overshoot and tempera -

ture variations. In addition, reduced current 

consumption assures lower over -all power 

dissipation, thereby improving reliability. 

The three types are electrically identical in 

most parameters. The CA270B has the most 

stringent limits on white level, video in-

version, and afc dc offset. The CA270C has 

the least stringent limits on white level and 

video inversion, and no afc limits. 

The CA270 series is supplied in a 16-lead 

staggered quad -in -line plastic package (" W " 

suffix). 

SYNCHRONOUS 
DEMODULATOR 

AFC 
DETECTOR 

QUADRATURE 
TUNING 

VIDEO PROCESSOR 
AND 

NOISE INVERTER 

AGC 
PROCESSOR 

00 

LO 

›: 

AFC ¿GATE PULSE SE 
OUTPUT 
ICA 270AW AND ADC 
CA270BW FILTER ifil(OPTIONAL) 

ONLY 

VIDEO 
OUTPUTS 

V VIDEO 

-VIDEO 

AGC OUTPUTS 

TUNER 

DELAY 

93[4- 269,1 

Fig. 1-Functional block diagram of CA270AW, CA270BW, and CA270CW 
TV synchronous demodulator. 

MAXIMUM RATINGS, 
Absolute-Maximum Values at TA=25°C: 
DC SUPPLY VOLTAGE (Between Terminals 3 

and 16 for 10 s max., with current limited 
to 100 mA)   18 V 

DEVICE DISSIPATION, 

Up to TA = 55°C   750 mW 

Above TA = 55°C ... derate linearly 7.9 mW/°C 

OPERATING TEMPERATURE RANGE 
  -40 to +55°C 

STORAGE TEMPERATURE RANGE 
 -66 to +150°C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16" ± 1/32" (1.59 ± 0.79 mml 
from case for 10 s max.   +265°C 

2°° 1 2266 
' Pt 

I  

o  
DIFF. INPUT —w 

o  

Is 
Ma 

80 

tàéàé 

.112V 

o 

10 nF 

_L 

A—H-406 pF 
56 pF 0.6 pr 47 pF 

0-11— • 0-11— • 

DEMOD. 
TANK 

CIRCUIT 

onI2 V 

ON 
L2 

AFC 
OUAD, 
CIRCUIT 

Features: 
• Synchronous detector with single tuned coil 
• Provides rf and if agc (forward) 
• Tuner afc available with single quadrature coil 
• Dual-polarity noise inverters 
• Video amplifier 
• Positive- and negative-polarity buffered video 
• Differential if input 
• Optional use of gating pulse 
• Low-voltage, single-polarity power supply 

IF IN 

IF IN 
V.(SUPPLY I — 

AGC (TUNER) --

AGC (IF) — 
AGC (FILTER) — 
GATE (NEG.) — 

NC 

TUNER RF STAGE 

12 V 

2 
3 

4 

5 

6 
7 

e 

6 
5 

3 

2 

O 

9 

TOP VIEW 

Terminal assignment. 

Vu 

— V-15501 

' DEMOS COIL 
DEMOS COIL 

— AFC COIL 
— AFC COIL 
_AFC OUTPUT 
- DYE ?„,0,,UCTPUT 

— • vIDEO OUTPUT 

P2C5-26915 

VC 

20 V 

92C 5 - 26928 

Fig. 2-Supply-current test circuit. 

IF CONTROL STAGE 

33011 

 °OPTIONAL LINE GATING 

 o 

VIDEO OUTPUTS 

AFC à 
OUTPUT 

o OFF 

270 Mil 

68 
•L1 L2 7 turns 26 swg tn. wore ka 

g 0.3 soh. 0 (unloaded I 125 
Cool 0.0. • D220- 15.6 corn) 
Freq. u 38.9 MHt 

ACA270CW Is not specolled tor AFC. 

 o 

6V 

- 3V 

9V 

i'lf\ re- 6 V 

.28 V STABILIZED 
(î TUNING POTENTIOMETERS 

47 ri 

TUNING 
VOLTAGE 

 4 

—r 

Fig. 3-Typical application circuit for CA270AW and CA270BVV. 

92C, -26929 
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CA270 Types 
V. 
12 V luI 

IF 
INPUT 

o  
12 V 

I kfl 

(CA270AW AND 
50 kfl CA270BW ONLY) 

05 AF 

05V'4»1 

AFC 

 o 
-VIDEO 
OUTPUT 

(1!) VVPDEO OUTPUT 

CA270AW 
CA270BW 
CA270CW 

D E 
 o 

GATE PULSE 
INPUT (OPTIONAL) 

DELAY 
ADJUST 

AGC TO 
RF AMPL 

 o 
o 

A GC TO 
IF AMPL 

I 2 • 11 

Fig. 4—Test circuit for CA270AW. CA2708W, and CA270CVV. 

ELECTRICAL CHARACTERISTICS at TA = 25°C, Supply Voltage 1V+1 = 12 V, 
and Referenced to Test Circuit (Fig. 4). 

CHARACTERISTIC TEST CONDITIONS MIN. TYP. MAX. UNITS 

Supply Voltage, V+ V+=12 V 10.2 12 13.8 V 

Supply Current, l+ 
(See Fig. 2) 

V+=12 V 22 40 56 mA 

Video Characteristics: 

DC Output Voltage, 

Term.9 (See Fig. 5) Zero Signal 

CA270AW 

CA270BW 

CA270CW 

5.7 

5.8 

5.5 

6 

6 

6 

6.3 

6.2 

6.5 

V 

DC Output Voltage, 

Term.10 (See Fig. 5) Zero Signal 

CA270AW 

CA270BW 

CA270CW 

5.6 

5I'7 

5.5 

6 

6 

6 

6.4 

6.3 

6.5 

V 

Sync Tip Output 

Voltage, Term.9 

Output=AGC thres- 

hold (non-gated) 

3 — V 

AC Input Voltage, 

Terms.1,2 

Input for output= 

AGC threshold 

50 70 100 mV 

Input Res.,Term.1 — 3.3 — Ksz 
Input Res., Term.2 3.3 — KS2 

Video Bandwidth, 

Term.9 

At output = —3 dB — 5 — MHz 

Differential Gain See Note 1 — — 10 % 

Differential Phase See Note 1 — 10 deg 

lntermod. Products: 

Beat Freq.,1.6 MHz 

Beat Freq.,2.8 MHz 

See Note 1 (95% sat. 

blue colour bar) 

— 

— 

—60 

—67 

dB 

dB 

Rejection at Carrier 

Freq., Terms.9,10,11 

F=Video Carrier;VIN 

for Term.9(dc)=3.7V 

—40 — — dB 

Rejection,Twice Carrier 

Fieq.,Terms.9,10,11 

F=2X Video Carrier; 

VIN for Term.9(dc) 

=3.7 V 

—40 — — dB 

AGC Characteristics: 

Sat.Voltage, Term.4 Zero Sig.; 14 = 10 mA — 0.3 V 

Sat. Voltage, Term.5 Zero Sig.; 15 = 10 mA 0.7 — 1.2 V 

12 

2 9 

)?, 6 

3 

O 

3 

O 

3V 
(2 7 V GATED) 

TIME — 

Fig. 5—Typical waveforms for video outputs. 

VIO 

V9 

-1 5 -0 I fo COI 

FREQUENCY— MFU 

SI 5 

92,-26,32 

Fig. 6—Typical AFC characteristic. 

AGC 
THRESHOLD 

4— 3db V4 (RE) 

V3 (IF)R•I0 KO 

„..."."7/5 (IF) R•I 4 kfl 

70 

SIGNAL INPUT — rnV 
`32C5-26,31 

Fig. 7—Typical AGC characteristics. 

O 

V9 

100 
SIGNAL INPUT —mV 

92C5-.934 

Fig. 8—Typical transfer characteristics. 
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CA270 Types 

ELECTRICAL CHARACTERISTICS at TA = 25°C, Supply Voltage 1V+1 = 12 V, (Coned) 

and Referenced to Test Circuit (Fig. 4). 

CHARACTERISTIC TEST CONDITIONS 
, 

MIN. TYP. l MAX. UNITS 

Breakdown Voltage, 

Terms. 4,5 

14 or 15=1 mA (sink) 14 - - V 

Control Current, 

Terms. 4,5 

10 - - mA 

Current Ratio 14/15 15 = 1 mA 6 

Input Signal Increase 

with resp. to AGC 

Threshold (See Fig.7) 

AGC from threshold 

to max. 

- 0.5 dB 

AGC Gating Pulse Input, 

Term. 7 (optional) 

Pulse voltage=V+to 0; 

See Note 2 

2 - v+ v 

Input Res.,Term.7 1:8 - Ks-2 
AFC Characteristics: 

(See Fig. 6) 

Output Voltage, 

Term. 11 

f = f, ± 0.2 MHz 

CA270AW 

CA270BW 

CA270CW 

10 

10 

- 

- 

- 

- 

- 

Vp.p 

Output Voltage, 

Term. 11 f = f, ± 1.2 MHz 

CA270AW 

CA270BW 

CA270CW 

10 

10 

- 

- 

- 

- 

- 

V 
P-P 

DC Offset Voltage, 

Term. 11 

Zero Sig.; measured 
across RL = 

50 Ks-2 to +6 V 

CA270AW 

CA270BW 

CA270CW 

-1.7 

-1 

- 

- 

- 

- 

1.7 

1 

- 

V 

Noise Inverter 
Characteristics: 

Inversion Threshold, 
Term. 9 

Positive noise pulses - 6.6 - V 

Inversion Threshold, 

Term. 9 

Negative noise pulses - 2.2 - V 

Noise Inversion 

Sensitivity,Term. 9 
Signal inversion threshold 
for complete inversion 

- 10 - mV 

Video Inversion 

Characteristics: 

Video Inversion, 

Term. 9 (at 

low carrier levels) 

Carrier increase 

from 0 to 5 mV 

(appx.8% carrier) 

CA270AW 

CA270BW 

CA270CW 

- 

- 

- 

- 

- 

- 

0.2 

0.1 

0.3 

V 

Note 1: CCIR modulation sys em, peak white = 10% carrier. 

Note 2: Maximum pulse amplitude must never exceed the supply voltage 10). 

APPLICATIONS 

The diagram shown in Fig. 3 is typical of the 
type of circuit used in a practical application 
of the CA270 series devices. 

Video Detector 

The if input signal may be applied push-pull 
to terminals 1 and 2, or single-ended to either 
terminal 1 as shown, or to terminal 2. These 
input terminals are internally biased. 

The detector tank circuit can be tuned by 
applying a 50 mV cm signal of video if fre-
quency to the input and adjusting the in-
ductor L1 for maximum differential output 
between terminals 9 and 10. The input sig-
nal is then reduced to 25 mV and L1 is re-
adjusted for maximum output. 
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AFC Detector 

The afc quadrature tank circuit should be 
tuned only after the detector adjustment has 
been made. Using the same input signal, in-
ductor L2 should be adjusted for 6 V dc 
output at terminal 11. The 0.5-pr quadrature 
phase-shift coupling capacitors can affect 
symmetry and actual values will depend on 
the layout used. When L1 and L2 are properly 
tuned, the output swing at terminal 11 will 
be 10 volts minimum for frequencies of 
±0.2 MHz to ±1.2 MHz about the if carrier 
frequency. 

AGC Detector 

The agc threshold, corresponding to sync tip 
level, is approximately 3 volts at terminal 9. 
Full agc potential will be developed if the 
input signal increases by 0.5 dB maximum 
with respect to the threshold value. The agc 
control at terminal 4 is intended for tuner 
control. The agc control at terminal 5 is for 
forward agc control of n-p-n transistors in the 
if amplifier. When sinking 10 mA, the zero-
signal agc voltage at terminal 4 is 0.3 volt 
maximum; at terminal 5, it is 1.2 volts maxi-
mum. 

The design of the device is such that the sink 
current at terminal 4 is a minimum of 6 times 
that at terminal 5. The rf agc sink current be-
gins to decrease when the if sink current is 
about one-sixth of that required to saturate 
the rf agc output at terminal 4. The rf age 
delay may be adjusted by means of a variable 
resistor between terminal 5 and ground. This 
adjustment modifies the if system gain, thus 
affecting the rf delay threshold. At maximum 
gain the current into terminal 5 is large com-
pared to the current in the variable resistor 
and adjustment is ineffective. As the signal 
increases and rf agc is applied, the terminal 5 
sink current approaches zero and the if agc is 
determined by the value of the variable re-
siitor. 

A horizontal gating pulse may be applied to 
terminal 7 to gate the agc detector. The 
agc threshold (sync tip) decreases approxi-
mately 0.3 volt at terminal 9 when gating is 
used. The gating pulses must be negative-
going with a recommended minimum ampli-
tude of 3 volts. They may be ac or dc coupled, 
but the maximum peak value must not ex-
ceed the dc supply voltage at terminal 3. If 
dc coupling is used, the potential during fly-
back should be less than 0.5 volt and during 
scan, greater than 1.5 volts. 

Noise Inverter 

Noise pulses in excess of 6.6 volts at terminal 
9, which would result in "white spots", are 
processed in the device by inverting and 
clamping them to near black level (approx. 
3.6 V). Noise pulses at levels of less than 2.2 
volts at terminal 9 which would result in 
sync noise interference, are inverted and 
returned to black level. 

Complete inversion occurs for signals 10 mV 
above the inversion threshold. 



CA758E 

RC Phase-Locked-Loop Stereo Decoder 
For FM Multiplex Systems 

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 pA7513. MC1311P, LM1800, anc ULX2244. 

The CA758E decodes the multiplexed stereo input signal into 
left and right channel audio output signals. The decoder also 
suppresses SCA Istorecast) transmissions when present in the 

composite stereo signal. 

MAXIMUM RATINGS, Absolute-Maximum Values at TA 25.0 

DC sum,' volu,ae   
DC Supply Voltage (for <a 15-second period)   

OC Voltage at Term. 7 (Lamp DrWer Circuit with Lamp "OFF"). 

Device Dissipation: 

Up to TA • 70°C   

Above TA • 70°C Penile linearly 

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" 10.79 mrn) 

from case for 10 s max. 

The decoder uses a minimum of external components, and 
requires one adjustment (oscillator frequency) for complete 

alignment. In addition, the CA758E provides automatic mono-

stereo mode switching and energizes a stereo indicator lamp. 

The CA758E is supplied in a 16-lead dual-in-line plastic 

package and operates over an ambient temperature range of 

-40 to 085°C. 

+18 V 

+22 V 

+22 V 

Features: 

• Low distortion (THD): 04% Ityp-) 

• Excellent SCA rejection) 70 dB typ 

• RC oscillator 

• High-audio-channel separation: 45 dB 

• Power supply range) 10 to 16 V dc 

• Requires only one adjustment for complete alignment 

• Low-impedance outputs 

• Stereo indicator lamp drive, 150 mA typ. 

Fig. t - Functional block diagram of the CA758E. 

1,"11 3,011, 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

TEST CONDITIONS 
(Referenced to Fig 7 unlees othenvise specified) 

LIMITS UNITS 

V` • 12 V. TA • 25°C 

Multiplex Input Signal (1.-R, pilot "OFF") 

• 300 mV RMS 

19-4tHe Pilot Level - 30 mV RMS 

1 (modulation). 400 He or 1 kHe M"... 1 Tvp. Max. 
Static Cherecteristics 

Total Current Lamp "OFF - 26 35 ,,,A 

Maximum Available Lamp Current 75 150 ma 

DC Voltage at Term. 7 (Lamp Driver/ I (Lamp) - 50 mA 3 IS V 

DC Voltage Shift at either Term. 4 

or 5 lOutpull Stereo-to-Mono Operation 30 150 my 

Dynamic Characteristics 

Power Supply Ripple Retection For a 200-Ha, 200-mV RMS Signal 35 45 - dB 

Input Res tance 20 35 - kit 

Output Resistance 0.9 1.3 2.0 III 

Channel Separation (Stereo) At I .100 Hz 40 dB 

f - 400 Hz 30 45 dB 

f • 10 Idle 45 dB 

Channel Balance (Monaural) 0.3 1.5 dB 

Voltage Gain At I - 1 kHz 0.5 CB 1A V/V 

Pilot Input Level, 

19-kHe Input Lamp "ON" 15 20 mV RMS 

19•k Hz Input Lamp "OFF" 2.0 70 mV RMS 

Hysteresis Lamp "OFF" 3.0 7.0 dB 

Capture Range (Deriation from 

76-kHz Center Frequency) 0 2.0 14.0 'I 6.0 % 

Total Harmonic Distortion 
Multiplex Input Signal • 600 rnV RMS 

(Pilot "OFF") 
- 0.4 1.0 % 

19-kHe Rejection 25 35 dB 

38-kHz Rejection 25 45 dB 

SCA IStorecast) Rejection 
Measured Composite Signal 805. Stereo. 

10% Pilot. 10% SCA 
- 70 dB 

VoltageoControlled Oscillator (VCO) 

Tuning Resistance 

Total Resistance (Term. 15 to Al 

required ta set 

I • 19 kHe It 10 He (Tern, 111 

21C 23.3 25.5 'di 

Voltage-Controlled Oscillator 

Frequency Drift 

0° GTA G25°C •0.1 22 % 

25° G TA G70.0 - -0.4 2 2 % 
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CA758E 
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Fig. 2 - Schematic diagram el the Cs 758E. 

er:r, 

TYPICAL PERFORMANCE CHARACTERISTICS 

(Referenced to Fie 7 ) 

" DC SUPPLY VO TAG. IVTI• 12 V 
OZSIGENT TEISPENATURE IT4F2S•C 

4._.....sOle 

1 

4 

z 

á 30 

• ,..j. 

l

 tzo i ¡ 
'.7 

/ 
IQ 

▪ O •re 
AUOTO nICOUVICT -N. 

Fig.3 — Channel separation n. audio frequency. 

OC suPPLY vo TAGE 1V .I. 12 V 
.161001 TEMPERA.. IT.I.orc, 

/• no 

OSCILLATOR FREE RuNNING FREOu.NCT 05.00-TO 

lics•TTso 

Fig.4 —Charmai separation vs. oscillator free running frequency error. 
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Fig.5 — Capturer nge vs. pilot level. 
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Fig.6 — 70tal harmonic distortion n nput lewd. 
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CA758E 

00025A 153A1, 

2A, 

Ci 
0 022Ar E 

l•MP 

—C)--

ogg 

one  —Wu-- C)— 
__E— • 3VAC 

TOP 

ATTU/ 

CA TUT 

—o--1- °""` 

TEST OPAL 

AST m• 23509 

Fie 7— Test cu., for measurement of dynarruc cheracterostes 

NOTES 

Tolerance on resistors d ± 5% 

and tolerance on upecitors is 
± 20% unless otherwise specified. 

C1 -.100%. —20% 
•DJ 

C6 1% .n test circuit and 

E% in tYP.ca, application. 
03 = 2 1% 

04 •± 10% 

,F1 1 and R2 - 2 1% in ten Ci,. 

Cuit and 5% in typical 

application. 

TYPICAL PERFORMANCE CHARACTERISTICS (Referenced to Fig. 7) 

MOM. TEMPER.U. I TA1— •C 
liTS 435.4 

Fig. 8 — Lamp turn.on and turrYoff sensitivity vs. ambient temperature. 

0 5 

I:! o 

-05 

•  

Hi 

-40 -20 0 20 40 CO 00 000 

MARIENT TEMPERATURE TA —AC 
42CS • 235,5 

Fop. 9 — Oscillator free running frequency roor at ambient temper-arose. 
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CA810, CA810A Types 

7-Watt Audio Power Amplifier Preliminary Data 
With Thermal Shut-Down 
The RCA-CA810Q,CA810AQ, CA810QM and 
CA810AQM are monolithic audio amplifiers 

intended for class B operation. They are 

specifically designed for mobile equipment 
operating from 12-V battery supplies. They 

operate over a wide range of supply voltages 

(4 to 20 V) with very low harmonic and 

crossover distortion. The maximum repeti-

tive 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 CA8100, CA810AQ, CA810QM, and 
CA810AQM are supplied in modified 16-lead 

quad-in-line plastic packages ("0" suffix) 

with integral wing-tab heat sinks. The tabs 

on the CA810Q and CA810AQ are bent 
down for p.c. board insertion, and on the 

CA810QM and CA810AQM they are flat and 

pierced for easy attachment to an external 

heat sink. 

The CA8100 and CA810QM are electrically 

equivalent to types TBAOS and TBA810AS, 
respectively. It should be noted that pin-

296 

numbering conventions for these devices 

may differ from manufacturer to manu-

facturer, however the devices are pin com-

patible and interchangeability is not affected. 

The CA810AQ and CA810AQM are electri-

cally the same as the CA8100 and CA810QM, 

respectively, except for the inclusion of a 

Features: 

• Power output — 7 W with 40 load 

• Supply voltage range — 4 to 20 V 

• Peak output current — 2.5 A (max.) 

• Very low harmonic and cross-over distortion 

• Load dump voltage surge protection (CA810A0 

and CA810A0M) 

load dump (overvoltage) voltage surge 

protection circuit. This feature makes the 

CA810AQ and CA810AQM ideally suitable 

for automotive applications. 
MAXIMUM RATI NGS, Absolute-Maximum Values* 

PEAK SUPPLY VOLTAGE (50 ms) ICA810A0, CA810A0M) 
OPERATING SUPPLY VOLTAGE   
OUTPUT PEAK CURRENT 

REPETITIVE 
NON-REPETITIVE 

POWER DISSIPATION, PD 
At TA = 70°C   
At Tta, = 100°C   

THERMAL RESISTANCE, JUNCTION CA8100 
CA810AC) 

Junction to tab   12 
Junction to ambient  70* 

AMBIENT-TEMPERATURE RANGE' 

CIPERATIaJG 

CA810C1M 
CA810AOM 

10 
80 

40 V 
20 V 

2  5 A 
3  5 A 

1 W 
5 W 

°cAni 
°cm 

40°C to (Refer to Fig. 8 for typical high-temperature limit) 
STORAGE   —40 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) from case for 10s max.   260°C 

•Value obtained with tabs soldered to printed-circuit board. 

ELECTRICAL CHARACTERISTICS, at TA = 25°C 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS Supply Voltage (V+) 

Unless Otherwise Specified 

= 14.4 V 

CA8100,CA810A0 

CA8100M,CA810AOM 

MIN. TYP. MAX. 

Supply Voltage v+ 4 — 20 V 

Input Voltage VI — — 220 mV 

Input Sensitivity el Po = 6W, RL = 40, R1= 560, 
f = 1 kHz 

— 80 — mV 

Quiescent Output 

Voltage 

Vo 6.4 7.2 8 V 

Quiescent Current 

Drain 

lo — 12 20 mA 

Input Noise 

Voltage 

eN Ag = 0' BW (-3 dB) = 20 to 

20,000 Hz 

2 — µV 

Bias Current IIB — 0.4 — µA 

Output Power 
PO 

f = 1 kHz, RL = 40, 

THD = 10% 

V+ = 14.4 V — 6 — W 

V+ = 6 V 1 — 

Input Resistance R1 5 — ms2 

Total Harmonic 

Distortion 
THD 

Po = 50 mW to 3W, RL 4$2, 

f = 1 kHz 

— 0.3 — % 

Open-Loop 

Voltage Gain AOL RL = 412, f = 1 kHz — 80 — dB 

Closed-Loop 

Voltage Gain 
A RL = 4S-2, f = 1 kHz, R1 = 560 34 37 40 dB 

Efficiency n Po = 5W, RL = 4 S2; f= 1 kHz 70 — % 



CA810, CA810A Types 

NOTE 

Pr number.ng convenions 

for these deuces may chile, 

from manufacturer to manu 

I acturer, however the devIces 

are tun compahble and .nier 

changeab.lny o not affected 

FEEDBACK 

RIPPLE 
REJECTION 

INPUT 

COMPENSATION 

ISCM- 241921111 

Fig. 1 — Schematic diagram of CA8100, CA8100M. 

BOOTSTRAP 

OUTPUT 

• WING TABS ARE TO BE GROUNDED. 

BYPASS 

FEEDBACK 

INPUT a, 

01 

  DI 

R102 

R5 

PHASE 
COMP 

RIS 

3 

R201 

09 0201 

0200 

R3 R16 R2 

0203 

0205 

0202 

0202 

0204 

016 

olz 

017 

Thermal Shut-Down 

The thermal-limiting network incorporated in 
the CA810 Series circuits provides protection 
against damage due In excessive semiconductor 
temperatures that may result from high ambient 
temperatures and/or excessive dissipation, e.g., 
as encountered in sustained overloads. As in-
dicated in Fig.2 the thermal-limiting feature 
automatically reduces the supply current (and 
output power) at the higher temperatures. 

50 lOO 50 200 

CASE TEMPERATURE 1T, — C 2504.1 

Fig. 2 — Typical output power and drain current as 
a function of case temperature for all types. 

Load-Dump Voltage-Surge Protection 

The maximum operating supply voltage of 

the CA810AQ and CA810AQM is 20 V, and 

internal protection is provided for peaks of 

up to 40 V, as shown in Fig. 4. Supply-

BOOT STRAP voltage peaks of more than 40 V will require 

an LC network between the supply and 
 Os* terminal 5. An LC network, such as the 

one shown in Fig. 8, provides protection 

against supply-voltage surges of up to 120 V 

for 2 ms. This type of protection is ON when 

014 the supply voltage (pulsed or dc) exceeds 

20 V. 
RIO 

RIO 

013 

0100 0102 

— 44-14—W 
0101 lalOID 

• 9 010 

0101 

RI 

OUTPUT 

016 

POWER 
GND 

Fg. 3 — Schematic diagram of CA810A0, CA810A0M. 

SIG UNO 

YnL 2V,5 

90 

140 

t, r 50 ms 

t r 1000 ms 

L •3mh 
FROM 
SUPPLY TO TERN I 
LINE 

13000 0 F 
16 V 

Fig. 4 — Load-dump (overvoltage) voltage surge pro-
tection network and timing diagram for 
CA810A0 and CA810A0M. 
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CA810, CA810A Types 

Fig. 5 — Test and circu .t application for the CA8100, 

CA810A0 and CA810M, CA810A0M. 

Circuit heat is dissipated by a combination of free air 

and printed-circuit board foil. 

Fig. 7 — Component view of printed-circuit board 

for CA8100 and CA810A0. 

92CS -25042 

Fig. 6 — Bottom view of printed-circui boards 

shown in Figs.? and 8. 

Circuit arrangement for use with chassis haying a thermal 
resistance of -C 5°C/W. Vertical bracket should make 

good thermal contact to chassis. 

Fig. 8 —Component view of printed-circuit board 

for CA8100M and CA810A0M. 

V+ i iB OUTPUT 

NC 2 iS NC 

NC 3 I4UND 

ONO UNO. V-

BOOTSTRAP S Il V- (SUBSTRATE) 

COMPENSATION T iO INPUT 

FEEDBAG« 8 9 RIPPLE 
REJECTION 

92CS-2•131R1 

Fig. 9 — Terminal diagram of CA8100. CA810A0 

and CA8100M, CA810A0M. The wing 

tabs on the CA8100 and CA810A0 are 

bent down, and on the CA8100M and 

CA810A0M they are flat and pierced. 
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Preliminary Data CA920AE 

TV Horizontal Oscillator 
For Colour and Monochrome Receivers 

The RCA-CA920AE* is a silicon monolithic 
integrated circuit intended for use in the 
horizontal stages of colour and monochrome 
television receivers. This device performs 
the functions of a sync separator, noise gate, 
and horizontal oscillator with dual-time-con-
stant switching in the fly-wheel loop. It 
also generates automatic phase control be-
tween horizontal flyback pulses and the 
horizontal oscillator frequency and provides 
fast edge switching drive for transistor or 
thyristor horizontal output stages. 

MAXIMUM RATINGS, Absolute Maximum 

Values at TA = 25°C: 

DC SUPPLY VOLTAGE 13.2 V 

DEVICE DISSIPATION: 

Up to TA = 55°C   750 mW 

Above TA = 55°C Derate linearly at 7.9 roWPC 

AMBIENT TEMPERATURE RANGE: 

Operating   —40 to +95°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. . . +265 °C 

POSITIVE 
SUPPLY VOLTAGE IV.) 

HORIZONTAL OUTPUT DRIVE 

CONTROL INPUT 

PHASE DETECTOR OUTPUT 

HORIZONTAL FLYBACK PULSE 

SHAPED-SYNC PISSE INPUT 

CerelE, OUTPUT 

VIDEO SIGNAL INPUT 

TOP VIEW 

TOP VIEW 

GROUND Iv 

The CA920AE is compatible with the indus-
try type TBA920 in both lead arrangement 
and electrical operation, although the CA-
920AE features reduced operating current. 

The CA920AE is supplied in the 16-lead 
dual-in-line plastic package. 

*Formerly Dey. Type No. TA6773. 

OSCILLATOR FREOUENCy 
CONTROL 

RAMP • PRODUCING 
CAPAC TOR 

OSCILLATOR DECOUPLING 

viite,„DETECTOR 
DUAL MODE FLTWHEEL F 
TIME CONSTANT CONTRC 

CDOEtilEPPEll'ilG DETECTOR 

AZCS-Z ,A,1 

TERMINAL ASSIGNMENT 

Features: 

• Sync separator 

• Noise gate input 
• Internal precision timing ramp 
• Dual-time-constant phase-locked loop 

• Output suitable for transistor or 
thyristor deflection systems 

• Reduced power dissipation 

ELECTRICAL CHARACTERISTICS at TA 25°C, and Supply Voltage (V+) = 12 V, 
Unless otherwise specified. See Fig. 1. 

CHARACTERISTIC 
TEST 

CONDITIONS 

LIMITS 
UNITS 

Min, Typ. Max. 

Supply Current, Term. 1, I+ Term. 2 open 22 mA 

Video Characteristics (Term.8): 

Input Voltage V8 Peak to peak 1.5 3 6 v 
Input Current 18 Peak 10 mA 

Noise Gate Characteristics 
(Term.9): 

Input Current 19 0.03 10 mA 

Reverse Input Current 19 —10 mA 

Horizontal Flyback Positive 

Pulse Characteristics (Term.5): 

Input Voltage V5 1 3 v 
Input Current 15 0.05 1 10 mA 
Input Impedance Z5 0.4 kit 

Positive Sync Characteristics 

(Term. 7) 

Output Voltage V7 Peak to peak 10 v 
Output Impedance Z7 Leading edge 50 n 
Output Impedance Z7 Trailing edge 100 sz 

Horizontal Output Charac-

teristics (Term.2): 

Output Current I2MAX Peak 200 mA 
Output Current I2AV Average 20 mA 
Output Pulse Width tw 12 32 is 
Output Impedance Z2 Leading edge 2.5 s2 
Output Impedance Z2 Trailing edge 15 1-2 

Horizontal Oscillator Char-

acteristics (Term.15): 

Free-Running Frequency fo No sync input 14.84 15.625 16.41 kHz 

Free-Running Frequency fo V+.= 4.5 V 14.06 (Note 1) 17.19 kHz 

Oscillator Cut-out Voltage V+ varied 4.0 V 
Oscillator Pull-in Range ±1.0 kHz 

Phase Control (Note 2) 15 bis 

Note 1: Free-running frequency at 12 V adjusted to 15.625 kHz. 

Note 2: External delay between the leading edge of output pulse at Term. 3 and the start of 

the horizontal flyback pulse. 
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CA920AE 

-r\f-

COMPOSITE 
STNC 

OUTPUT 

CLOSE FOR 
VIDEO CASSETTE 
RECORDER 

NOR 
DR VE 
OUTPUT 12 V 

ALL RESISTANCES ARE IN OHMS 

Wu- ATM10 

Fig.1 — Functional block diagram of the CA920AE with typical 
peripheral circuitry. 

0 
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CA1190G0 

TV Sound IF and Audio Output Subsystems 
"GO" Suffix Type — Hermetic Gold-CHIP in 

Quad-In-Line Plastic Package 

The RCA-CA1190GQ combines the sound 
IF and audio output subsystems on a single 
monolithic integrated circuit to provide a 
television sound system. Each device in-
cludes a multistage IF amplifier-limiter, an 
FM detector, and an audio power amplifier 
that is designed to drive an 8-, 16-, or 
32-ohm speaker. 

The CA1190G0 is electrically and mechani-
cally equivalent to industry type TDA1190Z, 

and differs primarily in its provisions for 
external feedback components and a higher 
value volume control. 

The CA1190GQ is supplied in the hermetic 
Gold-CHIP (G suffix) 16-lead quad-in-line 
plastic package with an integral bent-down 
wing-tab heat sink (Q suffix), intended for 
printed circuit board mounting. 

The transistor chips used in the hermetic 
Gold-CHIP plastic package are of the sealed-
junction type designed 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 utili-
zing a silicon nitride passivation layer. A 
multi-layered, highly corrosion-resistant, ter-
minal-connection system of unique design 
is employed. 

Features: 

• Nominal power output: 3 W 
• High output power capability at low V+ 
• Wide power-supply range: 9 to 28 V 
• Low quiescent current: 25 mA typ. 
• 5-kHz deviation sensitivity: 1 W output typ. 
• 3-dB limiting sensitivity: 50 µV typ. 

• Excellent AM rejection: 50 dB typ. 
• Differential peak detector — requires one 

tuned coil 

• Electronic volume control with improved 
taper and single wire control 

ELECTRICAL CHARACTERISTICS at TA = 25°C, V+ = 24 V, DC Volume Control Rx = 0, 
RL = 16 St unless otherwise indicated. Refer to Fig. 1. 

CHARACTERISTIC TEST CONDITIONS TYPICAL 

VALUE 
UNITS 

Static Characteristics 

Current into Term. 14 
Po ' 0 25 mA 

Dynamic Characteristics 

IF Amplifier: 

Input Limiting Voltage, V1 (lim) 

(At —3 dB point) 

fo 5 MHz = 4., f ro = 400 Hz 
Af = ± 25 kHz 

50 µV 

AM Rejection, AMR 
fo = 4.5 MHz, fm = 400 Hz, 

Modulation Index = 0.3, 

VIN = 1 mV 

50 dB 

Deviation Sensitivity 

fo = 4.5 MHz, fm = 400 Hz 

Af = ± 25 kHz, Vi = 1 mV 

Rx = 0, Deviation necessary 
to obtain 4 Vrms across 
16 0 (1 WI 

5 kHz 

Minimum Audio Output 

fo = 4.5 MHz, fm = 400 Hz 
Af = ± 25 kHz, V1 = 1 mV 

Rx = 15 kS2 
10 mVrms 

Distortion at Po = 1.5 W 
fo = 4.5 MHz, fm = 400 Hz 

Af = ± 25 kHz, VIN = 1 mV 
<10 % 

Signal to Noise Ratio 

Vout at Af = 0 with Rx 

adjusted for Vout = 4 Vrms 

at kJ = ± 25 kHz 
50 dB 

MAXIMUM RATINGS, Absolute-Maximum Valu, 

DC SUPPLY VOLTAGE (Between Term. 14 
V+ and ground tabs)   

OUTPUT PEAK CURRENT: 
Repetitive   
Non-repetitive   

INPUT SIGNAL VOLTAGE (Between Terms. 1 and 2) 
DEVICE DISSIPATION: 
With Infinite Heat Sink — 
Up to TA = 90°C   
Above TA = 90°C   

With No Heat Sink — (free air) — 
Up to TA = 25°C   
Above TA = 25°C   

THERMAL RESISTANCE: 
Junction to ground tabs 

AMBIENT TEMPERATURE RANGE: 
Operating   
Storage  

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

derate linearly 

aerate linearly 

+ 28 V 

1.5 
2 
± 3 

A 
A 
V 

RF 
INPUT 

5 83.3 mW/0c 0047 µF 

1.75 
14 mW/°C 

12 °C/W 

—40 to +85 oc 
65 to +150 °C 

+265 °C 

REGULATED 
POWER 
SUPPLY 

Z°04' ''F 

52C14-29273 

DC 
VOLUME 
CONTROL ..s i° 

VOLUME CONTROL 
15 

Fig.1 — Block diagram of the CA 1190G0 in a typical application. 

2 µF 
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CA1190GO 

REGULATED POWER SUPPLY 

RI 
5 4 K 

R55 
I K 

R57 
4 6 K 

R58 
II K 

D6 

D7 

D8 

29 

DIO 

956 
10 K 01 

939 

044 

049 

1g357K 
R5 R6 R7 99 RK) RII 912 RI3 RI4 RIS 916 917 
4.3 K 1.43 K I 43K 143 K 143K 1.43 K I.43K 143 K I.43K 143K 143 K 143 K 

98 
I 43 K 

951 

16 K 

029 030 

16 K 

R52 

/F AMPLIFIER. LIMITER 

Fig.2 — Schematic diagram. 

R33• 
750' 

934B• 
1 K: 

92C L-29274 

D 

E 
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CA1190GQ 

R35 03%  03,i  
D 5 K 

G 

R26 
4 K 

R27 
4 K 

CI 

pF 

C2 
2 2pF 

DC VOLUME CONTROL 

R60 
I K 

036 

Fr  
018 

ACTIVE FILTER 

92CL-29274 

R43 
1h4.  
10 K 

020 021 

R30 <R3I 

FM DETECTOR TUNING 

AUDIO AMPLIFIER 

(D 

R44 

050 051 

053..j 

054 

C6 

AUDIO AMPLIFIER 

Fig.2 — Schematic diagram (coned). 

RF INPUTS 

DECOUPLING 

ONO 

FM DETECTOR 
TUNING 

VOLUME CONTROL FOR 
ELECTRONIC AT TENUATOR 

TOP VIEW 

DE - EMPHASIS 

RIPPLE BY - PASS 

V7 

UK/ ,V 

AUDIO AMPLIFIER OUTPUT 

AUDIO AMPLIFIER COMPENSATION 

AUDIO AMPLIFIER GAIN 

92C3-2,272 

Fig.3 — Terminal diagram. 

2/13) 
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CA1310E 

RC Phase-Locked-Loop 
Stereo Decoder 
For FM Multiplex Systems 

Features: 

• Low distortion (THD): 0.3% typ. 

• Excellent SCA Istorecast) reisiction: 75 dB rip. 

• RC oscillator 

• High audio channel separation: 40 dB 

• Operetes from a wide range of power supplies: 8 to 14 V dc 

• Requires only one edjustment for complete alignment 

• Drives a stereo indicator lamp up to 75 rnA - 

surge current limiting 

RCA-CA1310E is a monolithic silicon integrated circuit RC 

phase-lock-loop stereo decoder intended for FM solid-state 
stereo multiplex systems. 

The CA1310E is a direct replacement for industry raies 

MC1310P, LM1310, and SN76115N. 

This decoder uses a minimum of external components. In 

addition the stereo decoder requires only one adjustment 

(oscillator frequency) for complete alignment. 

The CA1310E is supplied in a 14-lead dual-in-line plastic 
package and operates over an ambient temperature range of 

-40 to .85°C. 

MAXIMUM RATINGS, Absolute-Maximum Values 

at TA -- 25°C 

DC Supply Voltage   

Current ILampl at Term. 6   75 iriA 
Device Dissipation: 

Up to TA = 25°C   625 mW 

Above TA = 25°C derate linearly   5 inW/0C 

Ambient Temperature Range: 

Operating   -40 to +85°C 

Storage  -65 to 4-1500C 

Lead Temperature (During soldering): 

At distance not less than 1/32" (0.79 mm) 

from case for 10 s max.   *265°C 

1NPuT S1GN•L 

A 
AYE, 

It IOU 

14 V 

OUTPuT 

®1  
® t 

CRAÎZ;1.1 
OUTPui, 

puT 

046 019 

047 agi 

6111. 

 H- .*„_-..EA: s MAZIPIER 0 S'C'l -1.l"A'T OR 

DIVIDE 

I On 
IS. 1DIvIDE I er 2 

116 6001 

H DIV OE 
• 2 
OS 10.1 

-am Wink 
SCNVITT 

TRIGGER 

STEREO 
INDICATOR v. 
LAMP ? 

1161. 

RESISTANCE vALLŒS ARE ONNS 

Fog 1 - Schematic diagram of the CA 1370E. 

.--f— 

STE.° 
,___HOECODER • La R CHANNEL SNITCH 

NATRIA OUTPUTS 
1Pu.°T 

TONE DE T / —1 0 

Fig I - Functional block diagram system using the CA 7370E. lacs -26100 

e ;cet store 

DS 

 .0 
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CA1310E 

Fig. 2 - SCheffbefiC digest» of tag CA1310£ (Conn!). 

025 

RESISTANCE VALUES ARE IN OHMS 
CAPACITANCE VALUES ARE IN MICROPARADS 

TITS- SSOI 

TS - TO 3111-141t. DIVIDER 

NOTES 

A buffered 3-volt positive-going square wave is available at Term. 10. 

The alignment 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-uf value if reduced separation al low frequencies is acceptable. 

C4 The time constant for the stereo switch level detector circuit is 
calculated by 04 x 53,000 ohms ±.30% with a maximum dc 
voltage drop across 04 of 0.25 volt (Term. 8 positive) and a 
pilot level voltage of 100 mV RMS. Signal voltage across C4 
is negligible. 

C5 The recommended 0.05-uF capacitor provides a 1.75° phase 
lead at 19 kHz. 

R1, R2: Load resistance values are related to supply voltage as follows: 
Minimum Supply Voltage 8 10 12 V 

Maximum Load Resistance 2.7 4.3 6.2 ka 

R3, C6, C8: C8 may be omitted. R3 100 ohms and 06 • 0.25 fiE, 

if relaxed circuit performance is acceptable. 

RO, R5, Cl: If a capture range greater than ±3% typ. is required, 
reduce value of Cl and increase values of R4, R5 pro-
portionally. However, beat-note distortion is increased 

at high signal levels because of oscillator-phase jitter. 

R4, Cl ±1% in test circuit and ±5% in typical application. 

F,g. 3 - Test coos., for measurement of oh,Imn chomagrisfki. 

 305 



CA1310E 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

TEST CONDITIONS (Referenced to Fig. 3) 

LIMITS UNITS 

V+ • 12 V TA • 25°C 

Composite Multiplex Input Signal • 

560 mV RMS 121 V p-p) 

Only L or R Channel modulated; and 

with 100-mV RMS (10%) Pilot Level Min. Typ. Mao. 

Static Characteristics 

DC Supply Voltage For 8-V operation, reduce load to 2.7 el 8 — 14 V 

Total Current Lamp "OFF" — 13 — m A 

Dynamic Characteristics 

Input Impedance 20 50 — ki2 

Channel Separation (Stereo) 50 Hz — 15 kHz 30 40 — dB 

Audio Output Voltage (For any 

one channel) 
— 485 — mV RMS 

Channel Balance 

(Monaural) 
Pilot Tone "OFF" — — 1.5 dB 

Capture Range (Permissible tuning 

error of internal oscillator) 
— i3.5 — % 

Total Harmonic Distortion — 0.3 — % 

Ultrasonic Frequency Rejection: 

19 kHz — 34.4 — dB 

38 kHz — 45 — dB 

SCA (Storecast) Rejection f = 67 kHz, 9-kHz beat note measured 
with 1-kHz modulation "OFF" 

— 75 — dB 

Stereo Switch Level: 
19-kHz Input Level (For lamp on) — — 20 rnV RMS 

19-kHz Input Level (For lampoff I 5 — mV RMS 

Maximum Composite (Stereo) Input 0.5% THD 2.8 — — V p-p 

Maximum Monaural Input 1% THD 2.8 — — V p-p 
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CA1352E 

TV Video IF Amplifier 
With AGC and Keyer Circuit 

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 68-dB range 
ltyp.). A delayed forward AGC output is adjustable by means 

of a potentiometer. Either positive or negative-going sync may 

be used for this system. 

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. 

Features 

• High 45-MHs spin - 53 dB (syn.) 

• Highein pied AGC system - with either positive- on 

nagetivaloing sync. 

• Adjustable rf AGC delay to tuner 

• AGC spin reduction - 68 dB (Syn./ 

MAXIMUM RATINGS. AbsoluteMesurnum Values 

At TA - 25 

SUPPLY VOLTAGE 

Between termenels 4 and 11   IB V 

Between terminals 7 or 8 and 4   18 V 

INPUT VOLTAGE hemline 1 or 21   10 V p.p 

AGC INPUT VOLTAGE (term., 8or 10)   6 V 

DEVICE DISSIPATION 
Up to TA • 5eC   750 mW 

Above TA • 55°C demte linearly et  79 rnWPC 

AMBIENT TEMPERATURE RANGE 
Operating   -40 to •85°C 

Storage   -65 to •15ÓC 
LEAD TEMPERATURE IDuring Soldering> 

At distance 1/16 ± 1/32 m.11.59 ± 0.79 moml 

Irom case tor 10 seconds max.   

AGC STORAGE 
CAPACITOR 

---
RE AGC 

RF AGC DELAY 
OUTPUT ADJUST 

IF AGC 
FILTER 

•265*C 

SYNC 
POLARITY 

* 

VOLTAGE AT 
TERMINAL 6 

* 

VOLTAGE AT 
TERMINAL 10 

* 

VALUE OF 
RI- O 

NEGATIVE 

5.5 V 

-....1 „ 5 ----' 

- 2 V 
— 0 V 

I TO 4 V 
NOW 2 V 

0 

POSITIVE 
I TO 8 V 
NOM• 4 5 

- 45 V 

—0  V 

3.9k 

Fig. t - CAI352E block diagram and typical AGC test set-up. 

TYPICAL STATIC CHARACTERISTICS 

et TA • 25*C. V• • 12 V 

Toial Current 117 "8"i')   27 rnA 
Output Steve Currant 11 7 • 1,1   5.7 rnA 

TYPICAL DYNAMIC CHARACTERISTICS 

at TA • 250C, y• - 12 V 

AGC Range   68 dB 

Power Gain   53 dB 

Minimum rI AGC Range Iterm. 12)   0.2 V 

Maximum rI AGC Range term. 121   7 V 

SUCS- 20136141 
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CA1391E, CA1394E 

TV Horizontal Processors 

CA1391 E - Positive Horizontal Sawtooth Input 

CA1394E - Negative Horizontal Sawtooth Input 

The RCA-CA1391E and CA1394E are mono-
lithic integrated circuits designed for use in 

the low-level horizontal section of mono-
chrome or color television receivers. Func-
tions include a phase detector, an oscillator, 

a regulator, and a pre-driver. 

The CA 1391E and CA1394E are electrically 
equivalent and pin compatible with industry 

types 1391 and 1394 in similar packages. 

These types are supplied in an 8-lead dual-in-
line plastic (Mini-DIP) package, and operate 
over an ambient temperature range of 0 to 

+85°C. 

MAXI MUM PÂTI NGS, Absolute-Maximum 
Values at TA = 25°C 

DC SUPPLY CURRENT   40 mA 
DC OUTPUT VOLTAGE   40 V 
DC OUTPUT CURRENT   30 mA 
SYNC INPUT VOLTAGE   5 V" 
SAWTOOTH INPUT VOLTAGE 5 V" 
DEVICE DISSIPATION: 
Up to TA = 25°C   625 mW 
Above TA - 25°C derate linearly   5 mW/°C 

AMBIENT TEMPERATURE RANGE: 
Operating   0 to +85°C 
Storage   -65 to +150°C 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 in. 
(1.59 ± 0.79 mm) from case 
for 10 seconds max.   +260°C 

THERMAL RESISTANCE . . . . 200°C/W 

CIRCUIT OPERATION 
(See schematic diagram, Fig.2) 

The CA1391 and CA1394 contain the oscil-
lator, phase detector, and predriver sections 
necessary for the television horizontal oscil-
lator and AFC loop. 

The oscillator is an RC type with terminal 7 
used to control the timing. If it is assumed 
that 07 is initially off, then an external 
capacitor connected from terminal 7 to 
ground charges through an external resistance 
connected between terminals 6 and 7. As 
soon as the voltage at terminal 7 exceeds the 
potential set at the base of 08 by resistors 
R11 and R12, 07 turns on, and 06 supplies 
base current to 05 and 010. Transistor 05 
discharges the capacitor through R4 until 
the base bias of 07 falls below that of Q8, 
at which time, 07 turns off, and the cycle 
repeats. 
The sawtooth generated at the base of 04 
appears across R3 and turn off 03 whenever 
the sawtooth voltage rises to a value that 
exceeds the bias set at terminal 8. By ad-
justing the potential at terminal 8, the duty 
cycle at the pre-drive output (terminal 1I 
may be changed. 

Features: 
• Internal shunt regulator 
• Linear balanced phase detector 

• Preset hold control capability 
• ±300-Hz pull-in (typ.) 

NOR IZONTA 
SAWTOOTH 
INPUT 

PHASE 
DETECTOR 
OUTPUT 

SYNC 
INPUT 

PUS-2564T 

Fig.1 - Functional block diagram of the CA1391E, CA1394E. 

• Low thermal frequency drift 

• Small static phase error 

• Variable output duty cycle 
• Adjustable dc loop gain 

OSCILLATOR 
TIMING 

GROUND 

ELECTRICAL CHARACTERISTICS at TA = 25°C (See Fig.3) 

MARK-SPACE 
RATIO 

OUTPUT 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
M n. i Typ. Max. 

Supply Voltage 
Si, S5, S6 = 2 
S2, S3, S4, S7, S8 = 1 
Measure term. 6 to Gnd 

8 - 9 V 

Free-Running 
Frequency 

SI , S5, S6 -- 2 
S2, S3, S4, 57, S8 = 1 
Counter to term. 1 

14734 16/34 Hi 

Output Leakage 
S2, S3, S6, S8 = 1 
S1, S4, S5, S7 = 2 
Measure term. 1 to 25 V 

10 111V 

Output Saturation 
S2, S3, S5, S6, S8 = 1 
S1, S4, S7 = 2 
Measure term. 1 to Gnd 

60 111V 

Phase Detector Bias 
S2, S5, S6, S8 = 1 
Si, S3, S4, S7 = 2 
Measure term. 3 to Gnd 

1.9 V 

Phase Detector Leak 
S5, S8 = 1 
Si, S2, S3, S4, S6, S7 = 2 
Measure term. 5 to +4 V 

-2 - +2 111V 

Phase Detector Low 
S1, S5, S8 = 1 
S2, S3, S4, S6, S7 = 2 
Measure term. 5 to +4 V 

-0.55 - - V 

Phase Detector High 
St, S5, S6, S8 = 1 
S2, S3, S4, S7 = 2 
Measure term. 5 to +4 V 

+0.55' - - V 

Phase Detector Balance VDET2 + VDET3 -100 - +100 mV 

Sync Diode 
S1, S2, S3, S4, S6, S7 = 1 
S5, S8 = 2 

0.3 1.2 V 

Static Phase Error 
See F ig.4 

- 0.5 ¡is 

Oscillator Pull-in Range - ±300 Hz 

Oscillator Hold-in Range - ±900 Hz 

Polarity reversed in the CA1391 
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CA1391E, CA1394E 

PRE-
DRIVER 

MARK-
SPACE 
RATIO 

OUTPUT 

Osc 
I TIMING 

OSCILLATOR 

The phase detector is isolated from the 
remainder of the circuit by R31, Z2, 015 
and 016. The phase detector consists of 
the comparator 022 and 023, and the gated 
current source 018. Negative-going sync 
pulses at terminal 3 turn off 017, and the 
current division between 022 and 023 is 
then determined by the phase relationship 
of the sync and the sawtooth waveform at 
terminal 4, which is derived from the hori-
zontal flyback pulse. If there is no phase 
difference between the sync and sawtooth, 
equal currents flow in the collectors of 022 
and 023 during each half of the sync pulse 

.25V 

o  
6200 

I W I DU 

Eig.2 — Schematic diagram of CA 1391E, CA 1394E. 

period. The current in 022 is turned around 
by current mirror 020 and 021 so that there 
is no net output current at terminal 5 for 
balanced conditons. When a phase offset 
occurs, current flows either in or out of 
terminal 5. In circuit applications, this ter-
minal is connected to terminal 7 through an 
external low-pass filter, thereby controlling 
the oscillator. 
Shunt regulation for the circuit is obtained 
by using a VBE and zener multiplier. Re-
sistors R13 and R14 multiply the VBE of 
011, and the ratio of R15 and R16 mul-
tiplies the voltage of the zener diode Z1. 

14 ka 

150 16600 
pf 

1 2 

$4 

930 

57 

El 

I 65 

6 

CA1391/CAI394 

3 2 4 

2 65 1,0 

56 ) SI 

2 
56 AO 

11 2 

Fig.4 — DC test circuit. 

de), 52 

I 2 

92C1A-213749 

(i .6V 

200 CI 
< 
< 

1 K50 II 

,on 

1500 

TO 
DRIVER 
TRANS-
FORMER 

PHASE-
DETECTOR 

0 NOTE ALL RESISTANCES ARE 
SYNC IN OHMS 
INPUT 

SUCUS 26340 

0 a 0 30 40 50 60 10 
POSITIVE PULSE WIDTH A TERM 1 

Fig.3 — Duty cycle at the pre-drive output (term. 1) 
as it is affected by the input at term. 8. 

3 821 

211750ni 

Fig.5 — Typical circuit application. 
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CA1398E 

Television Chroma Processor 

RCA-CA1398E is a monolithic silicon integrated-circuit chroma 

processor containing chroma-amplifier and gain-control, color-

killer. color subcarrier 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 CA1398E and CA3125E. The 

CA1398E is supplied in a 14-lead dual-on-line plastic package. 

Features 

• Minimum number of external components required 

• Injection-lock oscillator with internal feedback tetra 
mew, 

• DC chroma gain control and hue control circuit 

• Low-impedance internal voltage regulation 

Maximum Raring.. Absolute-Minnows, Values. TA a 25°C 

Peak Flormontal.hulse Input Current   150 mA 

Supply Current ITerminal 14)   35 mA 

Ambient Temperature Range 

Operating   -40 to •B5°C 
Storage   -65 to •150°C 

Lead Temperature IDurrng Solderong) 

At distance 1/16" 2 1132- 11.59 ± 0.79 inm) 
f rom case for tOsmax.   265°C 

Feu t - 'Functional block diagram& the CA 1398E 

nORI 

;uksc C.)=4"' 

tre. 

eLt. 

event 
sal ink 
• KILL IN  

lj. t-irá  IS" corcn o r  
coratat.  

TS.« 

o 0oé 

Luang/ACE 
naUcl, 

ClaROale 
OUTPUT 

RCTIL11-
TOR 

ColeTS 

IMMKTNESS BL•NTNG 
CONTROL KsPuT 

OSC 
Tan, We 

MM. 

AWOL 

AWOL 

Pc 

DENO° 

MM. 

014100 

> 

wi 

«Pl. 

•312sE 

mast 
Saur T 

NETWORK 

Fig. 2 - system lunette.) block diagram. 

ELECTRICAL CHARACTERISTICS at TA 215°C gad Rammed to TM Circuit Wilt 41 

é 

'a.. • 

OUTITT 

G 

Mau, 

CHARACTERISTIC 

TERMINAL 

MEASURED 

AND 

SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 
SWITCH 

POSITION 

loll 

CONTROL 5 TYING 

%mi. 

mV o-p 

VciimAA 

wY IPP 

MIN. TYP. MAX. 
, 

CHROMA HUE KILLER 

Stern' Olaracteristi. 

Regulares Supers Voltage V14 2 ma>.nias. Max. 0 0 8.9 9.5 11.5 V 

Chrome Output Bias V14 ro V2 2 max man. max. 6 0 1.2 2.4 3.6 V 

Regulator Impedance See Note I 2 0 0 12 25 Cl 

Dynamic Chareetenstics (Refer to Test Procedure for Oscillator) 

Max Chroma Gain V2 1 max max. See Note 2 6 5 310 425 - MV IS P 

Min. Chroma Gain V2 1 6 5 7 MV 0 a 

ACC Action V2 lei up 
from gain test) 

1 Max Max. 50 50 1 7 11 dB 

Killer Function 

Kill V2 2 Max max 0 5 7 mV 0 fa 

Unkill V2 1 max. max. '15 5 100 TVS'S> 

Oscillator Lock Up 

Voltage VI 3 1 max. 6 0 250 340 390 rn V po 

pirase 
(Roetbuerre:n1) 

0 13 1 max max 6 0 -20 0 .20 degrees 

Hue Control Range 

Voltage V13 1 moo. min 6 0 250 340 390 mV P la 

pn.. (Roe lb e r re:, c e d ) 
013 1 Irlas torn. 6 0 95 110 140 degrees 

New 1 - measure Vra eli supply = 38 mu and 18 mat CaO late tie raga nor 

• IV, 4 le 38 mum ,V,, In 18 rnAl 1 na2 

Note 2 - Incresne Me kdles omentrommer musts.oa from minimum um', Os circuit sink'. This conilmon is ....danced by • shill mt., mirage es Term z 
laymen T's samenuornely mans tor al Uht climene  
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CA1398E 
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Ate 
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04, 
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°eau ufvur, 

IS 

I I 
I 

1_ —1 I_ —1 .22C 1_— 

0 
RESMImecE wt.,. ARE 0. Om. 

II 
OSCILLATOR_ _ L 

o 

Fio 3 - Sammie «arm of elw CA 5398E. 

e 

3• 

044 

MHz il0 Hz. Under the same Test Conditions described in the 
TEST SET-UP PROCEDURE FOR OSCILLATOR Electrical Characteristics Chart for Oscillator Lock-Up, vary Li 

Remove the horizontal keying and chroma inputs and adjust (approx. 20 pH) and/or CI (approx. 1000 pH to obtain the 

Cx to obtain a free-running oscillator frequency of 3.579545 initial conditions for amplitude and phase oscillator lock-up. 

CHROMA GAIN 
ZONTROL 

31. 61. 

HOMI 

rem! 

° 

•20 V 

300 

330 

"gee 

HoRii " 3,“ 
KEY 
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I  
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IffdreigLeeef'' 

Fig. 4 - Typical static and dynamic CnaraCtInInCa rear enCuit for rho CA 539.8E. 
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CA2002 Preliminary Data 

8-Watt Audio Power Amplifier 
For Automobile Radios 

Features: 

• Hermetic Gold-CHIP encapsulated in a 5-lead plastic 

TO-220-style package (Versa -V) 

• Output short-circuit and thermal overload protection 

• Drives load impedance as low as 1.6 Ft 

The RCA-CA2002 is a monolithic silicon 

class Et audio power amplifier designed for 
driving loads as low as 1.6 a It provides a 
high output current capability (up to 3.5A), 

very low harmonic and cross-over distortion, 

and load-dump voltage-surge protection. 

The CA2002 is supplied in a hermetic tri-
metal Gold-CHIP encapsulated in the 5-lead 

plastic TO-220-style Versa-V package. All 

leads (except term. 3) are electrically in-

sulated from the mounting flange, elimi-

nating the need for insulating hardware. 

5 
4 
3 
2 

TOP VIEW 

INV. 
INPUT 

V, 
OUTPUT 
GROUND 
INVERTING INPUT 
NON INVERTING INPUT 

TERMINAL ASSIGNMENT 

s9 CII 324 

NON-INV 
INPUT 

o  

010 

• Load dump voltage surge protection 

• Output current capability of up to 3.5A 

• Few external components 

• Versa -V power transistor package-requires 

no electrical insulation 

MAXIMUM RATINGS, Absolute-Maximum Values: 

PEAK SUPPLY VOLTAGE 150 ms)   40 V 

DC SUPPLY VOLTAGE   28 V 

OPERATING SUPPLY VOLTAGE   18 V 

OUTPUT PEAK CURRENT: 

REPETITIVE 35 A 

NON.REPETITIVE 45 A 

POWER DISSIPATION, PD at TA 90%   15 W 

THERMAL RESISTANCE, JUNCTION TO CASE   4 °C/W 

AMBIENT-TEMPERATURE RANGE: 

OPERATING  See Figure 16 

STORAGE   —40 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) 
from case for 12 s max. 

54 ez 
1.55 K 950 

012 

re7511 C 
10p 1 

013 

011 
RIO 

RI 

ROI 529 

01 

RIN 

2 

23 

1 
13 65 

016 

21 

47 

75 

05 

525 
NO 

Oil 27051 I 2211 

7 

014 

RN 
12 19751( — 1 5 

Fig. 1 — Schematic diagram. 

523 
40 

2311» 5511 

eR22 
3,1 025 

003 

24 

021 

020 

1127 

15 
SUPPLY VOL▪ TAGE (V 1— V 

20 
NOTES 
4. IS SIGNAI. GROUND 

ALL RESISTANCES ARE IN WINS 
92Cl•291,5 

Fig. 2 — Test circuit. 

260°C 

Fig. 3 — Typical quiescent output voltage as a 

function of supply voltage. 
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CA2002 

ELECTRICAL CHARACTERISTICS at TA = 25°C, V+ = 14.4 V 

Unless otherwise specified (See Figure 2) 

CHARACTERISTIC TEST CONDITIONS LIMITSUNITS 

Min. Typ. Max. 

Supply Voltage, V+ 8 - 18 V 

Quiescent Output Voltage, Vo Measure at Term. 4 6.4 7.2 8 V 

Quiescent Drain Current, lo Measure at Term. 5 - 45 80 mA 

Output Power,P0 

THD = 10%, 

f = 1 KHz 

V+ = 14.4V 

A = 40 dB, 

4.8 5.2 - 

W 

RL = 4 n 

RL = 2 S2 7 8 - 

V+ =16 V RI_ = 4 ≤-.) - 6.5 - 

RL = 2 S2 - 10 - 

Input Saturation Voltage, VI (Rms) 400 - - mV 

Input Sensitivity, el 

A= 40 dB, f= 1 KHz 

15 - 

mV 

Po = 0.5W, RL = 4 .ç2 

= R =2Q Po 5 W 0. ,L - 11 - 

P0=5.2VV,RL=4Q - 55 - 

P0=8W, RL = 2S2 - 50 - 

Frequency Response (-3 dB) 
= 39 nF, RL 4 n, cx = 

Rx = 39 S-2 (See Figs.15,201 
40 o 15000 Hz 

Input Resistance, R1 (Term. 1) f = 1 KHz 70 150 - KS2, 

Open-Loop Voltage Gain, AoL RL = 4 s-z, f = 1 KHz - 80 - dB 

Closed-Loop Voltage Gain, A RL =4S1, f =1 KHz 39.5 40 40.5 dB 

Input Noise Voltage, eN Freq. Resp. = 40 to 
15,000 Hz (-3 dB) - 4 - µV 

Input Noise Current, IN Freq. Resp. -= 40 to 
15,000 Hz (-3 dB) - 60 - pA 

Efficiency, 77 

A=40 dB, f = 1 KHz 

- 68 - 
% 

Po= 5.2W, RL =4 Si2, 

Po= 8W, RL= 2S-2 - 58 - 

Power Supply Rejection Ratio, PSRR 

RI:- 4 S-2, A = 40 dB, 

Rg= 10 K.Q, fripple = 100 Hz, 

Vripple ' 0•5 V 

30 35 - dB 

Fig. 7 - Typical input voltage as a function of 
closed-loop voltage gain. 

AMBIENT TEMPE A UPE ITA • 25 C, 

v••14•V, •20 

I00 200 300 400 SOO 600 
CLOSEO-LOOP VO TAGE GAIN CA) 

9}CS -if 0 

Fig. 8 - Typical input voltage as a function of 
closed-loop voltage gain. 

70 

TEMPERATURE Ta •25 C_  

ea  

a is 
SUPPLY VOLTAGE (V •I - V 

20 

Fig. 4 - Typical quiescent drain current as a 
function of supply voltage. 

O ID I 20 
SUPPLY VOLTA« WI-, 

«CS ro r 

Fig. 5 - Typical output power as a function of 
supply voltage. 

LOAD RES,STANCE — 

Fig. 6 - Typical output power as a funct.on of 
load resistance. 

imuomme.am 

aigg millmeimumqe: 
IM11151li .U1hn 

IlEne..E1111121011ifiZIE imP51; 
peg.   

:Maxi. ma   

#M.V. fIf EII!IItJIII II (I 

o loo 200 300 400 
CLOSED-LOOP VOLTAGE GAIN (A)-03 

fee, 1.1 

Fig. 9 - Typical power supply, rejection ratio as a 
function of closeeloop voltage gain. 
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CA2002 
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Fig. 10 — Typical power supply rejection ratio as a 

function of frequency. 

o 20 

SUPPLY VOLTE 0.1•1—v 
,, ,•5 

Fig. 13 — Maximum power dissipation as a function 

of supply voltage (sine-wave operation). 

4 6 
OUTPUT POWER (Pol—W 

•2211-2•102 

Fig. 11 — Typical power dissipation and efficiency 
as a function of output power. 

0 25 50 75 00 125 50 175 200 
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Fig. 14 — Maximum al owable power dissipation as 

a function of ambient temperature. 
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AMOIENT TEMPERATURE IT.M25 6C 
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V7 •14 4Y 
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Fig. 16 — Open-loop voltage gain as a function of 

frequency. 

O 2 S • 6 7 

OUTPUT POWER (Po —w 
2" ••• 

Fig. 12 — Typical power dissipation and efficiency as 

a function of output power. 

0 100 203 300 403 500 600 
CLOSED-LOOP VOLTAGE GAIN 1.1 

Fig. 15 — Typbal values of capacitor Cx  see test 
circuit, figure 20) for different values 
of frequency response. 

0 25 50 73 00 125 150 
CASE TEMPERATURE ITo)- 6c 

•22.2-2•1211 

Fig. 17 — Output power and drain current as a 

function of case temperature. 
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CA3035, CA3035V1 

Ultra-High-Gain Wide-Band Amplifier Array 

• Three Individual General-Purpose Amplifiers 

• Ideal for service in Remote-Control Amplifiers - - e.g., TV Receivers 

• Available in two electricolly identical versions: CA3035 with straight 
lends; C43035V1 with formed leads 

HIGHLIGHTS 

• Three s•parote amplifiers — 
gain and bandwidth for each amplifier con be odjusted 
with suitable .ternol circuitry 

• Arnplifi•rs operable independently or in cascad• 

• Exceptionolly high cascade voltage gain — 
129 dB typ. at 40 kHz 

• Low nois• performance • Wide-band tissponse 

• All amplifi•rs single.ended — 
only one power supply required 

• Wide operating t  rang• 
.55.0 to •125°C 

• Built-in tempo rrrrrr compensation 

• Hermeticolly sealed, all-er•Ided 10.1ead TO.5-style 
metal package with straight or formed leads 

ABSOLUTEMAXIMUM RATINGS: 

OpentmgTemereureRange  55°C to +I 25°C 
Storage Temperature Range   -65°C to +150°C 
Device Dissipation   300mW 
Input Voltage   IV p-p 
Supply Voltage   +I5V 
Lead Temperature (During Soldering): 

At distance I/16 t 1/32 inch (1.59 A 0.79mm) 
from case for 10 seconds max.   +265°C 

ELECTRICAL CHARACTERISTICS AT TA = 25°C 

CHARACTERISTICS SYMBOLS 
SPECIAL TEST 
CONDITIONS 

TEST 
CIRCUITS 

AND 

CHARAC- TER1STICS 

CURVES 

LIMITS 

uN1TS CA3035, CA3035VI 

Min. I Typ. I Mao. 

STATIC CHARACTERISTICS 

Quiescent Operating V3 - 2 - v 

voltage V5 VCC • +9V Fig.3 - 1.9 - v 
V7 V 

Total Current Drain Id VCC ' +9V, 
RL3 . 541 

Fig.) 3.5 5 7.5 mA 

DYNAMIC CHARACTERISTICS 

Voltage Gain: 
Amplifier No.I 

A I f • 40 kHz, 40 44 - dB 
Amalifier No.2' 82 

VCC ' +9V 
40 46 - dB 

Amplifier No.3 A) 38 42 _ c10 

Output Voltage Swing Vout 
%/lout fiLi = Joe - 2 - Vp-p 
V2out Rt.2 . lun - 2.6 vP-P 
V3out RL3 • 5Kn - 8 - Vp-p 

Sinusoidal 
Output, 

VCC ' +9V 
Input Resistance: 

Amplifier No.I Rlin - 50K - n 
Amplifier No.2 R2in f • 40 kHz - 2K - n 
Amplifier No.3 R3in - 670 - n 

Output Resistance Riout 270 - n 
R2out f • 40 kHz - 170 - n 
R3out - 100H - n 

Bandwidth at 

-3d8 point: 
Amplifier No.I BW1 Fig.5 - 500 - kHz 
Amplifier No.2 8W2 VCC ' +9V Fig.6 - 2.5 - MHz 
Amplifier No.3 BW3 Fig.7 - 2.5 - MHz 

Noise Figure 

Amplifier No.I NF1 f • I kHz, 

Rs • le 
FIg.4 - 6 7 dB 

vcc - + 18 V 
Sensitivity Relay 0( 11 Fig.2 - 100 150 mv 

Current • 7.5 mA 

SCHEMATIC DIAGRAM FOR CA303> AND CA303SVI 

sei-W.. • 1h1, No 2 

L 
r-

• 7,ow.NALS 2 e ARE , 
,,,c,rez,i,omAcc 7ED 

MARL No.3 

ormEcTED 
To CASE 

Oro 

TYPICAL REMOTE CONTROL SYSTEM 
N3v 

CONTROL ruenerS 

Figs 

gece...or, 

STATIC CHARACTERISTICS TEST CIRCUIT 

vc, • •9 V 

lo 

92cS-.44XS 

Fig.3 

NOISE FIGURE TEST CIRCUIT 

OURN TEEN 

LARORATORIES 

MODEL No Su 
NOISE AN•LTZER 

'SEE NOTE, 

NOTE: SET ALL INTERNAL POWER SUPPLIES ON QUAN TECH 
NOISE ANALYZER TO ZERO VOLTS. 

Fig.4 
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CA3041 

WIDE-BAND AMPLIFIER, FM DETECTOR 

AF PREAMPLIFIER/DRIVER 

For Sound Sections of TV Receivers Using 
Tube-Type AF Output Amplifiers 

FEATURES 

•high-sensitivity — input limiting voltage (knee) = 
150 ,V typ. at 4.5 MHz 

• large audio drive voltage capability 

•eacoilent AM rejection — 58 dB typ. at 4.5 MM. 

• inherent high stability — i Ily shielded 

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.)) and the TV Receiver Block Diagrams 0 is .17) the CA3041 contains a multistage wide-
band if-amplifier limiter section. an FM-detector stage, a Zener-diode-regulatedpower-supply 
section. and an al-amplifier section specifically designed to drive directly a BAQS 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 al-preamplifier driver section can he 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. 

MAXIMUM RATINGS, Absolute Maximum Values: 

OPERATING-TEMPERATURE RANGE   —40° to 085°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 

TemperaturesS above .25°C   Derate at 10.8 mWfiC 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT TA =25°C 
Indicated voltage or current limits for each terminal may be applied under the specified voltage 

condinons for other terminate. All voltoge• are with respect to ground (Terminal el. 

TERMINAL 
VOLTAGE OR 

CURRENT LIMITS 

VOLTAGE CONDITIONS AT OTHER TERMINALS 

1 2 3 4 5 6 7 8 9 10 II 12 13 14 
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2 -3 V •3 V -3 to •3 

3 -3 V .3 V -3 to.3 

4 GROUND (VOLTAGE 
REFERENCE TERMINAL) 

-3 to .3 

5 20 mA .3 to .3 

6 OV .10 V -310.3 

7 10 mA -3 to .3 

8 10 mA -3 to .3 

9 10 mA -3 to •3 

10 10 mA -3 to .3 

11 • 2.5 V •5V -3 to.3 

12 .2.5 V .5 V -3 to .3 

13 .2.5V .5V -3 to .3 

14 50 mA -3 to .3 

• Any other combination ot DC Supply Voltage and Series Re Isiah e which PHI ot cause the Memnon 
Devoe Dissipation Limit or any of the Maxemum Volta e or Gwent Limits for the CA3041 to be exceeded 
may be used. 

•nsir o 

• internal Zener.diode•reguloted voltage supply 

• lovr harmonic radiation 

• wide frequency copability — 100 kHz to ' 20 MHz 

• low harmonic distortion 

irOet• L.Pn. 

If WON,. 

a. 
s, 

O• 

ure h. 

Fig.I - Schematic diagram. 

0 30 3o 
AMIMEMT TEMPERATURE (TA --*C 

12C11.-A1100 

Fig.2 - Typical dissipation characteristic 
for CA3041. 

•140 V 

WC, 

Fig.3' Teat "top for meosuten•nt of 
input-impeclanc• components. 
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CA3041 

ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, TA, of 25°C, and a DC Supply 
Voltage, Vcc, of .140 Volts applied to Terminal 14 through a resistance of 6.2 e, unless other-
wise indwated. 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. 

CHARACTERISTICS 
(See Page 7 for Definitions of Terms) 

SYMBOLS 

TEST CONDITIONS LIMO'S 

Units 

TYPICAL 
CHARAC-
TERIS-

CUTRICVSES 

SETUP 
AND 

PROCEDURE 
SPECIAL CONDITIONS 

TYPE 
CA3041 

Fig. Min. Typ. Man. Fig. 

Total Device Dissipation 
PT 1 1 

0°C 220 245 270 mW 
2 TA = 0 25°C 225 250 275 die 

.30°C 230 255 280 mW 

Zener Regulating Voltage (DC Sup-
ply Voltage at Terminal 14) V14 - 10.5 11.2 12.3 V - 

Quiescent Operating Current 
(into Terminal II) Ill 1 1 0.25 0.63 I mA - 

9-Volt Current Drain (Quiescent Op- 
crating Current into Terminal 14) 

114 1 1 
Vcc = +9 V applied directly 

to Terminal 14 
7 I 1 16 mA - 

Input-Impedance Components: 
Parallel Input Resistance Ri 3 

f= 
4.5 MHz 

- 11 - kl-2 - 

Parallel Input Capacitance C¡ 3 - 5 - pF - 

Output-Impedance Components: 
Parallel Output Resistance Ro - - 103 - kR - 

Parallel Output Capacitance Co - - 4 - pF - 

Input Limiting Voltage (Knee) Vi(lim) 7 - 150 200 
,Ar 

(ma) 
4 

Amplitude-Modulation Rejection AMR 10 45 58 - dB 9 

IF-Amplifier Voltage Gain A(IF) 5 - 67 - dB 4 

Recovered AF Voltage: 

1. At FM-Detector Output 

Vdaf) 
RL = 50 ki-2,Af = o25 kHz 
THD = 0.7% (typ.) 

_ 250 - 
mV 
(rms) - 

2. Al AF-Driver Output 
in Test Setup THD < 5% 8 9 - 

v 
(ms) - 

Total Harmonic Distortion THD 7 Vow= 8 14 nos) - 1.5 5 % - 

Discriminator Output Resistance Radis) _ 
f 
f = 
1 kHz 

I 

- 10 - kfl - 

AF-Amplifier Input Resistance Ri(at) - - 100 - kti - 

AF-Amplifier Output Resistance Rdaf) - - 30 - kf/ - 

OF-Driver Voltage Gain Am 6 - 41 - dB 8 

BOONTCM 
TYPE 2 OTR 
UNIVERTER 

OR EQUIVALENT 

BOONTON 
TYPE 202M 

GENERATOR 
C« EQUIVALENT 

6 2. 

°?J'sI 

5.61N2 

'iT'RANSFCRMER • 

T001" 
sua 

OarPuT 

0 0041 
pi 

0 15Ai 

5046 

BALL ANT1NE 
TYPE 3000 
VOLTMETER 

on EQUIVALENT 

AMP140  

WTI? 

PROCEDURES: 

Recovered AF Voltage: 

1. Set Input Signal Generator as follows: 

Output frequency • 4•5 MH. 
Modulating frequency • 1 kHz 
Deviation • t 25 kHz 
Output level for Vin • 100 mV ems 

2. Set volume control for maximum 
of output. 

3. Mearture af output voltage and record 
as Recovered AF Voltage. 

Total Harmonic Distortion: 

I. Adjust volume control for an af output 
voltage of 300 mV rms, 

2. Measure Total Harmonic Distortion of 
the output signal in accordance with 
the Operating Instructions for the Dis-
tortion Analyzer. 

Input L Inri tina Voltage (Knee): 

I. Decrease Vin until the af output voltage 
ie 3 dB leas than the value set in Step 1 
of the procedure for measurement of 
Total Harmonic Distortion 
1300 mV - 3 dB • 210 mV) 

2. neT:seirnep'uni2i't'iarevn'alP rez. 
DISTORTION 
ANALYZER 
(MERLE', 
PACKARD 
TYPE 330 

on 
EQUIVALENTI. 

11.2C3-14413 

• TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent. 

Fig.7 Teat setup for measurement of input limiting voltage (Knee), 
recovered AF voltage, and total harmonic distortion. 
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VOLTAGE GAIN 
, 

1 
64 

E1. 
60 1 

'e 36 

52 

•il 

0 I 10 100 

FREQUENCY (11-14M. 1.2C -NM, 

Fig./ Typica IF-amp ilier voltage gain and 
input-limiting voltage (knee) characteristics. 

PROCEDURE: 

A - Voltage Gain: 

1) Set input frequency at desired value, vi • 100 u V rme. 

2) Record vo. 

3/ Calculate Voltage Gain A from A • 20 log, vo/vi 

4) Repeat Steps 1. 2. and 3 for each frequency and/or 
for temperature desired. 

Fig.5 . Test setup for measurement of IF-amplifier 
va/tag. gain. 

42[5-144t4 

Fig.6 - Test setup for measurement al 
AF-amplifier voltage gain. 

40 

36 

O 

AMBIENT TEMPERATURE 1.25, 

à 36 

32 

30 

01 o ou Doro 

FREQUENCY Ill -MU 
92CS HI II 

Fig.8 - Typical AF-driver voltage-gain cherocterisric 
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CA3041 

60 

7 so 
•o 
30 

Ire 20 

: L   r 
dit.   
m I  AMPLITUDE 

PE.11 C PIT 
MODULATION 3   

• 't.H1r   
...   ... 

0   

 unu  j 

d i        ',I 1 gin          
EgilgilTeEtitMighr    

tit 
0 0 SO ao 

lUeur S 6.1. VEL—. 

ISCS-14•69 

FiV 9 - Typical AM rejection characte . i .. ics 

for CA3041. 

• TRW Elect onion, Des Plaines, Illinois. Part No. E023874, or equrvalent. 

PROCEDURES: 

I. Set FM Signal Generator as follow., 

Output frequency • 4.5 MHz 
Modulating frequency. 1000 Hz 
Deviation • 0 25 kHz 
Output level for 340 • 100 mV vea 

2. Set AM Signal Generator as follow., 

Output frequency • 4.5 MHz 
Modulating frequency • 1000 He 
Per cent modulation • 30 
Output level for Vin • 10 mV nne 

3. With Si in Position A measure AF Out-
put Voltage and record ee VoIFM). 

4. '1,7VSoilialogePe irenc117V7A/e. Out-

5. Determine AM Rejection from 
AMR • Voino/VojAmj 

Fig.10 - Test setup for measurement of AM rejection. 

PROCEDURES: 

Total Device Dissipations 

, 1. Close SI, open S2. 

2. Mealtime and record V14 and IT. 

3. Determine Total Device Dissipation from PT" V141T• 

00  Operating Current into Terminal 111 

I. Clore SI, open S2. 

2. Mreenate junrteolii,La,rndai Il. ea Quiescent Operating Cue-
rent 

Current Drain: 

I. Open Si, close 32. 

2. Measure 114 and record es 9-Volt Current Dram. 

Fig.!! - Test setup for total dissipation, quiescent operating current 

into terminal Heil, and 9-volt current drain. 

• TRW Electronics, Des Plaines, 1111mis. Part No. E023874, a equivalent. 

Fig. 12 . Block diagram of typical TV rec•iver using CA3041. 
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CA3042 
WIDE-BAND AMPLIFIER, FM DETECTOR 

AF PREAMPLIFIER/DRIVER 

For Sound Sect'''. of TV Receovers Us.ng Transistor-
Type AF Output Arnplifogors 

FEATURES 
• high sensitivity — input limiting voltage (knee/ • • internally 7.er-diode-regulated voltage supply 

150 jiV typ. at 4.5 MHz • low harmonic radiation 

• 6.mA audio drive capability • wide frequency capability — <100 RH. to >20 Mix 
• excellent AM rejection — 58 dB typ. at 0.5 Mitt 

• low harmonic distortion 
• inherent high stability — internally shielded 

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 1Fig.1) and the TV Receiver Block Diagrams IFigs.2A and 2B) the CA3042 contains a 
multistage wide-band if-amplifier section, an FM-detector stage, a Zeiler-diode-regulated 
power-supply section, and an of-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 at preamplification. 

The CA3042 provides exceptional versatility of circuit design because the if-amplifier 
!imiter section, FM detector section. and af-preamplifœr driver section can Ix! 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 uf the device in suitably punched printed-circuit boards. 

e-

• 

62 no 

F 

4 

c,ec rs 

sooF oise 

100 na 

RCA 
40313 

Fig. 2fal - Block diagram of typical TV receiver utilizing 

transistor RCA-40313. 

TYPE 

F •I40 
330 

t.oa b— tzv?. 07, 1 

Pa 

an 

a 

:1! 

r• 

Fig.1 - Schematic diagram. 

VERTICAL 
DEFLECTION 
CIRCUITS 

SO Ita 
VOLUME 
CONTROL 

1113195 

On 

roe.* 

NORr2ONTar. DEFLECTION 
a HIGN-VOLTAGE 

CIRCUITS 

PICTURE 
TUBE 

• 270 

42Cu-Plef, 

MAXIMUM RATINGS, Absolute-Maximum Values: 

OPERATING-TEMPERATURE RANGE   —400 to +85°C. 
STORAGE-TEMPERATURE RANGE   —65* to +150°C 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch 11.59 t 0.79 mml 
from case for 10 seconds max.   .265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 
Betvaren Terminals 1 and 3   23 V 

MAXIMUM DEVICE DISSIPATION: 

At Ambient /up to +25°C   950 mW 
m Teperatures above .25°C   Derate at 10.8 mW/°C 

{Muting can be ac.mplIshed by 
Grounding Terminal No.8 

...v • For XFMR Details see Fig.21 

sma-eqs 

Fig.2(h). Block diagram of typical TV receiver utilizing 
the CA3042 and a 12FX5, 6EH5, or equivalent. 

42110 
SW • 

eMOV 
•S 

SAO 

PROCEDURES: en.viexit1.4 • 

Teel Devi. Dissipation. 
I. Set switch S in punition A 
2. Meaaure and record VI4 and 114. 
3. Determine Total Device Dissipation front PT VI4114 

QuI  Operating Current Inte Terminal 11: 
I. Tuer switch S to position 8 
2. Measure Ill and record as Quiescent Operating Cur-

rent into Terminal 11. 

9-Volt Current Dreint 

I. Set switch Sin position B 
2. Measure 114 and record as 9-Volt Current Drain. 

Fig.3 • Test setup for measurement el total device dissi-
pation, qui  current into terminal Ho.11, and 

9-volt current drain. 

Ilare-sleet 
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CA3042 
ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT TA = 255C 

Indicated voltage or current limits for each terrains,/ may be applied under the specified voltage 

conditions for other terminals. All voltages are with respect to ground (Terminal 4). 

TERMINAL 
VOLTAGE 

CURRENT 
OR 

VOLTAGE CONDITIONS AT OTHER TERMINALS 

LIMITS 
I 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 -3 V .3 V — 
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CO
NN
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TE

D 
TO
 •
 14
0 
V
 DC
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OU
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40
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2 -3 V .3 V .3 to•3 

3 .3 V .3 V -310.3 

4 
GROUND (VOLTAGE 

REFERENCE TERMINAL) 
-3 to •3 

5 20 mA -3 to .3 

6 NO CONNECTION .3 to.3 

7 10 mA .3 to •3 

8 10 mA -3 lo .3 

9 10 mA -3 to .3 

10 10 mA .3 19+3 

11 .2V •10V -310..3 

12 .2.5 V .10V -319.'3 

13 0 V •10V -3 to•3 

14 50 mA -3 to •3 

• My other combination of DC Supply Voltage and Set es Re Man e which will et caos the Maximum 
Device Di sipation Limit ot any of th Maximum Volta e or Curten! Limits foi the CA3042 o be ex ceded 
may be used. 

PROCEDURES: 

1. Set FM Signal Generator as follow.: 

Output Frequency • 4.5 MHz 
Modulating frequency = 1000 He 
Deviation • 125 kHz 
Output level for Vio • 100 inV rins 

2. Set AM Signs) Generator as follows: 

Output frequency • 4.5 MHz 
Modulating frequency = 1000 He 
Per cent modulation • 30 
Output level for Vio • 10 mV rins 

3. With SI in Position A measure AF Output 
Voltage and record as Voirmi. 

4. With Si in Position B measure AF Output 

Voltage and record 88 VoiAmi. 
VolFM1 

5. Detennine AM Rejection from AMR - 
Vol AND 

• TRW Electronie•, Des Plaines, Illinois. 
Part No. E023874, or equivalent. 

Fig.? -Test setup for measurement of AM rejection. 

° " so so 

Fig./ • Typical dissipation characteristic. 

seau 

"ref -.4.90 

Fig.5 • Test setup for measurement of input•impedonce 
components. 

Casa 

PROCEDURE Volrope Geis: 

I. Sei input frequency at desired sortie, s. • 100 eV rms. 

2. Record vo. 

3. Calculate Voltage Gain A from A • 20 logiq v„ ci. 

4. Repeat Steps I, 2, and 3 for each frequency and:or for 
temperatUre denired. 

Fiq.6 - Test setup for meosurement of IF amplifier 
voltage gain. 

74 

72 
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Fig.8 - Typical IF amplifier voltage gain and input 
limiting voltage (knee) characteristics. 
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CA3042 
EL ECTRICAL CHARACTERISTICS, at an Ambient Temperature, TA, of 25°C, and a DC Supply 
Voltage, Vcc, of •140 Volts applied to Terminal 14 through a resistance of 6.2 e, unless other-

se indicated. An, other combination of DC Supply Voltage and Series Resistance which will 

not cause the Vaximum Dissipation Limit or any of the Maximum Voltage or Current Limits for 

the CA3042 to be exceeded may be used. 

CHARACTERISTICS 
(See Page 7 for Definitions of Terms) 

SYMBOLS 

TEST CONDITIONS LIMITS 

Units 

TYPICAL 
CHARAC-

TERIS-TICS 
CURVES 

SETUP 
AND 

PROCEDURE 
SPECIAL CONDITIONS TYPE 

CA3042 

Fig. Min. Typ. Mao. Fig. 

Total Device Dissipation 
PT 

0°C 200 230 260 mW 
4 3 TA. .:25°C 210 240 270 mW 

.80°C 220 250 280 mW 

Zener Regulating Voltage (DC Sup. 
ply Voltage at Terminal 14) 

0(4 — 10.5 11.2 12.3 V — 

Quiescent Operating Current 
(into Terminal 11) Ill 3 0.25 0.63 1 mA — 

9-Volt Current Drain (Quiescent Op- 
elating Current into Terminal 14) 

1(4 3 
Vcc = .9 V applied directly 

to Terminal 14 
8 12 18 mA — 

Input-Impedance Components: 
Parallel Input Resistance RI 5 — 11 — kf/ — 

Parallel Input Capacitance C1 5 — 5 — pF — 

Output-Impedance Components: 
Parallel Output Resistance Ro — — 100 — kfl — 

Parallel Output Capacitance Co — — 4 — pF — 

Input Limiting Voltage (Knee) 0i(lirn) It — 150 200 “V 
(rms) 

8 

Amplitude-Modulation Rejection AMR' 7 45 58 — dB 

IF-Amplifier Voltage Gain A(IF) 6 r = - 67 — dB 8 

Recovered AF Voltage: 

1. At FM-Detector Output 

00(a0 

ri 

4.5 MHz 

RL Y 50 kr2 
THD y 0.7% (typ.) — 250 — 

my 
funs) — 

2. Al AF-Driver Output 
in Test Setup 11 

RL = 322 C 
TAD < 5% 500 8 00 — 

mV 
(ms) — 

3. At AF-Driver Output in 
TV-Receiver Sound System 2A or 28 

' 
:25 kHz 

RL . 150 kn 
TAD = 1.5% (typ.) — 3 — 

v 

(rms) — 

Total Harmonic Distortion: 

1. In Test Setup 

TAD 

11 Vdaf) Y 500 mV (ras) — 1.5 5 % — 

2. In TV Receiver Sound System 2A or 28 Vow) Y 1.3 V (rms) — I — % — 

FM-Detector Output Resistance Ro(det) — — 10 — kn — 

AF-Driver Input Resistance RI(af) — f = — 100 — kn — 

AF-Driver Output Resistance Rdaf) — 1 kHz — 250 — f3 — 

AF-Driver Voltage Gain Aof 9 Rs= 50 0, C1 = 0 — 30 — dB 10 

BOONTON 
TTPE 207R 

oeiMUIN, 
BOONTON 
TYPE 202.1 
A1A-MA 

GENERATOR 
OR EQUIVALENT 

• TRW Electronics, Des Plaines, ILL., Part No.E0 23874 (or equivalent). 

'RAS-ART 

.8 3G] 

v,•I0 HV RITA 

•• 20 lop,s 
STATHAM2 

Fig.9 • Test setup for measurement of AF amplifier 
voltage gain. 

3 

amsecAr  TEMPERATURE Imiar, 

! I 1 

iiiíiiui 1 Ro•50 a 
Rc•50 0 
CI 0 

, 
I 

. CI50 F 

w 0 

Flee Ka 
Cr5OPF 

, 
l 

ROO KR 
C(10 

I 

Hhlluulul, lull 
10 10 /05 

FREQUENCY 111— kH 

Fig. 10 Typicol AF ornpl fier voltoge gain 
characteristics. 

PROCEDURES: 

Recovered AP Voltage: 

I. Set Input Signal Generator es follows: 

Output frequency = 9.5 MHz 

Modulating frequency = 1 kliz 

Deviation = T 25 kHz 

Output level for Vnn = 100 mV rma 

2. Set volume control for maximum uf output 

3. Measure of output voltage and record as Recovered 
AS' Voltage. 

Total Harmonic Distortion: 

I. edrer nsk, vrmolsume control for an uf output voltage of 

2. Measure Total Harmonic Distortion of the output 
signal in accordance with the Operating Instructions 
for the Distortion Analyzer. 

Input Lirroting Veltog• (Knee): 

1. Decrease V¡a urtil the of output voltage is 3 dB 
leas than the value set in Step I of the procedure for 
measurement of Total Harmonic Distortion 1500mV 
3 dB = 350 mVi 

2. Measure resulting value of Vie and record as Input 
Limiting Voltage (Knee/. 

Fig. II - Test setup for measurement of input limiting voltage (knee), 

recovered AF voltage, and total harmonic distortion. 
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CA3043 

Special-Function Sub-System 

HIGH-GAIN IF AMPLIFIER, 
LIMITER, FM DETECTOR, AND 
AF PREAMPLIFIER/DRIVER 
FEATURES 

• high sensitivity - - input limiting r•Itoge (knee) 

50 • V typ. •t 10.7 MHz 

• excellent AM rejection 58 dB typ. at 10.7 MHz 

• ink ••••• high stobility - - ' Ily shielded 

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.1), the CA3043 

contains a multistage if-amplifier/limiter section, an 
FM-detector stage, a Zener-diode regulated power-supply 

section, and an at-amplifier section. In FM receivers, 
the CA3043 can be used to provide if amplification and 

limiting. FM detection, and at preamplification. The 
CA3043 provides exceptional versatility of circuit design 
because the if-amplifier/limiter section. FM detector 
section, and at-preamplifier/driven section can be used 

independently of each other. 

The four stage emitter-follower-coupled if amplifier 

section provides 80-dB voltage gain at 10.7 MHz, and 

features an output stage with exceptionally good limiting 

characteristics 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 03, 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. 

ABSOLUTE-MAXIMUM RATINGS et TA a 25°C 

DISSIPATION: 

At TA = 25°C to TA 135°C  .450 raW 

Above TA a 155°C   Deride linearly 5 mW/°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 t 1/32 inch (1.59 ± 0.79 min) 

from case for 10 seconds max   + 265°C 

TEMPERATURE RANGE: 

Operating   -55°C to + 125°C 

  -65°C to f 150°C Storage 

• p SR 

Fig.2 • Schematic diagrom. 
S = Substrate Terminals No.3 and 10 which are connected to the substrate 
Terminal 50.3 wire-connected to the case. should be connected to the most negetive point in the circuit. 

Terminal No.I 0 conneered to the vase through the substrate Diodes 04 and D5, •or as capacitors and are used to balance 
the detector substrate cm...silences. 

For FM IF Amplifier Applications 
in Communications Receivers and 
High-Fidelity FM Receivers up to 20 MHz 

• internol Zener.diode regulated voltogs supply 

• low hormonic rodiation 

• wide frequency capability - <100 kHz to -20 MHs 

• loo harmonic distortion 

• hermetic 12-lead TO-5 style package 

Fig.1 . Typical application of the CA3043 as o high.goin 
amplifier-detector in on FM rec•iver. 

ELECTRICAL CHARACTERISTICS at TA -- 25°C 

CHARACTERISTICS SYMBOLS 

SPECIAL TEST 

CONDITIONS 

TEST CIR- 

CUIT AND 

PROCEDURE 

LIMITS 

UNITS TYPE CA3043 

Fig. Min. Typ. Max. 

STATIC CHARACTERISTICS 

Current Dtaln at 6V 

into Pin No.11 
III Vcc .- .6V 3 10 16 20 mA 

Regulator Voltage Pin No.II VII 

°CC r '3°51. 
R$ = 750 

3 6.9 7.4 8 V 

Total Device Dissipation 
PT 3 200 225 260 mW 

Quiescent Operating Current 

into Pin No.6 
16 3 • 0.65 - mA 

DYNAMIC CHARACTERISTICS 1 VCC " 030V. Rs = 750 1/, f ,- 10.7 MHz 

Voltage Gain 11,,, 4 72 80 - de 

Input Limiting Voltage (kneel 'Om) vg(afl at -3 dB point 6 
55 • (FOS) 

Limiting Current Item Pin No.6 16Clinn 4 • 0.42 - 
mA 

IRMS) 

Recovered AF Voltage .o1a„., 
v, = 1 mV (FINS> 
f (modulating) - I kHz 
Deviation . • 75 kHz 

6 
75 110 150 

mV 
aims) 

Amplitude-Modulation Rejection AMR 
v. c 10 mV 
I (modulating) = I kHz 
ce modulation - 50cv 

8 58 - dB 

Total Harmonic Distortion THD vi c 1 mV (RMS) 6 ce 

Input Impedance Components: 

Parallel Input Resistance R. • - 7 • k 1. 

Parallel Input Capacitance c, . . 5 • pF 

eiCS-MOS 

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 Regulotor voltage, devic• dissipation, quiescent 

operating current, and current ot 6 volts into Pin No. II. 
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CA3043 
MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed horizontally with respect to the terminals listed vertically. For example, the 
voltage range between horizontal terminal .5 and vertical terminal 3 is 46to 0 volts. 

TERM-
INAL 
No. 

I 2 3 4 5 6 7 e 9 10 11 12 

I •4 
.4 

0 
-5 

. . . . • • 
0 
-5 • Retell/ 

2 0 .. . . • . o 
.3 

. • 

3 6 
O 

6 
0 

415 
•2 

46 
0 

46 
0 

46 
0 0 Note(2) 3 

0 

4 2 . . • • 0 
.6 

. • 

5 . . . . 
-6 0 

6 . . . .2 
•15 

. . 

7 Modell) • 0 
.6 

. • 

8 . 0 
.6 

. 

9 0 
.6 

. . 

10 
Noir) 2) 

0 3 
0 

11 • 

12 

Note I: There terminals should be connected through a de 
reantance to any terminal which doer not exceed 
100 ohms. 

Note 2: Pin II may be connected to any positive voltage 
source through a suitable resistor prowided its cur-
rent rating is not exceeded. 

DISTORT. 
lennefflARD 

T•BE 22011 
Olt EQUIVALENT 

92C2-13.04 

PROCEDURE: 

I. Recovered Audio Voltage vow) - 

Set input frequency to 10.7 MHz. 

I mV(RMS), modulating frequency = 1 lele 

Deviation = 275 kHz 

Record vo •s measured on the Distortion Analyzer meter 

This is the recovered Audio Voltage vow) 

2. 3 dB Limiting Sensitivity v,(1,,,) - 

Reduce vi until vo(on drops 348. 

Record this v•lue of v, as v,() ))))) 

3. Total H•rrnonic Distortion THD - 

Resme.tnvItoc,u1,mnR1din.S,LacnitmerruatemeDaissu,toertiiiiipAnalyzer per 

• See Fig.9 for details on Discriminator Transformer. 

Fig.6 • 'nowt limiting voltage (knee), recovered AF 
voltage, and total harmonic distortion test circuit. 

MAXIMUM 
CURRENT RATINGS 

TERM-
INAL 
No. 

'IN 
rnA 

'OUT 
mA 

2 

3 0.1 40 

20 

6 

7 

9 20 

10 0.1 10 

11 40 0.1 

12 

• Voltage. are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the epecified limits between all other terminals are not 
exceeded. 

200 Vcc • • 30 V 
Ri.• no 
7.•25•C 

FREQUENCY -NM 
AIM .5 la 

Fig.7 - Input limiting voltage (knee) at -3dB point 
vs frequency. 

62p 62./F 

Coil Form, Outside Diameter = 7/32" 

Can = 1/2" square X 1-1/8" long 

Slugs - Radio Industries Type MP34/MP100 Material 

L3 = 20 Turns 5-04 lite wire universal wound 

L2 10 Turns 5-44 lite wire wound bifilar with 1. 1 

1-1 .8). 1g3cc.0,7 1,i4i:je:do.ipuesrt.edejoinS2ct ckuHizt Ler,:k.ntoirr:e4rparation 

Fig.9 10.7-MHz discriminator transformer for CA3043. 

•0.aB Heeni.e. 
ElhavALENT 

Vi Mere 
VICAMSEI 

OR EQuIvAT 

;We 

(Oa rEnr_E2rLI 

30 ma: TS0 11 

•uNED 
LC NETV•016•• 2 

RF Viva. 

'Mre 
,.0..1FOU.vaLENT 

- - 

• 20v 

Voltage Gain = 20 Ingin 100 2'.= 
v, 

Co Bypass Copac.tor. 0.1 eiF electrolytic in parallel with 0.014, 

16(lin) v. = 100 mV(RMS) 
2K0 

"Output circuit should be completely shielded from the input 
circuit at the socket. 

- Voltage gain test circuit. 

I so 

; 70 

Vc, • SO V 
• 150 a 
la • 25•C  

01 0, • II 2 
10 loo 

FREQUENCY 10-Uns 
.20.-.1012 

Fig-5 • Voltage gain us frequency. 

I,ou 73012 
FREQUENCY 
COUNTER 1-

urevvr_is 
BOONTON 
TYPE 207E 

OR EQuiyALENT 

BENIJAW 
BOONTON 
tren 20211 

0/1 EQUIVALENT 

Of 

005,. 

MD 

9,C5 

•VE 
L' VAC«AND 
T 202A 

On vAL 

PROCEDURE: 

A. Connect FM Generator to CA3043 input. 

Set frequency to 10.7 MHz. v) = 10 mU, modulating frequen-
cy 1 kHz 

Deviation = t75 kHz. 

Tune Wave Analyzer to peak reading at 1 kHz and record 
recovered Audio Volt•ge vowpm. 

B. Disconnect FM Generator and Connect AM. Generator to 
CA3043 input. 

Set frequency to 10.7 MHz. v) = 10 mV. modulating FraQuen-
cy = I kn.. percent modulation = 50%. 
Tune Wave Analyzer to peak reading and record recovered 
audio voltage vo(oomf 

Amplitude Modulation Reiection Ratio = 20 login '°(°°FM  

vo(af)Ald 

Fig.8 - Amplitude modulation rejection test circuit. 
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CA3044, CA3044V1 

Special-Function Sub-System 

WIDE-BAND AMPLIFIER/PHASE DETECTOR 

WITH ZENER DIODE VOLTAGE REGULATOR 

For AFC (Automatic 
Frequency Control) Applications 

The RCA CA3044 and CA3044VI represent a second 

generation of integrated circuits designed primarily for 
AFC (Automatic•Frequency-Control) applications. 

The CA3044VI is electrically identical to the CA3044 but 

is supplied with formed leads for easier PC board design 
and construction. 

ABSOLUTE-MAXIMUM RATINGS 

FEATURES 

• Primarily intended for AFC (automatic frequency 
control) Applications 

• Internal Z•ner Diod• Voltage Regulator 

• Differentiol Input Amplifier ,Limiter 

• Full-Wave Diode Bridge Detector 

• Differential Output Voltage Amplifier 

• Available in Two Electrically Identical Versions 
of the 10.1eed TO-5 style package, 

CA3044 With Straight Leads; 

CA3044VI With Formed Leads 

• Wide Operating Temperoture Ronge. .55 to 125°C 

DISSIPATION: 

At TA • 25°C   830 mW 

Above TA • 2.5°C Derate linearly 5.6 mW/°C 

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 ± 0.79mm) 

' from case for 10 seconds max  o .1' 65C 

MAXIMUM VOLTAGE RATINGS at TA 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 between vertical terminal 2 and horizontal terminal 6 is +20 to 0 volts. 

TERM. 
INAL 
No. 

9 10 I 1 3 4 5 6 7 8 

9 NO INTERNAL CONNECTION 

10 
.20 
0 

.20 
-10 

.20 
0 

.20 
0 

.20 
0 

020 
0 

120 
0 

• 

1 
. .12 

.12 
. • of 

-6 
. .6 

0 

2 • • . •20 
o 

. .20  0 

3 • • . •6 
-6 

. •6 
0 

4 • • . 12 

5 
. •12 

0 

6 
.5 
-5 

.5 
0 

7 
.8 
-5 

8 

REF. 
SUB-

STRATE 

MAXIMUM 

CURRENT RATINGS 

TERM-
INAL 
No. 

NN 
mA 

OUT 
not 

9 

10 50 50 

5 

2 20 20 

3 

4 5 

7 

8 50 50 

A Terminal No. 10 may be connected to any positive voltage Voltogee ore not normollY .iPPI mil between these terminal, 
source through • suitable dropping resistor—provided the Voltages appearing between these terminals will be safe if 
diesipation rating is not exceeded. t he specified limits between till other terminals itre not 

exceeded. 

COORECTON-COORRIX 
VOLTOO.2 

ode, • Rm. MUM. 

Fig. I • Block diagrorn of Typical Automatic Fine Tuning 

(AFT) Application using CA3044 or CA3044VI in 
Color-TV Receiver. 

Fig.2 - Schematic diagram CA3044, CA3044V1 

Fig.3 - Test setup: Measurement of total device dissi-

pation. Zone, regulating voltage, quiescent operating 

current (terminal 2)-

001•F 

0 OM 

1,11 
0 v 

I., TRIO PART Me niSI 
OR EOUIVAL.1 

Fig.4 - Input limiting sensitivity test circuit. 
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CA3044, CA3044V1 
ELECTRICAL CHARACTERISTICS at TA n 25°C, Bela" Otherni•• Specified 

CHARACTERISTICS SYMBOLS 
TEST 

CIRCUITS 
TEST 

CONDITIONS 

LIMITS 

CA3044 and CA3044VI UNITS 

CHARAC. 
TERISTIC 
CURVES 

FIG. MIN. TOP. MAX. FIG. 

STATIC CHARACTERISTICS 

VCC ' 3° V 
Device DissIpation PT 3 Rs = 1.5 k13 90 120 150 mW 

TA = .55°C 

VCC - 3° V 
Device DissIpatIon PT 3 Rs = 1.5 Ir1-1 110 140 170 mW 

TA = 25°C 

Vcc = 30 V 
Device Dissipation PT 3 Rs = 1.5 IrE3 130 160 190 mW 

TA = .125°C 

9.Volt Current Drain 
IT 3 V10 - 9 V 2.5 4 5.5 mA 

Zener Regulating Voltage - 
VIO 3 10.5 11.2 11.9 V 

DC Supply Voltage at Terminal 10 

Quiescent Operating Current into 

I Terminal 2 12 3 
I 2 4 mA • 

Quiescent Operating Voltage al Vg VCC - 3° V 5.0 AS 8.0 V • 
Terminal 4 Rs = 1.5 kt-) 

Quiescent Operahng Voltage at 
Terminal 5 

Vs 5.0 U.S 8.0 V  

Output Offset Voltage between 
Terminals 4 and 5 V4-5 -13 O 13 V • 

DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER) 

Input Limiting Voltage (Knee) Vi 4 7=45.75 urjo 75 mV ' 
Limiting 

Input Admittance VII 0.5.11.1 mmho 

Reverse Transfer Admittance VI2 
I 45.75 MME 

3.8.13.4 »rnho 
Vcc • 30 v 

Rs . 1.5 irn 
Forward Transfer Admittance Y21 -11.7 .10.1 mmho 

Output Admittance Y22 0.07710.9 mmho 

OUTPUT vs FREQUENCY DEVIATION - AFC 

Vcc - •30 V 
Vin - 200 mV RMS % of % of 
fo - MHz as Vio V10 

indicated 

Voltage at V 45.750 . 0.025 85 V 
6,2Correction-Contiol 

45.750 • 0.025 33 V Terminal 4 COO. 5 
141 45.750 • 0.900 75 V 

45.750 • 0.900 43 V 
7 

45.750.1.500 85 V 

45.750 • 1.500 33 V 

45.750 - 0.025 33 V 

45.750 • 0.025 85 • V 
6,7 

CotrectIon.Contiol Voltage al 
V 

CO(1. 
45.750. 0.900 43 V 

45.750 . 0.900 76 V Terminal 5 (5 7 
45.750. 1.500 33 V 

45.750 • 1.500 - 85 V 

-•.-...±::: ...:1-H: 5.-

F-1 • . . • nd 
With- l r,741,2r:.€ 5 

— — 
•   . . 

, •o.an-' . 

: .. •,,,, I g 
. • i. 

0  Eff. { 
-0030 -0020 -0010 05750 OW 0020 0030 

Sleu 01(OULSCr DEvi•T ON —Sol 
exc S • .S23. 

Fig.6 - Typical narrow-band dynamic control voltage 

characteristics. 

12 
 : 

VcVA°Ados v; 
corona. VOLT OE ...... 

Val 

at? ,t.t" 

-IS - -OS 45 730 Os r IS 
INPUT reLOUENCY DEVIATION —101r 

SI2CS ,5219 

Fig.? - Typical wide-band dynamic control voltage 
characteristics. 

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-

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 Terminal 5 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. 

" Juied-eiavenrm r gn.r 
the Vent x• .117. 

Oe Ethlo.:.Ext 

9,C5 ItS35 

Fig.5- Correction voltage test circuit for 

CA3044 and CA30dIVI. 

DEFINITIONS OF TERMS 

Input Limiting Voltage (Knee) [n(lim)] 
The input signal voltage which will cause the output •ignal to 
decrease 3 dB from it. maximum level. 

Total D•vic• Dissipation (PT) 

The total power drain of the device with no •ignel applied end 
no eatern•I load current. 

Qui  Operating Voltage 

The dc volt•ge at the output terminal, with re•pect to ground, 
with no signal applied. 

Oui  Operating Currant 

The ancrage (dc) value of the current in either output. terminal, 
with no signal applied. 

Output Offset Voltag• 

The dc voltage between output terminals with no aignal applied. 

Control Voltage 

The dc voltage at either output terminal with respect to ground 
with an RF signal of specified frequency applied. 
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a) Top view 

CA3044, CA3044V1 

b) Bottom view 

Fig.8 - Printed Circuit Board for Test Circuit --
Full Size 

Fig.9 - Top view of wired test board. 
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CA3052 
Four Independent AC Amplifiers 
Special-Function Sub-System for Stereo Preamplifiers, 

Magnetic Pickups, Tape Heads, etc. 

FEATURES 

• Four AC amplifiers on a common substrate 
• Independently accessible inputs and outputs 
• Operates from single-ended supply 

EACH AMPLIFIER 

• High voltage gain . . . . 
• High input resistance . . 
• Undistorted output voltage 
• Output Impedance . . . 
• Open-loop bandwidth . . 

53 dB min. 
90 k 2 typ. 
2 V rms min. 
1 k S2 typ. 
300 kHz typ. 

The RCA-CA3052 is a silicon monolithic 

integrated circuit designed specifically for 

stereo preamplifier service. The circuit con-

sists of four independent ac amplifiers which 

can operate from a single-ended supply. 

The CA3052 can operate as an equalizer 

amplifier in tape recorders, magnetic car-

tridge phonograph applications, and tone 

control amplifiers. It 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. 

RCA-CA3052 is schematically identical with 

the CA3048 Amplifier Array (File No. 3771. 

Each amplifier of the CA3048 is tightly 

specified for equivalent output noise under 

a variety of test methods. The CA3052 is 

specified using R IAA test methods for equiv-

alent input noise using one test method for 

amplifiers 1 and 4, and an appropriately 

different method for amplifiers 2 and 3. 

Fig. 1 — Block diagram of stereo preamplifier 

using CA3052. 

APPLICATIONS 

•I Full-function stereo preamplifiers 
•,Tape recorder and playback preamplifiers 
ulTone Generators 

ABSOLUTE-MAXIMUM RATING at TA = 25°C: 

POWER SUPPLY VOLTAGE 

AC INPUT VOLTAGE   

DISSIPATION: 

Up to TA = 55°C   

Above TA = 55°C 

+16 V 

0.5 V rms 

750 mW 

  Derate linearly at 7.7 mWPC 

TEMPERATURE RANGE: 

Operating 

Storage 

 -40°C to +85°C 

  65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ±1/32 inch 11.59 hD.79 mml 

from case for 10 seconds max.   +265°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 horizont ally. For example, the 

voltage range between vertical terminal 2 and horizontal term tal 4 is +2 to -3.6 volts. 

TERM-
INAL 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 • 16 
0 • • • • • • • • • • 0 

-16 • 

2 . .2 
-3.6 

n 
" 

- . +2 
-3.6 

.2 
-3.6 

„ „ .16 
0 

.2 
-3.6 

. .16 
0 

0 
-16 

3 *5 

4 .3.6 
-2 • • • •  • • . . . . 

5 0 
-16 

. .2 
-3.6 

.2 
-3.6 

. 0 
-16 

.16 
0 

• 2 
-3.6 

. • 16 
0 

. 

6 • . . 0 
-16 

. . . 

7 • 5 
-5 

. • . . 

8 • . . • . . 

9 •5 
-5 

. . • • • • 

,0 b • • • • • 
,1 ,.._, • • . • 
12 o 

-16 
. 

• 

13 •5 
-5 • • 

14 
.,--, 

• 

15 

.—., 

• 16 
0 

16 
..—, 

• Volt gen are not normal y applied be meen these ermines. 
Volt ges appearing between these terra nuts will be ale f the 
specified limits between all other terminals are not exceeded. 
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CA3052 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 
LIMITS 
CA3052 UNITS 

MIN. TYP. MAX. 

STATIC 

Current drain per amplifier pair 112 or 115 Vcc = + 12 V 9.5 13.5 17.5 mA 

DC Voltage 
at Output Terminals 

VI, V6, 

VII, V16 
VCC = +12 V 6.1 6.9 8.1 V 

DC Voltage 
at Feedback Terminals 

V3. V], 
V10, V14 

VCC = +12 V 1.7 2.0 2.3 v 

DC Voltage 
at Input Terminals 

V4, V8. 
V9, VI3 

VCC = +12V 2.2 2.5 2.8 v 

DYNAMIC each amplifier with no AC feedback unless otherwise noted—terminals 3„ 10, R. 14 bypassed to ground 

Open-Loop Gain 
AOL 

VCC = +12 V 
EIN = 2 mV 

f = 10 kHz 
53 58 — dB 

Open-Loop 
Output Voltage Swing 

Vo(rms) 
Vcc = +12 V 
f = 1 kHz 

THD = 5% 
2.0 2.4 — v 

Open-Loop -3 dB Bandwidth BI.V 
Vc c = +12 V 
E IN = 2 mV 

— 300 — kHz 

Open-Loop 
Total Harmonic Distortion 

THD VCC = +12 V, f = 1 kHz 
EOUT = 2 V rms 

— 0.65 — % 

Input Resistance RI V = +12 V, f = 1 kHz CC 
_ 90 _ k f) 

Input Capacitance CI V = +12 V, f = 1MHz CC 
_ 9 — pF 

Output Resistance R0 VCC = +12 V, f = 1 kHz — 1 — 1(0 

Feedback Capacitance 
(Output to non- 
inverting Input) 

CFB 
VCC = +12 V 

f = IMHz — <0.1 — pF 

Equivalent Input 
Noise Voltage 
(Amplifiers 1 8. 4), 
"C" Filter at Output" 

ENI) 

VCC = +10V 
Rs = 5 k I-2 
A = 45 dB 

— 1.7 6.4 /_i. V 

Equivalent Input 
Noise Voltage 
(Amplifiers 2 & 3) 
RIM Compensated 

EN2 

VCC = +10 V 
RS = 5 k 0 

A = 64 dB (1 kHz) 
— 4 15.0 p. V 

Inter-Amplifier Audio 
Separation "Cross Talk" 

VCC = +12V 
f = 1 kHz 

0 dB = 0.78V 
— <-45 — dB 

Inter-Amplifier Capacitance 
(Any amplifier output to 
any other amplifier input) 

C 
VCC = +12 V 
f = 1MHz — < 0.02 — pF 

Per IHF Standard Methods of Measurement for Audio Amplifiers IHF—A-201, 1966 

O ac feedback included in test circuit 
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CA3052 

Fig. 2 — Schematic diagram for 0.4 3052. 

}SS •.0 

Fig. 4 — Typical DC supply current vs supply 
voltage. 
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Fig. 7 — Typical amplifier gain vs DC supp y 
voltage. 
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' 
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• 
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A 

*I 
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•-•-A-A 

.-.-•• 

¡-t•-• 

t 

X ' • 

50 00 .0 

SPIEL AèPERATU. 11.1.-5C 
1.11•15•150 

Fig. 5 — Typical DC supply current es ambient 

temperature. 

" 
-elo 

î 
be 

CCSLÉ I. SU PLY VOLltIV,,, • • 15 

RIO INPUT SIGIAL PILLIVOLTSIEol • I 

OPERA PREOUOICEIO • 

SO S 100 

Fig. 8 — Typical open-loop gain vs ambient 

temperature. 

.0.CT 50 APPROPRIATE CPR.. PORE. P.10.45. 

Fig. 3 — Test circuit for measurement of collector 

supply voltage and currents. 

• 44 wto •••, 

• Sig Gen should be a low distortion type (0.244 THO ot less, 
41P2064 a equivalent. 

• 044.5.19M Of E. to 2 volts .11 wake Es - 2/50. 
Test Cumin shows Amplitwo el under lest, to test Amplifies 2, 3, 

in 4. C.010ct terminals as strewn in Table. 

 44 wto •••, 

• Sig Gen should be a low distortion type (0.244 THO ot less, 
41P2064 a equivalent. 

• 044.5.19M Of E. to 2 volts .11 wake Es - 2/50. 
Test Cumin shows Amplitwo el under lest, to test Amplifies 2, 3, 

in 4. C.010ct terminals as strewn in Table. 

TERMINALS 
AMPLIFIER 

OUTPUT INPUT BYPASS 

1 1 4 



CA3052 
COLLECTOR SuPPLY 70,1 • • ,7 • 
I•15 OuTPut NOLT5 LAI 

OPERATING 71.01JENCE Ill • 

....... 
::  

0 35 50 75 100 
ANIIIENT TEN.R.o. 1TAI 

-71.7 

Fig. 10 — Typical total harmonic distortion vs 
ambient temperature. 

•Resistors are low noise precision 11%1 Metal Film fi, 

Fig. 13 —Test circuit for equivalent input noise 
voltage measurement. RIAA 
compensated. 

•V.T.V.M. • Hewlett•Packard Model 400D or erturvalent. 

Proredurs, 
I. Adjust Signal Generator for 0 dB output at reference termmal. 

2. Read voltage at other output terminals (Figure shows terminal 21 

used as reference,. 

Fig. 14 — Test circuit for measurement of inter-
amplifier audio separation "cross talk" 
characteristic. 

• Wt 
•Resistors are low noise precision.11%) Metal Film type. 

Resistor values ese in ohms: capacitance values are 
an microferads. unleve otherwise specified. 

Fig. 11 —Test circuit for measurement of equivalent 
input noise voltage of amplifiers 1 and 4. 

OPERATING CONSIDERATIONS 

Economical Gain Control 

The CA3052 is designed to permit flexibility 

in the methods by which amplifier gain can 

be controlled. Fig. 15 shows a curve of the 

gain of an amplifier when the internal re-
sistive feedback of the device is used in con-
junction with an external resistor. Although 

measured gain of various amplifiers will not 

COLLECTOR SUPPLY VOLTE1Pcc) • • 02 
or R• INC REOUENC 10 • INIT 
meager rEsPERATuREITrà • WC 

20 

10 100 1000 10,000 100,000 

RESISTAKE IN FEEDBACK CIRCulelltrip - ONUS 

52C5•154.11 

Fig. 12— Typical amplifier gain vs feedback 
resistance. 

be uniform, because of tolerances of internal 

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 at-
tention to circuit layout, design, and con-

struction to achieve stability. 

Should the CA3052 be left unterminated, 
socket capacitance alone will provide suffi-

cient feedback to cause high frequency oscil-
lations; therefore, all test circuits in this data 

bulletin include loading networks that pro-

vide stability under all conditions. 

•Wc1 14 VOLTS I 

fly • S0.000 OHMS 
TAPPED AT 
12,000 OHMS 

Performance Data 

Gain at 1-kHz reference 
Boost at 100 Hz 
Boost at 10 kHz 
Cut at 100 Hz 
Cut at 10 kHz 

Noise: 
At maximum volume (input shorted) 
At minimum volume 

Total harmonic distortion (at 1-kHz reference 
and an output of 1 volt) ' 0.3 per cent 

OUTPUT 
TO POWER 
AMPLIFIER 

47 dB 
11.5 dB 
11.5 dB 
10 dB 
9 dB 

70 dB below 1 volt 
' 80 dB below 1 volt 

92GM -29305 

Fig. 15 — Schematic of one channel of a complete 
stereo preamplifier. 

330  



CA3064, CA3064E 
TV Automatic Fine Tuning Circuit 

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 10-formed-lead TO-5 style pack-
age, and the CA3064E in the 14-lead duatin.line plastic 
package. Both types operate over the temperature range of 
-55 to i-125°C. 

The CA3064 and CA3064E are functionally similar to the 
CA3044 and CA3044V1 but embody a higher-gain input 
amplifier which provides a 20.d8 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 CA3044V1, refer to Applicaton Note 
ICAN-5831, "Application of the RCA CA3044 and CA3044V1 
Integrated Circuits in Automatic Fine-Tuning Systems" for 
general application information. 

Features.-

• Cascode type hit-gain amplifier (18 mV input for rated output) 
• Internal voltage regulator 
• Differential detector 

• For use with either GOOCH or monochrome 

• Differential amplifier 

• Bipolar outputs 
• Wide operating-tamper eeeee range; -55 to .125°C 

MAXIMUM RATINGS, Absolute-Maximum Valuer 

DEVICE DISSIPATION: 
Up to TA 25°C   702 rnW 
Abone Tq 25°C  derma lin“rlv 5.6 nalIIPC 

AMBIENT TEMPERATURE RANGE: 
Operating   -55 to .1125°C 
Storage   -65 to .15CPC 

LEAD TEMPERATURE (During Soldering/ 
At distance 1 /16- ± 1/32" 
11.59 narn ± 0.79 own/ 
from case for 10 s max  

141 CA3064 led CA3064E 

Fii62 - Famine automat', &warm 

noon 

TOMINal M4.81.013 
nno ...T.ESES MIL roe 

e -at ZucVE' 

265°C 

Fig. 3 — Test setup: Measurement of total device 

dissipation, zener regulating voltage, 

quiescent operating current at 

terminal 2 (3). 

.0. 

41 

, 
.3064C I 

I'SEE no -5tio FOR colt PAU 
T.1.11.1. «wools is reiterant.. aid 

PLAST.0 

,140111 
Fig. I - Block diaeiern el typice operating circuit waiting the CA 2664 end CA3064E. 

ELECTRICAL CHARACTERISTICS et TA = 25°C, Unless Otherwise Specified 

CHARACTERISTICS SYMBOLS 

TEST 

CIRCUITS CONTOEISTTIONS 

LIMITS 
CA3064. CA3064E UNITS 

CHARAC• 
TCEURRISJEISC 

FIG. MIN. TYP. MAX. FIG. 

STATIC CHARACTERISTICS 

Device Dissipation PD 3 

,,,,• - 
30V 

Rs . 

1.5k0 

TA 

. 
135 150 

mW 

-25°C 

• 25°C 130 140 150 

•85°C • 145 150 • 

Current Drain at 10.5 Volts Fr 3 V10111 '10.5 v 4 6.5 9.5 mA 
Zenet Regulated Voltage - DC 
Sdpply Voltage at terminal 10111' VI°111 3 

V• • 30 
Rs .1.5 

I 
V 
le 

I 

10.9 11.8 12.8 V 

Quiescent Operating Current into 
Terminal 213) 12(3) 3 I 7 4 mA . 

Quiescent Operating Voltage at 
Terminal 415) V4(51 5 6D 8 V • 

Quiescent Operating Voltage at 
Terminal 518) K518) 5 6.9 8 V • 

Output Offset Voltage between 
Terminals 4 end 5(5 and 81 

V4.5 
15-81 

. .1 o I v • 

DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER IN 70-5 STYLE PACKAGE) 

Input Voltage Sensitivity sensrti vity s V* . 30 V 
Vi • 18 mV 

Coffee ion Voltage Output 
as shown in table below. 

Input Admittance Pli 
I Y 45.75 MHz 
V• • 30 V 
es - 1.5 1,51 

- 0.41. 11.0 • PINho 

Reverse Truster Admittance Y12 • 0.0.4 • ',mho 

Forward Transfer Admittance Y21 . ' • 74.5 • j29 • inmno 

Output Admittance _ Y22 • 0.014 )0.9 • mono 

OUTPUT vs FREQUENCY DEVIATION - AFC 

Correction-Control Voltage at 
Terminal 4151 

v 
.II. 

4151 

5 

V. Y .30 V 
VI .18 mil RAU 
I. • MHzas 

indicated 

%of 
VIO 
(11 

%of 
V10 
111 

45.750 • 0.030 85 • v 
6,7 

45.750 • 0.030 25 v 

45.750 - 0.900 80 V 

7 
45.750 • 0.900 • • 35 V 

45.750 - 1.500 • 80 v 

45.750 y 1.500 35 • v 

Correction-Control Voltage at 
Terminal 518) 

V 
COI, 
5(81 5 

45.750- 0.030 • • 25 v 
6,7 

45.750 • 0.030 85 • v 

45.750 - 0.900 • 35 V 

7 
45.750 • 0.900 80 • V 

45.750 • 1.500 35 • • V 

45.750 • 1.503 - 80 V 

• Terminal numbers in parentheses a e for 14-lead dual-in-line plastic package. 
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CA3064, CA3064E 
MAXIMUM VOLTAGE RATINGS at TA 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 
between vertical terminal 2 (3) and horizontal terminal 6 19) is +20 to 0 volts. Terminal 
nos, in parentheses are for the 14-lead dual-in-line plastic package. 

TERM- 
INAL 
No 

916,7, 
1071, 
131 

,,,,, 

111 

r 

121 
2 
13 

3 
14) 

4 
151 

5 
lOI 

6 
191 1121 

e 
1141 

916.7.• 
ID11, 
13/ lx. NO INTERNAL CONNECTION 

10 +12 .10 +12 012 12 viO +20 
II/ 0 -10 0 O O 0 0 

10 • 5 •  
121 - 10 

2 • 
• 0 

.2 +20 
131 

3 • •5 
14/ - 6 

4 
151 

•12 

5 
18) 

• • 12 

6 5 +2 
19/ 2 0 

7 
112/ +2 

• 10 

8 
REF SUB 
STRATE 

1141 & CASE• 

• Terminal number 10 111 may be connected to ano Positive voltage 
source greater than the internal me, regulating voltage through 

suitable dropping resistor—provided the dissipation rating is not 

exceeded. 

• This terminal should be connected to the most negative potential or 

the complete circuit. 

ALL RESISTANCE VALUES ARE IN CI,L 

TErteAL NUMBERS N PAREN-
TNESES ARE FOR •-LE•O I  
OU•L -te-LINE PLASTIC PACK - "LaW---- - 
AGE 'Se 

MAXIMUM 
CURRENT RATINGS 

TERM-
INAL 
No 

'OUT 
nA 

916.7, 
10,11. 
13) 

10 

111 
50 50 

1;1 0.1 

131 20 20 

1431 0.1 

053) 

6 
191 

1172/ 

8 
1141 

50 50 

Voltages are not nornwilv applied between these errninels. Voltages 

appearing between these terminals will be tee if the spaciried imita 

between all other terminals are not exceeded. 

é ir is recommended that unused terminals 6.7.10.11. and 13 on the 

14.1ead dual.in+ineplastic package and terminal 9 on the TO-5 

package be grounded to act as shields. 

Fig. 4 — Schematic diagram lor CA3064 and CA.7060E. 

CONTROL vOLTALE OUtAut 
ALL RESISTORS ARE OA TOLERANCE Astute is ern 
TERMINAL NuNSERe s PARENTNESFS ARE FOR HI -LEAD 
DUAL-IN-0e PLASTIC PACKAGE 

L, It ALIGNED Fe MeeldoCAL Iteelem 
EBNER SOS oF FS ?So AIN 

lfrelmet Mee «me OA L COIL FORA 
L'is Amami). Mo tidateurrist. Wee 
«Tee 'MORALS d NM, AT I.• N. MO M. 

(011,11.1.111.1,0“ DM, If. NI, 

REFERENCE VOLTAGE PERCENTAGES 

Ref. A 85% of VIOIN 

Ref. B 25% 01 V10111 

ReJ. O BON of V1011/ 

Ref. D 35% 6i V1011) 

ILI. L2I . 

L3   

RCA Distributor Pert No. 

122.213 

122 203 

Eig.5 (a) — Correction voltage test circuit  fo, CA 3364 and CA 3064E. 

COIL DATA FOR DISCRIMINATOR WINDINGS 

— Discriminator Primary: 3-1/6 turns; #20 Enamel-cov-

ered wire — close-wound, at bottom of coil form. Inductance 

of 11 = 0.165 pH; 0o = 120 at fo = 45.75 MHz. 
Start winding at terminal #6: finish at Terminal #1. See Notes 

below. 

L2 — Tertiary Windings: 2-1/6 turns; #20 Enamel-covered 
wire — close wound over bottom end of L1. Start winding at 

Terminal #3; finish at Terminal #4. See Notes below. 

L3 — Disuiminator Secondary: 3.1/2 turns; center-tapped, 

space wound at bottom of coil form. 
Inductance of L3 = 0.180 pH: Op = 150 at fo 45.75 MHz. 

Start winding at Terminal #2; finish at Terminal #5; connect 

center tap to Terminal #7. See Notes below. 

Notes: 1. Coil Forms; Cylindrical: -0.3e Dia. max. 
2. Tuning Core: 0.2scr Dia. o 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. 

Fig5 (DI Coil form base terminal diagram. 
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CA3065 

IF AMPLIFIER- LIMITER, FM DETECTOR, ELECTRONIC 
ATTENUATOR, AUDIO DRIVER 

For Television Sound- System Applications 
The RCA CA3065 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 ups power transistor or high-transconductance 

tube. Because the circuit is so inclusive, a minimum 
nuinber of external components is required. A block 

diagram of the integrated circuit television sound sys-

tem is shown in Fig. 1. 
The CA3065 with its advanced circuit design 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 

MAXIMUM RATINGS, Abse/ote Maximum Values, at TA = 25°C 

Input Signal Voltage (between Terminals 1 and 2)   
Power Supply Current (Terminal 5)   

Power Dissipation: 

Up to TA . 25°C   850 mW 

Above TA . 25°C  Berate linearly 6.67 mW,°C 

Ambient Temperature Range: 

Operating   

Storage   

Lead Temperature (During Soldering): 

Al distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max.   +265 

MAXIMUM VOLTAGE RATINGS at TA = 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 ho iwntally. For example. the 

voltage range of the vertical terminal 9 with respect to terminal 3 is 0 to 4 volts. 

TERM-
INAL 
No. 

4 5 6 7 8 9 10 II 12 13 14 I 2 3 

4 SUBSTRATE CONNECTION - ALWAYS CONNECT TO TERMINAL 3 

s 
.13 
o 

.13 
o 

..13 
o • • 

I
N
T
E
R
N
A
L
 C
O
N
N
E
C
T
I
O
N
 

0
0
 N
O
T
 U
S
E
 

 .13 
o 

.13 
o • • • 

NOTE 
I 

6 • • • • • • • • • 
.13 
-s 

7 .1 .1.3 
o 

8 

9 .4 o 

10 
• 4 

- S 

1 1  
INTERNAL CONNECTION 

CIO NOT USE 

12 .4 . . . . 

13 • • • • 

14 . . .3 
-5 

I •5 
-5 

•S 
-5 

2 •4 
-5 

3 

Note I: Taman I No. 5 may be connected to any positive 
voltage threat a suitable resistor pr vided hat 
the Sc, ent red disalp lion ratings of the CA 065 
me not exceeded. 

performs the conventional volume control function. Vol-
ume control is accomplished when the bias levels in the 
attenuator are changed by means of a variable resistor 

connected between Terminal 6 and ground (attenuation in 

excess of 60 dB is attained). Because no audio signal 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 control). 
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. 

33 
50 

- 40 to 85 

- 65 to • 150 

V 

mA 

oc 
OC 

Oc 

FEATURES: 

• Electronic oft 0000000 • reploc•s conventionol 
volume control 

• Differenriol peak detector-requires one single 
tuned coil 

• Interne' Zener diode reguloted supply 
• Inherent high stability 

• Excellent AM rejection-50 dB typ. at 4.5MH: 

• Love harmonic distortion 
o High sen sitivity .200 µV limiting (knee) at 4.5MH: 

• Audio drive capobi)ity -6 noes p-p 

• Undistorted audio output voltage • 7 V p•p 

Fig. I. Block diagram of CA3065 in o typical circuit application. 

*Voltages are not normally applied between these terminals. 
Voltages appearIng between these terminals will be safe if 
specified limits between all other terminals ate not exceeded. 

ISO 

MAXIMUM 

CURRENT RATINGS 

TERM-
INAL 
No. 

1IN 
mA 

'OUT 
.A 

4 
SUBSTRATE: 
CONNECT TO 
TERMINAL 3 

50 

6 

7 

B 0.5 6 

9 

10 0.1 

INT. CONN. 

00 NOT USE 

12 0.5 6 

13 2 

la 0.1 

0.1 

2 0.1 

3 0.1 50 
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CA3065 

Rle 

100 

(2 

let 

• 

03 

Rfe 
310 

" 

103 
Oe 

Fig. 2. Schematic diagram of CA3065 

ELECTRICAL CHARACTERISTICS at TA 2.5° C, Vcc w +140 V applied ta Terminal 5 through 
Rs w 3.9 AD, and DC Vo/urn• Centro/ (Rx) 0 0 unless otherrois• indicated. 

 8 

12(1115.121 

CHARACTERISTIC SYMBOL SPECIAL TEST CONDITIONS 
LIMITS 

UNITS 
Min. TYP. Mae. 

Static Characteristics 

Zener Regulating Voltage 
Terminal No. 5 

V5 10.3 11.2 12.1 V 

Current into Terminal 5 15 Connect Terminal 5 to .9 y 10 16 24 mA 

Total Device Dissipation PT 343 370 400 mw 

Terminal Voltages: I 

6 
7 

9 

12 

1/1 

V6 

V7 

V9 

VI? 

- 

- 

4 

2 

4.8 

6.1 

3.7 

5.1 

- 

5.8 

V 

Dynamic Characteristics 

IF AMPLIFIER 

V1 lo, 

lo 4.5 MHz. in, - 400 Hz, 
Deviation - • 25 kHZ. MO 400 V Input LImIting Voltage 

iat -3 dB Point) 

AM Rejection AMR Amplitude Modulation 30°, 
I • 4.5 MHz 

40 50 dB 

Transccnductance 

Magnitude 
1God,IF, 

I - 4.5 61Hz 

IF Input Terminals: 2.1 
IF Output Terminals: 9.3 

500 moo 

Phase Angle ••11F, - 46 degrees 

Feedback Capacitance Clb I 1MHz. Terminals 2 and 9 • 0.02 pF 

Input Impedance Components: 
Ft,rIF) 

Measured between 

Terminal Nos. 1 and 2 

I , 4.5 MHz 

17 k (1 
Parallel Input Resistance 

Parallel Input Capacitance Coln 4 pr 

Output Impedance Components , 

Parallel Output Resistance 
ROE i 

Measured between 

Terminal No. 9 and god 

I 4.5 MHz 

3.25 611 

Parallel Output Capacitance Conn 7.5 PE 

DETECTOR 
Veal) 

I 45 MHz. V1 100 mV 

• t •25 kHz 

ter 400Hz 

0.5 0.75 yirms1 
Recovered AF Voltage 

Total Harmonic Drstortion THD 0.9 1 . 

Output Resistance: 

Terminal 7 

Terminal 8 
Ro 1.5 

• 300 

lic? 
n 

ATTENUATOR See Fig. ; 

Rx - to 6C 80 dB Max. Attenuation 

Mae. "Plat-through" Voltage' R0 en 0.075 I mV 

AUDIO AMPLIFIER 

Mali VI 0.1 Vumsl, I 400 Hz 17.5 20 dB Voltage Gain 

Total Harmonic Distortion THD Vo 2 VitmSt I , 400 Hz 1.5 

Undistorted Output Voltage THO • 5.., 1 - 400 Hi 2 LS Vim's) 

Input Resistance Roall I, 400 HZ 70 a I./ 

Output Resistance Rota!) I - 400 Hz 270 n 

•••Piaythrough" voltage is the unwanted signal, measured at Terminal 8, when the volume control is set for minimum output. 

The resistance values included on the schematic diagram have been 
supplied as a convenience to assist Equipment Manufacturers in 

°ptomaine 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. 

MO SIGNAL 
GENERATOR 

I nEVILETT-PKPARO 
TyPE 606à 

Oft EPNvALENT1 

00ONTON 
TYPE e011.1 
WON ATER 

OR IOW/ALERT 

00ONTON 
TYPE 202N 
A11- eh, 

GENERATOR 
OR IOLNYALENT 

2.1, «SWAP.. VALUES ARE IN OIOAS 

E, • 16, NOMINAL 

•311.0.1.0POED1 .5, To es TERNINAUS 11,12,11.1•1 NO CONNECTIOP 

I} to (50.5 

COMMON 
ARMY TER 
INErLET, 
•ACNARO 
Ty•E 330 

STANyALENTI 

Fig. 3-Input limiting voltage, AM rejection, re-
covered audio, total harmonic distortion, maxi-
mum attenuation, maximum “ploy-through" 
test circuit. 

o 

 0.05 

nLLEV-. 
PACKARD 

TYPE 200CD 
OR .05 

EQUIVALENT »r 

'Ar.r. "Rreit'Nei"er" : °.';:er '0'13 

_i DISTORTION ANALYZER 
WET/LETT-
PADILLA° 
TyIK 330 

OR 
EQUIVALENT1 

Fig. 4 -Audio voltage gain (undistorted output) 
test circuit. 

NIORO WEEP 
GENERATOR 

RODel. 111A OR 
EQUIVALENT, 

(a) Test circuit 

ft22.0. 

10 

PREGOENC 01- •Nta 

(6) Response curve IM.111 

Fig. 5 - Frequency response of IF-amplifier section of CA3065 
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CA3065 

mf•Lti EACIURO f . 
1,Ef tam. 

OR fOUer•LENT, 

(a) Test circuit 

FREQUENCY INN 

(1s) Response curve 

Fig. 6 • Frequency response of ohomplifier 

section of CA3065 

Wes 

(a) Printed circuit board - bottom view• (b) Ports layout - top view* 

ANNIE r TEN «UAL 1%1. s.c 

ioo 

eg 
'a 
:fi so 

1----
1  

t i 

. I 

I , 

g z• "log • • • looK loco 
RESISTANCE In 5i FROM TERMINAL 6 TO cuo-ofers 

acs 'sow 
Fig. 7 - Coin reduction vs. resistonce 

(terminal 6 to ad) 

OPERA TING CONSIDERATIONS 

The CA:4065 fltily 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 originating in the picture tube or in the 

output tube. ln the case of arcing in the output tube a 
resistor of 150k 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 hoard 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. 

Fig. 8 • Recommended parts layout for 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. 

 335 



CA3066, CA3067 

Television Chroma System 
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 16-lead quad-in-line plastic package. 

CA3066 CHROMA SIGNAL PROCESSOR 

The CA3066 contains 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 1.8V1 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 dc 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 02 and RI 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 tener diode for use as a regulated 
voltage reference at 11.9 volts. When the tener reference 

element is not used, the power supply voltage should be 
maintained at 11.2 ± 0.5 volts. 

CA3066 

System Features 

CA3066 

CHROMA SIGNAL PROCESSOR 

• Complete Color Sync Circuit 

• Blanked Chroma Amplifier 

• Chroma BandRass Amplifier 

• Low Output Impedance Chroma Driver 

• ACC Detector-Amplifier 

• Killer Detector Amplifier 

• DC Chroma Gain Control 

• Zeiler Diode for Regulated Voltage Reference 

• Short Circuit Protection on All Terminals 

ELECTRICAL CHARACTERISTICS at T 25°C and V* . 11.2V 

CHARACTERISTICS SYMBOL TEST CONDITIONS 
-LIMITS UNITS TEST FIG. 

AND 
CURVES . TYP. . MIN MAX 

MINN GIN414144iFtios 

Voltages: 
ACC Reference V2 - 0.5 

V 2 

Burst-Chroma Ansel. Bias Current Term. V3 - 2.9 
Killer Reference V4 
Zener Reg. Reference Vg 10.6 11.9 12.6 
Oscillator Input 1/2 
Oscillator Output V8 - 2.35 - 

Balance (ACC Control/ Vg - 1.65 

Chrome Output V14 - 4.6 

Currents: 
Total Supply 15 14 24 33 

1 

mA Burst Separator Output 111 Si Closed - 6.5 

Band-Pass Ansel. Output 113 46 - 
Chrome Ampl. Output 118 1.27 - 

Dynamic Characteristics 

Oscillator Output 09 
vl = 0 vp.p 
vs = 1.25 v., 

06 
- 

12 
29 

- 
39 op-O 4 

Chrome Output: 
11309‘ 014 wt = 1.25 nfrp es 10 - vis.is 3, 4 

Killed vs 0 0.025 Vp, 12 

ACC Detector Output 02 01 = 1.25 Woo V 4 

Small-Signal Input Resistance (Term. No.11 ro - 50 1‘12 

Small-Signal Input Capacitance ITerm. No.11 c¡ - 24 pF 

Small-Signal Output Impedance ITerm No.141 r. - 250 ez 

CA3067 

CHROMA DEMODULATOR 

• Balanced Chroma Demodulators 

• Color Difference Matrix 

• DC Tint Control 

• Three Low Output Impedance Drivers for Direct Coupling 

• Reference Subcarrier Limiter 

• 2ener Diode for Regulated Voltage Reference 

• Internal R F Filtering 

0.140101/1.1 Q. Me ON, VI 

alt. MIST.« Vale! WV/ 0.15 

Fief •CA3066 schematic diagram. 

CA3066 

MAXIMUM RATINGS. Absolute.Maximum Values at 
TA = 25°C 
Supply Voltages and Currents (see charts below) 

Device Dissipation: 
Up to TA = 70°C   600 mW 
Above TA = 70°C . . . derate linearly 7.7 mW/OC 

Ambient Temperature Range: 
Operating  -40 to .85 °C 
Storage  -65 to 01513 °C 

Lead Temperature (During soldering for 
10s max, at not less than 1/32" from package/ . 0265 °C 

Voltage with respect to 
Terminal No S. 

Tannin& 
No Nolttl Irate 

5« No% NI 
7 

10 
11 
12 
13 
14 
15 
16 

-5.0 N2 
leo 
120 

0.0 
00 
00 

0.0 
0.0 

142 
Ise 
50 -5.0 

3 

Current 

Toonioul 
No. 

1lA le 
inA 

6 
7 
e 
9 
10 
11 
12 
13 
14 
15 
16 

20 0.1 

0.1 
O. t 

10 
50 
10 

e 
3 

0.1 
2 
3 
4 

at 
0.1 

2 
20 

NI Terminal No. 6 is connected to a tener reference 
elernen that. i 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. 

le2 The upper voltage limit cannot exceed the power 
supply input voltage at terminal 12. 

336  



CA3066, CA3067 

Fig. 2 Static characteristics test circuit to, CA 3066 

0 40 10 120 80 200 
11203-17)02 C1•140. INOUT—PERCEMT 

Fig. 3 - Typical ACC characteristic of ch <ono output vs 

chrome input for CA3066 

CA3067 CHROMA DEMODULATOR 

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 front the CA3066 oscillator output. This 

regenerated 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 1. 

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 sigral 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 dc 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 zoner reference element is not 

used, the power supply should be maintained at +11.2 ±0.5 

volts. 

420 
TPCS•ITTOS 

Fig. 5 - Static characteristics teSt circuit, for CA3067. 

ALL RESISTANCE PALM ARE, 011•1 

PALM OTTIERPOSE 11101CATED 

ALL CAPACITANCE VALUES 
LES1114.1110 AIN IN PIC1101,9AOS 
I 3 OR CIITATE9 ARE PiCCIPARAOS 

ALL COILS Wen A 0.1,0 

TO TO 
•1121/ •1121/ 

Fig. 4 Dynamic characteristics test circuit ro, CA3066. 

DYNAMIC CHARACTERISTICS TEST PROCEDURE 

Steps 1, 2, and 3 are performed with no Chroma input 

(0101 

1. Adjust ACC potentiometer for V2 = +0.65V. 

2. Adjust Killer potentiometer for Ve 1. +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 us "line" at 

subcarrier frequency, and 10 cycles of burst at 46.5% 

of the "line" amplitude. The chrome input (vi) is in 

peak-to-peak volts of "line" amplitude. 

6. The chroma output 1.141 is the same as the chroma 

input (vil 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. 

7. The oscillator output Ivg) is the CW output at terminal 

No. 8 and is in peek-to-peak volts. Some modulation 

of oscillation dampening between burst injection is 
visible. 

Fig. 6 -CA3067 achernatic dragram. 
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CA3066, CA3067 

ELECTRICAL CHARACTERISTICS at TA k 25°C and o 11.2 V 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

TEST 

FIG. AND 
CURVES MIN. TYP. MAX. 

UNITS 

Static Characteristics 

Voltages: 

Tint Control Input V2 12 = 0.25 mA - 3 5 - 

V 9 

Reference Subcarrier V3 - 2.1 

Zener Regulator Ref. V4 10.6 11.9 12-6 

8-Y, R-Y Oscillator Ref. Inputs V6. V12 

Balance IB-Y, R-Y) V7, V11 

8-Y, G-Y, R-Y Outputs V8, 9, to 4.2 5.0 5.8 9. 11, 12 

Difference Outputs • 
AVAAVg. 

AV10 
-0.3 - 0.3 

9 
Chroma Inputs V14. V15 

Tint Ampl. Balance V16 

Currents. 

Tint Ampl. Output (min.) 11(min.) V16 = 8 V 0.16 0.37 mA 

Total Supply 11 .1 13 15 24 33 

Dynamic Characteristics 

Tint Amplifier Output 

Sensitivity 

V1 

V3 = 7 mV IRMS) 160 250 - mV 

IRMS) 

10 

Limiting Knee V3 = 35mV IRMS) - 300 - 

Limiting V3 = 35OrnV CAMS) - - 380 

Tint Amp'. Phase Ref,. 06 V3 = 70mV IRMS) 185 220 235 deg. 

Tint Ampl. Phase Shi0 Lle6 V3 = 70mV IRMS) 90 105 - deg. 

Demodulated Chroma Output 

R-Y V10 
= V3 70mV OR MS) 0.28 

Via = 35rnV (RMS) 

150 250 - 

VIR MS/ Ratio of G-Y to R-Y V9/V10 0.36 0.44 

Ratio of El -Y to R -Y V8/V10 1.0 1.2 1.4 

Color Difference Output 

BW at 3.3 dB 
BWDiff. 450 550 kHz 

Color Difference Outputs (max, input signals). 

R-Y .10 V3 = 70mV IRMS) 

1/14 = 212mV IRMS) 'PP G-Y 09 - 1.1 

B-Y .8 

Small Signal Input Resistance 

Terminal No. 3 r - 550 - ('2 

Terminal Nos. 6 & 12 22 

Small Signal Output Resistance 

Terminal Nos 8, 9, & 10 ro 

0. ,let• ••I 

DYNAMIC CHARACTERISTICS TEST PROCEDURE 

1. The reference subcarrier input (03) is a 3.58 MHz CW 

signal from a son source. 
2. The chroma input 1014) is a 3.53 MHz CW signal from 

a 500 source. 

3. Phase and amplitude at terminal Nos. 1, 3. 6 and 12 

• Terminal No. 3. phase reference 
e read phase shift as tint control is varied 

11. Y OUTPUT 

4-Y OuTPul 

O., OuTPuT 

Wu- .04.•1 

Fig. 7. Dynamic clurecteristoce test circuit For CA3067. 

are measured with a vector voltmeter IHP8405A or 

equivalent). 
4. Signals at terminal Nos B. 9, and 10 are measured with 

an ac voltmeter (HP4COE or equivalent) or an oscillo-

scope. 
5. Unless otherwise noted the Tint control is at max-

imum resistance. 

CA3067 
MAXIMUM RATINGS, Absolute.Masimum Values at 

TA = 25°C 

Supply Voltages and Currents (see charts below) 

Device Dissipation: 

Up to TA = 70°C ..  600 mW 

Above TA = 70°C . dorare linearly 77 mW/0C 

Ambient Temperature Range 

Operating   -40 to 085 °C 

Storage   -65 to .150 °C 

Lead Temperature (During soldering for 

lOs max at not less than 1/32" from package) .265 °C 

Voltege with respect to 
Terminel No. 5 

Terminal 
No. 

Vn.fin. 

(volts) 

Vp,.. 
(volts) 

6 0 N2 

7 0 IS2 

8 0 N2 

9 0 N2 

10 0 N2 

11 0 ta2 

12 0 N2 

13 0 12 

14 -3 N2 

15 0 N2 

16 N3 N3 

1 0 15 

2 0 N2 

3 0 5 

4 NI 

N1 

Current 

Terminal 
No. 

6 

7 

3 

3 

3 

3 

20 
20 

zo 

20 

20 
20 

9 

10 

11 

12 

13 

14 

15 

16 

3 

3 

3 

3 

50 

0.1 

6 2 

N3 N3 

3 

3 

3 

3 

2 

3 

4 

0.1 

3 

20 0.1 

Terminal No. 4 is conne ted to a tener reference 

element, that, if used, hould be biased by a positive 

voltage through a resistor hat 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. 

' 
O 
e 
8 -. 

4 

. , 
, 

- 
a 

. • 

MEieTà*   
•%    

@@IMIEkm  
ffâff.WEM'en'   
ZeilelaZ.         . 
EREffe 'Iff.;:.   
@MKITM 
MgE..:Mkge •    , n   -.:-. 
itimuingEgg;-. 
8."- %.,,,,.....tn-.. - Par  _1 

.•:.•m.:•.61,2:mmi•••• 
222.1=221.. 27%e M 

DC Suers,' vOL 5I0 31 
PPP, CPO 

Fig. 8 - OC voltage at color-difference outputs vs SuPPlY 

vol age for CA3067. 

25 35 45 55 ea 75 as 
Maxtor TCYPERATURE --7c 

TICS •.,505 

Fig. 9 - Temperature drift of DC voltage at color-difference 

outpu.ts for CA3067. 
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CA3068 

Television Video IF System 

RCA-CA3068 is a monolithic integrated circuit that in-

corporates an entire video TV-IF 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. 

The primary functions performed by the IF subsystem are 
video IF amplification, linear detection, video output ampli-

fication, AGC from a keyed supply, AGC delay for tuner, 
sound carrier detection. sound carrier amplification, and a 

buffered AFT output. The advanced circuit design of the 

CA3068 also includes secondary functions for improved 

noise immunity and minimal airplane flutter. An isolated 

zener reference diode, incorporated in the IC, provides a 
convenient and economical means for controlling the int.-

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 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. 

MAXIMUM RATINGS. Absolute Maximum Values, at TA v 25.»C 

DC Supply Voltage: 

Between Terminals 15 and 5 11.3 

Terminal 7 (Collector to ground)   20 
Terminal 9 (Collector to ground)   20 

DC Current (into Terminal 18) 

Device Dissipation: 

Up to TA = 60°C   600 mW 

Above TA - 60°C   derate linearly 6.7 mWrC 

Ambient Temperature Range: 

Operating   -40 to NM 

Storage   - 65 to +150 °C 

Lead Temperature (During soldering): 

At distance not less than 1/32" (0.79 mm) from case for 10 seconds max.   

This ruing does not apply when using the interval saner reference in 

conjunction voth the pass transistor. 

V•;i1V 

o 
Fig. 1 Funcoonal block diagram of the CA3068 

TYPE 
21.5.43 *" 

310 

ALL RESISTANCE TALUES 
ARE IN ONMS 

12CS -1/1A3 

Fig. 2 - Test timid for measurement of white level (V7g) and terminal ?voltage (V2). 

FEATURES: 

• High-gain wide-band IF amplifier: 75 dB typ. at 45 MHz 
• Gain reduction with excellent stability: 50 dB typ. 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 AFT output 

• Separate sound IF interr,arrier 
amplification 

• Sound carrier detector 
• 4.5 MHz sound carrier amplifier 

• Isolated roux reference diode for 
regulated voltage supply 

• See ICAN-6303, "11 Single IC for 
the Complete PI X-I F System in 

TV Receivers" for Schematic Diagram 

12« 

2 

+265 °C 

se 

22e 

R.•30 1.11 POTENT 1031E TER 

L. •2 2,0 »JUST AM Oi TURNS PO« ALIGIOPENT 
Le. 5 pH ADJUST No or TURNS ECM ALIGNMENT 
C s 1 pr ADJUST PM PROPER ALIGNMENT 

ALL RESISTANCE VALUES ARE is OHMS 

UNLESS OTHERWISE INDICATED. •L1. CAPACITANCE ULU" 
LESS T.« 10 ARE in MICROPARAOS 
10 OR GREATER ARE IN PIC0.1.05 

n, 60cc 
0e tu000LtaT —0-- 41g, 

8 

TYR 
2115123 

an 

mow 

es Mt A T VIDEO OUTPUT 
OUTPUT DRIVE 3.54 MOM OUTPUT 

112CS• 77777 • 

(a) Test setup for measurement of video sensitivity. sync. tip level, delay bias. AFT drive voltage. 

ne 

«AI .011C 
secuiavzusr 
12 i1 

'•OTO TEST CIRCUIT e. 

• 
WAVEPORM 
GENERA., 

.L RESIST/ACE VALUES •RE OMMS 

'o 

112CS-1133111 

(b) Test setup for measurement of sound and chrome outputs. 

Fig. 3 - Typical dynamic test circuit diagrams. 
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CA3068 
ELECTRICAL CHARACTERISTICS at TA = 25'C 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 

Min. Typ. Max. 

Static (DC) Characteristics 

Quiescent Circuit Current 
115 15 - 45 rnA 

DC Voltages: 

Terminal 2 ISound) V2 6 V 

Terminal 3 (Keying Input) V3 6.4 - 10 V 

Terminal 7 (1) (AGC) V7 - 16 - 21 V 

Terminal 7 (21 (AGC) V7 1 V 

Terminal 8 (AGC Delay) V8 4 V 

Terminal 9 (Cascode Collector) Vg - 8.5 V 

Terminal 16 (Bias) V16 1.1 - 2.3 V 

Terminal 18 (Zener) V18 Vs = V17 v 0 v, ill!' x 1 rnA 106 11.9 13.2 V 

Terminal 19 (White Level) V19 - 6 - 10 V 

Dynamic Characteristics 

Video Sensitivity el fo = 45 75 MHz. Mod. (AM) = 85% 

at 400 Hz; Adjust el for 4 Vp.p at 

Term. 19 

40 100 200 iiV 

Sync. Tip Level Voltage Vig fo = 45.75 MHz. elICW) = 10 mV 04 0.8 1 6 V 

Automatic Fine Tuning (AFT' 

Drive Level Voltage 

Vio - 15 - mV 

Delay Bias Voltage: 

At ei = 10 mV 

V7 

fo = 45.75 MHz. elICW) = 20 rnV, 

Adjust 131 for V7 = 14 V 

16 V 

At ei = 30 rnV 05 2 V 

3 58 MHz Chroma Output 
Voltage 

Vig fo = 45.75 MHz, et Istep mod.) = 

10 rnV; 

f 1 = 42.17 MHz, eilstep mod.) = 

3.33 «IV 

0 5  0 8 - V 

4 5,MHz Sound Output Voltage V2 fo = 45.75 MHz, et(step mod.) = 

10 mV; 

12 ' 41.25 MHz, ellstep mod.) = 

2.5 my 

50 200 - mV 

Parallel Input Impedance: 

Resistance at Term. 6 

Capacitance at Tern... 6 

R1-6 

C1_6 
lo 45.75 MHz 

Impedance and Admittance 

measured at biasconditions 

as developed by circuit 

ihown in Fig. 7 

4 - 

2 

- k12 

pF 

Resistance at Term. 12 

Capacitance at Tente. 12 

R1-12 

C1_12 

- 4.5 

4 

- kli 

pF 

Resistance at Term. 13 

Capacitance at Term. 13 

RI.13 

C1-13 

5 

4 

- k)) 

pF 

Parallel Output Impedance: 

Resistance at Term. 9 

Capacitance at Term. 9 

Ro_g 

CO-9 

30 - 

3 _ 

k)) 

riF 

Cascade Transfer Characteristics 

Magnitude of Forward 

Transadmittance 

1Yfl 50 - rnmho 

Reverse Transfer Capacitance C, 0001 - pF 

ALL RESISTANCE P31.1113 APE is 0.0AS 

Fig. 4 - Test circuit for measurement of quiescent current 

Ilse keying terminal voltage (V3), bias voltage (V7 6). AGC 

terminal voltage F (V7), and cascade collector voltage (V6) 

Fig. 5 - Test circuit for measurement of AGC terminal 

coigne 2 (V7) and terminal 8 voltage (V8). 
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CA3070, CA3071, CA3072 Types 

Television Chroma System 

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 IS lead plastic dual-in-line package; 

the CA3071 and CA3072 are supplied 14-lead plastic 
dual-in-line packages. 

CA3070 
Chroma Signal Processor 
The CA3070 is a complete subcarrier regeneration system 

with automatic phase control applied to the oscillator. An 
amplified chrome signal from the CA3071 is applied to 

terminals No. 13 and No. 14, which are the automatic phase 

control (APC) and the automatic chrome control (ACC) in-

puts. APC and ACC detection is keyed by the horizontal 

pulse which also inhibits the oscillator output amplifier 

during the burst interval. 

The ACC system uses a synchronous detector to develop a 

correction voltage at the differential output terminal Nos. 15 

& 16. This control 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 coupled to 
the 3.58 MHz oscillator at balance; the phase of the signal at 

terminal No. 13 is in quadrature with the oscillator. 

To accomplish phasing requirements; an RC phase shift 

network is used between the chrome 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 

signal is available at terminal Nos. 7 and 8, bút the dc output 

of the APC detector controls 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, control of the 

relative amplitudes at terminal 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 control 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 No. 2 and 3 by the hue 

control 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 dc supply, 

Maximum Voltage and Current Ratings at TA = +25°C 

Voltage. Current 

Terminal 

No. 

Min. 

Volts 

Max 

Volts 

o 
o +16 

3 o +16 

4 —5 N2 

6 

7 

8 

10 o N3 

o NI 

12 o NI 

13 o NI 

14 o NI 

15 o +16 

16 o +16 

Terminal 

No. 

I j 

mA 

lO 

mA 

20 

2 

3 

4 20 

10 N3 

12 

13 20 

14 20 

• With respect to terminal 

No.5 and with terminal 

No. 10 connected through 

47051 to +24 V. 

NI Regulated voltage at termi-

nal No. 10. 

N2 Controlled by max. input 

current 

N3 Limited by dissipation. 

C.061/. 

CO?" 

SYSTEM FEATURES 

CA3070 

• Voltage Controlled Oscillator 

• Keyed APC & ACC Detectors 

• DC Hue Control 

• Shunt Regulator 

CA3071 

• ACC Controlled Chroma Amplifier 

• DC Chroma Gain Control 

• Color Killer 

• Amplifier Short-Circuit Protection 

CA3072 

• Synchronous Detector with Color Difference Matrix 

• Emitter-Follower Output Amplifiers with Short-Circuit 

Protection 

Fig. 1 — Simplified block diagram of TV chrome system. 
«Gt.-171,M 

Fig. 2 — Schematic diagram CA3070. 
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CA3070, CA3071, CA3072 Types 
MAXIMUM RATINGS, Absolute Maximum-Values at TA • 25°C 

Device Dissipation: 

Up to TA = +70°C   530 mW 

Above TA = +70°C . Desate Linearly at 6.7 mWrC 

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 10 s max.   +265 °C 

ELECTRICAL CHARACTERISTICS, at TA 25°C and V+ • +24 V unless otherwise spindled 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS 
LIMITS 

UNITS 
TEST 

CA3070 CIRCUITS 

MIN. TYP. MAX. FIG. 

Static Characteristics 

Voltage 

Hue Control V1 Switch in position 2 6.9 7.7 8.6 

V 

3c 

Oscillator Input V6 

3e 
APC Input V13 

Regulator V10 V+ = 21 V 11 12.3 13.5 

Regulator Change V10 V+ = 27 V -0.2 - +0.2 

Horizontal Key Input Va la = -10 PA 5 - - 

Currents: 

Oscillator Output 12 
mA 

3e 

APC Output 111. 112 - 1.45 - 3h 

ACC Output i15. 116 - 1.45 - 

Dynamic Characteristics 

Oscillator Outputs. 

Terminal No, 2 V2 S1 in position 1 0.75 1.0 - 

''1,- Pi 

4 

Terminal No. 3 V3 St in position 2 0.75 1.0 - 

ACC Detected Output V16-V15 S1 in Potitim, 1 115 150 - mV 4 

Oscillator Pullin Range - 0400 - Hz 4 

I1.5•3 • 11, 
PEAK •ULSE 
INLAY ICJ TO 
CENTER PVLSE 
on THE 611R3T 

PULSE 
GEN 

TRIG 

HORI2 
DRIVE 

IITSC GEN. 

STAICARD 
SIGNAL MINDS 

Ll/IIINANCE 

SE , e, root 
14/11ST Of 0 • v .• p 

ON OFF 

43K 

10 

.01 

36 

XTAL 

5 

73 .‘ 

005 = 
lu AF 

100 

loo .} ACC OUTPUT 

'ACC AD!. 
20« 

CD = 

62 I, 

•10 

NOTES 

I Au_ RESISTUICES IN 0.5 

2. UNLESS OTHERWISE SPECIFIED ALL CAPACITANCES 
ARE IN IIICROFAR•05 

v, v, «AS Tore LOW-CAPACITY SCOPE 
PROBE 5 20 Pr 

Fig. 4 - CA3070 Dynamic test circuit. 

.24 V 

-1151.111 

SO pr 

(cl 

Fig, 3 - Static charecteristics test circuits. 

Dynamic Test Initial Adjustments 

1. APC ADJUST: With S2 in "OFF" position adjust the 

"APC ADJ" potentiometer to set oscillator frequency at 
3.579545MHz ±25 Hz. With Si in position 1 measure 

frequency at terminal No. 2 output, using crystal probe 
shown in Fig. 6. 

2. ACC ADJUST: With S2 in "OFF" position adjust "ACC 

ADJ" potentiometer to give an ACC output reading of 

0±2 mV. 

Procedure to Pull.in Range Measurement 

1. Set Si in position 1 and connect the crystal probe to 

terminal No. 2. 

2. Turn S2 to "OFF" 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 8allantine 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. 10 instead of to ground. 

Fig. 5 - Crystal probe fo frequency measurements 

342  



CA3070, CA3071, CA3072 Types 
CA3071 Chroma Amplifier 
The CA3071 is a combined two-stage chrome 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 No, 1 and 14. The output of 

the 1st 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 lot amplifier 

at terminal No. 13 is directed to the killer adjustment circuit. 

o 

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 chrome 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. 
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Fig. 6 -Schematic diagram lo CA3071. 

ELECTRICAL CHARACTERISTICS, at TA • 254 C 

CH•R AC TE R1STICS 

State Clwracter eeeee 

SVRII1OLS 

1,4 eeeeee 1 

lOtt 

SPECIAL TEST CONDITIONS 

LIMITS 

CA3071 

«or Tye MAX. 

UNITS 

CURVES 

6tCIRCUITS'  

FIG 

Vonwpt 

etat Reterree Tarnow, vi; St Open Sa Open 177 

V 7 

Amot No I °wont* 
lOpol 

V2 St Open S2 Open I 75 

ÁmOt No 1 Chrome 
Output Balanced Va Si Open, 52 Open 70 

unlaatanced V a St Open. S2 00143 175 

Ante No 7 Chrome 

tnpul 
V; St ou..,. S2 Open 15 

Ante, No 2 Chroma 
Output 

V, Si Owed. S2 Open - 205 - 

Super Currmt IT Si Open, S2 OPIM 17 24.5 31 ne. 

Demme Cheraeleenles 

Ftmatf ter No I Vat.* Gem .V1 7, 78 mVIIIIAS 'A....».13 14 de 
8 

•matla No 2 Volute 

Gan 
. V2 V. lo V MIAS,   no 14 dI3 

M. Chrome Output 
Volta, .9 2 eon's 11 

10% Chrome Gam Control 

Reference Vona, VO —V t 0 

1, 50 ',Wows adtutt Oh/OnIà 

G..' C...1.1. C1'..77 12 7. 
10% of Mat 'mum Chrome 
Output 

2 1 78 e.e v 

8 
ch.,. Volige IS Mfg 011 

u. 
SI in Peet.. 2 
Ea • SO ntVRAIS. «Rust •Wdler 

Anctk:t- la anebeupt deviate 12 
ritV 
RIPS 

Output Volta,. ChICIOli Off , E. • 50 rnVoala. ea« Chrome 
tonn aw. e, to nun C Out.. " "ZAS 

Elandendth 
Amelia No I 

11W 
12 

.77. 9, 10 
ArnpItte No 2 70 

Amp, No I Input 
impedance 

, 2 kll 

8 

It 4 OF 

Are> NO I Output 

Impettnce 
rot 85 t/ 

Amp Nu Pine., 

Impedance 

re 2 I Ill 

1,2 - 35 - pf 

Amp! No 2 Output 

Impudence 
ro2 85 11 

MAXIMUM RATINGS, Absolute Maximurn.Values e TA - 2eC 

DC Supply Voltage (Terminal 8 

to Terminal 4)   30 VDC 

Device Dissipation: 
Up to TA = +70°C   530 mW 

Above TA = +70°C ... 

Ambient Temperature Range 

Operating   -40 to .135 °C 

Storage   -65 to +150 °C 

Lead Temperature (During Soldering) 
At distance 1/32 in (3.17 mm) 

from seating plane for 10 s max  +265 

Derate Linearly at 6.7 mWPC 

Maximum Voltage and Current Rating. @ TA • *25°C 

Current Voltage• 

T«minal 

No. 

II 

rnA 

lO 

mA 

5 19 

2 5 1.0 

3 10 

6 1.0 

10 

20 

7 1.0 

9 1.0 20 

12 1.0 5 

14 1.0 

• With re ¡trance to 
terminal No. 4 and 
with +24 V on terminal 
No. 8 except for the 
rating given for terminal 

No. B. 

Fig, 7 Static characteristics test circuit-CA3071. 

ROTES 

I 511/11,1 SI IN POSITION I UNLESS OTHERWISE NOTED 
is T•OkE or DTPAIIIC CHAAACTERISTICS 

2 CHAO, A unis CONTR.. SET TO 000uND ki188,3 OTHERWISE 
MOM is TAPLE or OvelakIIC CHARACTERISTICS 

3 Ott RESISTANCES IR OHMS 

• r4cCelegoTANCIS Ant is leCROFAAA03 uNkESS OTHERwt3E etc« ?WI 

°c 

Terminal 

No. 

MIN 

VOLTS 

MAX 

VOLTS 

1 -5 +15 

2 -5 +5 

3 o 4.2 

6 o +24 

7 -5 +5 

Es 0 +30 

9 o +24 

10 o +24 

11 o +24 

12 o +20 

13 0 +20 

14 -5 +15 

Fig. 8 - Dynamic charecteristies circuit-CA3071. 

 343 



CA3070, CA3071, CA3072 Types 

Fig. 9 - CA3071 Wideband amplifier 
circuit. 

CA3072 Chroma Demodulator 

The CA3072 has two sets of synchronous detectors with 

matrix circuits to achieve the R-Y, G-Y, and BY color 
difference output signals. The chrome 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, 8 output amplifiers. Emitter-follower 
output stages used to drive the high level color amplifiers 

have short-circuit protection. 

MAXIMUM RATINGS, Absolute Max intutruVelua at TA 25. C 

DC Supply Voltage (Terminal 8 to Terminal 14 /  27 V 
Reference Input Voltage.   5 xi>, 
Chrome Input Voltage .   5 °pp 
Devon Dissipation, 

Up to TA - .70.0  530 free 

Above TA - .704C   D ineatly at 117 m1/1/MC 
Ambient Temperature Range: 

Operating   40 to .415.0 
Storage   40 to .150.0 

Lead Temperature IDuring Soldering): 
At distance 1/32 in 13.17 nwn1 from mating plane 
for 10 s max 

Maximum Voltage and Current Ratings 

at TA = 250C 

Voltage' 

Terminal MIN 

VOLTS 

MAS 

VOLTS 

3 

4 

.5 

.5 

•12 

.11 

.27 

.20 

•20 

•20 

7 o 

13 

Current 

.21350C 

Termmol 

mA 

lO 

mA 

3 

I 0 

1.0 

so 

20 

20 

20 

11 

13 

With eeeeeeeee to term•nal No 14 and 

with the voltage between terminal No. 8 
and terminal No. 14 at *24 V ...apt as 

given in rating for terminal No. 8. 

.24 

Fig. 73 - Static characteristics test circuit-CA3072. 

mete mmAm.m.N. 

5ertHiLenr=" 

• 

Fig 70- Frequency response for 
eddeband amplifier CA3071. Fig. 11 - Typical CA3071 wideband 

amplifier linearity 
• 

Fig. 12 - Schematic diagram for CA3072. 

ELECTRICAL CHARACTERISTICS, et TA • 250 C and V+ • +24 V unless otheneise specified 

LIMITS TEST 
CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS 

CA3072 UNITS CIRCUITS 

MIN. TYP. MAX. FIG. 

Static Characteristics 

Supply Current 
With Output Loads IT Si Closed 16.5 - 26.5 mA 

13 

With No Output Loads St Open 9 

G. V, 14.Y, ETY Outputs Vg. VII, V13 St Closed 13.2 14.7 15.8 

V Chrome Inputs V3 V4 Si Open 3.3 

Reference Subcarrier Vg, V7 St Open 

Dynamic Characteristics 

Demodulator Unbalance .9..11..13 V3 = V4 = 0 - o.8 .P-0 

14 

Maximum Co:or Difference 

Output Voltage 

.13 

V3 = V4 = 0.6 Vsrp 

8.0 - 

f117 

.11 5.5 - 

09 

Chroma Input Sensitivity 03 
Adiust e.4 for se Vp.p 0 WM 
N. 13 (ETV) 

- e2 035 

Relative R.Y Output .11 3 5 - 4.2 

Relative G-Y Output 09 0.75 - 1.25 

VDD Difference Between 

any two Output Terminals 

IVgl - IV111 

IV91 - IV131 

1V111 - IV131 

a4 = 0 - 0.6 V 

Input Impedance 

Reference Subcarrier Inputs 
ri13, 7 

OS, 7 

- 

- 

1.7 

6 

- 

- 

XS/ 

pF 

Input Impedance at 

Chrome Inputs 

ri3, 4 

ce, 4 

- 

- 

0.95 

6 

- 

- 

XII 

pF 

Output Resistance 
r49, r4 11, 

r013 
- 150 - 12 



Fig. 16(a) - CA3070 terminal No. 1 
7.5 V oscillator "gee off" pulse. 

CA3070, CA3071, CA3072 Types 

V• • 

TO MOO 
MN Ma. 
363 11» 

401 AMATO 
TOM« 

0 0 OW, 
Mil.. T13 
310 id TNT 
3.701701T, 

Oher 

410 

11O 

LOW 1.9.66111611 
KO 30610,30 1601•19,1 711.0,461 
1106133 116939•7317 Pl.• I 

371( 

•613. 

37 

MOTU 
ALL 3•1603170101 TYCO ill of 
11101.3. 011•1117106 110110 
/ILL 660111613301 0,1310 

Fig. 14 • Dynamic bharacteristics test circuit for CA3072. 

Application Information 

TYPICAL APPLICATION CIRCUIT FOR THE CHROMA 
SYSTEM 

The circuit of Fig. 15. 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 chrome 

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 bondman filter. The 
outputs from the system are the color difference signals 

which are intended to drive high level amplifiers. Luminance 

mixing may be external to the picture tube or, the difference 

signals may be amplified and applied to the picture tube grid 

or cathode, where they we internally mixed with the 

luminance signal. 

Other input requirements to the sYstern are the power suPPIY 
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 peek and centered on the burst es seen at 
terminal Not. 13 and 14 of the CA3070. The pulse width 

should he maintained as close as possible to the recom-

mended value of 4.5 microseconds. 

CA3070 Circuit Operation 

The CA3070 circuit as shown in Fig. 2, consists of an 

oscillator, automatic phase control (APC) detector, auto-

matic chrome control (ACC) detector, gated oscillator 

output amplifier and a shunt regulator. The shunt regulator 

provides the necessary bias stability for the 3.579545 MHz 

oscillator, as well as the bias to all functions of the CA3070 

circuit. The regulation voltage is nominally +12 volts as 

measured at terminal No. 10. 

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 an 

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. 2, the APC detector 109 & 0 101 
and the ACC detector (06 & 06) are emitter driven from the 

MID 
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7•7 
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333071 

c.o...., r ea • 

o.:,, no ten 
oil 11  
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Of 

1.-off.7,0w33377-13779973-o—o 

360 

133 47 

11 

070 

rZ1.9"‘:19re6";11.1=Té0 
1,03,1•14,1•30 

" 
03306.6Y ToITS.Cf.1.7143.0•30 

Otto -11076 

Fig. 15 - Typical chroma system for color. ry receivers utilizing RCA.CA3070, CA3071, and CA3072. 

oscillator transistor 10171, when the oscillator output ampli-

fier transistors (02 & 03) are cutoff. The chroma signal is 

applied to terminal 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 detector, 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 consistent with the 

duty factor of the keying pulse. For a wider keying pulse, it 

15 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 102 & 

03) on by keeping their emitters at a higher potential than 
the base bias voltages of 06, 06, Clg. and Om. The 3.58 

MHz signal is now present at terminal Nos. 2 & 

Photographs of oscilloscope traces for one line period at the 

terminal Nos. 1, 2, and 3 are shown in Fig. 6 The effect of 
the keying pulse is shown in Fig.16a, and the cutoff of the 

oscillator output amplifier is shown in F ig.1 6( b) and 16c. 

The oscillator section of the CA3070 consists of the loop 

formed by 018 and the emitter driven differential pair. 0 13 
& 014. The signal output from terminal Nos. 7 & 8 is 

coupled through the series tuned crystal circuit back through 

terminal No. 6 to 016 & 01). The collector of 017 drives 

the oscillator output amplifier and the APC & ACC de• 

19‘109S. 017 is emitter coupled to transistor 018. The 

oscillator frequency and phase control is accomplished by 

Fig. 16(b) -CA3070 terminal No. 2. 3.5 Vp.p oscillator 
Output; Ong horizontal line, looted off during burst). 

the differential drive from the APC detector to transistors 
0 12 & Cis 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 

No, 7 and 8. 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 subcarri« 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 8i 3 determines the 

range of the hue control, which for the value shown in Fig. 

15, is approximately 90°. 

The ACC adjustment sets the initial balance of the ACC drive 
to the input of the CA3071 in F ig. 15 (terminal Nos. 1 and 

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 Si 

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 dc voltage at terminal Nos. 15 

& 16 of the CA3070 may be set to O mV 1±2 mV) when Si 

and 02 are open, and the CA3071 is removed from the 

circuit. 

Fig. 16(0) • CA3070 terminal No. 3, 2.0 Vp.p oscillator 
output; oie horizontal line. (gated off during burst). 
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With the chrome 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: (1) 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; 121 the other method involves monitoring the 
demodulated output at the color difference output terminals 
of the CA3072. A zero beet 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. 1 7. 

CA3071 CIRCUIT OPERATION 

The CA3071 fs the basic arnplifier and control circuit of the 

chroma system. 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. Curves of frequency-response and linearity are 
shown in Figs. 10 & 11 for the wideband circuits shown in 

Fig. 9, This is the same basic amplifier as the one in the 
system shown in Fig. 15 except for the omission of the tuned 

circuits and the ACC loop connection. The amplifiers have 

bandwidths of greater than 10 MHz, and are usable well 

beyond 30 MHz. The signal swing of the wide band amplifier 

is in excess of 5 Vp.p, even with the typical load coupling as 

shown in Fig.1 5. Fig. 18 (a, band cl show the oscilloscope 
traces for an NTSC signal at the chrome input. The overall 

frequency•response curves are shown in Fig.19. 

CA3071 operation is as follows (Refer to Figs. 6 &I 51. The 
input chroma signal is applied to terminal No 2. This signal 

is amplif ied in a cascade differential circuit from 010 to 012 

and the output is an emitter follower. 014 (Terminal No 
6.1 The signal is divided in the Og & 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 drive, the 390 kilohm resistor at switch SI 
(normally closed/ unbalances the differential amplifier for 
high signal gain through 012. As the burst level at the 

chroma input increases, the ACC drue changes differentially 
in a positive direction at terminal No. 14 and a negative 

direction 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 F ig. 23. 

The chrome signal is buffer connected from terminal No. 6 

to terminal No. 7 of the CA3071 and is amplified in the 2nd 

stage of voltage gain. Both the color killer adjustment and the 
dc chroma gain control are applied to the 2nd stage to 
control the chroma output at terminal Na. 9. The color killer 

section of the CA3071 is a Schmitt trigger & amplifier circuit 
consisting of transistors 01, 02 and 03. Under 1110001111/11 

chrome output conditions, the diode D2 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 

chrome gain control is adjusted to a higher positive voltage at 
terminal No. 10, the anode voltage of diode 02 is increased 

to draw current from the signal path at the emitter of 04. 

This decreases the chrome gain as the potential at terminal 

No. 10 is increased. When the potential at terminal No. 10 
is the same as terminal No. 8, the chrome 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. 18, 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 CA3072 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 BY at terminal 

No. 13, AY at terminal No. 11, and G-Y at terminal No. 9. 

The typical level of differential chroma drive required at 

terminal Nos. 3 & 4 is 400 111Vp.p. The amplitude of 

chroma at terminal No. 6 & 7 is approximately 1.0 volt at 

104° relative phase difference which results in a BY output 

amplitude of 5Vp.p. The voltages of the AY & G•Y outputs 

are at 32 and 10 Vp.p respectively, when there is 5Vp.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 F ig.1 5 circuit are shown in the 

oscilloscope trace photographs of Fig. 21. Using the hue 

control setting for 13•Y phase at the 8.Y output, the G-Y 

color.difference signal is approximately -10e 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. 

CHROMA SYSTEM CONSTRUCTION 

Fig. 25 shows the complete CA3070. CA3071 and CA3072 

chrome 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 C0CUI1 values of the 

data sheet. These are necessary for system matching and 

overall filter requirements. 

Fig. 17(a) .CA3070 terminal Na. 6, oscillator waveform 
1.1 Vp.p 158 MHz. 

Fig. 17(6)• CA3070 terminal No. 7, oscillator waveform 
1.4 Vp.p3.58 MHz. 

Fig. 17(C) • CA3070 terminal No. 8. oscillator waveform 

1.6 Vp.p 158 MHz. 

Fig. 18(a) • CA3071 chroma input 1.25 Vp.p: one horizontal 

line of NTSC input signal. 

Fig. 18(6) •C.43071 terminal No. 6, amplifier No. 1 chrome 

output 2.3 Vp.p. one horizontal line for 1.25 Vp.p chrome 

input 

Fig. 18(c) .C43071 terminal No. 9, amplifier No. 2 chrome 
output 55 Vp.p; one horizontal line for 1.25t/0 .p chrome 
input 

Fig. 19(a) • Frequency response sweep curse between 
terminal Nos. 2 & 6 for CA3071. f - 250 Kliz/div. 

Fig. 1900 Frequency response sweep curve between 
terminal No. 2 of CA3071 and terminal No. 1 of CA3072. 
f • 250 KHz/div. 

0 150 500 150 POO 000 WO 
MTSC .0.00110110.1,0 SIGNAL-0 VI•0 1000•0170 

Fig 20. Typical ACC characteristics for chrome system 
of Fig. 18 
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Fig. 21(a) -CA3072 terminal No. 3 or 4, chrome input 
sign. a1,220 onVp.p,one horizontal line 

Fig. 21(b)- CA - terminal No. 6 or 7, reference Fig. 21(c) - CA3072 terminal No 18 e8 vp, 8.Y output, 
subcarroer 1.2V one horizontal lone 

one horizontal line 

Fig. 21(d) • CA3072 • termonal No. 11. 5.2 op.p R-Y output Fig. 21(e) - CA3072 . terminal No. 9,12 Vp.p G.Y output, 
one horizontal line one horizontal line 
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CA3088E 

AM Receiver Subsystem 
MAXIMUM RATINGS, Absolute Ma earner] Value, at Toe • 25.0 

OC SUPPLY VOLTAGE 

Includes: AM Converter, IF Amplifiers, Detector and Audio Preamplifier Across Term. 5 and Terms 3, 6. 13, 16. resoecriveiy 16 

For Applications in a Variety of AM Broadcast and Communications DC CURRENT 

10 mA 
At Term, 3, 6, 13, 16. respectively 

Receivers and Applications Requiring an Array of Amplifiers At Tern, 10   
30 irlA 

Features: 

• Excellent overload characteristics 

• AGC for IF amplifier 

• Buffered output signal for tuning 
meter 

• Internal Zener diode provides voltage regulation 
• Two IF amplifier stages 

• Low-noise converter and first IF amplifier 

• Low harmonic distortion (THD) 

• Delayed AGC for RF amplifier 

• Terminals for optional inclusion 
of tone control 

• Operates from wide range of power supplies: V. = 6 to 
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 

RCA -CA3088E • a monolithic integrated circuit, is an AM 
subsystem that provides the converter, IF amplifier, detector, 

and audio preamplifier stages for an AM reoeiver 

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 

terminals 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 IF amplifier 

This IF signal is then detected and externally filtered The 

resultant audio signal is applied to an audio PreamPlif ier 

Optionally, a tone control circuit may be connected at the 
iunCtion of the detector circuit and the audio preamplifier 

The gain of the first IF amplifier stage is controlled by an 

internal AGC cirCuit. The CA3088E supplies a delayed 

AGC signal output for use with an external RF amplifier A 

buffered output signal is also available for driving a tuning 

meter. A DC voltage, internally regulated by a Zener diode, 

supplies the second IF 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 

wide variety of equipment designs 

"FOrrnerly Developmentai Type TA5842 

O 

se(1..991. 

Fig.I - Test circuit for DC characteristics. 

TO RF STALE 
OR •NTENNA 

DEVICE DISSIPATION 

rem 
Up to TA 50oC 

760  
Above TA • 5 OPC   

Aerate 'meetly 7.6 rnVidoC 
AMBIENT TEMPERATURE RANGE 

Operating  
-55 to 0125 OC Storage 
-65 looms °C 

LEAD TEMPERATURE (During epidermal 

At distance not less than 1/32- 10.79 mnd born case for 10 seconds ma>. .265 OC 

200 

IISTRATE 

v 

ril'A';'EVCArldeAU010 
(OPTIONAL TONE CONTROL 
MAT le SHUNTED FROM 
TERMINAL 9 TO GROIRIDI 

CIET'leT 10%1;e' 

e rg. DETECTOR EA.TER 

 (Daum° OUTPUT 

Fig 2- Functional blocA diagram of Me CA3088E 

 Qv. av 

91oF 99,111 

Fig.3-Schernatic diagram of the CA3088E. 
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CA3088E 

TYPICAL ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

TYPICAL 
VALUES 

UNITS TA - 250C 
Vf. • 12 V 

TEST 
CIRCUIT 
FIG. NO. 

Static (DC) Cheracteristics 

DC Voltages, 

Terms. 1, 4, 9, 11 VI, 4, 9, 11 

1 

0.7 v 
Terms. 2, 7,8 V2, 7,8 1.4 v 
Term. 10 V10 5.6 V 

Term. 12 V12 o V 

Term. 15 V15 3.5 V 

DC Curren:: 

Term. 3 13 

1 

0.35 m A 

Term. 6 16 1.0 mA 

Tern, 10 110 20 mA 

Terrn. 13 113 o mA 

Term. 16 116 1.2 rnA 

Dynamic Characteristics 

Detector Output 30% Modulation 4 75 mV RMS 

Audio Amplifier Gain AA F f = 1 kHz 4 30 dB 

Audio Distortion Vow( = 100 rnV 4 0.2 % 

Sensitivity( 

At Converter Stage Input 
1IN = 1 MHT 
Signal-to-Noise Ratio (SIN) = 20 dB 2 200 pV/m 

At RF Stage Input 4 100 pV/ri 

Total Harmonic Distortion THD 30% Modulation 4 1.0 % 

Input Resistance( 

At Transistor 01 

RI 

No AGC, 

input signal frequency 

(fire) = 1 MHz 

3500 0 
At Transistor 05 2000 f3 

Input Capacitance: 

At Transistor 01 

Cl 

12 OF 
At Transistor 05 17 pF 

Feedback Capacitance: 

At Transistor 01 

CFO 

1.5 pF 
At Transistor 05 1.5 OF 

The typical characteristics for the CA3088E are intended for guidance purposes in evaluating this device for equipment design. 

RCA •00. 10.1. 4•TE • Me (CI 0 mose“ TO 
Olt SISTMOCE V.A. AN( let 0«.5. 

On.k. Ca.( UK( VA." algt 61.010044.5 It" 1.141. 

Fig.4— Typical AM broadcast receiver using the CA3088E with optional RF amplifier stage. 
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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 

Features: 

• Exceptional limiting sensitivity: 
12 5V typ. at —3 dB point 

• Low distortion: 0.1% typ. 
with double-tuned coil) 

• Single-coil tuning capability 

• High recovered audio: 
400 rnV typ. 

• Provides specific signal for 
control of interchennel muting 
(squelch/ 

• Provides specific signal for 
direct drive of a tuning meter 

• Provides delayed AGC voltage for RF 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-IF 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 isquelchl circuit. 

The advanced circuit design of the IF system includes 
desirable deluxe features such as delayed AGC for the RF 

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-IF System is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 

surnsistseict ewes use ix owns 
• ...ER OR ralevALTNT 
• • ...TR e0211A 0.1 rowvaLreit 
• L 0115 Ole IOW CORI et.., 
o iv‘oaccoirs col 21122.• OR TOUIVALENTI 

Performance data at to • 98 MHz, /mop = 400 Hz, 
Deviation 175 kHz: 

.3dB Limiting Sensitivity   2.,‘V lAntenna Level) 
20dB ()Waling Sensitivity   luV lAntenna Level) 
30dB Quieting Sensitivity . . . . 1SpV (Antenna Level) 

Fig.1- Typical FM tuner using the CA3089E with a singlesoned 
detector coil. 
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CA3089E 

MAXIMUM XAtINCIS, Absolute Maximum Valuotat TA« 25°C 
DC Supply Voltage: 

Eletween Terminals 11 and 4   16 V 
Between Terminals 11 and 14   16 V 

DC Current (out of Terminal 15)   2 mA 

Device Dissipation: 
Up to TA = 60°C   600 nW 
Above TA 60°C   derate linearly 6.7 mWPC 

AmbientTemperature Range: 
Operating   —55 to+125 
Storage   -65 to •150 

Lead Temperature (During Soldering): 
At distance not less than 1/32- (0.79mm) horn case for 10 seconds mec.   .265 °C 
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CA3089E 

ELECTRICAL CHARACTERISTICS, at TA - 25°C, V . - 12 Volts 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS Ditetsit 

Fig. No, 

Min. Typ. Moo. 

Static (DC) Characteristics 

Quiescent Circuit Current Ill 

No signal input, 

Non muted 

16 23 30 mA 

DC Voltages: 

Terminal 1 (IF Input) V1 1.2 1.9 2.4 V 

Terminal 2 (AC Return to Input) V2 1.2 1.9 2.4 V 

Terminal 3 (DC Bias to Input) V3 1.2 1.9 2.4 V 

Terminal 6 (Audio Output/ V6 5.0 5.6 6.0 V 

Terminal 10 (DC Reference) V10 5.0 5.6 6.0 V 

Dynamic Characteristics 

Input Limiting Voltage (-3 dB point) Valim1 - 

fi) - 10.7 MHz, 

: ' 400 Hz. 

Deviation = 

±75 kHz 

3.4 

- 17 25 IIV 

AM Rejection (Term. 6) Awl VIN = 0.1 V. 

AM Mod. = 30% 
as 55 - dB 

Recovered AF Voltage (Term. 61 Vo(AF I 

VIN - 0 .1V 

300 400 500 mV 

Total Harmonic Distortion: • 

Single Tuned (Term. 6) THD 3 

4 

3, 4 

- 0 .5 10 % 

Double Tuned (Term. 6) THD - 0.1 - % 

Signal plus Noise to Noise Ratio (Term. 6) S • NM 60 67 - dB 

THD therettenstics ere elisentlellv • function of th phase cherecterisncs 01 the network connected between tenninels 8, Lend 10. 
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a) Bottom view of printed-circuit board. b) Component side — top view. 

Actual size photographs of the CA 3089E and outboard 

components mounted on a printed-circuit board. 
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CA3090AQ 

Stereo Multiplex Decoder 

For FM Stereo Multiplex Systems 

RCA.CA3090A0 . a monolithic silicon integrated circuit, is a 

stereo multiplex decoder intended for FM multiplex systems. 

The CA3090A0 is the successor to the CA30900; st 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 mA. 

2. Stereo Defeat/Enable control.voltage specifications. 

3. Capable of operation with lower distortion. 

This stereo multiplex decoder requires only one lovv.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 CA3090A0. 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 76.1tHz 
signal, generated by a local voltage.controlled oscillator 

(VC0). 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 

Fka I -Functional block diem, of the CA3090Aa 
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Fig. 3 - Indicator lamp characteristics (lc al. Vcel. 

voltage controlled oscillator IVC01 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 19.1tHz pilot tone. If 

the pilot tone exceeds an externally adjustable threshold 

voltage, a Schmitt trigger circuit is energized. The signal from 

the Schmitt tries« lights the stereo indicator, enables the 
38.kHz synchronous detector, and automatically switches 
the CA3090A0 from monaural to stereo operation. The 
output signal from the 38.kHz detector and the composite 

signal from the preamplifier are applied IO 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 CA3090A0 may be used without the stereo defeat/enable 

function lsee Fig. 6) if a control voltage for this function is not 
readily available. In this case. Terminal 4 should be grounded. 

The CA3090A0 utilizes the 16.1ead quad.inline plastic pack-

age and operates over the ambient temperature range of 

-55°C to *125°C. 

.. ... . •etse 

vuvi.gvro.srisurc STE.E0 
V44 051V TO DEACTIverE STEREO 

92C, Z255} 

ae. 4 - TearCireuir for use veal Stlerea del.! /enable 

Features: 

• Requires the use of only one low.inductance tuning coil 

• Automatic stereo switching 

• Directly drives a stereo indicator lamp up to 100 mA 

• Includes driver for stereo-lamp indicator 

• Operates from a wide range of power supplies: 10 to 16 volts 

• Requires only one adjustment for alignment 

• Switching from monaural to stereo and stereo to monaural 

produces no audible thumps 

• Low distortion: under 0.22%40 

• Separate dc input permits stereo defeat or enable 

• High signal output: directly drives audio amplifiers 

• Exceilent SCA Istorecast) rejection: 55 dB tYP• 

• High audio channel separation: 40 dB typ. 

MAXIMUM RATINGS, Abeolutelikaannum Values et 2.4 25.0 
DC SUPPLY VOLTAGE   16 V 
CURRENT AT TERM. 12   100 rev 
INPUT SIGNAL VOLTAGE (COMPOSITE).   400 mV 
AMBIENT TEMPERATURE RANGE: 
Operating   -55 ro .125% 
Storage . . . . . . . ..... -65 to .150°C 

LEAD TEMPERATURE 1DURING SOLDERING): 
At distance not less than 1/32- 10.79 rnm) 
from use for 10 a max   •265°C 

• For stereo operation. • minimum input signet voltage (composite) of 
40 mV is required. 

Fig. 2 - Test circuit for DC characteristics. 

Fig 5 - Tint circuit for use without stereo defeat/enable 
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CA3090AQ 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

TERMINAL 

MEASURED 

AND 

SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 

TA - 250C 

V.. 12 V lunleu 

specified otherwise/ Mln. Typ. Mc. 

Static Cherecteristics 

Total Current (Terms. 9, 10, III 'total Lamp OFF - 22 27 mA 

DC Voltage. 

Term. I V1 1.6 23 31 V 

Term. 6 lIncleator Lamp OFF/ V6 2.1 16 V 

Terms. 9 and 10 
v9 & 10 4 7 6.4 84 V 

Term. 12 lIndocator Lamp OFF) 
V I2 V* . 16 V 127 V 

Voltage Differential ITerm. 2-Term. 11 V2 • V1 0 0.1 V 

Current at Term. 12 Iln actual use external cueuIr 
resistance lep. lamp should lunit Term. 12 to the 

maximum rated value of 100 mA.I 
V,' 411 = 19 kHz) = 18 mV 75 100 rnA 

Dynunic Chaeracterirtic 

Input Impedance 
Z 1N - 50k - SI 

Channel Separation IL. R Reference) . 

VIN = 180 mV 

40 de 

Channel Balance (Monaural/ 

.25 

- 03 3 dB 

Monaural Gaon 3 6 9 dB 

Stereo/Monaural Darn Ratm • h03 ±3 dB 

Indscator Lamp - Turn•ON Voltage 19-kHz p1101 lone @ Term. 1 - 4 - mV 

Capers, Range (Devoatoon from 76-kHz center 

frequency) 
19-kHz mlot-tone 

voltage Y 18 mV ±66 ±10 - 

Chslorhon 175.us de-emphasIsl 

2nd Harmonoc  V 1, = 240 mV - 
02 - % 

3rd. 4th. and 5th Harmonic - <0 1 

19-kHz RAW.. 35 dB 

38-kHz Reject1on - 48 dB 

SCA Istorecast) Rejectoon 70 _ dB 

Stereo Defeat Voltage (V41 1 2 <0.9 V 

Stereo Enable Voltage 1V 4) > I 6 1 2 V 

• For  oueratIon, rest condmons rechure a compohte 
stereo Input sum@ (modulate at I kHz) mcluchng a 
lekHz 118 nIVI pet-lom urinal 

STERO 

"“tr4t1;"  

"oft 

TEST NETWORICTO 
SINUL•T 141 
ROLLO. at 34.8 
DUE TO Fhl DETECTOR 

Fig. 6 - Test circuit for measurement of dynarne charecteristes. 

RESISTANCE VALUES 
ARE IN OHEAS 

s. so r rs en 84 ea 
VOLTAGE-CONTROLLED OSCIL LATOR (VC I FREQUENCY 
(NO PILOT TONE APPL,EDI gas.10311 

«CAPTURE AREA. 

OC POWER SUPPLY vOLTAGE 
101•12v 

aseltit  

LOOP FILTER CAPAC •0 41,F 

'TIVAIPERATuRE Tul 
• 4SYC 

Fog - Pilobtone collage laved vs. VCO frequency tooth no 
polobtone apphed. 

DC RORER SuPPLT vOLTAGE I v•1•13 v 
ANIIIENT TENPERATURC (W. ZSeC 
PILOT vOLTAGE ill .9 AN, I•IC 40 RIAS 

TmE VCO 

v0 TAG -CONTROLLED oscn,curnnlvcolF :CILICNCr 
IRO PILO TONE APPLIE01—.8 ears IsOSS 

F 8 - F. ter capacitance cg. VCO frequency burn no 
polobrone speed. 

A - soele 

8-Component ode. 

F.g. 9 - Photographs of Inc CA..7090A0 and outboard components mounted on a 2 X 2b-orsch 
prenteck.rcuot board 80 constotute a complete stereo muloplex decoder 
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CA3120E, CA3142E 

TV Signal Processors 
("Jungle" Circuits) 

For Color and Monochrome Receivers 

The RCA-CA3120E and CA3142E are mono-
lithic silicon integrated circuit TV signal 

processors for use in color or monochrome 
receivers. These circuits provide low-imped-

ance video output signals, stripped synchro-
nization signals in both polarities, and AGC 
output signals for IF (reverse) and tuner 
(forward and/or reverse). 

The circ.uit designs of the CA3120E and 
CA3142E feature impulse noise inversion, 

delay techniques to reduce the deleterious 
effects of impulse noise in the receiver AGC 

and sync circuits. In addition, they in-

corporate standard AGC strobing techniques. 

The AGC noise lockout circuit is deleted in 
the CA3142E. 

Features: 

• Internal impulse noise processing 

• Sync separator - low impedance, 
dual polarity 

• Strobed AGC system • IF AGC output 

• Delayed outputs for forward or 

reverse AGC tuners 

• Automatic noise threshold and 
AGC detector level control 

• High-impedance video input 

• Low-impedance video output 

• Choice of external time constants 

for sync separator 

• Negative power supply not required 

• RF AGC delay externally controlled 

CA 3120E 
OR 

CA3142E 
BOTTOM VIEW 

.y 

RESISTANCE VALUES 
ARE IN OHMS 

24V 
92r, 222.. 

Fig. 2 - Test circuit for measuring electrical charac-
teristics of the CA3120E and CA3142E. 
Refer ro Figs. 7 and 8 for switch selector 
positions. 

Fig.! - Simplified block diagram of the CA3120E and CA3142E. 

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

DC SUPPLY VOLTAGE   30 V 

DEVICE DISSIPATION: 

Up to TA = 55°C   750 mW 

Above TA = 55°C  Derate linearly at 7.9 mW/°C 

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.   
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Fig.3 - Schematic diagram of the CA3120E and CA3142E. 
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CA3120E, CA3142E 

CIRCUIT DESCRIPTION* 

An AGC .sample-and-hold system generates 
control voltages proportional to the video 
level. The sync-tip voltage is compared to an 
internal reference voltage during the hori-
zontal synchronization (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 im-
pedance 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 (VTFI) 
is approximately 5 volts. The level is main-
tained at 5 volts by the AGC loop in the cir-
cuit, comprised of the CA3120E or CA3142E 
and the TV receiver RF and IF amplifiers. A 
low source impedance video signal s available 
from the emitter of 01 (Terminal 9 in Fig. 3). 

The external resistor (R X1 in Fig.9) reduces 
the dissipation of C11. The emitter-follower 
output of 01 is directly coupled to a dif fer• 
ential comparator stage (02, 03). Unless a 

negative-going pulse is present, 02 functions 
as an emitter follower and also cuts off tran-
sistors 03, 05, and 012. 

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 
(057, Q58). 

If impulse noise is present on the video signal, 
03 conducts and turns on transistors 05 and 
012. 05 inverts and "stretches" the noise 
pulse width. The output of 05 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 500 nanoseconds, the output 
of the combined signal no longer contains 
impulse noise signals. The derived noise-

gating pulse "surrounds" and effectively 
eliminates the effects of the impulse noise. 

The noise-cancelled video signal, amplified 
and buffered, is available at Terminal 5 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 8. 

Sync Separator (See Figure 4) — The sync 
separator stage (Q56) 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 (Ter-
minal 5) to the sync separator (Terminal 
4) is a user option. Fig. 5 shows three typical 
coupling networks. 

Fig. 6 illustrates the operation of the AGC 
circuits. An input ramp signal, simulating 
the potential to which the AGC filter capaci-
tor 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. 6) 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 IF 

gain required for the system. At intermediate 
signal level conditions (represented by B to 
C in Fig. 6), the IF AGC signal follows the 
AGC filter potential. The tuner(s) will oper-
ate at maximum gain for good signal-to-
noise ratios at these equivalent input signal 
levels. Point Cita 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 in-
hibited (for good dynamic range) and the 
tuner AGC potentials are activated (repre-
sented by C to D). 

The output at Terminal 14 with suitable 
level shifting is used for tuners requiring 

reverse AGC, such as MOSFET or electron-
tube types. The output at Terminal 15 is 
used for tuners requiring forward AGC, such 
as tuners utilizing n-p-n bipolar transistors. 

• For addltFonal inforrnat,on refer to the IEEE 
Transactions on Broadcast and TV Receivers." 
August 1970, pp. 185-195, Vol. BTR No.3. 

.2CS-226a• 
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0 

Fig.4 - Sync separator stage. 
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Fig. 6— Typical coupling networks 

(Term. 5 to Term. 4). 
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Fig. 6 — Typical operation of the AGC circuits using 
the CA3120E and CA3142E. 
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CA3120E, CA3142E 

CHARAC- 

TERISTIC 

TEST CONDITIONS 

TERMINAL 

MEASURED 

SWITCH NUMBERS 

1 2 3 4 5 8 9 11 12 13 14 15 16 17 18 19 20 

SWITCH POSITION 

1T24 2 3 1 2 1 2 3 1 1 3 2 1 2 2 2 1 5 2 6 7 9 14 

VTH 2 1 2 1 1 4 3 4 4 3 1 2 2 2 2 1 3 8 

V5 2 1 2 1 1 4 3 4 4 3 1 2 2 2 2 2 3 19 

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 

111(CH) 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 

111(LEAK) 2 1 2 5 2 1 1 6 4 3 2 2 ' 2 2 1 5 111 

V11 2 1 2 5 1 2 3 2 3 3 1 2 2 2 2 1 5 V11 

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 

VI 3(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(0N) 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 

11510N) 3 1 2 5 2 2 3 8 4 3 2 3 1 2 2 1 5 115 

CAUTION Remove power beg°, selecting or adjusting switches 

Reduce voltage at Terminal 8 until Vtg decreases VTHISEPI VTH V8 

NOTE Switch numbers In Itahcs correspond to numbers in square boxes in Figs 2 and 8. 

Fig.7 — Test condition values for associated switches 1 through 20 (switches 6, 7, and 10 are omitted). 
Refer to Figs. 2 and 8 for rest circuit and test-condition selector-switch arrangements. 

Fig.9 — Typical application using the CA3120E and CA3142E. 

2 
o 

08-0I5v 
0---0 IV 

6V 
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0?--0 6V 
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2  024 V 

0-0 24 v 

o 
0 2 

 0 MEASURE VOLTAGE 

0 , 

e\%,1 O  MEASURE VOLTAGE 

02-0 MEASURE VOLTAGE 

05 4 
0-0 MEASURE VOLTAGE 
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0  

24 v 
IS It 

9.1.-2244.111 

NOTE: The Italicized numbers in the square boxes refer 
to the 17 switches (switches 6, 7, and 10 are 
omitted) of the test circuit and correspond to 
those given in Figs. 2 and 7. 

CAUTION. Remove power before selecting or adjust-
ing switches 

Fig.8 — Test condition selector switch arrangement for rneeaurIng 
electrical characteristics of the CA3120E and CA3142E. 

(Figure 8 Continued on the next page) 



CA3120E, CA3142E 
ELECTRICAL CHARACTERISTICS at TA= 25°C, Supply Voltage (V+) = 24 V and 

Referenced to Test Circuits and Test Conditions (Figs. 2, 7, and (O. 

CHARACTERISTICS 

TERMINAL 

MEASURED 

CA3120E 
CA3142E 
LIMITS UNITS 

AND 

SYMBOL Min. Typ. Max. 

Supply Current (Pulse Test) 1724 20 - 40 mA 

AGC Threshold (Sync Tip Level at Video Input) VTH 4.5 - 5.5 V 

Video Input Amplitude (White Positive) V8 - 3 - Vp-p 

Video Output Amplitude (Low Impedance) V9 - 3 - Vp-p 

Noise Cancelled Video Output at VTH 
(Black Positive. Gain ----- 2) 

V5 3.6 - 9.2 V 

AGC to Noise Separation VTH (SEP) 1.1 - 2.2 V 

Sync Input Current for Full Amplitude Outputs 14 (ON) - - 100 PA 

Maximum Leakage Current at Terminal 4 14 (OFF) ±6 PA 

Sync Outputs 

V 2(L) 0 - 2.6 V Negative Sync Low 

Negative Sync High V 2(H) 23.8 - 24 V 

Positive Sync Low V3(L) 0 - 0.2 V 

Positive Sync High V3(H) 20 1 - 24 V 

AGC Filter 

IllICHI 12 - 36 mA Charge Current (Pulse Test) 

Discharge Current 111(DISCHI 1 1 - 2.6 mA 

Leakage Current Ill (LEAK) - - .-6 PA 

AGC Enable 

V 16 (ON) 3 - 6 V Horizontal Keying 

Negative Sync Input Current 11 ION) - 1 - mA 

Maximum IF Gain Clamp Voltage VII 4.8 - 5.7 V 

Maximum IF Gain Bias V12 4.2 - 5.2 V 

IF AGC Voltage. 

VI3 (LOW) 0 - 3.3 V Low 

High V13(HIGH) 6.1 - 6 V 

Tuner Currents. 

114 (OFF) - - ±6 PA Reverse AGC (FET) OFF Current 

Reverse AGC (F ET) ON Current 114 (ON) 1.8 - 5.5 mA 

Forward AGC (n•p-n) OFF Current 115 (OFF) - - ±6 µA 

Reverse AGC (n-p-n) ON Current 
115 (ON) 4.5 - 15 mA 

Internal Noise-Lockout Time (CA3120E only) T 1 - 63 ps 
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2v CURRENT SOURCE 

03-0 24V 

NOTE: The italicized numbers in the square boxes refer 
to the 17 switches (switches 6, 7, and 10 are 
omitted) of the test circuit and correspond to 
those given in Figs. 2 and 7. 

CAUTION: Remove power before selecting or adjust-
ing switches 

Fig.8 — Test condition selector switch arrangement for measuring the 
electrical characteristics of the CA3120E and CA3142E. 
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CA3121E 

TV Chroma Amplifier/Demodulator 
Provides Complete System for Processing Chroma 
When Used with RCA-CA3070 

RCA-CA31/1 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. Fig. 4 shows 

a functional block diagram and the outboard circuitry of a 

typical two-package chroma system incorporating the CA3121E 

and CA3070, respectively. 

The CA3121E is supplied in a 16-lead dual-in-line plastic 

package. 

Features 

• Excellent linearity in dc chroma gain-controlled circuit 

• Improved filtering reduces 7.2 MHz output from the 

color demodulators 

• Current limiting for short-circuit protection 

• Good tolerance to By supply variations 

• Good temperature coefficient stability 

MAXIMUM RATINGS or TA - 25°C 

Supply Voltage   30 V 
Device Onsuaatoon 

Up to TA = 55°C   750 rrnW 

Above TA = 55°C   derate linearly to rynAl/°C 
Operating Temperature Range   -40 to .85°C 
Lead Temperature (During Soldering) 

At distance 1/16" ±1/32" 11.59 ±0.79 mer) 
frorn case for 10 s ma,   .265°C 

!! 

1 
144,, 

0 .00 200 300 400 500 600 AO 

NTSC CHAP. INPUT SILNAL CU. 21-4,4 

Fig 2 - Typical ACC plot for the CA3121E when used with 
the CA 3070. 

CIRCUIT OPERATION 

The CA3171E consists cl three basic circuit sections . 

(1) amplifier No. 1. 12) amplifier No. 2, and 131 demodulator. 

Amplifier No 1 contains the circuitry for automatic chroma 

control IACCI and color killer sensing The D.etput of amplifier 

No. 1 (Terminal 31 is coupled to the Chrome Signal Processor 

ICA3070 or equivalent) for ACC and automatic phase control 

(APC) operation and to the input of amplifier No. 2 

(Terminal 01 containing the chroma gain control circuitry. The 

signal from the color•killer circuit in amplifier NC 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 AV and 

13-V demodulation subcarrier signals ITerminals 7 and 8) 

from the oscillator output of the chroma signal processor The 

17I-V and B-Y demodulators and the matrix network contained 

in the demodulator section of the CA3121E reconstruct the 

&V signal to achieve the R•Y. G•Y, and 8-V color difference 

signals. These high•level outputs signals with low impedance 

outputs are suitable for driving high-level 11. G, 13 output 

amplifiers. Internal capacitors are included on each output to 

filter out unwanted harmonics. For additional operating 

information and signal waveforms, refer to Television Chrome 

System (utilizing RCA-CA3070, CA3071, CA3072),File Nu 468 
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Fig 1 - Functional blocc diagram of he CA312I E. 
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Fig 3 - Schematic diagram of the CA3121E. 

ELECTRICAL CHARACTERISTICS at TA - 25`›C and Referenced to Test Circuit (Fig. 5 / 

028 

40 

77. 

:7. 

CHARACTERISTIC 

TERMINAL 

MEASURED 

AND 

SYMBOL 

TEST CONDITIONS LIMITS UNITS 

Min. Typ. Max. 

Supply Current 
IT - - 40 44 otA 

Input Sensitivity v7 Vary Eg; set VA for 55 mV RMS 6 10 15 mV RMS 

Second-Stage Sensitivity V4 Vary Eg, set V11 for 2 V RMS 25 55 100 mV RMS 

Output Voltage 

1Killer oft) 
V11 Switch Position: 012. S2-2, 532 

Adjust killer potentiometer until output 

drops 

- - 70 mV RMS 

Demodulator Characteristics: 

13 14.3 15.6 y Output Voltages V9, V19. VI 1 

DC Output Balance 

(Between any 2 

outputs) 

- -0.6 00.6 y 

Unbalance Vg. V10. Vs 1 E9=0; Switch Position: S1.1, S2.1. 

S.3.1 
- 0.8 Vp.p 

Relative Outputs-

13-Y 
V 10 Vary Eg; set V1 1 for 2 V RMS 1.4 1.52 1.68 V RMS 

G-V V9 0.3 0.4 0.5 V RMS 

Relative Phase- 

R-Y V10 

Vary Eg; set V11 for 2 V RMS. 

read phase of VI 0 and V9 

with VI, as reference 

-101 -106 -111 degrees 

G-Y V9 112 104 96 degrees 

Max. Output Voltage V11 Eg -- 750 mV /8 V RMS 
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360 

Fig 4 — Outboard circuitry of • typical two-package chroma system for 

color-TV receiver,' utilizing the CA31215 and CA3070. 

TOE,ZreezenvesSEE A'"""O DIVE 

TI PRIMARY II SECONDARY WINDINGS •"TS,H, 
0•22. PRIMARY WINDING CENTER TAPPED 

NOTE: 
22-PALO», ONLY FOR TEST PURPOSE / 3.3 PA LOADS RECOMMENDED FOR APPLICATIONS. 

RESISTANCE VALUES ARE IN OHMS 

CAPACITANCE VALUES ARE IN MICROFARAOS UNLESS OTHERWISE INDICATED 

RESISTANCE VALUES ARE IN 011MS. 
UNLESS OTHERWISE INOICATEO.ALL CAPMCITANCE 
VALUES LESS THAN / ARE IN MIICROFARAOS, 
OR GREATER ARE iN PICOFARAOS. 

(Y/T (1.1 

SURCARRIER 
/NJECTION 

102T PHASE DIFFERENCE 
Iv 

Fig 5 — Typical characteristics test circuit for the CA312IE. 
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CA3123E 

AM Radio Receiver Subsystem 
Includes RF Amplifier, IF Amplifier, Mixer, 
Oscillator, AGC Detector, and Voltage Regulator 

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 n automobiles. The CA3123E is 

supplied in a 14-lead dual-in-line plastic package and operates 
over the temperature range of -550 to 125°C. 

• Formerly RCA Dew No, TA6155 

ELECTRICAL CHARACTERISTICS at TA 25°C 

Features: 

• Low-noise, low-Rh' 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 

• Cascode if amplifier with controlled output impedance 

and negligible Miller Effect - 

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 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Mao. 

Stele Characteristics In Circa of Fig. 3 ' 

DC Vo ltage_ ._  
At Terminals 1, 4 V, °VA 4.7 V 

At Terminals 2, 3. 14 V2,V3, 1/54 6.8 V 

At Terminal 5 V, 0.25 v 

et Ternmal 6 v6 12 V 

At Terminal 7 V7 0.76 V 

At TerminalS 8. 9 VEIN, 0 V 

At Terminals 10, 11 V50,V.55 0.71 V 

Al Terminal 12 V52 0.71 V 

At Terminal 13 V53 4.0 V 

DC Current. 

5, 7 11.4.4.17. 
18-19.110-'11-'12 

o ,00 
Into Terminals 1. 4. 

a, 9. to.11.12 
Into Terminal 2 

12 1.2 mA 

Into Terminal 3 13 15 mA 

Into Terminal 6 
16 4.3 op> 

Into Terminal 13 
113 4.5 mA 

Into Terminal 14 '14 0.170 mA 

Performance Characteristics In Circuit of Fig. 3 

Sensitivitv 

Input Signal to Dummy 

Antenna at I iel Melt. 

30% AM Modulation at 
fuoo•400 He. for 11 inV 

output e Vo 

2 3 5 irV 

Signal.to•Noise Rat. SIN 

Ratio of Output at Vo 

with Modulation ON and then 
OFF, Input Signal-100.1/. 

30% AM Modulation at 
1,00 .400 He 

34 43 de 

Overload Distortion 

Input Signal set et 

I MHz. 90% AM 

Modulation. Distortion 

at Vo must be 

< 10% 

160000 400000 0i, 

Dynamo Characteristics For Indicated Stages In Circuit of Fig. 3 

Stage 

Parallel Cara item. Parallel Resistance Transondietance 

Input 

pF 

Output 

pF 

Input 

Il 

Output 
prnhos 

RF Amplifier 80 6 750 2 • 106 min. 140000 

IF Amplifier 35 35 950 le 80000 

Mixer 6 2 2000 2x 106 min 
2500 Mixer) 

3000 lAmplif *ell 

MISER INPUT I  

OSCILLATOR TAN osc,  IS RF OUTPUT 

u• 

MEER 0PASS 

AGC ORIvE 

IF OUTPUT 6 

IF INPUT 7 

AGC 

AYR 

MYER OuTPUT 

12 RF INPUT 

RF 614PASS 

0 AGC CAPACITOR 

Torm,ne aspgrornenr rhagra,” 

MAXIMUM RATINGS. Abtolute Max ,num Valuer. 

9 RF GROUND 

Ir La usoteao 

9.215. -PASA 

DC SUPPLY VOLTAGE: 

At Terminal No. 3 IV.)   9 V 
At Terminal No. 6 (IF Output/  40 V 

At Terminal No, 13111F Output/   20 V 
At Terminal NA 14 (Mixer Output I 20 V 

DC CURRENT: 

Into Terminal No. 3 W I  35 mA 
DEVICE DISSIPATION, 

Up to TA • 55°C   750 ma 

Above TA • 55°C  detest 104erly 6.62 rrap0C 

AMBIENT TEMPERATURE RANGE 

Operating   -55 to • 125°C 
Storage   -65 to •150°C 

LEAD TEMPERATURE (Ounng Soldenne 
At distence 1/16' ± 1/3" 

11.59 mm ± 0.79 Tee 
from case for 10 erne,   260.0 

TYPICAL CHARACTERISTICS 

..........................., 

MARIE. TENPERATURE ITe25/C 
OPERATING FREQUENCY 11.1•242 

. 1001.1\  

Ms 

94er 

- 

..„.0361.0.0 

IIK) 

_ 

011.3171/. 

I
T
E
M
 

A
 .
 

O 00 200 300 400 500 400 

INPUT VOLTAGE I•.1 Ans..« 

fie t - Control of RF 'We by none onto Torrnmal No.5. 

55e 

AZCS• VIA* 

Fie 2- Tort ere. for Fee. 
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Trend armor Symbol Frequency 
Inductance 

oh I 

Capacttance 

pF 

0 

1 

Total Turns To 

Tap Turns Ratio 
Couplon9 

Forst IF 
Pruner, 

12 

262 kHz 2840 

2840 

130 

130 

60 

60 

none 

' 3°31 .0 017 , 1/0 
Secondary 

Second IF 

Primary 
T, 

262 kHz 2840 

2840 

130 

130 

60 

60 

8.5.1 

8.51 

- 

cob., 

.0.012 , 1/C1 
Secondery 

Antenna. 

Ti 

1 MHz 195 IC 1)-130 65 

Secondary 
Adiusted to an ornpedence of 75 f vytth primary resonant et 1 MHz. Couplong should be as téght as pracocal. 
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Fig. 4 - Selo-note dodderer?, of CA3123E 
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CA3125E 

Television Chroma Demodulator 

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 CA1398E IC Chroma Processor as well 
as other commercially available Chroma Processors in R-G-8 
Systems of color-TV receivers. The CA3125E is supplied 

in a 14-lead dual-in-line plastic package. 

TYPICAL STATIC CHARACTERISTICS AT TA = 25°C, 
= +20 VOLTS 

SUPPLY CURRENT   9.6 mA 
BRIGHTNESS CONTROL VOLTAGE: 

Measured with 8 volts at 
Terminals 11, 12 and 13   1.4 V 

MAX. OUTPUT DIFFERENCE VOLTAGE: 
Measured between any two of 

Terminals 11, 12, and 13   ±-0.4 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 

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

SUPPLY VOLTAGE   25 V 
SUPPLY CURRENT   20 mA 
AMBIENT-TEMPERATURE RANGE: 

Operating   —40°C to +85°C 

Storage   —65°C to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16' ± 1/3r 11.59 ± 0.79 mm) 
from case for 10 s max.   265°C 

TYPICAL DYNAMIC CHARACTERISTICS AT TA 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 

RED GAIN RATIO: 
Peak -to-peak voltage at Terminal 13 

X 100   100% 
Peak-to-peak voltage at Terminal 11 

GREEN GAIN RATIO: 
Peak-to-peak voltage at Terminal 12 100 
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 

.,.,„ w•-v • ee.e." 

CPROPIR INPUT 

OE 50001 ATOP 

eris 

teste NC SS 
CON TROC 

nt Ft e r TOO 
sueccenlcs 

Fig t — 'booboo", block cli•pom of tho C.43125E. 

7.36 Vp.p 

  30% 

0.7 Vp-p 

Features 

• Luminance input 

• Blanking control input 

• Three separate demodulators with Independent phase control 

• Low output offset voltage   0.4 V 

Outrun 

OUTPUT 

OusPu T 

  363 



CA31260 

TV Chroma Processor 
RCA.CA31260 is a monolithic silicon integrated circuit 
designed for chroma processing applications in color TV lator as well as other chroma demodulators. 

receivers. It is compatible with the CA3067 chroma demodu-

MAXIMUM RATINGS, AbxduteMaxirmon Values at TA 25°C 

DEVICE DISSIPATION: 
Up to TA 55°C   750 inli• 
Above TA 55°C   derate linearly 7.9 rnWPC 

DC SUPPLY VOLTAGE Across Terms. 5 and 1210   13.2 V 
DC CURRENT: 

Into Term. 12  38 r•A 
Into Term. 14  20 rnA 

DC VOLTAGE (Terminal 9): 
Negative Rating   -5 V 
Positive Rating   3 V 

AMBIENT TEMPERATURE RANGE, 
  40 to 095°C 

Storage  -66 to •150°C 
LEAD TEMPERATURE lOuring Soldering) 

Al a distance not less than 1/32in, 10.79 nwn) 
from case for 10 seconds max.   •246°C 

"This rating dots not apply when using the internal rent,' reference 
in conjunction with an eater., pass transistor. 

ELECTRICAL CHARACTERISTICS 

Test Conditions: TA • 25°C, chrome control at maximum position for all characteristics testa except for chrome output test. 

For this tee, control should be set at minimum position. Electrical characteristics referenced to test circuit, Fig.2. 

CHARACTERISTIC 

TERMINAL, 

MEASURE. 

MENT, AND 

SYMBOL 

SWITCH POS. CHROMA 

INPUT 

TP1 

LIMITS UNITS 

SI S2 Min. — I Typ Max. 

Static Characteristics 

Voltage Regulator V 12 2 2 0 10. 1 11.2 12.1 V 

Supply Current 
112 2 2 0 16 25 38 mA 

Dynamic Characte r i rr ics (See Note 1) 

Pull-in Range • V8 • 2 0.5 Vp,p ±250 H: 

Oscillator Output V8 2 2 0 0.6 1.0 Vp.p 

100% Chroma Output V15 1 2 0.5 Vp.p 1.4 2.7 Vp,p 

Overload Detector V15 1 1 0.5 1.10.p 0.4 0.7 Vp.p 

Minimum Chrome Output V15 1 2 0.5 Vp, - 20 nWp.p 

200% Chroma Output V15 1 2 1 Vp, 70 100 140 % of 

100% 
reading 

20% Chroma Output V15 1 2 0.1 Vp.p 40 - 105 

Kill Level V TP1 1 2 vary 5 - 60 mVp,p 

Note t Except tor poil-in range testing, tune °sale o. trirniner c p.m olOr for rae-running frequency 013 579545 MHz ± 0 biz 
*Set Swint. 1 ro Posiewn 2, detone oscillator ± 250 Na set Switch 1 to Positio 1. and check for oscillator poll.. 
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Features.' 

• Phase-locked subcarrier regeneration utilices sample and hold 

techniques 

• Automatic chrominance control IACCUltiller detector employs 

sample-and-hold techniques 

• Supplementary ACC with an overload detector to prevent 

o rrrrrr uration of the picture tube 

• Sinusoidal subcarrier output 
• Keyed chroma output 
• Emitter-follower buffered outputs for low output impedance 

• Linear dc saturation control 
• Internal cener-regulated reference potentials 

• Only the truttal crystal filter tuning is required . no killer or 

ACC achustments required at any time 
• Few eclernal components required 
• Compensation for temperature and supply «nations 
• All terminals protected against short circuits 

CIRCUIT DESCRIPTION 

The following paragraphs briefly describe the circuit operation 

of the CA31260 (shown in Fig. 1). A detailed description of 

the operation of vareOuS portions of the CA31260 is 
given in ICAN-6247, "Application of the CA31260 Chrome-
Processing 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 chrome amplifier. This amplifier supplies signals to the 

second chroma amplifier and to the ACC and AFPC detectors. 
The first chrome 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 
  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. 
shit ting 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.runn ing f requency. 

The regenerated oscillator signal at Terminal 8 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 the circuit. The "comparer 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 chrome 

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 131 receives a sample of the 

chrome output (Terminal 151 and detects the peak of the signal. 
The detected voltage is stored in an external capacitor con-

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 R 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 hie impedance minimizes pickup of 

unbalanced currents, particularly of the subcarrier oscillator 

signal. 
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CA31260 
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 8) and the chrome input 
(Terminal 1). 

Overload Oaten1er 
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 cotent 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 chrome 

output at Terminal 15 can be tapped to yie'd any desired 
degree of overload detector action. 

Chrome Gain Control 
The chroma gain control operates by varying the base bias on 

current source transistor 1325. 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 chrome 
gain characteristic for the CA31260 is shown in Fig. 3. 

Subcarrier Regenerator Oscillator 
The oscillator filter consists of a 3.519545-Mlle crystal, a 

680-ohm resistor, and a 10-pF capacitor connected in series 

across Terminals 6 and 7. A 33-pF capacitor, shunt connected 
rom Terminal 7 to ground, rolls off higher.order harmonics. 

thereby preventing oscillation at the crystal third-harmonic 
requency. A curve of the typical static phase error as a 

function of the free-running oscillator f requency is shown in 

Fig. 4.1t should be noted that the dope of the curve determines 

he dc gain of the phase-locked loop, i.e.. 40 Hz per degree. 

AMBIENT TEMPERATURE IT, • 25•C : 
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Fig ,3 -Chrome pin contra,. 
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output vs. temperature 
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Fig 2- Test circuit for CA31260. 
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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. 5 and 6 

show the oscillator. and chroma-output amplitudes and phases 

.as a function of temperature (Terminals 8 and 15), respectively. 

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. 7. All the temperature plots are 

characteristic of the test circuit with the indicated component 

types and values given in Fig. 2. 
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CA31280 Preliminary Data 

TV Chroma Processor for PAL Systems 

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 1ST6144I. 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25-c 
DC SUPPLY VOLTAGE (Between Terms. 12 and 5)  13.2 V 

DC VOLTAGE ITeem. 91: 

Positive Value   

Negative Value   5 V 

DEVICE DISSIPATION: 

Up to TA = 55°C   750 mW 

Above TA = 55°C   demure linearly at 7.9 rnWfiC 
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" 10.79 mml from case for 10 seconds max.   

.3 V 

.265 °C 

TYPICAL STATIC CHARACTERISTICS at TA = 25°C: 

DC 3147174 Current 11121wIth v12 = 11.2 V dc   25 mA 

TYPICAL DYNAMIC CHARACTERISTICS at TA = 25.c with a Burst-to-Chroma Ratio of 46.5%. 
100% Chroma Output Voltage at V, , p.p) ' 0.5 V  •  ....... , 3.5 Vp-p 

Oscillator-Level Output Voltage ...... ... 1 Virus 

Killer Threshold Input Voltage   0.018 Vp-p 

Pull-in Frequency   500 Hz 

PAL Identification Output Voltage   1 Vp-p 

TO 
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Features: 

• Phase-locked subcarner regeneration 
utilizes sample-and-hold techniques in 
the automatic frequency phase control 
(AFPC) servo loop 

• Automatic chrominance control (ACC)/ 
killer detector employs sample-and-hold 
techniques 

• Supplementary ACC 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 dc saturation control 

• PAL identification output 

• Only the initial crystal filter tuning is required 

and ACC adjustments required at any time 

• Few external components required 

• Compensation for temperature and supply variations 

• All terminals protected against short circuits 
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Preliminary Data 

5-Watt Audio Amplifiers 
With Integral Heat Sink 

RCA-CA3131EM and CA3I32EM are audio amplifiers with 

integral preamplifier stages on single integrated-circuit mono-

lithic chips. 

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 25°C. 

The CA3131EM employs an internal feedback network that 
sets the over-all gain of the amplifier to typically 48 dB. 

The CA3I32EM 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, 

Both 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. 

Determining External Component Values (Refer to Figs. 2 & 3) 

The dc 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 11 (input current, fixed by RA yRB. for 041. 

The voltage at Terminal 2 is set slightly above half the supply 

voltage to allow for the voltage drop across RA RB. 

Filter R8C3 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 08 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 pF 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. 
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-signal levels. Because p-n-p transistor 019 has 
a lower gain-bandwidth product IfT) than the n-p-n transistors. 

Cl is connected to Terminal 9 to compensate for gain losses 

occurring in the negative voltage swings. 

The use of the filter networks C8 and Ro at the output 

Terminal 6 is a standard requirement for class 8 audio outputs 

• cs 2497.1 
A 100DpF capacitor is required if input has an open circuit 

L External resistors R1 and n 2 ere used only with the CA3132EM. When testing the CA3131EM. 
ornit RI and n2 and connect the 1•/ terminehon of C5 to Terminal 16, 

Fig. 3-74er circuir ron types CA31.31EM and CA3132E41. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

SUPPLY VOLTAGE, V*   29 V 
CONTINUOUS OUTPUT POWER. P, twits 

- 8 fl and V.. 24 V)   8 W RMS 

MINIMUM RECOMMENDED LOAD 
IMPEDANCE. RL   

AMBIENT OPERATING TEMPERATURE, TA 

(at 6 W RUS Output Poydef1   70.0 
STORAGE TEMPERATURE RANGE   —55 to 0150 .0 

OUTPUT NC NC 
pus 

NON- INY .5 V - 
ROUT SOURCE G. 

F. I—normal assignment of the CA.7131E41 and CA31.72EM. 

n 

driving reactive speaker loads. Capacitor C8 compensates for 
the speaker inductance and R o limits the current surges 

through C8. 

The value of the coupling capacitor CO to the load determines 

the low-frequency response of the amplifier. 

Closed-Loop Gemn 

The closed-loop gain for either type is set by the ratio 

(R1 R2)/R 1. These resistors are included in the CA3131 EM 
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 RI. 

NOTE AMPLIFIER C.FICUIT IS IDENTICAL FOR 
win TYPES E.EPT FOR INV INPuT ANO 
FEEDBAG« LOOP IINCLUDINO RI AND 1121 
TeiF5F CIRCua •DOITIONS SNOwN van. OOT 
TEO LINES. APPLY ONLY TO TYPE GA3131. 

FIL • OR iOu 

ONO 

CA3131EM, CA3132EM 
Features: 

• Power Output : 4 W min., 5 W typ. 

• Complete amplifier including: preamplifier stages, 

power.output amplifier, and integral heat sink 

• High power-supply rejection ratio 

• Operating voltage: V* = 24 V typ. 

• Available with internal feedback ICA3131EMI 

or without feedback (CA3132EMI 

ELECTRICAL CHARACTERISTICS at TA = 250c. - 24 V 

Characteristic Sym- 
bol 

Conditions 
Values 

Unit  
Min. Typ. 

Input 

Impedance 21 200k - s2 
Power Output Po At clipping onset 

4 - W R I_ ' 8n 
RL = 160 3 - w 

Closed-Loop 

Gain - 

CA3131EM A 1 = 1 kHz 46 48 dB 

Supply Current I. Zero signal - 10 mA 

Total 
Harmonic 

Distortion THD Po = 50 rnW-4 W, 

8L-8n - 1 % 
Po = 50 it1W-3 W. 
RI, = 15 0 - 1 % 

Noise Voltage Vn f=20 Hz-20 kHz - 1.5 mV 
RMS 

CuTPuT 
CCMPENSAT ON 

Fig. 2—.Schamaric diagram ol rypea CA3131EM and CA3132EM. 

Bottom view 

Fig. 4—Printed-circuit board (actual size) containing 

the test circuit, shown in Fig. 3, for the 

CA3131EM, 
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CA3134E, CA3134EM, CA3134QM Preliminary Data 

TV Sound IF and Audio Output Subsystems 

The RCA-CA3134E, CA3134EM, and 

CA31340M combine the Sound IF and 

Audio Output Subsystems on a single mono-

lithic integrated circuit to provide a Tele-

vision Sound System. Each device includes 
a multistage IF amplifier-limiter, an FM 

detector, 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. 

This package arrangement lends itself to a 
wide variety of techniques for mounting 

heat sinks. The CA3134EM and CA3134OM 
are similar to the CA3134E except that they 

incorporate a tin-plated copper-strap heat 

sink. The CA31340M also has quad formed 

leads and a shorter (side-length) heat sink. 
The heat sink provides a convenient means 
for directly mounting the CA3134EM or 
CA3134OM on a PC board and soldering 

the copper strap to the PC-board ground. 

Features 
• Nominal power output: 3W 
• Power amplifier with current limiting and 

thermal shutdown 

• Wide power-supply range: 12 V to 33 V 

• Low quiescent current: 30 mA typ. 
• 5-kHz deviation sensitivity: 1 W output typ. 
• 3-dB limiting sensitivity: 200 µV typ. 
• Excellent AM rejection: 50 dB typ. 
• Differential peak detector—requires one 

tuned coil 
• Electronic volume control with improved 

taper 
• Optional unattenuated audio output 

• Optional power-supply ripple by-pass 

TERMINAL I 
IDENTIFICATION 

V a 

AUDIO AMPLIFIER 
OUTPUT 

GROUND 

AUDIO AMPLIFIER 
GROUND 

NO CONNECTION 

POWER SUPPLY 
RIPPLE BY- PASS 

AUDIO AMPLIFIER 
INPUT 

UNATTENUATED 
AUDIO OUTPUT 

DC SUPPLY VOLTAGE (Between Term. 1, 
V+ and Terms. 4, audio-output ground and 
13, substrate)   33 
INPUT SIGNAL VOLTAGE (Between 
Terms. 14 and 15)   ±3 

DEVICE DISSIPATION: 
With Infinite Heat Sink— 

Up to TA = 70°C   6.5 
Above TA = 70°C   derate linearly 83.3 

With no Heat Sink— 
Up to TA = 25°C   1.4 

Above TA = 25°D derate linearly 11.1 
With Copper-Strap Heat Sink— 

Soldered to PC Board 

Up to TA = 25°C  
Above TA = 25°C ....derate linearly 

Unsoldered 

Up to TA = 25°C   
Above TA = 25°C ....derate linearly 

THERMAL RESISTANCE 

Junction to Stud  12 

AMBIENT TEMPERATURE RANGE: 
Operating  — 40 to +85   
Storage  — 65 to +150 

LEAD TEMPERATURE (During Soldering): 
At a distance 1/16 in. ±1/32 in. (1.59 
±0.79 mm) from case for 10 seconds max. .  +265  

SOURS TAKE - CFF 
TRANSFORMER 

VOLUME CONTROL 
FOR ELECTRONIC 
ATTENUATOR 

RF INPUTS 

SUBSTRATE GROUND 

VOLUME CONTROL 
FOR ELECTRONIC 
ATTENUATOR 

FM DETECTOR 
TUNING 

AUDIO OUTPUT FROM 
ELECTRONIC 
ATTENUATOR 

SOCS- 256D0 

Fig. 1 — Terminal diagram of the CA3134E, 
CA3134EM, and CA31340M. 

004 

100 »F 

VT•30 V 

REGULATED 
POWER 
SUPPLY 

IF 
AMPL 
LIN 

700 pf 
NC 

(71) 
HUNATTENUA 

AUDIO 

DETÉtITOR e»IEAITTCETNrAillOCTIr 

SUBSTRATE 

910F 

6 pF L 4700 if 

HO 

MAXIMUM RATINGS, Absolute-Maximum Values: 

CA3134E CA3134EM, CA3134OM 

33 

±3 

3.9 
31 2 

2.5 

20 

12 

3611 Fop .L002 
F 

I » 
-L- -1_ 

THERMAL 
CURRENT 
SENSING 

SHUT DOWN 

V 

V 

mW/°C 

mW/°C 

mW/°C 

mW/°C 

°C/W 

°C 
°C 

oc 

OPTIONAL 
UNATTENUATED 
AUDIO OUTPUT 
(IF NOT USED, 
GROUND TERM 8) 

—°0-PTIONAL 1 
(SY -PASS 
DEPENDENT 
UPON POWER -r 
SUPPLY RIPPLE) 

100 µF 

2 7f1 *a< 

001 //F 

(;)  CC)7/37117p(71  
1(— ± 

001 0/F 

OE-EMPHASIS 

ALTERNATE 
VOLUME-CONTROL 
CIRCUIT 

Rx 

5005f/ 
VOLUME CONTROL 
(AUDIO TAPER) 

CS -24.5552 

Fig. 2 — Block diagram of the CA3134 in a typical circuit application. 
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CA3134E, CA3134EM, CA3134QM 

ELECTRICAL CHARACTERISTICS 

Test Conditions: TA = 25°C, V+ = +30 V (applied to Term. 1), DC Volume Control, 

Rx = 500 Ic12, RL = 16 s-z, unless otherwise indicated. Refer to Fig. 2. 

CHARACTERISTIC 
SPECIAL TEST 

CONDITIONS 

NOMINAL 

VALUE 
UNITS 

Static Characteristics 

Current into Term. 1, 

I 1 Po = 30 mA 

Dynamic Characteristics 

IF AMPLIFIER: 

Input Limiting Voltage, 
V15(lim) 

(at —3 dB point) 

fo = 4.5 MHz 

fm = 400 Hz 

At = ±25 kHz 

200 MV 

AM Rejection, 

AMR 

fo = 4.5 MHz, fm = 400 Hz, 

Modulation Index = 0.3, 

V15 = 20 mV 

50 dB 

DETECTOR: 

Recovered af Voltage 

(Term. 9), 

Vo(af) 

Total Harmonic Distortion, 

(THD) 

fo = 4.5 MHz, fm = 400 Hz, 

Af = ±25 kHz, Vi 5 = 100 mV 

700 mV 

0.8 "/. 

ATTENUATOR: 

Maximum Attenuation 75° dB 

UNATTENUATED AUDIO: 

Recovered af Voltage 

(Term. 8), 

Vo(af) 

Total Harmonic Distortion (THD) 

Terminal 8 Load = 3.6 kez 
fo = 4.5 MHz, fm = 400 Hz, 
Af = ±25 kHz, V15 = 100 mV 

600 mV 

08 

AUDIO POWER AMPLIFIER: 

Voltage Gain, 

Ale 
f = 1 kHz 35 dB 

System Total Harmonic 

Distortion 

THD (System) 

Po = 1W (IT = 140 mA typ.) 

Po = 2W (IT = 180mA typ.) 

1.5 

1.6 

Power Output, 

PO 

THD (System) = 10% 
(IT = 210 mA typ.) 

3* 

Input Resistance, 

(Rilaf I f = 1 kHz 100 krz 
• With suitable heat sink for the CA3134E. 

• The attenuation range can be increased by substituting lower-valued resistors for the 10-ka 
resistor in the volume-control circuit. 
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CA3135G 

TV Luminance Processor 
"G" Suffix Type — Hermetic Gold-CHIP in 
Dual-In-Line Plastic Package 

The RCA-CA3135G is a monolithic silicon 
integrated circuit operating from a 12-V 
supply ançl used as a low-level luminance 
processor in TV applications. It performs 
the function of video and chroma amplifi-
cation and allows the gain of both channels 
to be adjusted with a single control voltage. 
The dc level of "black" is maintained by 
clamping the level of the "back porch" 
(black-level reference) of the blanking in-
terval. Thi> clamping feature provides for 
100% dc restoration. Vertical blanking is 
applied to the luminance as well as to the 
chrominance channel so that vertical inter-
val test signals (VITS) interference is elimi-
nated. Automatic brightness limiting (ABL) 
is accomplished by gain reduction in the 

LUMINANCE 
INPUT 
0 47 

BRIGHTNESS 10 KCI 
LIMITER 
tABL I 

50 KO 
PICTURE 
CONTROL 

Creeuktl NANCE 

82 KO 

0 22,F 
LUMINANCE 
OUTPUT 

2 

001 

CHROMA 
OUTPUT 

TO CA312IE 

luminance and chrominance channels while 
maintaining black level. 

The CA3135G is supplied in the hermetic 
Gold-CHIP 16-lead dual-in-line plastic pack-
age IG suffix). The transistor chips used in 
the hermetic Gold-CHIP plastic packages 
are of the sealed-junction type designed to 
provide protection against the deteriorating 
effects of humidity and other surface con-
taminants without the need for a hermetic 
package enclosure. The semiconductor junc-
tions are sealed by utilizing a silicon nitride 
passivation layer. A multi-layered, highly 
corrosion-resistant, terminal-connection sys-
tem of unique design is employed. 

iii HORIZONTAL 
PULSE INPUT,Ko 

200 

Fig. 1 - Block diagram. 

CHROMA 
IN 

,10 01,F 
CHROMA 
GAIN 

OPTIONAL 
SHARPNESS 

PIZ 
PEAKING 

KB 

LUMINANCE 
OUTPuT 

0011,5 

O 1: warlei 

0204- 20000 

82..28003 

Fig. 2 - Dynamic characteristics test circuit. 

680 Ka 

12 V 

System Features: 

• Single gain control for luminance and 

chrominance channels 

• 100% dc restoration with "back porch" clamp 

• Vertical blanking of both luminance and 
chrominance channels 

• Automatic brightness limiting 

• Operates from a 12-V supply 

• Hermetic Gold-CHIP construction 

• Gold-CHIP metallization 

• Silicon nitride passivated 

• Platinum silicide ohmic contacts 

MAXIMUM RATINGS, Absolute-Maximum 
Values. 

DC SUPPLY VOLTAGE 

At terminal 9 ... 

At termlnal 14   15 V 

DC SUPPLY CURRENT 

At termmal 9   30 mA 

At terrnmal 14 . 50 mA 

DEVICE DISSIPATION. 

Up to TA = 55°C .. . 750 mVV 

Above TA = 55°C . . Derate hnearly at 
7.9 mVV/°C 

AMBIENT TEMPERATURE RANGE 

Operating   —40 to +85°C 

Storage   —65 to .150°C 

LEAD TEMPERATURE (During SolderIng) 

At distance 1/16 ± 1/32 inch 
11.59 ± 0.79 mm) from case 
for 10 seconds max   .265°C 

VOLTAGE REF 

AUTOMATIC BRIGHTNESS 
LIMITER I ABL1 

GROUND 
(OR OPTIONAL ABU 
CH ROMPIANCE INPUT 

GROUND 

CHROMINANCE OUTPUT 

VERTICAL PULSE 
INPUT 

PIZ PEAKING 

CASI 35G 

19P VIE 

28 V 

0 GAIN CONTROL 

LUMINANCE INPUT 

B. 

LUMINANCE OUTPUT 

CLAMP 

BUFFERED CLAMPED 
VIDEO 

0 HORIZONTAL PULSE 
INPuT 

LUMINANCE OUTPUT 

82+5-2800 1 

Terminal Assignment 

Kv 

20082 

Fig. 3 — Static characteristics test circuit. 
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CA3135G 
STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C (See Fig. 3) 

CHARACTERISTIC 
LIMITS 

UNITS TEST CONDITIONS 
Min. Typ. Max. 

Supply-Voltage Drop 

S2 = closed S3 = open 

S1,S4,S5,S6,S7,S8 = 1 

Measure across 10 n resistor 
130 215 300 mV 

First -Stage Bias 

S2,S3 = closed 

S1,S6 = 2 

S4,S5,S7 ,S8 = 1 

Measure term.15 to ground 

— 27 . V 

Chroma Bias 

S2,S3 = closed 

S1,S4,S5,S7 = 1 

S6,S8 = 2 

Measure term. 6 to ground 

8 V 

Clamp Video Level 

S2 = open 

S3 = closed 

S1,S4,S5,S6,S7,S8 = 1 

Measure across 821(12 

7.3 —8.7 9.1 V 

Video Bias Level 

S2 = open 

S3 = closed 

Si = 1 

S4,S5,S6,S7,S8 = 2 

Measure across 1 kn 

9 V 

Luminance Blanking 

S2 = open 

S3 = closed 

S1,S8 = 1 

S4,S5,S6,S7 = 2 

Measure across lkS-2 

— —50 — mV 

Chroma Blank 
Setup same as above, 
measure term. 6 

10.38 11.2 11.58 V 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C (See Fig. 2) 

CHARACTERISTIC TEST CONDITIONS 
TYPICAL 
VALUES 

UNITS 

Min. Video Gain 

S 1 ,S2 = 1; S3,54 = 2 

VIN = 70 mVRMS. 

f = 100 kHz 

0.35 VRMS 

Max. Video Gain 

S2 = 1; S1,S3,S4 = 2 

VIN = 70 mVRMS. 

f = 100 kHz 

2.1 VRMS 

Limited Video Gain 

S2, S4 = 1, S1,S3 = 2 

VIN = 70 myRros. 
f = 100 kHz 

0.3 VRMS 

Min. Chroma Gain 

S1,S3 = 1; 52,S4 = 2 

chroma in = 

530 mVRms, f = 3.58 MHz 

0.095 VRMS 

Max. Chroma Gain 
S3= 1;52= 2 
chroma in; S1= 2, S4= 2 
530mVRms, f =3.58MHz 

0.65 VRMS 

Video Freq. 
Response 

S2 = 1, S1, S3, S4 = 2 
VIN = 70 mVRms 
F = 3.58 MHz 

1.9 VRMS 
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CA3135G 

A 
VIDEO (LUMINANCE / 

?I* 
RI 
156 

04 

LUMINANCE 
INPUT 

GAIN 
CONTR01.I 

01 

02 

03 

05 

Na 
10 K 

26345 

64 
5000 

R5 
.0(4  
36 

R6 
4411 

06 

09 

DIO 

oil 

012 

013 

R7 
10011 >1000 

t33 

016 

RIO 
2000 

019 

019 

015 

020 

  017 

1 RI2 
56 2000 

R25 

200 

—G 

031 

032 

R23 624 
13 11.9 

• 
R26 
7 26 
033 

037 

035 

038 

R33 
2 

039, 

R37 
55011 

R26 R30 
15 It 151( 

R27 

R3I 
2.56 

R32 
106 

R36 
2000 

soon 

R311 
226 

042 

R42 
1.26 

GA IN CONTROLLER 

CIRCUIT DESCRIPTION 

A video (luminance) signal from the re-
ceiver's "second detector" is coupled through 
a capacitor to term. 15 with sync-negative 
polarity. For purposes of the following 
amplifier, the level is clamped at the most 
negative point (sync tips) at the input (this 
is Mil_ the point at which the final "black"-
level clamping, or dc restoration, is per-
formed). The capacitor at term. 15 is charged 
on the most negative excursions of the signal 
by conduction of C14. Positive signal excur-
sions lift the emitter of 04 into cutoff. The 
signal voltage on R3 develops a signal current 
in 06. The current passes through 07 and 
08, the division of current depends on the 
condition of the gain-adjusted signal voltage 
on the load resistors (discussed below). The 
gain-adjusted signal voltage on the load re-
sistors is converted to current by the emitter-
follower 014 into R9, and fed into the cur-
rent mirror, 015, 016, and 017. The output 
of the current mirror develops a voltage across 

0 
VOLTAGE 

REF 

O 
AUTOMATIC 
BRIGHTNESS 
LIMITER 
MK I 

Fig. 4 — Schematic diagram. 

GND 
OR 

OPTICNAL 
AEIL 

R13. The dc level is shifted by withdrawing 
some current from the input to the mirror. 
The fixed dc-level shifting current is de-
veloped in R6 and its diode string and is 
mirrored in 013. Because the dc level is 
altered by adjustment of the gain, compen-
sating dc currents that depend on these ad-
justments are fed into the mirrors through 
R13 and R29. The compensations are ar-
ranged so that, as gain is varied, the dc level 
of "black" is approximately constant at the 
output term..13. The output is driven by 
emitter follower 018, which has a short-
circuit pulldown protection circuit, R14 and 
019. A constant-current source 020 loads 
the emitter-follower to prevent distortion in 
the emitter-follower that may result from 
using a resistive load. The constant current 
is derived by mirroring the current in the 
diode 023. The resistor R15 prevents 
serious interaction with another current 
source mirrored from this point in case 020 
saturates. (Cont'd on page 5.) 

CHROMINANCE 
INPUT 

N 

—0 

92C L-28079 R1 

The video output signal at term. 13 is coupled 
by a capacitor to term. 12. The polarity has 
not been inverted by the first amplifier, and 
sync is in the negative direction at this point. 
Black-level clamping is accomplished by 
application of a flyback pulse to term. 10. 
Between pulse peaks, 029 is not conduct-
ing, and the base of 024 goes up to the 
supply voltage so that term. 12 can be at any 
voltage between ground and the supply. 
While the flyback pulse is positive, that is 
during the blanking interval, the base of Q24 
is held at about 2.8 volts. The most positive 

signal excursion during that time will cause 
024 to conduct with the result that the 
capacitor feeding term. 12 is charged until 
the most positive point of the signal is just 
at the &induction point, about 3.5 volts. 
The most positive part of the signal during 
blanking is the "back porch" or black-level 
reference. During trace time, the signal 
swings more positive, but the dc level of 
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CA3135G 

LUMINANCE OUTPUT 
A — - 

CLAMP 
0 

BUTTERED CLAMPED HCIIIZ VIDEO PULSE INPUT 
0 BIAS 

R14 1000 
PIT 

••••••  500 0 

021 —• 
Re 47K 

G _L 

E022 
E 023 

CLAMP 

025 
024'  

026 819 

029 

820 8,8 
027 028 R22 

839 2850 040 1720 
845 5500 

040 041 
043 841 

N 
2200 843 6600 044 

045 

844 12 K 

046 
547 R51 K 52 

-448 ..SR50 150E1 
849 

049 

  05 

1030, 

 1150 052 ,R53 
 j53 

CHROMA AMPL 
0-_-___ 

GND 

black is preserved regardless of the levels 
of sync or video signals. Term. 12 is a high. 
impedance point, and the emitter-follower 
026 is used to bring the signal out to term.11. 

The signal voltage at term. 11 is directly 
coupled through a resistor to term. 8, gener-
ating a current in term. 8. This current is 
amplified 10 times by the current mirror 
051, 052, and 053. Blanking during the 
vertical retrace interval is accomplished at 
050 via term. 7. Term. 7 is normally high 
enough to keep 049 in saturation. A nega-
tive pulse from the vertical circuit cuts 
049 off, allowing some of the current 
through R51 to saturate 050. When 050 
sinks the term. 8 input current, there is no 
output from term. 9 — as if the signal were 
blacker-than-black. The output current from 
term. 9 is used to drive the receiver's RGB 
matrix and the amplifiers that drive the 
picture tube. 
The chrominance signal is taken from the 
first chroma amplifier following the auto-

 I-OPPacING 
I ® LUMINANCE OUTPUT 

855 i 106 
BLANKER VIDEO 

1_ ALL RESISTANCES ORE IN OHMS FOZ4eNCE VERT PULSE 
Fig. 4 — Schematic diagram (cont'd). 

matic chroma control (ACC) and coupled 
through a capacitor to term. 4. The signal is 
attenuated by R38 and R37 and applied to 
an emitter-follower amplifier which drives 
the emitter of Q43. The current is steered 
through 040 and 041 depending on the 
gain-control conditions to the load resistors. 
An emitter -follower 046 feeds term. 6, and 
R46 and 045 provide short-circuit protec-
tion. The chroma amplifier is also blanked 
via the input at term. 7. The negative pulse 
at term. 7 allows the current through R51 
to feed the base of 044 (as well as the base 
of the video blanker, 050). When 044 satu-
rates, the current is cut off in 043 to disable 
the amplifier. 

The combined gain control for the video 
and chroma sections is operated by vary-
ing the voltage on term. 16 between ground 
and the positive supply. Term. 16 has an 
emitter-follower 031 loaded by a current 
source 032. The voltage on term. 16 then 
determines whether the flow of current in 

92C L-28079R 1 

R31 goes through 036 or through 033 to 
the resistors R24 and R26. The current on 
the 033 side, a portion of the total current, 
is varied linearly by the control voltage. The 
gain-control amplifiers are slaves which follow 
the linear current control. The transistors 
034 and 035 are driven as Darlington stages 
to reduce base-current effects in the control 
circuit. The normal gain-control function 
causes a change in the voltage on the base of 
034 with respect to the reference voltage at 
the base of 035. The gain can also be 
changed by altering this reference voltage. 
This change in reference voltage is also used 
for "brightness limiting": The picture-tube 
current is sensed, and, when it exceeds some 
predetermined level, a voltage applied to 
term. 2 turns 038 ON to reduce the refer-
ence voltage, thereby reducing the gain. 
Under these conditions, there is a closed 
feedback loop; the gain is set at a point 
such that the picture-tube current is just 
sufficient to cause a little conduction in 038. 
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CA3136E 

TV Video IF 
Phase-Locked-Loop 
Synchronous Detector 
for Color TV Receivers 
The RCA-CA3136E is a linear IC synchro-

nous detector employing a phase-locked 

oscillator to demodulate the 45.75-MHz 

video if signals in color-TV receivers. The 

CA3136E features AFT voltage for dc con-

trol of the tuner; an adjustment for the 

zero-carrier dc level at the video output 

Preliminary Data 
Features: 

• PLL carrier oscillator with wide pull-in and 

• Excellent low-level detector linearity 

• Noise inversion at video output 

• Wide range, variable zero-carrier 

level adjustment 

terminal; an amplifier arrangement for in-

verting noise impulses toward the black 

level; and a separate output terminal (non-

inverting) for the sound if. 

The CA3136E is supplied in a 16-lead 

plastic "power-stud" dual-in-line package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Power Supply Voltage   15 V 
Power Supply Current   100 mA 
Input Signal Voltage   1 Vrms 
Device Dissipation: 

With no Heat Sink: 
Up to TA = 25°C 
Above TA = 25°C   

With Infinite Heat Sink: 
Up to TA = 70°C   
Above TA = 70°C   

Thermal Resistance: 

RO JS (Junction to Stud) 
Ambient Temperature Range: 

Operating 
Storage 

Lead Temperature (During Soldering): 
At a distance 1/16 in. ± 1/32 in. 11.59 ± 0.79 mm) from case 

for 10 seconds max. 

AFT TUNING 

0.5,.H 

0.100 

AFT OUTPUT 

1  4 W 
derate linearly at 11.1 mW/°C 

6.5 W 
derate linearly at 83.3 mW/°C 

  12 °C/W 

  —40 to +85°C 
—65 to +150°C 

VCO3pNING 
APC FILTER   v# 

p f' L. 0 2 r.ri 

"PF o•loo IOK 
680 

AFT 

AMPL 

L. 0.4,H 

0•100 

LIMITER 
TUNING 

AFT PHASE 

DETECTOR 

AFC PHASE 
DETECTOR 

VCO 

NON -INV. 
AMPL . 

265°C 

ZERO CARRIER 
BIAS ADJUST 

SOUND 
TAKE—OFF 
OUTPUT v ., ," 

13.3 

NOISE 

GATE 

e—>0 

INV. *MM. 

LIMITER 

SYNCHRONOUS 
DETECTOR 

ALL RESISTANCES IN OHMS 

VIDEO IF INPUT 

OND CND 

92cm-26541 

Fig. 1 — Block diagram of the CA3136 in a typical circuit application. 

hold-in range 

• Automatic Fine Tuning (AFT) Detector 

• Separate output for sound take-off 

• 12-volt power supply 

SUGGESTED GENERAL ALIGNMENT 

PROCEDURE 

Fig. 1 shows a block diagram of the CA3136 

in a typical circuit indicating the internal 
functions as well as the external circuitry 

and signals. A 45.75-MHz, 100-mVrms (50-

ohm) signal is applied to the VIDEO IF IN-
PUT (Terminal 4). While monitoring the 

VIDEO OUTPUT (Terminal 10), make the 
following adjustments in the indicated se-

quence; (1) adjust the VCO TUNING coil 

for a dc signal (lock). (2) Adjust the LIMITER 

TUNING coil for a minimum dc voltage on 

Terminal 10. (3) Adjust the VCO TUNING 

coil for 5.2 Vdc on Terminal 5 (with 12 volt 

supply on Terminal 8). 14) Close the AFT 

DEFEAT switch and note the dc voltage at 

the AFT OUTPUT (Terminal 12). (5) Return 
the AFT DEFEAT switch to its open po-

sition, and adjust the AFT TUNING coil 
for the same dc voltage noted when the 

AFT DEFEAT switch was closed. (6) Re-
move the rf input and adjust the ZERO 

CARRIER BIAS potentiometer for 7 volts 

dc on the VIDEO OUTPUT )Termina) 10). 

This final adjustment completes the alignment 
procedure. 

TV 

DETECTOR I 
OUTPUT 
RANGE 

IV 
OV 

vt. 

ISO enVrm. 
(MODULAT ION 
ENVELOPE) 

Fig. 2 — Typical detector output linearity. 
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CA3136E 

TYPICAL ELECTRICAL CHARACTERISTICS 

At V+ = 12 VDC, fc = 45 MHz, TA = 25°C 

CHARACTERISTIC SYMBOL TEST CONDITIONS VALUE UNITS 

Supply Current 
18 + 1  60 mA 

Video-Output Voltage 
V 10 Zero Carrier Bias Adjust 7 

V DC 
Noise Inversion Offset 

Voltage 
V10 Referenced to Zero- 

Carrier Level 
0.3 

V DC 

Sound IF-Take-Off Output 
Voltage 

V9 V10 s 7 V DC 7.7 
V DC 

AFT Output Voltage 
V 12 AFT Defeat Switch Closed 3 

V DC 
Oscillator Pull-In Range 3 MHz 
Oscillator Hold-In Range 6 MHz 
Detector Conversion Gain 30 dB 
Video Bandwidth 9 MHz 
Carrier Rejection at Video 

Output: 

.fc = 45 MHz 30 dB 
2 fc = 90 MHz 40 dB 

Video IF 

Parallel Input Impedance: 

Resistance at Term. 4 R 
P 4 kS2 

Capacitance at Term. 4 CP 5 pF 

Sound Take-Off Output 

Resistance at Term. 9 Ro 1 MHz 50 S-2 

Video Output Resistance at 

Term. 10 Ro 1 MHz 50 S2 

AMBIENT TEMPERATURE iT4 I. 25•C 

SUPPLY VOLTAGE 1.01.12 V 

e 

2 

o 
453 453 450 455 456 057 458 059 

CARRIER FREQUENCY — 

'US Ze0.6 

Fig 4 — Typical AFT output of CA3136. 
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CA3137E 

TV Chroma Demodulator 
Features: 

• Balanced chroma demodulators 

• Color difference matrix (65000K) 

• DC tint control 
• Three low-output-impedance drivers for 

direct coupling 

• Reference subcarrier limiter 
• Internal RF filtering 

• DC chroma gain control 
• Dynamic "flesh correction" --

corrects purple and green flesh colors 
without affecting primary red, green, and 
blue colors 

• Requires few external components 
• No tuning adjustments are necessary 

The RCA-CA3137E is a monolithic silicon 

integrated circuit that performs the demodu-

lation, dynamic "flesh correction", tint con-

trol, and chroma gain-control functions. It 

is designed to function compatibly with the 

CA31260 Chroma Processor, and is supplied 
in the 16-lead dual-in-line plastic package. 

TINT CONTROL 

SAT. CONTROL 

CHROMA INPUT 

RF BY PASS 

GROUND 

R-Y OUTPUT 

G- Y OUTPUT 

B-Y OUTPUT 
TOP 
VIEW 

CARRIER INPUT 

"FLESH CORRECTOR" 
DISABLE 

RF BY PASS 

CARRIER FILTER 

84 

CARRIER BUFFER 

ri PHASE SHIFT 
NETWORK 

0 

92CS 26907 

Fig. 1 — CA3137E terminal assignment. 

,2CS-26.06 

Fig.2 — DC test circuit. 

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

DC SUPPLY VOLTAGE (between Terms. 5 and 12) 13.2 V 

DEVICE DISSIPATION: 

Up to TA = 55°C   750 mW 
Above TA = 55°C  derate linearly 7.9 mW/°C 

AMBIENT-TEMPERATURE RANGE: 

Operating   —40 to +85°C 

Storage   —65 to +150°C 

LEAD TEMPERATURE (During soldering): 

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

11 2 V 

1.2 KG 

CARRIER 
INPUT 

00 9  01_L CORRECTOR' 
,.. 

" FLESH 

DISABLE 

I—  —  

TINT 
CON ROL 

001 
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0 - 1(-0  
0.001 

F 

SATURATION 11.2 V 
CONTROL 

CHROMA 
  CONTROL 

0.01 
,F I 12 KO 

1112 V 

RF 
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00 

G D 

_ 

Fig.3 — Functional diagram and typical dynamic test circuit. 
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CA3137E 
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Fig.4 — CA3137E Schematic diagram. 
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CA3137E 
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CA3137E 

ELECTRICAL CHARACTERISTICS AT TA = 25°C, V+ = 11.2 V 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

STATIC (See Fig.2) 

Supply Current IT - 35 47 mA 

Reference Subcarrier Input V16 - 6.7 - VDC 

Oscillator Reference Inputs V9,Vio - 3.8 - VDC 

R-Y, G-Y, B-Y Outputs V6,V7,V8 - 5 - VDC 

Chroma Input V3 - 1.2 - VDC 

DYNAMIC (See Fig.3) 

Tint and Sensitivity 
Limiting V11 V16 = 200 mV p-p @ 3.58 MHz 200 300 - mVp-p 

Tint Limiting V11 V16 = 800 mV p-p @ 3.58 MHz - 425 600 mVp-p 

Tint Amplifier • 
Phase Reference 

0V11 V16= 400 mV Pi), 
Term.1= 11.2 VDC -35 -25 -15 Degrees 

Tint Control* 
Range 

& 011 
V16 = 800 mV p-p, 

Term.1= 1.2 VDC -1à0 -110 -80 Degrees 

Ratio G-Y to R-Y V7/V6 V16 = 400 mV p-p, 

V3 = 40 mV p-p 

28 33 38 % 

Ratio B-Y to R-Y V8/V6 108 120 132 % 

Demodulated Chroma 
Output R-Y V6 

V16 = 400 mV p-p, 
V3= 40 mV p-p 350 550 - mV p-p 

Color Difference Output 
(Bandwidth at 3 dB) V3=40 mV p-p - 900 kHz 

Maximum Color Differ-
ence Outputs: 

R-Y V6 
V16 =400 mV p-p, 

V3 = 300 mVp-p 

1.5 2.2 - Vi) i, 

G-Y V7 0.42 0.7 - 

B-Y V8 1.6 2.65 - 

"Flesh Detector" 

Reference: 

Set-Up: 

Term.2= 1.6 V 

Term.1= 11.2 V 

Term.16 = 400 mV p-p 

@ 0° Reference Angle 

Term.3 = 40 mV p-p 

@ 10° Reference Angle 

S1 Closed (Term.15 at GND) 

Reference 

Set-Up 

"Flesh Detector": 

Phase 011 
Same Set-up except Si open 

- 0 - Degrees 

Amplitude V11 275 - % 

"Flesh Detector": 

Phase 011 Same Set-up except 

Term.3 at 190° angle 

- 0 - Degrees 

Amplitude V11 - 100 - % 

Small-Signal Output 

Resistance (Terms.6,7.8) r, - 50 - n 
Small-Signal Input 

Resistance: 

Term.3 
ri 

Terms.9&10 - 2.5 - 
et 

• Phase angle of term. 11 referenced to term. 16 phase angle. 

• Phase angle of term. 11 with term. 1 = 1.2 V minus phase angle of term. 11 with term. 1= 11.2 V. 
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CA3139E, CA3139Q 

TV Automatic Fine Tuning 
Circuit 

With I ntercarrier Mixer/Amplifier 

For Color and Monochrome Receivers 

Features: 

• Cascode-type high-gain ampli-
fier (15-mV input for rated 
Output) 

• AFT differential peak detector 

• Differential amplifier 

• Bipolar outputs 

• Five-stage intercarrier mixer/ 
amplifier 
• Internal voltage regulator 

• For use in either color or 
monochrome receivers 

The RCA-CA3139 is monolithic TV Auto-
matic Fine Tuning (AFT) circuit that pro-

vides an AFT voltage and an amplified 

4.5-MHz intercarrier sound signal. When con-

nected to an output of an IF amplifier the 

CA3139 provides the signal processing (ampli-

fication and detection) necessary to generate 

the AFT correction signals required by the 

TV tuner. It also mixes the video and sound 

IF carriers and amplifies the resultant 

4.5-MHz intercarrier sound signal. This sound 

output may then be connected to an FM 

detector such as the RCA-CA3134 "TV 

Sound IF and Audio Output Subsystem", or 

the RCA-CA3065 "FM Detector and Audio 

Driver". 

The AFT portion of the CA3139 is similar to 

the RCA-CA3064 AFT circuit with the 

following exceptions: (a) the AFT filter 

capacitors are external and user selectable, 

allowing the detector to operate as a peak 

detector and resulting in a higher effective 

gain for the TV signal; (b) the detector bias 

resistor is external and user selectable, al-

lowing the gain of the AFT and intercarrier 

signals to be adjusted; (c) the dynamic re-

sistance of the shunt regulator has been 
decreased. 

The CA3139 is supplied in a 14-lead dual-in-

line plastic package (CA3139E) or a 14-lead 

plastic package with quad-formed leads 

(CA31390). 

MAXIMUM RATINGS, 

Absolute-Maximum Values: 

DEVICE DISSIPATION: 

Up to TA = 25°C  630 mW 
Above TA = 25°C ....delete linearly 6 7 mW/°C 

AMBIENT TEMPERATURE: 

Operating  40 to +85°C 

Storage  -65 to +150°C 

LEAD TEMPERATURE ;During Soldering): 

At distance 1/16" ±7132" 

(1.59 mm ±0.79 mm) 

from case for 10 s max  26.5°C 

TO SOUND 
DETECTOR 

Fig. 1 - Block diagram and typical application of CA3139. 

MAXIMUM VOLTAGE RATINGS at TA = 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 between vertical terminal 
3 and horizontal terminal 12 is +8 to -1.5 volts. 

Terminal 

No 

1,26 3 46 5 6 7A 8 9 10 11 12 13 14 1181. 

1OUT 
mA 

1, 26 INTERNAL CONNECTION 01 NO lib 

3 
.10 +9 +8 +0 +8 +8 +8 +8 +8 +8 +8 

10 
0 

--1 

-1.5 -1.5 -10 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 

4" 
+0 +0 +0 +0 +0 +0 +0 +0 +0 +0 

50 
-2 -3 -11 -3 -3 -3 -3 -3 -11 -11 

5 +0 +0 +2 +1 +2 +2 +2 +1 +1 
1 

-5 -14 -5 -5 -5 -5 -5 -8 -8 

6 
+0 +2 +0 +2 +1 +1 +0 +0 

2 
-14 -2 -2 -2 -3 -3 -10 -10 

7i 
+15 

-0 

+13 

-0 

+15 

-0 

+13 

-0 

+13 

-0 

+10 

-0 

+10 

-0 
50 

8 
+1 +5 +5 +1 +0 +0 

2 
- -5 -5 -5 -5 -14 -14 

9 
+10 +8 +8 +0 +0 

10 
-2 -2 -2 -10 -10 

10 1+1 +5 +1 +1 
2 

-5 
i.--

-5 -10 -10 

11 * 2 
- 

12 * 2 

13 +14 2 

h -. 1 
14 2 

MAXIMUM 

CURRENT RATINGS 

• Terminal number 7 may be connected to any 
positive voltage sourc greater than he internal 
zener regulating voltage through a suitable 
dropping resistor - provided the dissipation 
rating is not exceeded. 

• This terminal should be connected to the most 
negative potential of the complete circuit. 

Voltages are not no mally applied between 
these terminal . Voltages appearing between 
these te minals will be safe if the specified 
limits between all other terminals are not 
exceeded. 

4i It is recommended that unused terminals 1 and 
2 be grounded to act as shields. 
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CA3139E, CA31390 

ELECTRICAL CHARACTERISTICS at TA «25°C, V+ «28V (Unless Otherwise Specified) 

See Test Circuit, Fig. 2 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
Min. Max. 

NO SIGNAL INPUT 

Supply Current, 1+ 15 20 mA 

Low Voltage at Term. 71 N.t+ = 20.8 v 11 14.5 V 

Shunt Reg. Voltage 12 14.5 V 

Quiescent Voltage at Term. 3 4.5 10 v 

Quiescent Voltage2 at Terms. 

13 and 14 
Term. 13 connected to Term. 14 6 8.5 V 

Quiescent Difference Voltage, 

Terms. 13 to 14 
-0.8 +0.8 v 

Quiescent Voltage at Term. 6 1.4 2.6 V 

SIGNAL INPUT = 15 mV Rios (Unless Otherwise Specified), Note 3 

Correction Voltage at 
Term. 13 

f = 44.65 MHz 2.2 4.7 

V 
f = 45.69 MHz 1.2 4.4 
f = 45.81 MHz 9.6 13.8 
f = 46.85 MHz 9.1 12.1 

Correction Voltage at 

Term. 14 

f = 44.65 MHz 9.1 12.1 
v f = 45.69 MHz 9.6 13.8 

f = 45.81 MHz 1.2 4.4 
f = 46.85 MHz 2.2 4.7 

4.5 MHz Output 
Two-Tone Input 

fl - 45.75 MHz at 15 mV 

f2 = 41.25 MHz at 5 mV 
50 200 mVRms 

NOTES: 1. 17 = 12 mA maximum at V7 = 11 V. 

2. V13 = 0.55 Vz ± 0.7 V 

3. Resistor from term. 6 to term. 7 = 9.09 KS/. Crossover steepens and "bow tie" 
width increases when resistor is decreased in value. Total peak swing decreases 
slightly. 

SYMMETRY 
TUNING CENTER ERECT 
L2 T1 TUNING 

LI RCP N 122205 

12 RCA N 14133 

411 Toms 422 Wm. 0 D • 0 25- Ityp 
O lunicadmIl • 100 11•14, 1 
1 • 41 25 MI4s 
mommoo • 0 le oh ITyp 1 

Fig. 2 - Test circuit. 

T 1 RCP ON 140507 
314 Twos ICamor Imp.) •20*Mo. 
00 • 0 35" ITypl 
O IUMmalm11 • 140141m / 
I • 46 IS 41144 

IneMMonoe .011 ch I Typ 1 

CIRCUIT DESCRIPTION 

The CA3139 consists of five functional cir-

cuits as shown in the block diagram. Fig. 1 

(see Fig. 5 for schematic diagram). 

1) Cascode Amplifier - Consists of emitter-

follower Q1, common-emitter amplifier 

02, and common-base amplifier 03. 

2) Bias Circuit - Consists of 04 and resistors 

R1, R4, R5, and an external resistor (user 

selectable) connected to the voltage regu-

lator, terminal 7. The nominal value of 

the external resistor is 9.1 kn. Reduced 
values will raise the gain of the cascode 

amplifier chain, and higher values will 
reduce the gain. If the gain is increased, 

the AFT "Bow Tie" width will increase 

and the crossover slope will increase 

(become steeper). The input transistor 
01 is internally biased, so AC coupling 

is normally used to the input terminal 5. 

3) Intercarrier Mixer/Amplifier - The out-

put of the cascade amplifier at terminal 9 

is also internally connected to the inter-

carrier mixer/amplifier chain consisting 
of transistors 013 through 017 and as-

sociated components. The video IF carrier 
at 45.75-MHz and the FM sound IF 
carrier at 41.25-MHz are down-converted 

to a 4.5-MHz FM signal by 014. A low-pass 

filter removes the carriers and upper con-
version signal components. The 4.5-MHz 

FM signal is further amplified and filtered 
by 016 and C3. The FM sound output 
signal is at terminal 3. The gain with 

respect to a 5-mV sound carrier (tested 

with a 15-mV video carrier) input signal 

at terminal 5 is 10 to 40 when the resistor 
is connected between terminals 6 and 7 
is 9.09 kn. 

4) AFT Detector and DC Amplifier - Con-

sists of 06 through 012 and related com-

ponents. The detector inputs at terminals 

8 and 10 are connected to the external 
discriminator transformer and biased 

through the transformer at terminal-6 

potential. The total current through tran-

sistors 07 and Q8 is held constant by the 

current-mirror transistors Q10, 011, and 
012. External filter capacitors connected 

to terminals 11 and 12 assure that peak 

detection is accomplished. The AFT out-

put voltages are shown in the Electrical 

Characteristics chart, and a graphical repre-

sentation is shown in Fig. 4, 

5) Voltage Regulator - An active shunt 
regulator, consisting of D1. D2, 21, Z2, 

and 05, is included to reduce the dynamic 

resistance. 
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CA3139E, CA3139Q 

NC 

NC 

INTERC•RRIER Our 

SUBSTRATE 

IF INPUT 

DET PIAS 

SHUNT REG 

92CS-27,25 

PG AMP 8 OUT 

DC AMP A OUT 

FILTER A 

FILTER B 

OET B INPUT 

AMP OUTPUT 

OET a INPUT 

Fig. 3 — Terminal assignment. 

Fig. 5 — Schematic diagram of CA3139. 

-15 -I 0.5 45.750 05 I I 5 

INPUT FREQUENCY DEVL4TION—NHU 

92 CS -27127 

Fig. 4 — Dynamic control-voltage characteristics. 

R2Cm•trIER 

Fig. 6 — Typical tuner connection. 

Fig. 7 — Template of CA31390 circuit board 

(actual size, bottom view). 

Fig. 8 — CA31390 circuit board with 

components. 
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CA3143E 
Preliminary Data 

TV Luminance Processor 

The CA3143E is a monolithic silicon inte-

grated circuit that performs the luminance 
processing functions of amplification; con-

trast, brightness and peaking control; blank-

ing; and black-level clamping. 

This device, when used in conjunction with 

•30v 

eLl/ 

VIDEO INPUT 

DELAY 
LINE 

50 It 

1.3 V 

Eno 

AC VOLTMETEA 
SAL L ANT IRE 

3. 
OR EQUIVALENT 

PEAKING 
CONTROL 

50 50 

5{1 

the CA3126Q chroma processor and the 

CA3137E chroma demodulator, will pro-

vide a luminance/chrominance system hav-
ing excellent tracking .of controls. The 

CA3143E is supplied in a 14-lead dual-

in-line plastic package. 

CONTRAST 
CONTROL 

STRATE 

• 30 

11.11 VOLTS 
REGULATOR 
VOLTAGE 

+ 30V 

CLAMP INHISIT POLO 

30 SO 
BRIGHTNESS 
CONTROL 

Fig.? — Functional block diagram. 

NOTE. ATTENUATION AT 50 E13/ ImJS1 
In AT LEAST It L. OOP. MON 
THE AM/NATION At I Mt 

Fig.2 — Test circuit. 

IDXCL-17•25 

CLAMPED 
IDEO 

OUTPUT 

PicL • sma. 

Features: 

• Black-level clamping 

• Linear de controls for brightness, 

contrast, and Peaking 

• Horizontal and vertical blanking 

MAXIMUM RATINGS, Absolute-Maximum Values 

at TA = 25°C 

DC SUPPLY CURRENT (Into Terminal 131 * . 59.5 mA 
DEVICE DISSIPATION:* 
Up to TA = 55°C   750 mW 
Above TA = 55°C  aerate linearly 7.9 mW/°C 

AMBIENT—TEMPERATURE RANGE: 
Operating   —40 to +85°C 
Storage   —65 to +150°C 

LEAD TEMPERATURE (During soldering): 
At distance 1/16 '11/32 inch (1.59 ±0.79 mm) 
from case for 10 s max.   +265°C 

POSITIVE 
ORIZONTAL 
PULSE 

POSITIVE 
VERTICAL 

PULSE 

* Although the CA3143E is rated for maximum 
dissipation of 750 mW, it is recommended 
that the current into terminal 13 be limited 
by external circuit resistance to 39 mA for 
a typical voltage at terminal 13 of 11.8 volts. 

CIRCUIT DESCRIPTION 

Fig. 1 is a block diagram of the CA3143E 
indicating the internal functions as well as 
external circuitry and signals. The video 
input signal with positive-going sync is ap-
plied to the input of the tapped delay line. 
Signals from fixed taps of the delay line 
are applied to terminals 1, 2 and 3 of the 
CA3143E. In referring to Fig. 3, the signal 
from the delay line tap A. is applied to the 
video input at terminal 1. The signals from 

VIDEO 
1NPuT 

CA 314 3E 
TERMINALS 

52C3-27423 

Fig. 3 — Tapped delay line. 

taps B and C are summed where VA 'I" VB 
= Vsum. The signal (Vsum) is then applied 
to the parallel connection of the peaking 
input terminals, 2 and 3. The video input 
signal is applied to a non-inverting input of 
the peaking amplifier while the peaking input 
signal (Vsum) is applied to an inverting in-
put of the peaking amplifier. 
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CA3143E 

Low-frequency video components are un-
attenuated, while high-frequency compon-
ents are attenuated as a functior of the 
delay-line tap points. The peaking amplifier 
is a differential amplifier, so that the output 

is proportional to V1 minus Vsum• At low 
frequencies, the signal at terminals 2 and 
3 is unattenuated, and the peaking ampli-
fier produces no output at these frequen-

cies. However, at high frequencies the signal 
at terminals 2 arid 3 is attenuated thus, the 

peaking amplifier output consists of high-fre-
quency video. The peaking control setting 
determines the amplitude of the peaking sig. 
nal which is then fed to the video amplifier, 
where it is added to the video input signal 
and amplified. The setting of the peaking 
control does not substantially affect the dc 
quiescent voltage at terminal 4. 

The low-impedance video amplifier output 
is at terminal 4. The signal is fed through an 
external coupling capacitor to terminal 6, the 
black-level clamp input. The action of the 
black-level clamp is such that it clamps to 
the black level rather than to the sync level. 
Consider the situation where no signal is ap-
plied to terminal 12. Terminal 6 is biased 
through diode D2. The signal at terminal 6 will 

clamp its most negative excursion (sync 
pulse) to the anode voltage of D2. How-
ever, if a positive pulse is applied to termi-
nal 12 during the sync interval, the anode 
of D2 is forced to ground due to saturation 
of Q17. The clamp is thus disabled, and 
terminal 6 will clamp to the next lower 
signal level, the black level. 

The clamped video signal at terminal 6 is 
amplified and inverted at terminal 7. Blank-
ing is accomplished by applying horizontal 
and vertical sync pulses to terminal 9. The 
pulses turn ON p-n-p transistor 06 which 
shorts the base of transistor 015 to the 
terminal 13 supply voltage. The bright-
ness control function is accomplished by 
varying the voltage on terminal 8. The gain 
of the inverter stage remains constant, but 
the dc reference voltage follows the terminal 
8 voltage. The contrast control function is 
accomplished by varying the voltage of ter-
minal 10. Increasing the voltage on termi-
nal 10 lowers the gain of the video ampli-
fier. This reduction in gain does not sub-
stantially affect the dc quiescent voltage at 
terminal 4. 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

Characteristic 

Bias 

Volts 

(V) 

Test Conditions 

Typ. 

ValueUnits 

Switch Numbers 

SI I S2 1S3 1S4 1S5 1S61 S7I S8 'S9151015'11 

Switch Positions 
For Characteristics Measurements 

STATIC 

Voltage: 

At Term. 13 (V13•1 6.1 2 1 1 2 2 4 1 2 2 1 1 11.8 V 

Quiescent Voltage 

At Term. 4 we) 6.1 2 1 1 2 2 3 1 2 2 1 1 4 V 

Quiescent Voltage 

At Term. 7 (vv.) 6.1 2 1 1 2 2 2 1 2 2 1 1 7.7 V 

Current into 

Term. 13 (Term.13 

Connected to 

+11 V) (I1" 6.1 2 1 1 2 2 3 1 2 2 

, 

1 2 2.1 mA 

DYNAMIC 

Wide-Band Gain 

(Note 1) 5.8 1 1 1 2 1 2 1 1 1 2 1 8.3 dB 

Contrast 

Gain Reduction 

(Note 2) 5.8 1 1 1 2 1 2 1 1 2 2 1 -30 dB 

Peakirm Gain 

(Note 1) 5.8 1 1 2 2 1 2 1 1 1 2 1 18.4 dB 

Peaking 

Gain Reduction 

(Note 31 5.8 1 1 2 2 1 2 1 1 1 2 1 -18 dB 

Max. Intermodulation 
Distortion: (Note 4) 

2 V 5.8 1 - 1 1 1 2 - 2 1 2 1 20 % 

3 V (Note 5) 5.8 1 - 1 1 1 2 - 2 1 2 1 40 % 

• Terminal measured and Symbol 

Note 1: 

Note 2: 

Note 3: 

Note 4: 

92C5-2,•22 

Set 50-kHz generator for 100 mVp-p. Adjust R1 Peaking Control (See Fig.2) for 
minimum setting. Measure wide-band gain at terminal 7. 

Set 50-kHz generator for 100 mVp-p. Adjust R I for minimum setting. Measure 

contrast gain reduction at terminal 7. 

Set 50-kHz generator for 100 mV-p-p. Adjust RI for maximum setting. Measure 
peaking gain reduction at terminal 7. 

Adjust R1 for minimum setting. With S2 at switch position l and S7 at switch 

position 3, set 50-kHz generator for 2 Vp-p. Then with S2 at switch position 

2, set 1 MHz generator for 100 mVp-p. Then with S7 at switch position 2, 

measure downward modulation of the 1-MHz signal due to the 50-kHz signal. 

MODULATED 
I SINt SIGNAL 

A = Amplitude of 50 kHz signal at deepest trough 

B = Peak amplitude of 50 kHz signal 

Downward Modulation = B-A 

Note 5: Repeat step 4 except that the 50-kHz generator must be set at 3 Vp-p. 
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CA3144G Preliminary Data 

TV Luminance Processor 
The CA3144G is a monolithic silicon inte-
grated circuit that performs the luminance 
processing functions of amplification; con-
trast, brightness and peaking control; blanking; 
and black-level clamping. 

This device, when used in conjunction with 
the CA31260 chroma processor and the 
CA3137E chroma demodulator, will provide 
a luminance/chrominance system having ex-

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

DC SUPPLY CURRENT (Into Terminal 13) *   

DEVICE DISSIPATION: * 

Up to TA = 55°C   

Above TA = 55°C   
AMBIENT-TEMPERATURE RANGE: 

Operating 

Storage   

LEAD TEMPERATURE (During soldering): 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) 
from case for 10 s max. 

cellent tracking of controls. The CA3144G is 
supplied in a 16-lead hermetic Gold-CHIP 
dual-in-line plastic package ("G" suffix). 

The semiconductor junctions in this device 
are sealed by utilizing a silicon nitride 
passivation layer. A multi-layered, highly cor-
rosion-resistant, terminal-connection system 
of unique design is employed. 

57 mA 

750 mW 

derate linearly 7.9 mW/°C 

40 to +85°C 

65 to +150°C 

+265°C 

* Although the CA3144G is rated for maximum dissipation of 750 mW, it is recommended that the current 

into terminal 13 be limited by external circuit resistance to 39 mA for a typical voltage at terminal 13 of 
12.3 volts. 

vI0E0 
INPuTi 

PEAKING I 
INPUT 

0 

PEAKING 
INPUT I 

C) I 

CONTRAST 
CONTROL' 

V SEO INPUT AMP 

j. 
856 

02 
25 

R6 
735K 

Re 

TPEAKING AMP 8 CONTROL 

RI 
15200 

R2 
20800 

Features: 

• Black-level clamping 
• Linear dc controls for brightness, 

contrast, and peaking 
• Horizontal and vertical blanking 
• "Hermetic Chip" construction 
• Silicon nitride passivated 
• Platinum silicide ohmic contacts 
• Gold-CHIP metallization 

PEAKING 
CONTROL 

VIDEO INPUT 

PEAKING 
INPUTS 

VIDEO OUTPUT 

SUBSTRATE 

CLAMP INPUT 

CLAMPED VIDEO 
OUTPUT 

BLANKING INPUT 

 (03 04 

R9 

4150 

RIO 

5 

0, 

ROI 

021 

R22 

022 

823 

• 5 

824 
4 5K 08 

825 

023 024 

826 

358011 

R2? 
5000 

829 

T, 5K 
026 

855 

I 

TOP VIEW 

NC• NO CONNECTION 

NC 

NC 

NC 

SHUNT REG 13 BIAS 

CLAMP 
INHIBIT INPUT 

PEAKING CONTROL 

CONTRAST CONTROL 

BRIGHTNESS 
CONTROL 

92CS-28107 

TERMINAL ASSIGNMENT 

07 

R30.1  
••••  

ISCM 

R3I 
7 I K 

JAA•  
R34 
3K 

R33 

D9 

83 
00 2500 

E 

— r 

033 

R40 

DIO 

R•I 
5000 

92,-2.06 

7839 
75K 

CONTRAST 
03 ,, CONTROL 

035 

842 
97011 

3 

813 
3 • 

036 

6« 

SHUNT REGULATOR 
8 BIAS 

03 

07 

24 

R58 

Fig. 1—Schematic diagram (a). 
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CA3144G 
CIRCUIT DESCRIPTION 

Fig. 1 is a block diagram of the CA3144G 
indicating the internal functions as well as 
external circuitry and signals. The video 
input signal with negative-going sync is ap-
plied to the input of the tapped delay line. 
Signals from fixed taps of the delay line are 
applied to terminals 1, 2, and 3 of the CA-

VIDEO 
INPUT 

92GS-28110 

RIZ 
1900 

D,VW-• 

O 

Fig. 2— Tapped delay line 

11 -

J 

VIDEO OUTPUT® 

R47' 
2 AK' 

0123 

e reSREGULATC.a 

ALL RESISTANCES ARE IN OHMS 

3144G. In referring to Fig. 2, the signal 
from the delay line tap A is applied to the 
video input at terminal 1. The signals from 
taps B and C are summed where VA VB = 
Vsum. The signal (Vsum) is then applied to 
the parallel connection of the peaking input 
terminals, 2 and 3. The video input signal is 
applied to a non-inverting input of the 
peaking amplifier while the peaking input 
signal (Vsum) is applied to an inverting input 
of the peaking amplifier. 

Low-frequency video components are un-
attenuated, while high-frequency components 
are attenuated as a function of the delay-line 
tap points. The peaking amplifier is a dif-
ferential amplifier, so that the output is pro-
portional to V1 minus Vsum. At low fre-
quencies, the signal at terminals 2 and 3 is 
unattenuated, and the peaking amplifier pro-
duces no output at these frequencies. How-
ever, at high frequencies the signal at ter-

CLAMP CLAMP INHIBIT INPUT 
INPUT d 

0 ®BRIGHTNESS CONTROL 

3004 

R20 

r3AKW RIS 
03 IK 

D6 019 

937 R38 
4000 4000 Dr 

BLACK LEVEL 
CLAMP 

- 

Fig. 1- Schematic diagram (b). 

BUFFER AMP 

9UL-25106 

1;39 

'BLANKING 
lIN T 

CLAMPED 
VIDEO 

OUTPUT 

UBSTRATE 

minals 2 and 3 is attenuated thus, the peaking 
amplifier output consists of high-frequency 
video. The peaking control setting determines 
the amplitude of the peaking signal which is 
then fed to the. video amplifier, where it is 
added to the video input signal and amplified. 
The setting of the peaking control does not 
substantially affect the dc quiescent voltage 
at terminal 4. 
The low-impedance video amplifier output 
is at terminal 4. The signal is fed through an 
external coupling capacitor to terminal 6, 
the black-level clamp input. The action of 
the black-level clamp is such that it clamps 
to the black level rather than to the sync 
level. Refer to the circuit diagram in Fig. 1. 
Consider the situation where no signal is 
applied to terminal 12. Terminal 6 is biased 
through diode D3. The signal at terminal 6 
will clamp its most negative excursion (sync 
pulse) to the anode voltage of D3. However, 
if a positive pulse is applied to terminal 12 
4:luring the sync interval, the anode of 03 is 
forced to ground due to saturation of Q13. 
The clamp is thus disabled, and terminal 6 
will clamp to the next lower signal level, the 
black level. 

The clamped video signal at terminal 6 is 
amplified and inverted at terminal 7. Blanking 
is accomplished by applying horizontal and 
vertical sync pulses to terminal 8. The pulses 
turn ON p-n-p transistor Q18 which shorts 
the base of transistor 020 to the terminal 13 
supply voltage. The brightness control func-
tion is accomplished by varying the voltage 
on terminal 9. The gain of the inverter stage 
remains constant, but the dc reference voltage 
follows the terminal 8 voltage. The contrast 
control function is accomplished by varying 
the voltage of terminal 10. Increasing the 
voltage on terminal 10 lowers the gain of the 
video amplifier. This reduction in gain does 
not substantially affect the dc quiescent 
voltage at terminal 4. 
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CA3144G 
ELECTRICAL CHARACTERISTICS at TA = 25°C 

Characteristic 
Bi„ 

Volts 

(V) 

Test Conditions 

Typ. 

Value 
Units 

Switch Numbers 

S1 l S2 I S3 I S4 l S5 I S6 I S7 I 881 S9 I S10 I S11 

Switch Positions 

For Characteristics Measurements 

STATIC 

Voltage 

At Term.13(V13e) 6.5 2 1 1 2 2 4 1 2 2 1 1 12.3 V 

Quiescent Voltage 

At Term.4(V4e) 6.5 2 1 1 2 2 3 1 2 2 1 1 4 V 

Quiescent Voltage 

At Term.71V7e) 6.5 2 1 1 2 2 2 1 2 2 1 1 7.7 V 

Current into Term. 

13(Term.13 

Connected to 

+11 VI (11" 6.5 2 1 1 2 2 3 1 2 2 1 2 18 mA 

DYNAMIC 

Wide-Band Gain 

(Note 1) 7.3 1 1 1 2 1 2 1 1 1 2 1 3 dB 

Contrast Gain 

Reduction(Note 2) 7.3 1 1 1 2 1 2 1 1 2 2 1 —30 dB 

Peaking Gain 

(Note 1) 7.3 1 1 2 2 1 2 1 1 1 2 1 13 dB 

Peaking Gain 

Reduction(Note 31 7.3 1 1 2 2 1 2 1 1 1 2 1 —18 dB 

Max. Intermodu-

lation Distortion 

(Note 4) 3.8 V 7.3 1 — 1 1 1 2 — 2 1 2 1 20 % 

(Note 5) 5 V 7.3 1 — 1 1 1 2 — 2 1 2 1 40 'Y. 

e Terminal measured and Symbol 

Note 1: 
Set 50-kHz generator for 200 rnI/rms. Adjust RI peaking control for minimum setting bee Fig. 21. 

Measure wide-band gain at terminal 7. 
Note 2: 
Set 50-kHz generator for 200 mVrms. Adjust R1 for minimum setting. Measure contrast gain reduction 
at terminal 7. 
Note 3: 
Set 50-kHz generator for 200 mV rrns. Adjust RI for maximum setting. Measure peaking gain reduction 
at terminal 7. 
Note 4: 
Adjust RI for minimum setting. With S2 at switch position 1 and S7 at switch position 3, set 50-kHz 
generator for 3.8 Vp.p. Then with S2 at switch position 2, set 1-MHz generator for 200 m Vrms. Then 
with S7 at switch position 2, measure downward modulation of the 1-MHz signal due to the 50-kHz signal. 

MODULATED 

hOlr SIGNAL 

S2CS-27.22 

A = Amplitude of 50-kHz signal at deepest trough 
B = Peak arnp,itude of 50-kHz signal 

B—A 
Downward Mcdutation = — 

Note 5: 
Repeat step 4 except that the 50-kHz generator must be set at 5 
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CA3144G 

GENERAL RADIO 
1309A 

OR EQUIVALENT 

HEWLETT 
PACKARD 
6064 

OR EQUIVALENT 

AC VOLTMETER 
BALLANTINE 

314 

OR EQUIVALENT 

SbO 4 

VIDEO INPUT 

DELAY 
LINE 

430V 380 

PEAKING 
CONTROL 

DV 

o Kr& 

1560 50 n MAX 3960 

ID V 

NOTE. ATTENUATION AT 50 1,11I MUST 
BE AT LEAST 66 dB DOWN FROM 
THE ATTENUATION AT I MHz 

5 

Fig. 3— Test circuit. 

013 

O 

73 6E1 

l UBSTRATE 

1W 

• 30V 

12.3 VOLTS 
REGULATOR 
VOLTAGE 

.30V 

Fig. 4— Functional block diagram. 

P2CL - 2810, 

CLAMP INHIBIT INPUT 

tuAFert 
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BRIGHTNESS 
CONTROL 
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POSITIVE 
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PULSE 
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-1/ 
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CA3151G 

Single Chip TV Chroma 

Processor! Demodulator 
"G" Suffix Type — Hermetic Gold-CHIP in 

Dual-In-Line Plastic Package 

System Features: 

• All chroma processing and demodulating 

circuitry on a single chip in a 24-lead 

plastic package 

• Phase-locked subcarrier regeneration 

utilizing sample-and-hold techniques 

• Supplementary ACC with overload detector 

to prevent over saturation of the picture tube 

• Linear dc controls for chroma gain and tint 

• Dynamic "flesh correction" — corrects 

purple and green flesh colors without 

affecting primary colors 

• Balanced chroma demodulators with low 

output impedance for direct coupling 

• Internal rf filtering 

• Requires few external components 

• Low system dissipation—nominal 0.5 W 

The RCA-CA3151G is a monolithic silicon 

integrated circuit that performs the com-

plete chroma processor and demodulating 

functions for color TV. The single chip con-

tains all the features of the CA3126 chroma 

processor and the CA3137 chroma demodu-

lator. 

The CA3151G is supplied in the hermetic 

Gold-CHIP 24-lead dual-in-line plastic pack-

age (G suffix). The transistor chips used in 

the hermetic Gold-CHIP plastic packages 

are of the sealed -junction type designed to 

provide protection against the deteriorating 

effects of humidity and other surface con-

taminants without the need for a hermetic 

package enclosure. The semiconductor junc-

tions are sealed by utilizing a silicon nitride 

passivation layer. A multi-layered, highly 

corrosion-resistant, terminal-connection sys-

tem of unique design is employed. 

MAXIMUM RATINGS,Absolute-Maximum 
Values: 

DC SUPPLY VOLTAGE: 
Between Terms. 18 and 7 . 13.2 V 

DEVICE DISSIPATION: 
Up to TA = 55°C   825 mW 
Above TA = 5ec . Derate linearly at 

8.7 mWPC 
AMBIENT TEMPERATURE RANGE: 

Operating   —40 to +85°C 
Storage   —65 to +15eC 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 *1/32 inch 
11.59 ± 0.79 mm) from case 
for 10 seconds max.  +265°C 

Preliminary Data 
ELECTRICAL CHARACTERISTICS at TA = 25°C, V+ = 11.6 V 

CHARACTERISTIC 

TEST CONDITIONS 
TYPICAL 
VALUE 

UNITS 
S1 S2 S3 Chroma In Burst In V4 V17 

STATIC (See Fig. 1) 

Supply Current, IT 42 mA 

R-Y, G-Y, B-Y, Out-

puts, Ve0,V10 5.3 

Vdc 

Oscillator Reference 

Inputs, V -11,V12 3.7 

Chroma Demodu-

lator Input, V13 2.9 

Chroma Processor 

Input, V1 2.2 

DYNAMIC (See Fig. 2) 

Minimum Oscillator 

Pull-In Range*,V12 2 1 1 

273 mV P-P 

1 5 V 

7 V 

±300 Hz 

Oscillator Level,V12 2 1 1 0.6 
V 
P P 100 Percent ACC, V13 1 1 1 1 

Minimum Gain 

Control, V13 1 1 1 11.6 V 20 mV 
P-P 

50 Percent Gain 

Control, V13 1 1 1 6 V 50 

% of 
100% 

ACC 
Value 

200 Percent 

ACC, V13 1 1 1 546 mVP-P 

1 5 V 

100 

20 Percent 
ACC, V13 1 1 1 54.6 V R-P 100 

Maximum Kill 

Output, V13 1 1 1 84.8 4 mVP•P 
_.0 

20 

mV P P-
Minimum Unkill 

Output, V13 1 1 1 
400 

mV 
P-P 

30 mVP-P 

Overload De-

tector (OLD), 
V13 1 1 2 546 mV P-P 1 

V 
P•P WY Sensitivity, 

V10 Eg = 282 

mVP-P' ' 3 53 MHz 1 2 1 

0 
273 mV P-P 

0.8 

R-Y Ratio B-Y/R-Y, 

V8** 1 2 1 120 
% 

G-Y Ratio G-Y/R-Y, 

V9** 1 2 1 33 

Max. R-Y 

Output, V10 

Eg = 2 V P-P' 
3.53 MHz 1 2 1 3 V 

P-P 

Minimum Tint 

Control Range, 

013 1 1 1 273 mVP-P 

0 V to 

11.6 V 80 Degrees 

• Tune C2 to 3,579,845 Hz with Si in position 2. Put Si in position 1, and check fo pull in. Repeat for 
frequency tuned to 3,579,245 Hz. For other tests, frequency tuned to 3,579,545 ± 10 Hz. 

** All input levels up to 2 
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CA3151G 

CHROMA 
INPUT 

• II 6V 

ICIK 

001 

CHROMA 
GuN 
CONTROL 

ACC 
DE DEC TOR 

AFPC 
DETECTOR 

XTAL 
3 579545 DalI 

27K 5 

OVERLOAD 
DETECTOR 

OSCILLATOR 

150 pF I 82 p 

27 eHI   

ALL RESISTANCE VALUES ARE IN OHMS 

CAPACITANCE VALUES ARE IN MICROFARADS 
UNLESS OTHERWISE INDICATED 

X TAL 

DYNAMIC 
FLESH 
CON ROL 

100 

TINT 
CONTROL 

ON OFF 

FLESH 
OVERLOAD 
DISABLE 

DEMO() 

S2CL•2,239 

Fig. 1 — Functional diagram, static test circuit, and typical application circuit. 

3579545 MHZ 

KEY 
PULSE 

CHROMA 
INPUT 

C2 

10 - SO pF 

IDO X -r 

82 AT 

22 

V CC 
0.II6 

NOMINAL 279F 

•7,11 
8 

53 

001 

2 23», - 63 5 As -I 

10K aw- ,ii-U - 1 3 579545 1,111z1--(1.7 :Vo, R0HA 

1 » F VBURST 

r-LL  (MINI 

5 »s CENTERED KEY PULSE 

ON BURST 

160 200 240 290 320 
CHROMA INPUT PHASE 

ANGLE-DEGREES 

VCHROMA AT P1, • 400 mVP-P 

NOTE TINT CONTROL ADJUSTED 
SO THAT WITH A •I 
SIGNAL INTO TERM I, 
THE OSCILLATOR AT TERM 
12 AND THE CHROMA AT 
TERM 13 ARE IN PHASE 

12CS- 2,2 s T 

Fig. 2 — "Flesh" correction of oscillator phase angle 
as a function of chroma input phase angle. 

TERMINAL DIAGRAM 

CHROMA INPUT 

ACC FILTER 

SAT CONTROL 

Tvelav,„, 
PROCESSOR SECTION 
CHROMA OUTPUT 

GROUND 

24 23 22 21 20 19 IB 17 16 IS 14 13 

CA3151G 

2 3 4 5 6 7 8 9 10 II 12 

O 

001 » F l» F 

001 »FI 01 
t) ,F 

- 116v 

ID K 27 K 

B-T 

=22 7 F 

22 » F 

• 7 

-Y R y 39 K 

2 2 ,F÷-
•—) 
75 pf 

470 47 4182 pi 

o 
845 v 

j 2 

52 

001 

270p, 

5 1K 

ALL RESISTANCE VALUES ARE IN OHMS 

Fig. 3 — Dynamic test circuit. 

92CL-292» 

1), OUTPUT 

G-Y OUTPUT 

R-Y OUTPUT 

0 REF 1NPuT 0-1 

I REE INPUT 0, 

TOP VIEW 

CA315IG 

HOR12 KEY PULSE INPUT 

OSCILLATOR FILTER 
AND PHASE SHIFT INPUTS 

vcc 

TINT CONTROL 

CARRIER FILTER 

'FLESH CORRECTOR" 
CARRIER OUTPUT 
'FLESH CORRECTOR' AND 
OVERLOAD DE TECTOR DISABLE 

DEMODULATOR CHROMA 
INPUT 

92cm.292.10 
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CA3170E 

TV Chroma System 
The RCA-CA3170E is a monolithic silicon 
integrated circuit that performs the func-
tions of subcarrier regeneration, ACC and 
APC detection, and tint control in color tele-
vision receivers. It is designed to function 
compatibly with the CA3121E TV Chroma 
Amplifier/ Demodulator in a 2-package 
chroma system. 
The CA3170E is a TV Chroma System of 
advanced design that incorporates all the fea-

Preliminary Data 

tures of the CA3070E but with the added 
advantage of a modified Hue Control Char-
acteristic. With the CA3170E, the designer 
can provide a front panel hue control that 
functions linearly over its entire range, a 
particularly desirable consumer feature. 
The CA3170E is supplied in a 16-lead dual-
in-line plastic package (E suffix). 

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

DEVICE DISSIPATION: 

Up to TA = 55°C  750 mW 

Above TA = 55°C  derate linearly 7.9 mW/°C 

AMBIENT—TEMPERATURE RANGE: 

Operating 

Storage 

  —40 to +85°C 

 —65 to .150°C 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 

from case for 10 s max. 

ACC OUTPuT 

0 ON (.81.01• be, 14(014.01 

Fig. 1 — Functional block diagram of CA3170E. 

+265°C 

Fig. 2 — Simplified functional diagram of a two-package TV chroma 

system utilizing the CA3170E and CA3121E. 

CIRCUIT DESCRIPTION 

The CA3170E is a complete subcarrier re-

generation system with automatic phase con-
trol applied to the oscillator. An amplified 
chroma signal from the CA3121E is applied 
to terminals No. 13 and No. 14, which are 
the automatic phase control (APC) and the 
automatic chroma control (ACC) inputs. 
APC and ACC detection is keyed by the hor-
izontal pulse which also inhibits the oscilla-
tor output amplifier during the burst interval. 
The ACC system uses a synchronous detec-
tor to develop a correction voltage at the 
differential output terminal Nos. 15 & 16. 
This control signal is applied to the input 
terminal Nos. 1 & 16 of the CA3121E. The 
APC system also uses a synchronous detec-
tor. The APC error voltage is internally 
coupled to the 3.58 MHz oscillator at bal-
ance; the phase of the signal at terminal No. 
13 is in quadrature with the oscillator. 
To accomplish 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 signal is available at terminal 
Nos. 7 and 8, but the dc output of the APC 
detector controls 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 ap-
plied directly to the crystal circuit, control 
of the relative amplitudes at terminal 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 control 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 control 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 CA3170E includes a shunt 
regulator to establish a 12-volt dc supply. 

MOMENT TEMPERATUREIT.1.25 7C •••• Milk II   au.... .....  
..1 ••••••••••••••• •••••• 

"Mr:M:::::::::::04::::::ra• &See :::: CM 

_  
SOO 

0 25 50 75 MO 

nuECOMTROL VOLTAGOV,/ —% OE REGULATOR vOLTAGMV, 

Fig. 3 — Typical hue control characteristic. 

392  



CA3170E 
OSCILLATOR 
OUTPUT 

TERMINAL 9 NO CONNECTION 
ALL RESISTOR VALUES ARE IN OHMS 

ROUIE. KEY PuLSE 
••V. • .5,.• 

INPUT 

Fig. 6 — Outboard circuitry of a typical two-package chrome system for 

color TV receivers utilizing the CA3121E and CA3170E. 

ACC ACC UPC ARC SUANT OSCILLATOR 
OUTPUT INPUT INPUT OUTPUT RIgetz. FEEDBACK 

Fig. 5 — Schematic diagram of the CA3170E. 
o 

I 3 3 47 

I 
I 

+ T T° 

i 3 3« 47 

 J 

RESISTANCE VALUES ARE IN OHMS. 
UNLESS OTHERWISE INDICATED,ALL CAPACITANCE 
VALUES LESS THAN I ARE IN TAICROPARADS, 
I OR GREATER ARE IN PICOPARADS. 

PACL•Plapi 

SUE CONTROL 

OSC 
OUTPUT 

HORIZ BET 
PULSE INPUT 

UNO 

OSC INPUT 

OSC FEEDBACK 
LOOP 

• 

NC• NO CONNECTIO 

TOP 
VIEW 

} ACC 
OUTPUT 

ACC INPUT 

¿PC INPUT 

¿PC 
OUTPUT 

SHUNT REG 
AND BIAS 
NC 

92cs-2769, 

Fig. 4 — Terminal diagram of the CA3170E. 

Features: 

• Voltage-controlled oscillator 

• Keyed APC and ACC detectors 

• DC hue control 

• Shunt regulator 

Fig. 7 — Static characteristics test circuit 
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CA3170E 

ELECTRICAL CHARACTERISTCS, at TA = 25°C and V+ = +24 V unless otherwise specified 

LIMITS 
CHARACTERISTICS SPECIAL TEST CONDITIONS CA3170E UNITS 

MIN. TYP. MAX. 

Static Characteristics 

Voltage: 
Hue Control, Vi 

See Fig. 5 

V 

Oscillator Input, V6 
S1 CLOSED 
S3 OFF; 
S2, SQ, S5 
OPEN 
See Fig. 7 

— 2.6 — 

APC Input, V13 — 5.4 — 

Regulator, V10 V+ = 21 V 11 12.3 13.5 

Regulator Change, Vij) V+ = 27 V -0.2 — +0.2 

Horizontal Key 
Input, V4 

14 =10 µA 5 — — 

Currents: 
Oscillator Output, 12 

Si, S2, S4, S5 CLOSED, 

S3 in position 2, See Fig. 7 
— 5.8 

mA 
APC Output, 111, 112 Si, S5 OPEN, S2, S4 CLOSED, 

S3 in position 1, See Fig. 7 

— 1.45 — 

ACC Output, 115, 116 — 1.45 — 

Dynamic Characteristics (See Figure 8) 

Oscillator Outputs: 
Terminal No. 2, V2 Si in position 1 0.75 1.0 — 

VP-P 
Terminal No. 3, V3 Si in position 2 0.75 1.0 — 

ACC Detected Output 

V16 - V15 
Si in position 1 115 150 — mV 

Oscillator Pull-
In Range 

Si in position 1 — ±-400 — Hz 

4 5,5 s 4 V 
PEAK PULSE 
DELAY ADJ TO 
CENTER PULSE 
ON THE BURST 

TO OSCILLOSCOPE 

TI UNIVERSAL WINDING, NO 36 WIRE 
PRIMARY 77 TURNS, L• II B »H. 0.40 
SECONDARY 34 TURNS, CT, L .9 »H. 0.20 

Fig. 8 — Dynamic characteristics test circuit. 

CRYSTAL 
PROBE OR 
EQUIVALE NT• 

•ADJUST C2 FOR 
MINIMUM OUTPUT 
AT 3 59 MHz 
ADJUST CI FOR 
MAXIMUM OUTPUT 
AT 3 579545 MIN 

NOTES: 

I ALL RESISTANCES IN OHMS 

2 UNLESS OTHERWISE SPECIFIED 
ALL CAPACITANCES ARE 
IN MICROFARADS 

3 V2 6V3 MEASURED WITH LOW-
CAPACITY SCOPE PROBE X 20 pi 

91C, -27694 

DYNAMIC TEST PROCEDURE 

1. With S2 in "OFF" position, short termi-
nals 11 and 12. Then with Si in 1 posi-
tion, adjust CX for a frequency of 
3.579545 MHz ± 5 Hz. Measure the 
frequency using the frequency counter or 
by zero beat indication on the oscillos-
cope. 

2. Remove short from terminals 11 and 12, 
and adjust "APC" control for zero beat 
on the oscilloscope. With S2 in "ON" po-
sition, pattern on oscilloscope must lock. 

3. With S2 in "OFF" position adjust "ACC" 
control to give output reading of 0 ± 2 
mV between terminals 15 and 16. Then 
with S2 in "ON" position, read "ACC" 
output. 

4. Example of pull-in testing to ± 200 Hz: 
With S2 in "OFF" position, adjust CX 
for frequency of 3.579545 + 200 Hz. 
Then with Si in position 1 and S2 in 
"ON" position, pattern on oscillos-
cope must lock. 

5. Repeat Step 4 with CX adjusted to 200 
Hz. 
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Preliminary Data CA3172G 

TV Chroma Demodulator 
System Features: 
• Synchronous detector with color-

difference matrix 
• Emitter-follower output amplifier with 

short-circuit protection 
• Typical R-Y output ratio of 0.95 and 89°, 

G-Y output ratio of 0.33 and 244°, 

and B-Y output ratio of 1.0 and 0' 

The RCA-CA3172G is a monolithic silicon 
integrated circuit intended for use as a 
chroma demodulator in TV applications. 
It is operated from a 24-volt supply. 

The device has synchronous detectors with 
matrix circuits to achieve the R-Y, G-Y, 
and B-Y color-difference output signals. 
The chroma input signal is applied to termi-
nal Nos. 3 and 4, while the oscillator injec-
tion signal is applied to terminal Nos. 6 and 

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

DC SUPPLY VOLTAGE (Terminal 8 to Terminal 141   27 

REFERENCE INPUT VOLTAGE   5 

CHROMA INPUT VOLTAGE   5 

DEVICE DISSIPATION: 

Up to TA = +70°C   530 mW 

Above TA = +70°C   

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) frote seating plane for 10 s max.   +265°C 

0.51.“ r. Ulf en leg Dn.. 

ternMOIretfleonfr..1111 ••,d, 
1A,, Trim éet omi moC.F.611, 
1 0 1,11,11.1t• Ild 

Fig. 1 — Functional diagram of RCA-CA3172. 

Derate Linearly at 6.7 mWr C 

SUM • 2,061 

Fig. 2 — Schematic diagram for CA3172. 

V 

Vp p 

Vp 

7. The color-difference signals, after matrix, 
have a fixed relationship of amplitude and 
phase. 

The outputs of the CA3172G are suitable for 
driving high-level color-difference or R, G, 
and B output amplifiers. The emitter-follower 
stages used to drive the high-level color am-
plifiers have short-circuit protection. 

The CA3172G is supplied in a 14-lead dual-
in-line plastic package. 

Maximum Voltage and Current Ratings 
at TA +25°C 

Voltage' 

Terminal 
No. 

MIN 
VOLTS 

MAX 
VOLTS 

3 0 +5 

4 0 +5 

6 0 +12 

7 0 +12 

8 0 +27 

9 0 +20 
11 0 +20 

13 0 +20 

Current 

Terminal 
No. 

11 
mA 

lO 
mA 

3 

4 

6 

7 

8 

9 1.0 20 

11 1.0 20 

13 1.0 20 

With re erence to terminal No. 14 and with 
the voltage between terminal No. 8 and termi-
nal No. 14 at +24 V except as given in rating 
for terminal No. 8 

ÎTÎTÎT?  
CA3 , 2 

Fig. 3 — Static characteristics test circuit. 
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CA3172G 
ELECTRICAL CHARACTERISTICS, at TA = 25°C and V = +24 V unless otherwise specified 

CHARACTERISTICS SYMBOLS 
SPECIAL TEST 
CONDITIONS 

LIMITS 
CA3172G 

UNITS 

MIN. TYP. MAX. 

Static Characteristicsa 

Supply Current 
With Output Loads IT s1 Closed 16.5 — 28.5 mA 

With No Output Loads Si Open 9 — 

G-Y, R-Y, B-Y Outputs V9 Vi 1, V13 Si Closed 13 14.5 15.5 

V Chroma Inputs V3, V4 Si Open — 3.6 — 

Reference Subcarrier V6, V7 Si Open 6.4 — 

Dynamic Characteristics' 

Demodulator Unbalance V9, Vii, V13 V3 = V4 = 0 — 0.6 Vp.p 

Maximum Color Differ-
ence Output Voltage V13 V3= V4 = 0.35 Vp-p 5 — — 

V 
P-P 

Chroma Input Sensitivity V3 
Adjust e, for 5.0 
V @ term No. P-P 
13 (B-Y) 

— 0.2 0.35 

R-Y Output Ratio V11 — 0.95 — 

G-Y Output Ratio V9 — 0.32 — 

VDc Difference 

Between any two 

Output Terminals 

1V91-1V111 

1V91- IV131 

1v11 1-1V131 

e, = 0 — 0.6 V 

Input Impedance 
Reference Subcarrier 

Fii6, 7 

Ci6, 7 
— 1.7 

6 
— 
— 

162 
pF 

Input Impedance at 

Chroma Inputs 

Ri3, 4 

Ci3, 4 

— 0.95 

6 

— 

— 

Id2 

pF 

Output Resistance 
Rd, Ro ll, 

R013 — 180 — S2 

a Test circuit Fig. 3 

b Test circuit Fig. 4 

396 

TO 2000 
PUSH PULL 
3 53 MHz 

GEN ADJUSTED 
TO GIVE 

50 VP, AT 
TERMINAL No 13 

REF SUBCARRIER 

GEN ADJUSTED FOR IV6I•IV71. 0 Vp-p I 
(PHASE SEPARATED BY 104 • ) 

NOTE: 
ALL CAPACITORS GIVEN IN pi 
UNLESS OTHERWISE NOTED 

ALL RESISTANCES IN OHMS 

12C5-290. 

Fig. 4 — Dynamic characteristics test circuit. 
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3N128, 3N143 

Silicon MOS Transistors N-Channel Depletion Types 

For Amplifier, Mixer, & Oscillator Applications in Military & 
Industrial VHF Communications Equipment Operating up to 250 MHz 

RCA-3N128 and 3N143 are N-channel depletion-type silicon 
insulated-gate field-effect transistors utilizing the MOS• 
construction. The 3NI 28 is intended primarily for VHF 
amplifier service in military and industrial applications. It 
also is extremely well suited for use in dc and low-frequency 
amplifier applications requiring a transistor having high 

power gain. very high input impedance, and low gate leakage. 

The 3N 143 is designed for use as a VHF mixer and oscillator. 
Because of their improved transfer characteristic and in-
creased dynamic range the 3NI 28 and 3NI43 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. 

Maximum Rennes. Absolute.Maeornum Values •t 250 C: 

•DRAIN:TO-SOURCE VOLTAGE, VD5   +20 V 
•DRAIN-TO:GATE VOLTAGE, VDG   +20 V 
'GATE-TO-SOURCE VOLTAGE. VGS. 
Continuous&   •1, -B V 
Peak ac   ₹ 15 V 
•DRAIN CURRENT. ID  $0 mA 

'TRANSISTOR DISSIPATION, Pr: 
AI Ambient up to 25*C   330 mV/ 
Temperatures above 25°   Demie 2.2 mWrC 

'AMBIENT TEMPERATURE RANGE 
Storage and Operating   -65 to +125°F 

'LEAD TEMPERATURE (During soldering): 
At distances not closer than 1/32 inch to 
mating surface for 10 seconds maximum   265 °C 

•In accordance with Jed. Registration Data Format 159-RDF11 B. 

ELECTRICAL CHARACTERISTICS: (At TA. 25°C) 

Measured with Substrate Connected lo Source Unless Otherwise Specified. 

CHARACTERISTIC SYMBOL CONDITIONS 

LIMITS 

UNITS 30 128 3N 143 
MIN. TYP. MAX. MIN. TYP. MAX. 

Gate Leakage Current 
i GSS 

vos eo. vGs . -8V TA = 25°C 
VIM 0, VGs • -8 V TA • 125°C 

- 

- 

0.1 

- 

50 

5 

- 

- 

0.1 

- 

1000 

200 

pA 

nA 

Zero-Bias Drain Current IDSS VDs • 15 V, VGs • 0 5 15 25 5 15 30 mA 

Drain-to-Source Cutoff Current 
1100 vos - 20V, VGs • -8V - - 50 - - 50 xxA 

Gate-to-Source Cutoff Voltage vcsoff) VDs • 15 V, ID « 50,A -0.5 -3 -8 -0.5 -3 -8 V 

Forward Transconductance grs Vps o 15 V, ID • 5mA, f • I kHz 5,000 7,500 12,00115,030 7,500 12,030 mono 

Drain-to-Source Channel Resistance 
1000 VDS 00. VGS'O. f ' I kill - 203 - - 200 - fi 

Small-Signal Short-Circuit 
Reverse Transfer Capacitznce • Cms VDs • 15 V, ID•5 mA, 40.1 to 1111Hz 0.15 0.25 0.35 0.12 025 0.35 pF 

Small-Signal Short-Circuit Input Capacitance Ci„ VDs • 15 V, ID .5 mA,1•0.1 In 1MHz - 5.5 7 - 15 7 pF 

Input Admittance 

Forward Transfer Admittance 

Output Admittance 

Yi, 

Y, 

Y„ 

Common-Source Configuration 

I = 200MHz 

Vos o 15 Volts 

ID = 5mA 

- 0.4 • 17.3 

- 7 - 12 

- 0.28 .11.8 

- - 

- - 

- - 

- 

- 

- 

- 

- 

- 

mmho 

who 

mmho 

Maximum Available Power Gain 

Insertion Power Gain (Fixed Neutralization) 
See Fig. I 

HAG 

cps 

VDs • 15 V, ID = 5 mA, f = 200MHz 

13.5 

21 

16 

- 

- 

- 

- 

- 

- 

- 

- 

dB 

dB 

Poser Gain (Conversion 
(See Fig. 3) Gps(c) 

%/Ds = 15 V, ID = I mA, fin • 200 lAHz 
tout . 30,AH, - - - 10 13.5 - dB 

Noise Figure (See Fig. 1 2. 2) NF VDs • 15 V, ID • 5mA, f • 200MHz - 3.5 5 - - - - 

•Inaccordance with JEDEC Registration Del Format 159-RDF•11B. 
'Three-Terminal Measurement: Source Relui en to Gu rd Terminal: 

1 

I d • 
1.••••• e.»•••••c•IvE 

e 
• ONNNAR CERAM( 

• DOC CER.K ItCS-.192., 

Cane C1. C2: 1.i.5;.5p.vFiii variable air capacitor: E. F. Johnson Type 160.102 
0  

Cs: .11-01hOarsoF rpi4topn-etig5Vale,ratrec:l i,,aarriencrecitOr: JF0 Type VAM010, 

C4, C5: U1- 3ftr,Pel:O.vmatiyjntt variable air capacitor: Roan.11 Type 

LI: 5 Wins silver-plated ce.02- thick, 0.07.-0.013" wide copper 
ribbon. Internal diameter of winding o 0.25'; winding 
length approx. 0.65-. Tapped at 1-1/2 turns from Cl end 
of winding 

L2: Sarneeis L1 except winding length apprOx. 0.7: no tap. 

Fig. I. Test circuit used to measure 200-MHz maximum 
usable power gain and moine figure for 3N128 

Performance Features 

• Large dynamic range 
• Greatly reduces spurious responses in rceiver front ends 
• Permits use of vacuum-rube biasing techniques 
• E xcellent thermal stability 
• Superior crommodulation capability 

Device Features 

• Low noise figure 13N12131 - 3.5 dB typ. et 200 MHz 
• High VHF amplifier gain (3N1213) - 16 dB typ. it 200 MHz 
• Low input capacitance - 5.5 pF typ. 
• High tranuonduclanoe - 7500 µmho typ. 
• High input resistance - 1014 Cl 

• High conversion gain (3N143, mixer) - 13.5 dB typ. at 
200 MHz 

Applications 

• VHF amplifiers, mixers, converters and if-amplifiers in 
communication receivers. 

• High-impedence timing circuits 
• Detectors, oscillators, frequency multipliers, phase 

sPlitters, pulse stretchers and current limiters 
• Electrometer amplifiers 
• Voltage-controlled attenuators 

• High impedance differential amplifiers 

TERMINAL DIAGRAM 

1 • Drain 

2 Source 

3 • Insulated Gate 

4 Bulk (Substrate) 
and Case 

VHF NOISE 
SOURCE 

OP No 505 OR 
EQUIVALENT 

3:11 isieer• 3:11 

VOLT OC 
POWER 
SUPPLY 

• SEE 2.14 I TOR ONCUIT 

200 WO 

AMPLIEIER 

SUPPLY 

noise Mont 
METER 

0 Ns. 342A OR 
EOUIVALENT 

Fig. 2-Noise figure measurement setup for 3N128 

011V MASI 
230 nos LOCAL OSC OUTrUT 

200.2 
INPUT 

L1 .4 Turns I 14" die.. 318' long 
No. 22 Bare-Tinned Wee 

Q • 3N143 

Seel 

Yob•16 V 

9tus•.0,01 

Fig. 3 • Conversion power gain test circuit for 3N143 
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3N138 

SILICON INSULATED-GATE FIELD-EFFECT TRANSISTOR 
For Critical Chopper Applications and Multiplex Service in 
Instrumentation and Control Circuits 

RCA-3N138 is a silicon, insulated-gate field-
effect transistor of th,. 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 (10 1c 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 10.18p5. (mt./ 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. 

• Metal-Oxide-Semiconductor. 

Maximum Ratings, Absolute-Maximum Values, 

( Sr. bst rule non e'er tc.1 to 'too ...re. rerelrge °threw ner spec: fief!) 
DRAIN-TO-SOURCE 
VOLTAGE. Vs. - 35 max. V 

Df .t 
-35. -0.3 max. V 

SOURCE-TO-SUBSTRATE 
VOLTAGE. Vs. - 35. -0.3 nias. V 

DC GATE-TO-SOURCE 
VOLTAGE. - 10 max. 

PEAK GATE-TO-SOURCE 
VOLTAGE, " 14 max. 

PEAK VOLTAGE. GATE-TO-ALL 
OTHER TERMINALS: Vin. 
V..n, non-repetitive • 45 max. V 

DRAIN CURRENT. ID Pelee Meehan 
20 SM. duty fact« < 0.10e  50 m.. mA 

TRANSISTOR DISSIPATION. PI: 
Al ambient tempera ,,,,, up lo 25°C . 330 max. m w 
above 25°C  Dews Imcatly at 2.1mbirC 

AMBIENT TEMPERATURE 
RANGE: 
Storage -65 to -150 C 
Operating -65 to <125 'C 

LEAD TEMPERATURE 
I During Soldering) : 
At Wang., 1132- to seating sur-
face for 10 seconds max. 265 max. 

e 

N-Channel Depletion Type 

TERMINAL DIAGRAM 

- Dram 

2 - Source 
3 • Insulated Gore 

4 • Bulk (Substrate) 
and Case 

0015121-TO.SOURCE VOLTS .15 
51/151ENT TE1YERST052 ITg,I•25.0 

-2 
can anuacf wits 

52C 

Fig. 1 - Drain Current id Gate-to-Source Voltage 

• coince uno SIXISTRATS 0804.111020 
AMBIENT 12.41.2/15TURE IT.1•24., • 

.... 

s . 

0115111-TO-SOURCE VOLTS 1Vos I 

rip. 2 - Drain Current vs Drain Voltage 

ELECTRICAL CHARACTERISTICS, at T, = 25 ° C, Unless Otherwise Specified. Substrate C 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

LIMITS 
Type 3N138 UNITS 

en. Ile Max. 

Gale-Leakage Current 
I'' .̀̀  VV:::. : 1-- IS. Ve. : 1. 1T: : 2152'5% 

0 I 
20 

10 
NO 

OA 
pll 

Diainto.Source 'ON" Resistance ii.(0n) 
V., = 0.V.. = fit = I Ritz. T, = 25°C 
0.., +10.0,0 +10. 0.0 = S. I = I KHz. I, = 25'C 
Vi ia iv 0.5110 = 0.1= I KHz. Ti = I25°C 

240 
135 
350 

350 ti 
1. .; 

Dram-to-Source "OFF- Resistance R..(0f1) V., s -10 V.. = +1 2 X 10. 101I. u 

Dram.to.Source Cutoff Current 
l'Otg) \ii::: 7 1118.. V:: 7 : TT: US% 

0.01 
0.01 

5 
es 

nA 
sA 

Smiarl.ln.Ssitgen,a..Spachor,e cirecuit. Reverse 
C,.. V.- s -10. V.... = O. I = 1 MHz 0.25 0.4 pf 

Small.Signal. Short.Oront. Input 
Capacitance 

C.- V..., s -10. V.. - O. f - 1 MHz 3 5 pf 

Zerri.Gate.131as Forward Transconduclance g.- Vs. s II. so . 5 /04 6000 pints) 

Offset Voltage h,. V.- = t IS. V,. = 0 0* V 

ted to Source. 

• In measurements of Offset Voltage, thermocouple effects and contact 
potentials in the measurement setup may cause erroneous readings of 1 
microvolt or more. There errors may h minimized by the use of solder 

racing a low thermal e.m.f. sachet Leeds & Northrup No.102-1.0.1, 
or equivalent. 

Features 

• excellent thermal stability 
• mero inherent offset voltage 
• lox leakage current: 10 pA max. 
• low "on" resistance — 

ti-lon/ 2401! typ. Iv,,, = ov) 
• high "off" resistance — 

R,10111 10 1"i! typ. 
• low feedback capacitance — 

C 0.18pF rep. 
• low input capacitance — 

C 3pF typ. 

Applications 

• Servo Amplifiers 
• Telemetry Amplifiers 
• Computer Operational Amplifiers 
• Sampling Circuits 
• Electrometer Amplifiers 

_ 

;;;.stramC--f uric nuts cari artt3utt- 02-0 
:LAVES., 12510EITATURE Irai•25.0 

• .• 
2 0 

SATE-TO-SOURCE VOLTS 1,8%,1 

Fig 3 - Drain Current vs Gate-to-Source Voltage 

25 

Is 

SO 

• ° 
I -5 

-250 

Suestaare cotmecrE0 0 SOL81C2 
51411EIVI TDAPERATUOC l T.I. 25.6 

.1 
61 

! 

1 S 5 

- 

•14 
-120 -80 -40 0 an 80 /20 

05518-TO-SOURC2 MILLIVOLTS OW 
9.2.CS 

Fig. 4 - sow.level Drain Current vs 
Drain-ta-Source Voltage 

Streslaut COMO E0 TO SOURCE 
DOILIM-TO. SOURCE VOLTS IvpsItta 
MO«. TEMERSTURE flat. 25•C 

.0, 

-12 -8 

21ATS-TO -SOURCE VO TS 1 55• ) 

Fig. 5 - Oroinito•Sour e Stalk Resistance vs 
Gate.to.Source Voltage 

12 
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3N139 

SILICON MOS TRANSISTOR N-Channel Depletion Type 

For Audio, Video, and RF Amplifier Applications in 
Communications, Instrumentation and Control Circuits 

RCA 334139 is a silicon, insulated-gate field-
effect transistor of the N-channel depletion type, 
utilizing the MOS. construction. It is a general purpose 
transistor especially suited for audio. video, and rf 
applications, and for wide-band amplifierdesigns. The 
insulated gate provides a very high input resistance 
M( 14 typ.) which is relatively insensitive to tempera-
ture and is independent of gate-bias conditions (positive, 
negative, or zero bias). The 3N139 also has a high 
transconductance. a low value of input capacitance 
(3 pF typ.), and a very low feedback capacitance 
(0.19 pF 

The 3N139 is hermetically sealed in the standard 
4-lead JEDEC TO-72 package. 

Maximum Rulings, Absollae4lasinum Values: 

DRAIN-TO-SOURCE VOLTAGE, Vim 035 max. 

DRAIN-TO-SUBSTRATE VOLTAGE. Von 035, -0.3 max. 

SOURC E-TO-SUBSTR ATE 
VOLTAGE, VgB  035, -0.3 max. 

DC GATE-TO-SOURCE VOLTAGE. VGg 110 max. 

PEAK GATE-TO-SOURCE VOLTAGE. VUS 04 was. 

PEAK VOLTAGE. CATE-TO-ALL OTHER 
TERMINALS: V0g, VGD, VGD, non-
repetitive   

DRAIN CURRENT, ID 

142 max. V 

50 max. lark 

TRANSISTOR DISSIPATION, PT: 

At ambient temperatures up to 25°C  330 mW 

above 25°C Berate linearly at 2.2 mWeC 

AMBIENT TEMPERATURE RANGE: 

Storage  -65 to • 175 °C 

Operating   -65 to • 175 °C 

LEAD TEMPERATURE (During Solderingh 

At distance not closer than 1,32 inch to 
crating aurface for 10 second. max  265 max. °C 

• metal-Ocioe-Semiconoucto• 

ELECTRICAL CHARACTERISTICS, at T0 25° C Unless Ofherw se Specified. Bulk (Substrate) Connected to Source 

CHARACTERISTICS SYMBOLS 

TEST CONDITIONS 

LIMITS 
UNITS 

FREQUENCY 

I 

DC 
DRAIN•TO 
SOURCE 
VOLTAGE 

Va. 

re 
GATE-TO. 
SOURCE 
VOLTAGE 

Visa 

re 
DRAIN 

CURRENT 

Ii, 

WM V V mA Mia. Typ. Mac 

Drain-tmSource Cutoff Current 1010FE) 15 -a - - 50 A 

Zuna-Blas Drain Current* ILISS is 0 5 16 25 me 

Gate Resent Current ICU 
7,, . 25°C 0 et, - I ne 

Tx - 101°C o ±10 - - 100 nli 

GateLoSource Cutoff Voltage VŒRIFFI 15 0.05 -2 -4 V 

Small-Signal.ShoP-Circuit 
ReverseTrander Capacitance 

lOrain-to-Gate) 

Cm IS I 5 055 0.2 0.4 pr 

Input Resistance r 100 15 5 — 3 hit 

Input Capacitance Input C. 100 15 5 3 10 of 

Output Resistance ri. 100 IS 5 6 -  kfl 

Output Capacitance C. 100 II S I .4 of 

Forward Trail:conductance Ifs 1 1012 IS 5 malin5 

t 4 a tO 

GATE-TO-SOURCE VOLTS 1V« I 
- 

Fig. 2 - Drain Current vs Gate-to-Source Voltage 

iMINUMM@ffio 
MMEMPfelffilkiiMMPA 

IMETtilEUIREMMIIMEM 
PAZEZZEMEIMilu 
FAIEMLIMIMIffeffe— •  Mg 

  n..4.1@ • 
a o ti 

MAN 151LLIMPERES / 

Fig 3 - 7 Afir forward transconductance vs drain current 

FEATURES 

•high input resistance 
RGs 10 14 typ. 

• low input capacitance 
Ci„ 3 pF typ. 

elow feed back upacitance 
C,„ = 0.2 pF typ. 

• law gate leakage current 
IGss 0.1 nA typ. 

•high drein•to.source voltage: +35 max 

TERMINAL ARRANGEMENT 

I - Pro ,  

2 - Source 

3 - Insulated Gota 

4 - Bulk (Subsiroie) 
and Cosa 

e-11, 

Is 

10 in ro 23 30 

01122.1-10 -30.21.21 00.75 120,1 

Fig. F - Drain Current vs Drain Voltage 

o 
GATE - O-SOURCE V TS 1Vos 

INS- 'tit 

.US 

Fig. 4 - 1 I<H, forward transconductance vs gate-to-source 

voltage 
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3N140, 3N141 

SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 
For Amplifier and Mixer Applications Up to 300 MHz 
RCA-3N540 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 of two separate channels, each 
channel having an independent control gate. 

The 3NI40, 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 3NI41 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 3N141 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. 

Maximum Ratings, Absolute-Maximum Values, at TA = 

DRAIN•TO•SOURCE VOLTAGE, V„. . 0 to .20 

GATE No. I•TO-SOURCE VOLTAGE. VG1S. 

Continuous (dc)   -8 to .1 
Peak ac   

-8 to • 20 
GATE No.2-TO-SOURCE VOLTAGE, V025: 

Continuous (dc)  -8 to 40% of Yin 

Peak sc   
-8 to •20 

DRAIN-TO-GATE VOLTAGE, 
VDGI OR VDG2   • 20 

DRAIN CURRENT. ID 

(Pulsedk Pulse duration < 20 ms, 
duty factor < 0.0  

50 
TRANSISTOR DISSIPATION. PT: 

At mnbient up to 25°C  

temperatures f above 25°C   

AMBIENT TEMPERATURE RANGE: 

Storage and Operatrzil   

LEAD TEMPERATURE (During soldertng) 

At distances 1/32 inch from 
seatang surfaFe for 10 seconds teas.. 265 

400 

N-Channel Depletion Types 

APPLICATIONS 

• RF amplifier and mixer in military and industrial 

communications equipment 

V 
• aircraft and marine vehicular receivers 

sr 

V 

mA 

ear 

demie l6;e:ne/ c. rl/y" 2  

-65 to • 175 °C 

Oc 
The 3N140 and 3N141 are hermetically sealed in metal 
JEDEC TO-72 packages. 

• Formerly Dev. Nos. TA2644 and TA7274, respectively 

a• Mer•I•Oxide-Semoonductor. 

ELECTRICAL CHARACTERISTICS, at TA = 25°C Unless Oth•rwise Specified, Common-Source Circuit, 

CHARACTERISTICS 

Gate NO. Cutoff Voitage 

SYMBOLS 

vGieofn 

TEST CONDITIONS 

VDs , i 160, iD , 200 wA 

VG25 '4V 

VDS 0160, ID 200 wA 

VG1S 

VGIS -200. VG25 
VDs - 0, TA - 25°C 

VGIS - • IV. VG7à 
VD, - 0, TA - 25 C 

VG IS '20V- VG25 
V„ - 0, TA 125°C 

VG2S M V• VGI› 
Vos 0, TA 254C 

VG2S - 'IV 

V DS VGIS -0.T0 - 25°C 

VG, - .20v. vG, 

\r„ - 0, TA - 125°C 

V, D • I4V, VG1s - 0, 

VG25 ,04 

VD, 014V, ID - 10 mA 

0025 - .40, I I kHz 

000 = •14V, VG, - 43.50 

VG25 *2V• kHz 

VD, •13V, ID - 10 mA 

VG„ •41,,, - I MHz 

LIMITS 

TYPE 314140 
RF AMPLIFIER 

MIN. TYP. MAO. 

2 

MIN. 

TYPE 311141 
MIXER 

TYP. 

.2 

MAX. 

4 

UNITS 

Gate No.2.10-Source Cutoff Voltage 
vc2slol, -2 -4 .2 4 

Gate No.1 Leakage Cuwent 
'Gus 

Gate No.2 Leakage Current 
10255 

0.2 0.2 

nA 

nA 

wA 

nA 

0.2 0.2 

nA 

r.A 

Zero-Bias Drain Current 

Forward Transconduclance 

(Gate No.1 to Drain) 

Cutoff Froward Ttansconductance 

(Gate No.1 to Drain) 

Small-Signal, Short-Circuit 

Input Capacitance. 

Small.Signal, Shorl•Cocuit Reverse 

Transfer Capacitance (Drain to 

Gate 50.11 a 

'MS * 18 30 5 18 30 mA 

6000 10000 18000 6000 10000 18000 

gr,(offl 
100 -mho 

Smalr•Signal Short.Corcuit 

Output Capacitance 

Power Gain (See Fig.I 

for Measurement Circuit/ 

Cr" 
3 5.5 7 5.5 pF 

Cr" 

co„ 

VD, .130, 10 mA 

= •40, 1 1 MHz 0.01 0.02 0.03 0.01 0.02 0.03 pF 

VD, • I30, - 10 ma 

V02, 04V,I 1 MHz 

VDD • 150, Rs 2701. 

, 200 MHz, RG 501i 

V00 .15V, 1201, 

2,0 "*". OUT - 30 Mil' 
Oscillator injection voltage. 

2.5 V Ions) 

16 

2.1 

18 

2.2 PF 

dg 

Conversion Power Gain 

(See Fig.2 (or Measurement Circuit) 

Measured Norse Figure 

(See Fig.I for Measurement Circuit) 

Cp,c 
13 17 de 

NF VD, • I5V, Rs - 270,3 

- 200 MHz, RG - 501, 3.5 4.5 dB 

• Pusle test Pulse durahon < 20 ms, duty facto, 0.13• . 
Capacitance between Gate No.1 and all other terminals. a Three-Terminal Measurement with Gate No.2 and Source Returned to 

Gyal0 Te,ninai. 

• Measured from gate 140.2 to source. 

• CATV sed MATV equipment 

• telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• wide dynamic range permits large-signal handling 
before overload 

• dual-gate permits simplified agc circuitry 

• virtually no agc power required 

• greatly red.. spurious responses in fm receivers 

• permits use of vacuurn.tube biasing techniques 

• excellent thermal stability 

• superior cross-modulation p•rformonce and greater 

dynamic range than bipolar or single-gate FET's 

DEVICE FEATURES 

• low gate leakage currents - - 

!Gin & IG255 = I nA max. at TA = 25°C 

• high forward transconductanc• - - 

= 6000 prnho min. 

• high unneutralised RF power gain - - 

Gp, = 16 dB min. at 200 Mils 

• low VHF noise figure - - 4.5 dB mos. at 200 MM. 

TERMINAL DIAGRAM 

36 

crts2; 

LEAD I • DRAIN 

LEAD 2 GATE No.2 

LEAD 3 GATE No.1 

LEAD 4 - SOUARiEjeSTRATE 

10« 
'tea.  tar T 

r• 
s'a4c 

= 314140. 

• Disc verano. All resistors in ohms 

• Tubular ceramic. All capacitors in pF 

FF.airrii5te7.ble.nad (1 '2 used); Indiana General No.11l742C,A.P71. 

C1, Cg. oyFiv:zable atr capacitor: E, F, Johnson Type 160-102 

crequC3. 1.10 pF piston•type vawable air capacitor: JFD Type 00M. 
010, Johansen TYPe 4335, or equivalent. 

C4: ,13„.,. ..?3 :rF:/,:usitzetyr vanable air capacitor: Roanwell Type 

I_ 1: 5 turns silver-plated 0.02" thick, 0.07 ,0.08 • wide copper 
ribbon. Internal diametel of winding , 0.25f; winding 
length approx. 0.65«. Tapped at 1.1 2 turns Iron C1 enclot 
winding. 

1- 7. Sane as L1 except winding length aoptOn. 0.7 ^, no tal,. 

Fig.I - 200 MHz power gain and noise figure test circuit 

for type 3N140. 
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9285-.• tote 

3N140, 3N141 

Q 314141. 

• Or. Mall.. 

• Tubular Man.. 

All gPSI Stem IT OhMS 

All capacrtors n pF 

C1. C2 1.,5;.5p.v% int veari.able au capacrtor. E.F. Johnson Type 160-102 
.  

C2. 1.10 pF piston-type variable air capacrter: JFD Type 0054-
010 Johanson Type 4335, or egurvaleol 

ip).a.„3,1 e ep,;:.two:i.;ynte variable all capacitor: Roanweir Type 

1. 1: 5 turns silver-plated 0.02" One, 0.07 ,0.08' wide copper 
Intenal diameter of winding 0.25% wrndio8 

length approx. 0.65 *. Tapped at 1.1 2 turns from C1 !AGM 
windIng. 

L2: Oyente 2-116 RF choke or •11.1. 19.1. 

1.36 J.W. Miller Co. /45800.1 ..11 RF choke or equrvalent. 

Note: If 50 meter is used in place of sweep detector, a low pass 
filter must be pmwded to elmonate local 0ScIllalor voltage 
from load. 

Fig.2 • Conversion power goin test circuit 
for type 314141. 

COMMON-SOUtICE CIRCult GATE No INPUT 
AMMENT TEMPERATUOIC 24025•C 
FREWENC1111• 200.6 
ORAW-TO-SOLIRCE VOLTS 10001.13 
GATE No 2 - TO-SOURCE VOLTS 10.51•4 
GATE No I-TO-SOURCE VOLTS Iv í / YANK 

12 
011•11. MILLIAMPERES 1101 

5285-151.0 

F,g.4 - NF s ID. 

LAMENT TEMPERATLIRE 11.1•25, 

GRAY, TO - SOURCE VOLTS boUl 'IS 

Fig.7 • ID vs VDis. 

OkresOrt • SOURCE CIRCUIT 
ALMENT TEMPERATURE 1;0 • 25•C 
FREOLIENCT If I. 200.0 
A • MILLIAMPERES nob • 

GATE NO 2 • TO- SOLFRCE vOLTS 1 Vgagl• 

2 3 4 C 7 7 a 9 10 II 62 13 14 15 
DRAdiel TO• SOURCE VOLT 1.1.51 

WS AT. 

Fig.10 vo %S. 

o 

à 10 
I 20 

OMMON-SOLeR  6 I 
OMEN TEMPERATURE ETA / • 25 •C 
MEUVE CY 111 •200 Mot  
E No -vOLTAGE1v515 ,,  

S Armus r go Mk 8 d 
HEN v ag••v 

San No 2 at AC SRO, 
POTENTIAL - 

GATE 0 SOURCE VOLTS Ivgagl 

92.5•11.5 

Fig.5 Cps PS V625 (For 3H140). 

-8  r !..u..... c 
. 
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  AMOIENT TEMPERA ORE IT. 1.2 •E : • 
onme-Io-sounCE VOLTS 1v./ IS ' 'r 

  GATE 0001 -VOLTAS log,g1 is acwos/80 1.1 
roe 0 OA A «REM vgag• v 

COMM.-SOURCE C RCUIT,GASE No I INPUT:. to -1,1,.. 

  AMOIENT TEMPERA ORE IT. 1.2 •E : • 
onme-Io-sounCE VOLTS 1v./ IS ' 'r 

: 

• • • 

GATE 0001 -VOLTAS log,g1 is acwos/80 1.1 
roe 0 OA A «REM vgag• v 

GATE No 2 AI •E F,ovwp.P.9._ E _y 

4-   '   '   ; 1 ' •:'.• :•:: :::: .! 

- 

.-,-.-
• 

i 
I '  
s 

23 

-..-74.•-: 
• . . 

. , 

0   
2 3 4 5 

GATE No 2-T0-304•11.« VOLTS IVsesi 

Ant 

Fig.8 • ID VS VD2s. 
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I COMM.-SOURCE CIRCUIT 
Ma ENT TEMPERA ORE 1 a025•C 

glr/1"LCL.4.91;:eS'1I" ol a 
GATE 112 2- TO-SOURCE ....T51V 1•4 

1.66 

..L., 

i T-6 : 

:: 

• .. 
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a  , 
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3N142 

Silicon MOS Transistor ...Channel Depletion Type 

For Industrial and Military Applications to 175 MHz 

The-3N142 is a silicon. insulated-gate field-effect 
transistor of the N-channel depletion type utilizing the 
MOS. construction. 

The-3N142 is intended primarily for USP 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. 

e Nletal-Ohide•Semicenduelor 

Applications 

• RF amplifier, Mixer, and Oscillator in: 

CB and Mobile Communication Receivers 

Aircraft and Marine Receivers 

CATV and MATV Equipment 

• Industrial Control Circuits 

• Variable Attentrators 

• rurrent Limiters 

• Instrumentation Equipment 

• High-Impedance Timing Circuits 

.007. 

47 NER r011 

• 

Martimani Raring, Abselvre.Mex.ntunt Calves or l'A C 25* C 

• DRAIN-TO-SOURCE 
VOLTAGE, Vi,,   • 20 

•DRAIN-TO-GATE 
VOLTAGE, Vim.   

• GATE-TO-SOURCE 
VOLTAGE, 

Continuous   
Peak ai•   

',DRAIN CURRENT, In 

• 20 

.1 to -If 
• IS 

50 

•TRANSISTOR DISSIPATION. Pr 
At ambrent I up to 2.5 C   aao rrila 
temperatures I above 25"C   Derate ut 2.2mW r' 

•AMBIENT TEMPERATURE 
RANGE, 

Storage   -65 to .125 
Operating(   -65 to .175 

LEAD TEMPERATURE 
(During Soldering): 

At distances k I/32• from seating 
surface for 10 seconds max.   265 

• In accordance with JEDEC Remstratron Date Format JS-9 
RDF11-13 

ELECTRICAL CHARACTERISTICS. (At TA 25° CI 

.11eosu,ed nih Substrate Conned h, &tun r-n/r-ss Otherutt.1 • twitted. 

Performance Features 

• Large dynamic range 

• Enhanced signal-handling capability for low 

cross-modulation 

• 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 typ. 

• High useful power gain - 

neutralised - 16 dB min. at 100 MHa 

• Hermetically sealed TO - 72 metal package 

TERMINAL DIAGRAM 

LEAD I - DRAIN 

LEAD 2 • SOURCE 

LE AD 3 • INSULATED GATE 

LEAD 4 - BULK (SUBSTRATE/ AND CASE 

CHARACTERISTICS SYMBOLS CONDITIONS 

LIMITS 

UNITS 

Min. Typ, Max. 

Gate Leakage Current IGSS 

Vim x O. Vos x -8 V. TA - 25° C 
VDs •0. Vos x .8 V. TA - 125°C 
VDs - O. VGs - • I. TA - 29 C 
Vos '0. VGS - • I. TA , 125° C 

0.0001 

0.0001 

I 
200 
I 

200 

n A 
nA 
nA 
nA 

Zeno-Bias Drain Cuttent** IDSS VOS ' 15 V. VGs . 0 5 15 25 mA 

Drain-lo-Source Cutoll Current IDioffi Ups 20 V, VDs • -8 V ' 50 ,.. A 

Gatetwkwice Cutotl Voltage VGsloff) VOS - 15 V. lo 50.. A -0.5 -3 -8 V 

Forward Transconductanee al, Ups . 15 V. ID 5 mA. f I kHz 5000 7500 12.000 .. mho 

Otaiwto•Sauice Channel Resistance H.J0N' V0S " 0. VGS " 0. I l kil7 200 

Small-Signal Short•Cricud 
Reverse Tiansler Capacitancet Cips VOS v 15 V. ID . 5 mA. I .0.1 to I MHz 0.10 1122 0.35 pF 

Small-Sigral Shoinircuit Input Capacitance C,,, VDs - 15 V. ID 5 mA. I - 0 1 to I MHz • 5.5 7 pF 

Input Admittance Yis Common Source Configuration 
f . 100 MHz 

VOS r I5V 
ID v 5 mA 

' 0.155•13.45 • mmiwn 

• 7.5-10.9 - mink. Forward Transfer Admittance Yfs 

• 0.21.10.9 • wwno Output Admittance YOS 
Maximum Available Power Gain 
Maximum Usable Power Gain 
(Fixed Neutralization) 

HAG 

VDS , 15 V. ID - 5 mA. f . 100 MI11 

• 26 
dB 

• 17 MUG 

16 dB Insertion Power Gain" 
(Fixed Neutralization) Gm  

Noise Figure•• NF Vos x 15 V. ID , 5 mA. I -100 MHz 2.5 4 dB 

• In accordance with 1EDEG Registration Data Format 15-9 RDF-11B T Three-Terminal Measurement: Source Returnee to Guard Terminal 

** See Fe I 

tiCs- 170 34 

MOO 

00e 

- 

OUTPUT 
SOO LOAD 

T, Nr- 6 Toone° Tinned Copper Wire,1S- 1.0.11"' Long 
ow - 205, NI/N12 - 0.85 

T2 NI • No • git Turns•20 Tinned Cooper Maya- ID.' Jiang 
00 • 190 N1/N2 • 1.9 NI/N3 - 12.3 51/54 -13 

Cr • 10 re Variable Air Capacitor Illanarradond Mac-10 or Equivalent/ 
C2 . 5 pf Variable Air Capacitor (Hantmarlund Mac-5 or Equivaieni) 
• 0.7-3 ,yF Piston-Type Variable Air Capacitor (Erie 535C or Equivalent/ 
• 35143 

Fig. 1 Test Set Up for 100 MI-1, Insertion Power Gain and 

Norse Figure 

For characteristics curves, refer to types 3N128 and 3N143. 
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3N152 

Silicon MOS Transistor N-Channel Depletion Type 

For Low-Noise RF Applications in Military & 

Industrial VHF Communications Equipment 

Operating up to 250 MHz 

RCA•3NIS2 is an N-channel depletion-type silicon insulated 

gate field-effect transistor utilizing the MOS" ixinstruction. Ii 

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 3N152 with the 

substrate in the reversed bias mode can provide substantially 

better cross-modulation performance ni linear amplifier 

applications than conventional bipolar transistors. The insu-

lated gate 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 UT's. These features in addition to low 

feedback capacitance permit the design of circuits providing 

superior lugh•frequency operation and high gain without 

neutralization. The 3N152 utilizes full-gate construction and 

is hermetically sealed in a JEDEC TO-72 metal package. 

• MetatOside-Semicondunor 

Mammoth Ratings. Absolute. Maeromum Values at TA . 25.C: 

• DRAIN-TO-SOURCE VOLTAGE. VDs   •20 max. V 
• DRAIN-TO-GATE VOLTAGE. VDG   •20 V 

• GATE-TO-SOURCE VOLTAGE. VGs. 
• CONTINUOUS tdcl   • I. -11 max. V 
• PEAK   O15 max. V 

• DRAIN CURRENT. ID  50 max. mA 
TRANSISTOR DISSIPATION: 

At ambient tnp to 25•C   330 max. mW 
iemperalures above 25•C   denle at 2.2 mWeC 

•AMMENT TEMPERATURE RANGE: 
Storage  -601,0170 •C 

Operating  -65 to v175 •C 
• LEAD TEMPERATURE IDuring Soldeiing): 

At distances not close, than 1132 inch to 
seating surface for 10 seconds maxunum   265 max. •C 

*In accordance win led. Regisiration Data Format 15-9 RDF I I-B. 

ELECTRICAL CHARACTERISTICS AT TA - 25°C 

Measured with Substrate Connected ro Source Unless Otherwise Specified 

CHARACTERISTICS SYMBOLS CONDITIONS 

LIMITS 

UNITS 
3N157 

Min Typ Ma. 

Gate Leakage Current 
%SS 

Vci, , 0, Vos TM T‘, °C 00001 I na 

ODS - 0. nos - e y. r „ i 25°C 700 n A 

Zero-Bias Oren Current 
iDSS VD, - 15 V. Vos 0 5 is 30 n, 

Drain-to-Source Cutoff Current 'D ion, vm 20 v. vc, - BY SO iia 

Gare.to-Source.Cutott Voltage vDs iotri vir, is V. ID • 50 RA -0.5 3 -13 v 

Forward Transcondunaine 91, Vos 15 V. lo • SrnA, r - 1 Idle 5000 7500 12.000 ion. 

Drain-to.Source Channel Resistance i.e.., ups - 0 ups 0. i - I se, 200 i: 

Small-Signal ShOrt-Circult 
Reverse Transfer Capentancea C,„ St, 15 V.1 0 5 rnA. I 0 1 Hs I ANN 015 0.25 0.35 oF 

Smell,SignalShortZircun Input Capacitance Cm vos 15 v. to - 5 rim. I - 0 1 in 1 MH, 55 7 pF 

Input Admittance Y„ 
Common Same Conléguranon 
I 703 Meg, 

vDs is v. 

oD h mA 

0 a i Jr 3 ,wnho 

Forward Transfer Admittance ye) 752 mmho 

Output Admitiance V,, en i tie nun. 

Power Gain 
Maximum Avaiiable Gain 'WAG 

V°, 15 V to 5 ma. I 200mo, 
CI MS 

Insertion Power Gain 1Fixed ,.,,,,,, 
Neutralization) See Fig.1 

,,,, .5 1 6 415  

Noise Figure (See Figs. 1 02/ Ns VD, 15 V.. 0 5 rnA. i 200 NH, 75 35 dB 

• Three-Terminal Measurement.. Source Returned to Guard Ternunet 

• In accordance swill JEDEC Registration Data Format JS-9 RDF.1113. 

a 

All Repmem..Ammeed I d • • TUBULAR Cleiest 
• NW CEIMMC 'PCS -14e9,, 

Features 

• Low gate leakage current — 

1Gss = 0.1 pA trip. 

• Low feedback capacitance — 

= 0.25 pF typ. 

• High forward transconductance — 

of, = 7500 iimho typi. 

• High vhf power gain — 

Gps = 16 dB typ. at 200 MHz 

• Low vhf noise figure — 

NF • 2.5 dB typ. at 200 MHz 

• Exceptionally good cross-modulation characteristics 

Performance 

• 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 

TERMINAL ARRANGEMENT 

I - D,oin 

2 • Sovece 

3 - Insuloted Gume 

4 • Bulk (Subldeol.l 
una Cose 

VNE .SE 
SOURCE 

HP Re 313 OR 
EQUIVALENT 

m=331 n4e'''' AMPLIFIER 

15 VOLT DC 

er,zr 
• SEE Flu oil» Wieser 

1 

POWER 

Fig. 2 - Noise figure measurement setup. 

CI. C2: 1 5-5pF variable capaeltor E F Johnson Type 160.102 
o, equivalent 

C3. 1.10 OF piston-type variable air capacitor 5FD Type 
VAM-010. Johanson Type 4335. or equivalent 

Ce, Cs 0 pF piston-type variable air capacitor Roanwell Inpe 
MII 13 or equivalent 

Li 5 turns silyer.plated 0 02" thick, 0,070,00" wide cooper 
ribbon internal diameter of winding 0.25", winding 
length approx. 0O5 - Tapped at 1-1 /2 turns from Ci end 
of winding 

L2. Same as Li except winding length aPPMA•O.T.: on MO 

NOISE FIGURE 
METER 

RP Ns sola OR 
COuniaLTRT 

S,CS 

For characteristics characteristics curves, refer to types 3N128 and 3N143. 

Fig. 1 • Test circuit used to measure 200-MHz maximum usable power gain and noise Figure. 
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3N153 

SILICON INSULATED GATE FIELD-EFFECT TRANSISTOR 
P4-Channel Depletion Type 

RCA 3N153 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 (10 10 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 inherent 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) tenninals. Although this new basing 
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 feature makes it possible to mini-
mize feedthrough capacitance. 

The 3N153 is hermetically sealed in the JEDEC 
TO-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 

maximum Ratings, Abzolure-Moramum Valour 
(Substrate connected to source unless otherwise specified) 

DRAIN-TO-SOURCE VOLTAGE. VDs.2A max. V 
DRAIN-TO-SUBSTRATE VOLTAGE. VDD. .20. -0.3 max. V 
SOURCE-TO-SUBSTRATE 
VOLTAGE, Vss  -0.3 max. 
DC GATE-TO-SOURCE VOLTAGE. VDS  .6. -8 max. 
PEAK GATE-TO-SOURCE 
VOLTAGE. vDs  114 max. 

DRAIN CURRENT. ID 
(Pulse duration 20 me. duty factor 
¿a10)   50 max. mA 

TRANSISTOR DISSIPATION, Py: 
Atfam. .bigit to tergkeuree 

ru    400 max. mW 
above 25°C   detain linnwly at 2.67 mW/°C 

AMBIENT TEMPERATURE RANCE: 
Storage  -65 to 0175 °C 
Operating   -65 to •I75 °C 

LEAD TEMPERATURE 
(During soldering): 
At distance I/32- to •eating 
surface for 10 aecond• man.   265 

• Metal-OxIde-Semiconductor 

ELECTRICAL CHARACTERISTICS, a. TA = 25° C, Unless Otherwise Specified. Substrate Connected to Sourc•. 

V 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

LIMITS 
Type 3N153 UNITS 

Min. Typ. Max. 

Gate-Leakage Current IGSS 
VGs..6,-8V; VDs +0V; TA= 25°C 

VGs =•6,41V; VDS =0V; TA =125°C . 
0.1 50 

1 
pA 
nA 

Static Drain-to-Source 
"ON" Resistance 

'De") 
tips = OV, VDs =0V 200 300 

Drain-to-Source 
"OFF" Resistance 

R Deo( I) VGS = -8V, VoS = • IV 109 10 10 

Drain-to-Source 
Cutoff Current 

, 
le"„' 

V Gs 0-8V, V Ds r. IV, TA = 25°C 
VDs =.8V, VDs = • IV, Th ... 125°C 

0.1 
0.1 

1 
1 

nA 
,..A 

Small-Signal, Short-Circuit, 
Reverse Transfer Capacitance 

• 
C rs, 

VDs =-11V, VDs =0V, I =1 MHz 
Vos z 15V, ID =5 mA, f = I MHz 

0.34 
0.25 

0.5 
0.38 

pF 
pF 

SmalliSigna I, Short-Circuit, 
Input Capacitance 

Ciss V0S , -RV, VOS = OV, f =1 MHz 6 8 pF 

Small-Signal, Drain-lo•Source 
Capacitance 

Cds VDS = OV, %IDS = -8V, f = I MHz 3 pF 

Zero-Gate-Bias 
Forward Transconductance 

gis VGs = OV, Vg S -- oISV 10,000 ..mho 

O(Iset Voltage Vo VGs = .6,-8V; VDs ,OV 0' V 

• M measutements of Offset Voltage, thermocouple effects and contact potentials in the measurement setup may cause etroneous readings of 
1 microvolt ai mote. These errors may be minimized by the use of solder having a low thermal e.m.f., such as Leeds It North, p No.107-1.0.1, 
or equivalent. 

CONNECTED r0 SOW,. SIJOSTRA 
we., TOAPERA,RE IT•i• 25 C 

2 LstI 
-..a._•6 00.004 

U MO 

0 

g 

50 

4 

...ia.  

^ 
-.1-4 
.-F.--

3 2 4 
. 

DRAIR-T0-50uRcE miLLN01.15 (au) 

Fig.2 Low-level drain current 
vs. drain-to-source voltage. 

FEATURES 

• excellent thermal stability 

• virtually zero inherent offset voltage 

• low leakage current: 50 pA max. 

• low -on" resistance - rDuon) = 200G typ. 

• high "off" resistance - Ros(e) = 10 10 G typ. 

• low feedback capacitance = 0.34 pF typ. 

• low input capacitance = 6 pF typ. 

APPLICATIONS 

• Choppers 

• Multiplexers 

• Servo Amplifiers 

• Computer Operational Amplifiers 

• Sampling Circuits 

• Electrometer Amplifiers 

TERMINAL DIAGRAM 

1 - Drain 
2 - Source 
3 - Insulated Gate 
4 - Bulk (Substrate 

and Case 

SuOSTRAM Om« 0 TO SOURCE 
*Amax, TEMPERATURE TO 255C   

5 is e te 
oesm-fo-sounz vOLTS 0000 

et< -mbit5 

Fig.I - Drain current v5. drain-to-soure• voltage. 

g 
SulIST AT courrecrus TO SOURCE 

r.11.7-ecie.c.;ESee, 
--5:5MHEE —...: 

- -- n'-' *î 1 . - : 
' lei ' -. e .• 4.- ,.4.: ..:1,...--.. =111 --..  „,,,, 

p 
.- .,,, 
Niala ii .,.-...--,..- .. ._--._ . . « , _ mar  

.. .:.: 
. .o. 
:, 

_ - -.....--   
:I:men: 

- 

-_-...: IIMEMTun:1ORT' M -....- ...... --•-, • 

n 
1 

  
lmI SU 

Y o io, 
i- wornn' 

MIL 
ess soliMi....4:Montww. .iix »Ai 

. - .. !« 
:- 

:   
-::::: B i-Iffi u•-:-. .niiierdixz.,ilieli ... ............ iii" 

-10 -75 -5 -ea 0 55 5 ts 
GATE-TO-SOURCE VOL s Was 

ZCS-141. 

Fig.3 • Drain-to-source static resistanc• 
vs. gote-to-source voltage. 
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3N154 

• 

• 

Silicon MOS Transistor N-Channel Depletion Type 

For Critical Amplifier Applications in Military & Industrial 
VHF Communications Equipment Operating up to 250 MHz 

RCA 351154 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. 

Because of its improved transfer characteristic and 
exceptionally widedynamic range, the 3NI54 can provide 
substantially better crossmodulation performance in 
linear amplifier applications than conventional bipolar 
transistors. The extremely low gate leakage current 
eliminates diode-current 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 metal package. 

▪ Metal.Oxide.Semiconductor 

ELECTRICAL CHARACTERISTICS: (At TA = 25° C) 

Measured zuith Substrate Connected t • 

•DRAIN-TO-SOURCE VOLTAGE, VD, 

•DRAIN-TO-GATE VOLTAGE. Vso  
•GATE-TO•SOURCE VOLTAGE, Vcs: 
• CONTINUOUS lei 
• PEAK ac  

•DRAIN CURRENT. ID°   
•TRANSISTOR DISSIPATION: 

temperature. above 25°C At ambient } UP OO 25°C   
 &rote at 2.2 mWML 

330 raW 

•AMBIENT TEMPERATURE RANGE: 
Storage 
Operating   

I.EAD TEMPERATURE (During Soldering>: 
At distances not closer than 1/32 inch to 
seating surface for 10 seconds maximum . 265 

linking,* Ratings, Absolute-510mm., Values at 2.5°C: 

• 20 V 

• 20 V 

  • 1. -8 
15 

50 mA 

  'os to .175 °C 
-65 to • 175 °C 

oc 

In accordance svithJEDEC Registretion Date Forrnm JS4RDF-118 

° Pulsed: 

Pulse duration I 20 ms 
Duty factor I 0.15 

CHARACTERISTICS SYMBOLS 
LIMITS 

CONDITIONS 30154 UNITS 

Min. Typ. 

. Gate Leakage Current 
IGSS 

Tin = O. VGs . -8 V. Ta = 25* C 
VDs .0, VGs =13 V, TA .125°C 
Vos .0. VOS = .1. TA = 25° C 
VDs = 0, VGs . • I, TA .125° C 

. 0.0001 

0.0001 

Max. 
0.05 

s 
0.05 
5 

n A 
nA 
nA 
nA 

. Zero-Bias Drain Current 
1DSS VDS. 15 V. Vos = 0 10 15 25 mA 

Drain-to-Source Cutoff Current lief h 1/Ds = 20 V, VGs = -8 V . 50 
' Gale-to-Source Cutoff Voltage Vern Vos .15 V, ID = 50g A -0.5 -3 -8 

1.4A 

V Forward Transsconductance Ott Vos. IS V, ID = 5 nA. f. 1 kHz 5000 7500 12.000 d.‘ mho 
Drain-to-Source Channel Resistance 'Den) Ups = 0, VGs = 0, f = I kHz - 200 - S./ 
Small-Signal Shod-Circuit 
Reverse Transfer Capacitance Ciss VOS.15 V, ID.5 mA, f =0.1 to I MHz 0.15 0.25 0.35 pF 

Small-Signal Short-Circuit Input Capacitance • Cis, VDs . 15 V, ID. 5 rnA, 1. 0.1 to I MHz • 5.5 pF 
Input Admittance 

'ris Common Source Configuration 
f - 200 MHz 

- 0.4 .17.3 - rn,who 
Forward Tr Transfer Admittance Yfs 

, 

Y05 '15 V, 
-  7-12 - nwnho 

Output Admittance Yos ID .5 mA - 0.28 .11.8 - n,nwna 

Maximum Available Power Gain HAG 

VDs 15 V, ID .5 mik I • 200 MHz 
•  21 dB 

Insertion Power Gain (Fixed Neutralization) 
(see Fig. 11 Gps 13.5 16 - dB 

Nose Figure (see Figs.1 8 2) NF Vos =15 V, ID . 5 mA. I. 200 MHz - 3.5 5 dB 
e mimi JEDEC Registratiaw Data Format 15.9 RCIF-11E1 

• Thine-Terminal Measurement: Source Returned to Guard T mine 

WFIF taut 
SOURCE 

MP Flo 343 OR 
EOUIVALENT Mire 

un nOLT OC 
ROWER 
SUPPLY  

NOISE-MIRE 
TER 11.L ROST -*Re n? nu OR 

EOUWALENT 

POWER 
SUR>, 

• SEE F. IFOR catcall: 

Fig. 2 - Noise figure measurement setup 
•••• 

Device Feature: 

• Closely controlled DDSS - 10 to 25 mA 
• Low gate leakage current - I sSs = 0.1 pA typ. 

• Low feedback capacitance - Cry, =D25 pF typ. 
• High forward transconductance - gyy = 7500 pmh. (VP. 
• High vhf power gain - Gps = 16dB typ. at 200 MHz 

• Low vhf noise figure - NF =3.5 dB typ. at 200 MHz 
• Exceptionally good crosernodtdation 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 

TERMINAL DIAGRAM 

I - Drain 
2 • Sovrce 
3 • Insulaied Gore 
4 - Etwtk (Sabsriare) 

and Case 

AU ReswIers Utow end I/1 
Wow *Wm. speedo., 

RH 

C1. C2: 1.5-5 pF unable air capacitor: E. F. Johnson Type 160-102 
ni equivalent 

C3: là0.:Lnytopn-elgifs.va:iia.8,1:.C .cnracito r: JED Type VAM•010, 

C5: Z.,3a3p,,ripzt,c,r.tiyete  vari able al! capacitor: Roanwell Type 

Q 30154 

LI: 5 turns silveeplated 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 hom CI end 
of winding 

L2: Sane as Li except winding length apples. 0.7 no tea 

Fig. 1 - Test circuit used to measure 200-MHz maximum 
usable power gain and noise figure 

For characteristics curves, refer to types 3N128 and 3N143. 
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3N159 

SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTOR .....,..pletion Type 
For Military and Industrial Low-Noise RF-Amplifier 
Applications Up to 300 MHz 
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 feedthrough to the antenna thereby 
minimizing oscillator radiation. 

The 3N159 is hermetically sealed in the metal JEDEC 
10-72 package. 

a'• Metal-Oxide-Semiconductor. 

APPLICATIONS 

• RF amplifier in military rind industrial communications 
equipment 

• aircraft, marine and vehicular receivers 

• CATV and MATV equipment 

• telemetry and multiplex equipment 

Maximum Ratings, Absolute-Maximum Values: 

et TA = 25°C 

DRA1N-TO-SOURCE VOLTAGE, VD,   0 to .20 
GATE-No.1-TO-SOURCE VOLTAGE, VD,: 

Continuous (do)   -8 to •1 
Peak ac   -8 to .20 

GATE No.2-TO-SOURCE VOLTAGE, Vœs: 
Continuous (do)   -8 to 40% of VD, 
Peak so  -8 to .20 

DRAIN-TO-GATE VOLTAGE: 

VDGI or VDG2  
DRAIN CURRENT. ID 

Pulsed: Pulse duration C 20 ma. 
duty factor < 0.15   

TRANSISTOR DISSIPATION, PT: 
At ambient 1 up to25°C   400 mg/ 
temperatures f above 25°C derate linearly at 

2.67 nita/°C 

AMBIENT TEMPERATURE RANGE: 
  -65 to .175 °C Storege and Operating 

LEAD TEMPERATURE (During soldering): 
At distances > 1/32 inch from seeing 
surface for lo second. man.   265 °C 

ELECTRICAL CHARACTERISTICS, at TA = 25•C unless otherwise specified 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

LIMITS 

UNITS 3P4159 

Min. Typ. Max. 

Gate-No.1-to-Source Cutoff Voltage y • 

GIS") 

VDS = •16V, ID u 200 pA 

VG25 ' •41/ 

. .2 .4 ti 

Gate-No.2-to-Source Cutoff Voltage VG25(o(f) 
VDs u +16V, ID u 200 FAA 

VGIS = ° 

. .2 .4 V 

Gate.No.I.Leakage Current 16155 

VGIS = -20V, VG2s u 0 
VDs . 0, TA u 250G 

. - I nA 

VG1S = +IV, VG2S r ° 
VDS = 0. TA = 25.0 

- - 1 nA 

VG1S = -20V, VG2s u 0 
Vos u 0, TA = 1250C 

. - 0.2 «gA 

Gate-No.2.Leakage Current 16255 

VG25 = 1°V. VG1S = ° 
VQ.s. u 0, TA u 250C 

- . I nA 

VG2S r •I. VDS r 0 
VGIS r 0. TA ' 25°C 

- - 1 nA 

VG25 = -20V, VGis u 0 

VDS = 0. TA = 125°C 
0.2 4A 

Zero-Bias Drain Current 1 • DSS VDD v = •I4V, V015 u 0 
• G2S u .4V 

5 18 30 mA 

Forward Transconduclance 
(Gate-No.1-to-Drain) 

ggs 

VDD = .I4V, ID u 10 mA 
VG25 r .4V, I . I kHz 

7000 10,000 18,000 mmho 

Cutoff Forward Transconduclance 
(Gale-Nul -In-Drain) 8f5(0ft) 

VDD u .14V, VG'S = -0.5V 
V625 = -2V, f = 1 kHz 

, - 100 pogo 

Small-Signal, Short-Circuit 
input Capacitance' 

c.iss VDS = +13V, ID u 10 mA 
V025 u .4V, f = I klHz 

3 3.5 7 pF 

Small-Signal, Short-Circuit, Reverse Transfer 
Capacitance (Drain-to-Gate No.1)4 c ," 

VDs = •13V, ID = 10 mA 

VG2S r .4V, f u 1 MHz 
0.01 0.02 0.03 pF 

Small-Signal; Short-Circuit 
Output Capacitance 

C. 
-ss 

VDS u .13V, ID . 10 mA 

VG25 r •4V. I r 1 "Z 

. 2.2 pF 

Maximum Usable Power Gain 
(See Fig.I for Measurement Circuit) 

MUG VDD u .15V, Rs u 2700 
RG = 50f/, f u 200 MHz 

16 18 22 dB 

Pleasured Noise Figure 
(See Fig.I for Measurement Circuit) 

NF VDD u .I5V, Rs = 2700 
I u 200 MHz, RG u 5011 

2.5 3.5 dB 

• pulse Test: Pulse duration < 20 ms, duty lector < 0.15. 
à Capacitance between Gate 88.1 and all other terminals. 
Three-Terminsl Measurement with Gate No.2 and Source Returned to Guald Terminal. 

For characteristics curves refer to types 3N140, 3N141. 

•20 

V 

V 
V 

V 

PERFORMANCE FEATURES 

• wide dynamic range permits large-signal handling 
before overload 

• duel-gate permits simplified ego circuitry 

• virtually no ego power required 

• greatly reduces spurious responses in FM rec•ivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate fi•Icheffect 
tronsi  

DEVICE FEATURES 

• low gate leakage currents - - 

1G1SS & /G2SS = 1 "  meo. 

• high forward transconductanc• - 
50 mA = 7000 *mho min. 

• high unneutrolized RF power gain - - 
Gp4 = 16 dB min. at 200 MHz 

• low vhf anise figure - - 
14F = 3.5 dB max. at 200 MN: 

TERMINAL DIAGRAM 

LEAD I -DRAIN 
LEAD 2 - GATE No.2 
LEADS' GATE Mn.) 
LEAD 4 - SOURCE, SUBSTRATE AND CASE 

- 

• Tubular ceramic 
• Disc ceramic 
re Fertile bead 11 12 used>, Indiana General No. H 1142C+A.147) or 

F1157.1-11 or equivalent. 
j VHF plug in socket »Mon CD72-148 and CD72149 mart No 7977.11 

or equivalent. 

• C2: 1.5-SpF variable air capacite: E. F. Johnson Type 160.102 
or equivalent. 

C3: HO pF piston-type variable air capacito: IFS Tex 
VAA1-010, Johanson Type 1335. or equivalent. 

G4: 0.3.3 pF piston-type variable air capacitor. Roanwell Type 
Me-13 or equIvalent. 

LI: 5 turns silver.plated 0.02" hick. 0.07,0.021" wide coPPer 
rilton. Internal diameter ol winding , 0.25": winding 
length approx. 0.65". Tapped at 1.1 2 turns from C1 end 
of winding. 

L2: Same as L1 except windmg length approx. 0.7"; no lap. 

Fig.I 200-MHs power gain and noise-figure test 

circuit for type 31495 9. 
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3N187 

Silicon Dual Insulated-Gate Field-Effect Transistor 
N-Channel Depletion Type 

With Integrated Gate-Protection Circuits 

For Military and Industrial Applications up to 300 MHz 

RCA-3N187 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 .10 volts. This protects the gates against 

damage in all sonnai handling and usage. 

A feature of the back-to-back diode configuration is 
that it allows the 3N187 to retain the wide input signal 

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 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 3NI87 also makes 
possible a desirable reduction in feedback capacitance 

by operating in the common-source configuration and ac-
grounding Cate No. 2. The reduced capacitance allows 

EXTERNAL SHIELD 

• 
RFC 
omen 'TM 
Z235 Oft EOUle 

Device Features 

• Back-to-back diodes protect each gate against handling and in-circuit transients 
• High forward transconductance — 91s = 12,000 ',mho ItyP.) 
• High unneutralized RF power gain — Gps n 18 013(typ.) at 200 MHz 
• Low VHF noise figure — 3.5 dE)typ.)al 200 MHz 

operation at maximum gain wallow neutratiration t and, 

of special importance in rf-amplifiers, it reduces local 

oscillator feedthrough to the antenna. 

The 3N187 is hermetically sealed in the metal JEDEC 

TO-72 package.  

• Metal-Oxide-Semiconductor 

Maximum Ratings, 

I bsolute-Maximum I aloes. at T 4.250C 

DRAIN-TO-SOURCE VOLTAGE. Vos -0.2 to 020 
GATE No. 1-TO-SOURCE VOLTAGE, VG', 
Continuous WO  -6 to •3 
Peak as   -6 to •6 

GATE No. 2-TO-SOURCE VOLTAGE. Vo2s: 
Contanuoue Ide /   -6 to 30% of VDs 
Peak au   -6 to •13 

• DRAIN-TO-GATE VOLTAGE. 
VT,G5 OR VDD2   

• DRAIN CURRENT, ID  50 ma 
• TRANSISTOR DISSIPATION PT: 

temperaturea above 25°C   
At ambient }up to 2.5°C   330 m 

derate linearly at 
58 

2.2 w4/°C 
• AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 
• LEAD TEMPERATURE (During Soldering): 

At diatancea ≥ 1/32 inch from 
seating outface for 10 second. max. 265 

• In accord... with JEDEC Resit:Walton Data Formel 
.1S-9 RDF-19A 

000-

IS V 

OuThuT 

020 V 

P3:11 e ,e tame. 
All leusleits in elms • %Mils, eels.. 
All csesedois cpi 
Ci.. . t,;1.-8..ven 7.fictianie casamta lOhn500 Tyre leA ID 

C2 L5-5 pf useable au caused.: If. Icensee Type 185102, 
eitgovilent. 

ac 

oc 

lerAltoin Creg. et e • I 
salable aileqs94elloi 1F0 Tyne mama 

Cu. l.8-1 rt aniF caft tpe y arable an upside Erie 51401ln 

e).,, salen.Li: 4 kon5 sdrei.plated 0.0750.085an. rode. mph 
shun. Internal diameter ti mneng • 021 in, reneng length 
epee, 0.08 '0-

17 tuons sover.plated 0.02.1n Mel, 0.040.0.065.1n. max 5 IA-in. 
10. Co/ +.90 

Fig. I • 200-Atlx Power gain and naine-figaro test circuit 

COOMION -SOURCE CleCulT, GATE N liseur 
AMEN Tonneau« tTai•45% 
FREMJENCT In • 2001M. 
Ones- 0-50uRCE VOLTS lveg)•15 
GATE No 2 - TO -SOURCE COLTS Iveael•li 
GATE in 1- TO-SOuRCE VOLTS 1V01j PARIE0 

le 
. ARIE. 

ORA 11 uumnalefa8S.tim 

g. 3- NF vs. ID 
PECS - Mee. Fig. 4- Gps u.. VD2s 

AMEN, TEMPERATURE Ire l • 25•C 
RECILIENC• I/ I •200 lee 
TE.1 VOLTAGE lvom I 
ADJUSTED FoR le 10 

NOES ven•• v 
Gun Pe Z AT AC GROWN, 
POTENTIAL 

o 1 2 a 5 6 

GATE N 2- TO-SOURCE VOLTS t V025 , 

PACS- imoms 

Fig. 2- NF na. VG2s 

Applications 
• RF amplifier, mixer, and IF amplifier in military, and 

industrial communications equipment 
• Aircraft and marine vehicular receivers 
• CATV and MATV equipment 
• Telemetry and multiplex equipment 

Performance Peatones 

• 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 agc power required 
• Greatly reduces spurious responses in FM receivers 

TERMINAL DIAORAM 

LEAD 1-DRAIN 
LEAD 2-GATE Ne. .2 
LEAD 3-GATE Na. 1 
LEAD 4-SOURCE, SUBSTRATE 

AND CASE 

- 1 Ul P 11 
MIME n TEIMERATuRE liel•25•C 
FREm/ENCT let 200 met 
Dees TO-SOURCE VOLTS West. IS 
GATE née i -.LTA« %el in «AMSTED 

FOR o•rommereN tmee •40 
GATE . 2 AT F.-GROuND POTENTIAL . 

Comma 'watt CIRCUIT 
Asnina TESIPERATURE IT Man C 
DRA111-10-SOURC VOLTS IM,1•13 
ORMII MILLIAMPERE 1.1 10 
GATE 110.2 TO SOURcin1••• 

• •• • 

•••••••••••••et 

==•ii 
••••••••••••••• 

•1•• 

••••••••••••••••••••••••• ..... 
,••••••••• ...... •• ..... ••••••• 

••••• 
•••••••••••• ... 

a 100 ZOO 300 

AMEOUVIC Ill WM 

Fig 5- HAG. vs. I 

400 

'MIS 4004 
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3N187 

ELECTRICAL CHARACTERISTICS, to TA w 25°C unless otheeseise specified 

CHARACTERISTICS SYMBOL TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

Gale No. 1-lo-Source Cutoff Voltage VGI Sroll) 
VDs. .15 V, ID 50 „A 

052S ' .1 V 
-0.5 -2 -4 V 

Gate No. 2-to-Source Cutoff Voltage VG2510 
. e Vos •I5 V, ID 50 ,./1 

VGIS e 0 
-0.5 -2 -4 V1 

Gate No. I-Terminal Forward Cuvent IGISSF 
VGIS e • I V 

VG2S ' VDs - 0 

TA . 25°C - 50 nA 
TA - 100°C o% 

Gate No. 1-Terminal Reverse Current 
IGI 

e VGIS -6 V 
V025 e Voss° 

- TA 25°C - - 50 
nASSR 

TA s 100°C s.A 

Gate No. 2-Terminal Forward Current IGISSF 
VG2S e .6 V 

VGIS - VDS-0 

TA - 25°C - 50 nA 

TA - I00° C 01 

Gate No. 2-Terminal Reverse Current IG2SSR 
VG25 - -6 V 
VG1S e VDs -0 

TA - 25° C - - 50 nA 
TA - 100° C eA 

Zero-Bras Drain Current 
IDS 

VDS ' '15 V 

VG2S .4 V 

VGIS - CI 

5 15 30 mA 

Forward Transconductance 
(Gate No. 140-Drain) Ms 

VDS . .15 V, ID 10 mA 
VG2S e .4 V. f .1kHz 

1003 12,000 18,000 maim 

Small-Signal, Short-Circuit Input Capacitance, Cm  

VOS - •15 V, ID - 10 mA 
 VG2S - .4 V, f - I MHz 

4.0 6.0 8.5 pF 

Small-Signal, Short-Circuit, 
Reverse Transfer Capacitance 
(Drain-to-Gate No. II e 

Crss 0.005 0.02 003 pF 

Sma II-Sr gnat, Sim I-Circui t Output Caput tanc Coss - 2.0 - pF 

Power Gain (see Fig. II GPS 

VDS - • 15 V, ID - 10 mA 

VG25 - .4 V, I 200 MHz 

16 18 22 dB 

Maximum Available Power Gain HAG - 20 - dB 

Maximum Usable Power Gain funneutralized) MUG - 200 - dB 

Noise Figure (see Fig. II -NF - 3.5 4.5 dB 

Magnitude of Forward Transadnuttance ITisl - 12,000 - Alto 

Phase Angle of Forward Transadmittance - -35 - Degrees 

Magnitude of Reverse Transadmittance l Yes' - 25 - ..mho 

Angle of Reverse Transadmillance 'is - -25 - Degrees 

Input Resistance Ins - 1.0 - 

Output Resistance 
Ioss - 2.8 - k f f 

Gate-to-Source 
Forward Breakdown Voltage: 

Gate No. 1 

Gate No. 2 
Vv(EIR)GISSF IGISSF .1G2SSF - 100 ,.A 6.5 10 - V 

(BR1G2SSF 

Gate-to-Source 
Reverse Breakdown Voltage: 

Gale No. 1 

Gate No. 2 
V,BR)GISSR 

IGISSR '1G2SSR .•100,.A 4.5 -10 - V ‘, 

vl BRIG2SSR 

Limited only by practical design considerations. 

r Capacitance between Gate No. I and all orner terminals 

a Three-termrnal measurement with Gate Mn. 2 and 

Source returned to bound terminal. 
• In accordance with JEDEC Registration Data Format JS-9 RDF-I9A 

AMBIENT TEMPERATURE IT.I•25•C 
oniun-to-sounce vot7s hew. a::. 

Fig. 6 - 1D nr. VG15 

OPERATING CONSIDERATIONS 

The flexible leads of the 31'4187 are u unity soldered to the 
circuit elements. As in the case o any high-frequency 
semiconductor device, the tips of soldering irons MUST 
be grounded. 

comer-5ounce crecuir.arrE NA I INPUT 

AMBIENT TEMPERATURE ITG 1.2S•C 

DRAIN-TO-SOURCE VOLTS IVost•IS 
GATE No 1- VOLTAG IV, e 1 IS ADJUSTED 

FOR to o Oma WREN V025.• V 

f!..?. •T •F 
...,.. .... .. - 

• 
& 

R 
23 

0 

• - 

3 4 
GATE No 2-TO-SOURCE VOLT (V0,20 

Fig. 7 - 10`'.• VG25 
faCS -Womb 

CONNOR SOuRCE COTC4AT 
ARMEN, TEMPERATuRE IT.I•25•C 

FREOLKNCY I•2Do rots 
OR. MILLI...ER[511,1*W 

GATE No 2-10- SWALE eXTS Ivoasl••• 

i0 

DRAIN-To-SO.« VOLTS Iv's, 

Fig. 8- visUr.VDS 

COMMON • solute( CIRCUIT 
IMIDENT TEMPERATURE rr0 r • 2S . C 
FREQUENCY If I • ano wu. 

MILLIAMPERES 11.1 10 

GATE NOS-TO- souRce v01.7 t v,y,r • • 

f-MT 

z • a 7 n is 14 IS 

DRAIN-TO.SOUITCE VOLTS ni.) 

Fig. 9- y., vs. Vas 
M
A
G
N
I
T
U
D
E
 
O
f
 
F
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M
A
°
 
A
A
A
A
A
A
A
A
 I
T 
V
A
N
C
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1
-
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01
.1
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10
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e
 
 

COMMON-SOURCE CiRCIAT 
.1111ENT TEMPER•TURE IT.1•25, 
ntcou no. If / • 200. f BIB 
CRAIN MILLIAGMERS I pl• III 
GATE NO 2 -T0-10.22- VOLTS IVSESI•• • lin 

ffilffi.   .. . 
• ..   .. •.•• .. .......... 
• 

  -    NMESEEFIEfl -  NMESEEFIEfl 
a 

--
e...c.• 

:•••     .  ..... .  
II:- • 

-.. .. •I•  •= 
• • Ix 

onani-To SOURCE VOLTS 'VW 

Fig. 70- yh vs. Vps 
aSi-4042 

SORAns4.01111C'S vOLTSIrog 

Fig. 11- y,, vs. Vps 
Nunn 

  411 



3N187 

COMMON SOURCE CIRCUIT 
ARDENT T ISPERATURE Cle2S•C 
ER OUENCT 01.200 MIN 

O ORA1N-TO-SOURCE VOLTS 0699/.15 
GA NO 2 TO-SOURCE VOLTS  %We -

à' 

10 15 

1011•111 IL L IAIEF R ol 

02.1,401110 

Fig. 12- yi. VO: ID 

1 

AN ILLIARPERES 11 1 gel.; 

Fig. 5- y,.V . ID 

COMMON -SOUR t 
AMBIENT TEMPERATURE 
FOUR/ ICY I I 600 
DRAIN TO-SOURCE VOLTS 
GATE NO 1 -TO SOURCE 

IRCUIT 
ITe • 25•C 
MN 

Vos) 5 
VOLTS( Vmml -06 d' .. 

_.   
   . 

gnarl   
  . 

gnarl   
Is  pilau: 

S. yumsccone-..r.eifilliFE 
e 

. 

gnarl   
 ti . 

I EIHMirrgfiMil  

• 0::::Iiiiallà::iii  

GATE NO2 - TO - SOURCE VOLTS V. 

Vass- 4010 

Fig. 18 - 710 VO. G2S 
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COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE I A1 25C 
DRAIN-TO-SOURCE VOLTS (V061• IS 
DRAIN Id &ARNE RE S I lo • IO • 
GATE NO 2 - - TU- souRCE VOLTS (NUNN. 

— 1, 

;
 

O
U
T
P
U
T
 
S
U
S
C
E
P
T
A
N
C
E
 
I
t
e
.
.
1
—
N
.
L
0
A
4
C
6
 

H ---

— ---t-   -  - — OA. • 

-.—t 

....--v-

4 . 

--

T 

FREQUENCY MIN 

Fig. 21- yo, TM. frequency 

I 2 4 6 • 9 10 II It 13 14 IS 

DRAIN MILLIAMP RES(10 

TOO S • NY.", 

Fig. 13- yo. TO. ID 

-2 U 2 

GATE USE-TO SOURCE VO TS 1%0 
92IS• 000 

Fig. 16- v ./ VG25 

COMMORIOURCE CIRCUIT 
COMISO TEMPERATURE 11.) • TY C 
FREQUENCY 10 • ZOO MIN 
DRAIN 0•SOURCE VOLTS (VoN • IS 
1E T Foy, FOR lo • 10 mat • • 

• • 

CATE NO T -TO-SOURCE VOLTS 1 Tcysl 
sal 

Fig 19 ' V G25 

COMMON SOURCE CIRCUIT 
•1601ENT TEMPERATURE I2,)•25•C 
DRAIN TO•-SOURCE VOLTS 0009.1•15 
DRAIN MILLIAMPERES 110•10 
OATE Int-To-source Van No2 4 

FREQUENCY (0 -MN 

Fig. 22 - yh vs. frequency 

111116.2, 

COMMON-SOURCE CIRCUIT 
MOMENT EEEEEEEE UR( IT.1•25•C 
PRIOR NCT 10.200 MR. 
OSAIS TO SOURCE VOLTS tVos1•15 
GATE 500 TO.EOURCI VOLTS 2062$1•4 

• 
-1.no 

••• 
.......... 

••• 
••• • ...... 

••• 

• 
10 IS 

06mm mn.L1.66665-11 

62.1- 40.0 

Fig. 14- y/. vs. ID 

OIANION. OURCE CIRCUIT 
QuelENT ENPENSTINTE ESTC 

OUIE/KT 1 • 200 um 
OPPIII-TO-SENIACE VOLTS %woo 
GATE NUI-TU-SOURCE VOLTSIV s/.-0111 

1111111 

• •••••11.• 

•••••••••••••• 

, 
d 

:e 

3 e 

z 

- V 1 2 S • 

GC E CO 2/ 7/0-5006C6 VOL 510020 

Fig. 17- yo. TO. IfD2s 

COMMON SO RCE CIRCUIT 
ARSIS TEMPERATURE nezrc 
DRAIN 0-SOURCE VOLTS 1%)• 5 
000ISMLLI APERES 1.10 
GATE NO 2. 0-SOURCE VOLTS WARR.. 

100 200 SOO 
FRE00ENCY INN 

400 
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3N200 

Silicon Dual Insulated-Gate Field-Effect Transistor 
N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 

For Military and Industrial Applications up to 500 MHz 

RCA-3N200 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 
,I0 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 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 ad-amplifier 

Maximum Refines, Absolute-Maximum Values. al TA • 25.0 

DRAIN-TO-SOURCE VOLTAGE. VDs . -0 2 to 420 
GATE No .1-TO-SOURCE VOLTAGE, VG1S 

Continuous Ida) .   e ix (3 
Ptak m   -6 to .6 

GATE No.2-70-SOURCE VOLTAGE. VGgs 
Continuous Ida/   -6 to 3014 of Vcig 
Peak m .   . ,, -6 to 46 

• DRAIN-TO-GATE VOLTAGE, 
VciGt OR VIDG2   

• DRAIN CURRENT. 
• TRANSISTOR DISSIPATION, PT 

At ambient I up to 25°C   330 
temp rrrrrr orf Move 250C derate linearly at 

2.2 mWPC 

420 
50 

•AMBIENT TEMPERATURE RANGE 
Stamm ana Operating ...,,, -66 to 4175 

• LEAD TEMPERATURE (During soldering) 
Ai distencm.>1/32 inch from 
seating surface for 10 seconds mex. 265 

V 

V 
V 

V 
V 

V 
mA 

ifehr 

Ac 

hiC 

•In accordance with JEDEC registration data format 1159 ROF.19A1 

applications at frequencies up to 500 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 314200 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 at maximum 
gain without neutralization: and, of special im-
portance m ri-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 31.12110 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 responses in FM receivers 

Device Features 
• Back-to-back diodes protect each gate against 
handling and in-circuit transients 

• High forward transconductance - 
g1 5 = 15,000 gmho OHM 

• High unneutrali zed RF power gain - 
Gps = 12.5 dB (typ.) at 400 Wiz 

= 19 dB (typ.) at 200 MHz 
• Low VHF noise figure - 3.9 dB (typ.) at 400 MHz 

3.0 dB (typ.) at 200 MHz 

y and s Perm eeeee vs. Frequency 

TEST CONDITIONS: Drain-to-Source halts (Vcis) = 15, Drain rAilliconoron” OD ) = 10, 
Gars No. 2-to-Source Vo ts (V 5 25) = 4 

CHARACTERISTICS SYMBOL FREQUENCY (MHz/ UNITS 

100 200 300 400 500 

Maximum Available Power Gain MAG 32 24 17.5 13 10 dB 

Maximum Usable Power Gain fUnneutializedi• MUG 32 24 17.5 13 10 dB 

Y Paimnetets 

Input Conductance gis 0.25 0.8 2.0 3.6 6.2 mmho 

Input Susceptance Ihs 3.4 5.8 8.5 11.2 15.5 mmho 

Magnitude of Forward Transadmittance I Yfb I 15.3 15.3 15.4 15.5 16.3 mmho 
Angle of Forwaid Transadmittance LYIs - 15 - 25 - 35 -47 -60 degrees 
Output Conductance gos 0.15 0.3 0.5 0.8 1.1 mmho 
Output Susceplance bos 1.5 2.7 3.6 4.25 5.0 mmho 
Magnitude of Reverse Transadmittance I yrsI 0.012 0.025 0.06 0.14 0.26 mmho 
Angle of Reverse Transadmittance L.y „ - 60 - 25 o 14 20 degiees 

S Parameters 

Magnitude of Input Reflection Coelf. Isis' 0.97 0.90 0.84 0.78 0.70 
Angle of Input Reflection Coeff. Ls15 - 20 - 32 -55 -68 -82 degrees 

Magnitude of Forward Transmission Coeff. - I sisi 1.50 1.40 1.25 1.1 0.9 

Angle of Forward Transmission Coeff. L sis 153 133 112 90 70 degrees 

Mangitude of Output Reflection Cceff. Ism' 0.985 0.95 0.93 0.92 0.91 

Angle of Output Reflection Coeff. L sos - 7.5 - 16 - 22 - 28 - 34 degrees 

Magnitude of Reverse Transmission Coeff. 1%1 0.001 0.0025 0.005 0.010 0.0165 

Angle of Reverse Transmission Coeff. z srs 100 125 141 150 142 degrees 

•Limited only by practical design considerations 

AIMIT 

Applications 

• RF amplifier, mixer, and IF amplifier in military and industrial 
communications equipment 

• Aircraft and marine vehicular receivers 
• CATV and MATV equipment 

• Telemetry and multiplex equipment 

TERMINAL. DIAGRAM 

LEAD 112R/dB 

LEAD 3. DATE Na. 2 

LEAD 3-GATE Na. 1 
LEAD 4•SOURCE. SUBSTRATE 

AND CASE 

OM. 

All iesistances in ohms 
An capacitances in pF 

DI, Cg: pF Val I able air capacitot: 
Hammerland Mac 5 type ot 
equivalent 

41.943.8 pF variable all. CapaLlid, 
Hatemet land Mac 15 type or 
equivalent 

C4: Approx. 300 pF • capael lance form 
cd between socket covet dr chassis 

Cs: pF piston type variable 
air capacitor: Erie 560-013 oi 

equivalent 

Li.L2: Inductance to tune circuit 

Fig. I • 40f1 MHr power gain and noise figure test circuit 

:ATE MO. I TO401/«. Valli irsisi 

Fig. 2-1D ,rs• VG IS 

VSSAVI 

el 
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3N200 

• 

• 

ELECTRICAL CHARACTERISTICS 

at TA = 25°C 
unless elm...4u apecified 

SYMBOLS TEST CONDITIONS 

LIMITS 
UNITS 

Min. Typ. Max. 

Gate No. 1-to-Source Cutoff Voltage VGIS(0I0 
VDS = .15 V, ID . 50µA 

VG2S = .4 V 
-0.1 - 1 -3 V 

Gate No. 2-to-Source Cutoff Voltage VG2S(off) 
VDS - .15V, ID . SOMA 

VG IS ° '  
-0.1 -1 -3 V 

Gate No. 1-Terminal Forward Current IG1SSF 
VG IS = • 1 V 

VG25 ' VOS ' 0 

TA = 25°C 

TA ' 100°C - 

50 nA 

Gate No. I-Terminal Reverse Current IG1SSR 
VG15 - -6 V 

VG2S = Vos = 0 

TA = 25°C 

TA - 100°C 

- 50 

5 

nA 

,A 

Gale No. 2-Terminal Forward Current IG2SSF 
VG25 ' .6 V 

VG IS ' VDS ' 0 

TA = 25°C 

TA ' 100°C 

50 

5 

nA 

nA 

Gate No. 2-.Terminai Reverse Current IG2SSR 
VG2S - -6 V 

VG IS = VDs = 0 

TA = 25°C 

TA - 100°C 

50 

5 
nA 
v A 

Zero-Bias Drain Current IDS 
VDs - . 15 V, Vus = 0 

VG25 =.4 V 
0.5 5.0 12 mA 

Forward Transconductance 
(Gate No. 1-to-Drain) 

gfs 

VDs - • 15 V 

ID = 10 mA 

VG2S ' '4 V 

 f - I kHz 10,000 15,000 20,00C vmha 

Small-Signal, Short-Circuit Input 
Capacitance' ,  c„ 

f - 1 MHz 

4.0 6.0 8.5 PF 

Small-Signal, Short-Circuit, 
Reverse Transfer Capacitance 
(Drain-to-Gate-No. 1)' 

Crss 0.005 0.02 0.03 OF 

Small-Signal, Short-Circuit Output 
Capacitance Coss 2.0 OF 

Power Gain (see Fig. 1) Gps 

I ii 400MHz 

10 12.5 dB 

Noise Figure (see Fig. I) NF 3.9 6.0 dB 

Bandwidth BW 28 38 MHz 

Gale-to-Source Forward 
Breakdown Voltage Gate No. 1 VIBRIGISSF ,IG1SSF = 

'G2SSF ' 

Ma'A 

VG2S ' VDS " ° 6.5 
13 V 

Gate No. 2 V( BR)G2SSF VGIS ' VDS - 0 

Gate-to-Source Reverse 
Breakdown Voltage Gate No. I V, iBRIGISSR 

IGISSR ' 
IG2SSR ' 
100,=A 

VG25 " VDS ' 0 
6.5 - 13 V 

Gate No. 2 V( BR)G2SSR 
 ,., 

vus = vDs = u 

in accordance *re, JEDEC 
u5-9RDF-19Ar 
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3N204, 3N205, 3N206 

Silicon Dual-Insulated-Gate 
Field-Effect Transistors 
With Integrated Gate-Protection Circuits 

For VHF TV Applications 

3N204 - RF Amplifier 

3N205 - Mixer 

3N206 - TV IF Amplifier 

The RCA-3N204, 3N205, and 3N206 are 
n-channel silicon, depletion type, dual-insu-
lated gate, field-effect transistors intended 
for vhf TV applications. Integrated back-
to- back diodes protect the gates from ex-
cessive input voltages. 

The 3N204 is intended for use in vhf rf 
amplifiers and delivers linear, low-noise ampli-
fication. Its extremely low feedback capaci-
tance allows high-gain stable operation with-
out neutralization. The 3N205 is specified for 
low noise vhf mixer applications. The 3N206 
is intended for use in tuned high-frequency 
amplifiers such as TV if strips. 

Features: 
• Low Crss - 0.03 pF max. 

• High lYfs I - 14 mmho typ. for 3N204 and 3N205 

• Integrated gate-protection diodes 

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

* DRAIN-TO-GATE No.1 VOLTAGE   30 

DRAIN-TO-GATE No.2 VOLTAGE   30 

DRAIN-TO-SOURCE VOLTAGE   25 

GATE No.1-TERMINAL FORWARD CURRENTA   10 

GATE No.2-TERMINAL FORWARD CUARENTA   10 

GATE No.1-TERMINAL REVERSE CURRENT   -10 
GATE No.2-TERMINAL REVERSE CURRENT   -10 

* CONTINUOUS DRAIN CURRENT   50 
* DEVICE DISSIPATION: 

Up to TA = 25°C   360 mW 

Above TA = 25°C derate linearly   2.4 mW/°C 

Up to Tc = 25°C 1.2 

Above Tc = 25°C derate linearly   8 mW/°C 
* AMBIENT TEMPERATURE RANGE: 

Operating   

Storage   -65 to +200 
* LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max.   +300 

OPERATING CHARACTERISTICS at TA = 25°C 

-65 to +175 

V 

V 

V 

mA 

mA 

mA 

mA 

mA 

°c 
°C 

OC 

• Forward gate-terminal current is the current into a gate terminal with a forward-gate-to-source voltage applied. 

This voltage is of such polarity that an increase in its magnitude causes the channel resistance to decrease. 
* In accordance with JEDEC registration data format (JS-9 RDF-1913) 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

3N204 

Common-Source Spot Noise 
Figure, NF 

VDD=18 V, VGG=7 V, 

f = 200 MHz, See Fig 13 

- - 3.5 dB 

Small-Signal Common-Source 
Insertion Power Gain, Gps 20 - 28 dB 

Bandwidth, BW 7 - 12 MHz 

Gain-Control Gate-Supply 

Voltage, VGG(GC) 

VDD=18 V, AGps=-30(113, 1 

f=200 MHz, See Fig, 13 0 - -2 V 

Common-Source Spot Noise 

Figure, NF 
VD=15 V, VG26 = 4 V, 

f - 450 MHz, ID = 10 mA, 

See F igs. 15 and 16 

- 5 (1E3 

Small-Signal Common Source 

Insertion Power Gain, Gps 14 - - (10 

3N205 

Small-Signal Conversion 

Power Gain, Gps (cony) 
VDD=18 V, 4_0=245 MHz,3 

fR F=200 MHz, See Fig.17 
17 - 28 dB 

Bandwidth, BW 4 - 7 MHz 

3N206 

Common-Source Spot Noise 

Figure, NF 

VDD=24 V, VGG=6 V, 

f=45 MHz, See Fig. 14 

- - 4 dB 

Small-Signal Common-Source 

Insertion Power Gain, Gps 25 - 35 dB 

Bandwidth, BW 3 - 6 MHz 

Gain-Control Gate-Supply 

Voltage, V GGIGC) 

VDD=24 V. AGps=-30dB,2 

f=45 MHz, See Fig. 14 -1.6 - 0.6 V 

*ln accordance with JEDEC registration data format (JS-9 RDF-1913). 

1. AGps is defined as the change in Gps from the value at VGG = 7V. 

2. AGps is defined as the change in Gps from the value at VGG = 6V 

3. Amplitude at input from local oscillator is 3 V RMS. 

50 

00 

(0 

WE 50.2-TO SOURCE VOLTSIVG2s1.• 

AMBIENT TEMPERATURE irai 25 C 

.L.Perea.2 
41 sss1166sss MISSUM411a$MS.i211...{i4U11484"ItZ Z1812 .1,, 

•* 161111111111111fflitfri sin 

Ili GATE No l ID- SOURCE vCE_TAGE Ws's) OV 

DRAIN- TO-SOURCE VOLTS (v051 

92CS 27441 

Fig.1 - Drain current vs. drain-to-source volts 
(pulse-tested with pulse duration = 
300 ps, duty cycle <2%). 

DRAIN-TO-SOURCE VOLTS (V.1NS 

,AMBIENT TE 40,ERATURE IT. l• 25 C 

 .....  
50—. 0.EN MSOURCEVOLTAGFIV,,,,-

-2 

GATE No I TO-SOuRCE VOLTS 

4 

92CS•2 ,9•8 

Fig.? - Drain current vs. gate-No. 1-to-source volts 
(pulse-tested with pulse duration = 300 'Ls, 
duty cycle < 2%). 



3N204, 3N205, 3N206 

ELECTRICAL CHARACTERISTICS, At TA = 25"C (unless otherwise specified) 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
MIN. MAX. 

Drain-to-Source Breakdown 

Voltage, V(BR)Ds 

ID = 10PA. 

VG1S=VG2S= —5V 25 V 

Gate No.1-to-Source Forward 

Breakdown Voltage, VIBR/G1SSF1 
IG -1 -10mA, VG2s=VDs=0 6 30 V 

Gate No.1-to-Source Reverse 
1 Breakdown Voltage, V(BR)G1SSR • 

1G1 = —10mA, VG2S=VDS=1) —6 —30 V 

Gate No.2-to-Source Forward 

Breakdown Voltage, VIBR1G2SSF1 
IG2-10mA, VGis=VDs-0 6 30 V 

Gate No.2-to-Source Reverse 

Breakdown Voltage, VIBRIG2SSR1 
1G2- —10mA, VGis=VDs=0 —6 —30 V 

Gate No.1-Terminal Forward 

Current, IGissF 
VG1S=5V, VG2S=VDS =1:1 — 10 nA 

Gate No.1-Terminal Reverse 

Current, IG1SSR 

VG1S= —5V, 

VG2S=VDS -13 

TA=25`C — —10 nA 

TA =150°C — —10 pA 

Gate No.2-Terminal Forward 

Current, IG2SSF 
VG2S-5V• VG1S=VDS =1:1 — 10 'IA 

' Gate No.2-Terminal Reverse 

Current, IG2SSR 

VG2S= —5V, 

VG1S=VDS -° 

TA=25'C — —10 nA 

TA =150'C — —10 p A 

' Zero-Gate No.1.Voltege 

Drain Current. ID52 

VDs=15V. VDis=0, 

VG2S=" 

3N204 6 30 
ni A 3N205 6 30 

3N206 3 15 

Gate No.1-to-Source Cutoff 

Voltage, VGis(o ff) 

VDS= 15V, 

VG2S'4V- 
ID=20µA 

—0.5 —4 V 

e Gate No.2-to-Source Cutoff 

Voltage, VG2s(off) 

VDS= 15V, 

VG1S=1:). 
10.201.1A 

—0.2 —4 V 

Small-Signal Common-Source 

Forward Transfer Admittance, 

)yfs 13 

VDS' 15V, 

VG1S=13. 

VG2S=4V• 
f=1 kHz 

3N 204 10 22 

3N205 10 22 mmho 

3N206 7 17 

Small-Signal Common-Source 

Reverse Transfer Capacitance, 

;SS 

= VDs15V, VG2s=4V, 

ID = 10 mA, f = 1 MHz 
0 005 0.03 pF 

A 

1In accordance with JEDEC registration data format 1.15.9 RDF-198). 

1. All gate breakdown voltages are measured while the device Is conducting rated gate current. 
This ensures that the gate.voltage-limiting network is functioning properly. 

2. This characteristic must be measured using pulse techniques (1w = 300us, duty cycle <2%). 

3. This characteristic must be measured with bias voltages applied for less than 5 seconds to 

avoid overheating. The signal is applied to gate No.I with gate No.2 at ac ground. 
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DRAM- TO-SOURCE M51. S VGG1•15 
GATE Mn 2 TO-SOURCE volts 1v5251.4 

DRAIN CURRENT 1101 10mA 

10 100 • 

FREQUENCY 111-41.1. 

Fig.5 — Y4 VS- I 

- CE CI Ul 
AMBIENT TEMPERATURE ITA / • 2VC 
FREQUENCY 11)• 200 »a 
DRAIN-TO-SOURCE VOL 5 IVGG1•19 
GATE Mel-TO-SOURCE VOLTS IvG,s1•0 

0 1 2 3 4 9 

GATE No 240-SOURCE VOLTS VG I 
OTC3-2,91 

Fig.6 — Yf5 vo. Vo2s 



3N204, 3N205, 3N206 
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COSMON-SOURCE CIRCUIT 
AMBIENT TEMPERATUREITA1.25•C 
ORAIN-TO.SOORCE VOLTS IV,I•15 
GATE No 2 TO-SOURCE VOLTS I V,,,M4 
ORRIN CURRENT 1101.10mA 

001  iii 

10 

FREQUENCY 111.01 

Fig.? - V00 vs. f 

12C5.2,953 

1 3 

j2 

- 

C06910.,- SOURCE CIRCUI 
AMBIENT TEMPERATUR ITAI • 25•C 
FREQUENCY • 1.1 
DRAIN TO-SOURCE VOL S Vire• 5 
GATE No 1 TO SOURCE OLTS VG .,1 

e  

Is 

O 
2 .1 01 2 4 

GATE 1192-70 SOURCE VOLTS IVG2G 

Fig.10 — Con vs. VG2s 920-271156 

-6 .4 .2 0 2 4 

GAIN CONTROL GATE SUPPLY VOLTAGE [vG.4- V 

sus -.Ms. 

Fig.11 — GPS VS. VGG(GC) 

30 

Is 

20 

30 
0 I 2 3 • 5 6 7 8 9 

DRAIN CURRENT 15-M 92C5-2 958 

COMMON- SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITAI 25•C 

SEE F G 13 
»JUST VGG FOR 0 

Fig.13 - Gps vs. 11, 

COMMON. SOURCE CIRCU1 
AMBIENT TEMPERATOR 1TA/•25•C 
FREQUENCY 111.200 .1 
ORRIN-TO-SOURCE VOLTS 1005145 
GATE No I-TO•SOURCE VOLTS IVG.G/ 

SS: 
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#1 

• 
• 

GATE No 2-TO- SOURCE VOLTS Vas/ 

FROM 50 II 
SOURCE 

pF 

L 

I 

NOTE 
CI, C2, 8 C3 LEADLESS DISC CERAMIC, 0.001 ,F 

CO:ARCO 462, 5-80 HF. OR EQUIVALENT 

LI:3 TURNS No 18 WIRE, 3/16 INCH -DIA. ALUMINUM SLUG 

L2:9 TURNS NO 20 WIRE,3/16 INCH -DIA. ALUMINUM SLUG 

92CS.27954 

Fie. 8 - Vim VO. VG2S 

:r 

I I 
I 10 k a I 

I 174 ci i 
I 56050 

0.001,F 

2 

3N204 

0..0.1-SOURCE CIRCO T 
AMBIENT TEMPERATURE 1TA • 25 C 
R OUENC If • 11. 
DRAIN TO-SOURCE VOL S VGA) 15 
GATE NUI TO SOURCE VOLTS 10q 51.0 

2 0 2 

GATE NAB TO- SOURCE VOLT VG,, 

92CS 27955 

F4.9 - C55 vs. VG2s 

47p? 

r - 
Cu 

L2 

27 110 
AU 1 I 4 1 3 ...C3 

I L _ _J 
— I — 

_L 

2.2 

PH 

vpo 

5;e:e1 I 

C9 

270 
a 

J 

92CS• 27960 

TO 50 fl 
LOAD 

Fig.12 - 200-MHz power gain, gain-control voltage, and noise-figure test circuit for 3N2044. 

* In accordance with JEDEC registration data format (JS-9 RDF-1913). 

FROM 500 
SOURCE IS 

NOTE 
CI: LEADLESS DISC CERAMIC, 0.001 ,F 
C2: LEADLESS DISC CERAMIC, aoi ,F 
LI:R TURNS No. 28 WIRE , 5/32 INCH -DIA. FORM, TYPE "J" SLUG 

L2 ,9 TURNS No.28 WIRE, 5/32 INCH -DIA. FORM, TYPE "..1" SLUG 

Fig. 14 - -45-MHz power-gain and noise-figure test circuit for 3N206.. 
In accordance with JEDEC registration data format (JS-9 RDF-1913). 

TO 5011 
LOAD 

92CM-27959 
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3N204, 3N205, 3N206 

37: 648571 •I'e::11. 1 I? -0 %751-1 

T --
0 562 

(14 27/ 

RF CONNECTOR UG-290/U 

0500 

— — + 

2.000 
(50.60) 

0.125 
13.19 

Orr 
19r) 

(9e-

(12.70) 

s2CL-27962 

(BEFORE BENDING) 

6.32 TAP FOR NYLON SCREWS 

1000 
(50.80) 

' Ne.10 DRILL 

4 EA 

- — + 

0500 
112.70) 

0.•37 
OLIO/ 

0.437 
111.10) 

Re CONNECTOR US-290/5 ,,„3347,s.  
27O 0379 

NOTES: 

A. Dimensions in parentheses are in millimeters and are derived from 
the basic inch dimensions, as indicated. 

B. The removable top of test fixture is not shown. 
C. For clarity, the 62 ket resistor, the source and gate-2 socket pins, 

and insulating stand-off terminals (ISOT) soldered into the fold of 
Li and L2 respectively for mechanical support, are not shown in 
view A. 

D. Cl and C2 (C3 and C4) consist of shim brass and the "C" portion of 
Li (L2) separated by air and the mylar tape covering the "C" portion 
of L 1 (L2). 

E. The four views surrounding the center view are as they would appear 
before the metal is bent up to form the sides. 

Fig. 75 - -450 MHz power-gain and noise-figure test fixture*. 

* In accordance with JEDEC registration data format (JS-9 RDF-1913). 
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3N204, 3N205, 3N206 

FROM 50 
SOURCE 

C2 

MATCH 

C9 C9 

(ADJUST FCR 10•10n1A/ 

36204 

0025 

- - 
CE 

62 MI C5 

1 

TUNE 

C3 

L2 

CR 

TO 5013 
LOAD 

NOTE 

FOR TEST FIXTURE, SEE P1CTORAL DRAWING IN FIGURE 16 

CI TNRU C4 SEE F1GURE 16, NOTE D 

CS 0 ool,r LEAOLESS DISC CAPACITOR 
C6 THRUM .ALLEN-BRADLEY FSAU 0 001,,F FEED- THROUGH CAPACITORS.OR EQUIVALENT 
LI 11 L21SEE FIGURE 16 

92C M- 27961 

Fig.16 — —450-MHz power-gain and noise-figure test circuit for 3N204". 

" In accordance with JEDEC registration data format (JS-9 RDF-19131. 

245 MHz 

3Vrms 
50 

200 (deli 
505 

NOTE. 

Cl ARCO 462, 5-80 pF, or EQUIVALENT 

C2. ARCO 460 1.5-15 pF, OR EQUIVALENT 

Li 4 TURNS No.14 WIRE. 1/4 INCH INSIDE DIA. 

voo 

45 MHz 

I
TO 50 CI ‘119 LOAD 

92C9 2796) 

Ti: PRI: 16 TURNS No.30 WIRE CLOSE WOUND 

ON 1/4 INCH DIA. FORM, TYPE •..1" SLUG 
SEC: 5 TURNS No.30 WIRE CENTERED 

OVER PRIMARY 

Fig.17 — —200 MHz-to-45-MHz circuit for conversion power gain for 3N205". 

In accordance with JEDEC registration data format (JS-9 RDF-198). 
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3N211, 3N212, 3N213 

Silicon Dual-Insulated-Gate Field-Effect Transistors 
N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 

For VHF TV Applications 

The RCA-3N211, 3N212, and 3N213 are 

n-channel silicon, depletion type, dual-insu-

lated gate, field-effect transistors intended 

for VHF TV applications. Integrated back-

to-back diodes protect the gates from ex-

cessive input voltages. 

3N211 — RF Amplifiers 

3N212 — Mixers 

3N213 — TV IF Strips 

The 3N211 is intended for use in VHF RF 
amplifiers and delivers linear, low-noise ampli-
fication. Its extremely low feedback capaci-
tance allows high-gain stable operation with-
out neutralization. The 3N212 is specified for 
low-noise VHF mixer applications. The 
3N213 is intended for use in tuned high-
frequency amplifiers such as TV IF strips. 

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

DRAIN-TO-GATE No.1 VOLTAGE   

DRAIN-TO-GATE No.2 VOLTAGE .. 

DRAIN-TO-SOURCE VOLTAGE   

GATE No.1-TERMINAL FORWARD CURRENT* 

GATE No.2-TERMINAL FORWARD CURRENT* 

GATE No.1-TEP.MINAL REVERSE CURRENT. 

GATE No.2-TERMINAL REVERSE CURRENT  

CONTINUOUS DRAIN CURRENT  

DEVICE DISSIPATION: 

Up to TA = 25°C   

Above TA = 25°C derate linearly   

Up to Tc = 25°C   

Above Tc = 25°C derate linearly   

AMBIENT TEMPERATURE RANGE: 

Operating   

Storage   

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max.   

3N211,3N212 3N213 

Features: 

• Low Cm  — 0.05 pF max. 

• High IYfil — 30 mmho typ. for 3N211 and 3N212 

• Integrated gate-protection diodes 

35 

35 

27 

  10 

  10 

—10 

10 

  50 

40 

40 

35 

V 

V 

mA 

mA 

mA 

mA 

mA 

360   mW 

2.4   mWr C 

1.2   mW 

8   mW/°C 

— —65 to +175 — 

65 to +200 — 

+300  

° c 
°c 

* Forward gate-terminal current is the current into agate terminal with a forward gate-to-source voltage applied. 
This voltage is of such polarity that an increase in its magnitude causes the channel resistance to decrease. 

..     :min:1p 

8-1-811"1"17 

:min:1p litti221 .. I.   

. 7..811:" lu F;Fiii  
r,..   TEMP 

f f'idzesseregyaLia. .. 1ª91 
hinummiamillillum 

15 20 
ONAIN-TO-SOLINCE VOLTAGE (VW — 

1221-2amo 

Fig. 1—Drain current vs. drain-to-source voltage 
for all types. 

GUIE N TO. SOURCE VOLTAGE v 

4223-24144 

Fig.2—Drain current vs. gate No. 1-to-source 
voltage for all types. 

»ORIENT TEMPERATURE ITl 25 C 

DRAIN-TO-SOURCE VOLTAGE 1050-15v 

TERMINAL DIAGRAM 

Bottom View 

LEAD 1 — DRAIN 
LEAD 2 — GATE No.2 
LEAD 3 — GATE No.1 
LEAD 4 — SOURCE, 

SUBSTRATE AND CASE 

AMBIENT TEmpERATUREITAI•25 C 

DRAIN /0-SOLOCE VOLTAGE IV03,•1BV:: 

-075 -0 5 -0 25 0 

GATE No J-TO-SOURCE VOLTAGE (VG's,— V 

4743-24770 

Fig.3—Drain current vs. gare No. 1-to-source 
voltage for all types. 

AMBIENT TEMPERATURE ITA,1•25•C 

ONAIN-TO -SOURCE VOLTAGE (Vo41•13 V 

3 4 

GATE No 2- TO SOURCE VOLTAGE Ivonl--

•243- Tam 

Fig.4—Drain current vs. gate No. 2-to-source 

(Figures 1 — 4 are pulse tested. Pulse duration = 300 ps, duty cycle <2%.) 

voltage for all types. 
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3N211, 3N212,3N213 

ELECTRICAL CHARACTERISTICS, At TA = 25°C (unless otherwise specified) 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
MIN. MAX. 

Drain-to-Source Breakdown ID = 10µA, 3N211 27 - 

Voltage, V(BR)DS VG1S=VG2S= -4V 3N212 27 - V 

3N213 35 - 

Gate Nol -to-Source Forward 
IG1 =10mA, VG2s=VDs=0 6 - V a 

Breakdown Voltage, VIBRIG1SSF I 

Gate No.1-to-Source Reverse 
1 Breakdown Voltage, V(BR)G1SSR • 

IG1= -I OmA, VG2S=VDe° -6 - V 

Gate No.2-to-Source Forward 
IG2=10mA, VGis-VDs 0 6 - V , 

Breakdown Voltage, VIBRIG2SSF I 

Gate No.2-to-Source Reverse 

Breakdown Voltage, VIBRIG2SSR1 
IG2- -10rnA, VG1 s=VDs=0 -6 - V 

Gate No.1-Terminal Forward 

Current, I G1SSF VG1e5V. VG2S-VDS -C) - 10 nA 

Gate No.1-Terminal Reverse VG1S= -5V. TA =25°C - -10 nA 

Current, I G1SSR VG2S=VDs=0 TA=150°C - -10 µA 

Gate No.2-Terminal Forward 

Current, IG2SSF VG2S=5V. VG1S=VDS=° - 10 nA 

Gate No.2-Terminal Reverse VG2S= -5V, TA=25°C - -10 nA 

Current. IG2SSR VG1S=VDS=° TA=150°C - -10 µA 

Zero-Gate No.1-Voltage VDs=15V, VGis=0 
6 40 mA 

Drain Current, I Ds2 VG2S=" 

Gate No.1-to-Source Cutoff VDS'15V, 

VG2S=4V. 

3N211 -0.5 -5.5 

V 3N212 -0.5 -4 
Voltage, VGis(off ) 

ID=20µA 3N213 -0.5 -5.5 

Gate No.2-to-Source Cutoff 
VDS= 15V, 

3N211 -0.2 -2.5 

Voltage, V G2Slciff 
VG1S41. 3N212 -0.2 -4 V 

I ID=20µA 3N213 -0.2 -4 

Small-Signal Common-Source VDS=15V• 3N211 17 40 

Forward Transfer Admittance, 

lYfs1 3 

VG1e--). 

VG2S=4V. 
f=1 kHz 

3N212 17 40 mmho 

3N213 15 35 

Small-Signal Common-Source 

Reverse Transfer Capacitance, 
Vs=15V, VG2s=4V, D 

ID=ImA, f=1MHz 
0.005 005 pF 

C fSS 

0In accordance with JEDEC registration data format LIS-9 ROF-19B1. 

1. All gate breakdown voltages are measured while the device is conducting rated gate current. 

This ensures that the gate-voltage-limiting network is functioning properly. 

2. This characteristic must be measured using pulse techniques 1tw 300µs, duty cycle <296). 

3. This characteristic must be measured with bias voltages applied for less than 5 seconds to 

avoid o.staileating. The signal is applied to gate No.1 with gate No.2 at ac ground. 

. 
MGM« TEINTERATURE ITA/•25 •C 

=rime- rke)"."ma 
:AMER 

GATE Ile 1-TO-SOURCE :: Mg 
VOLTAGE ING. 1.0V • • • • 

1 

  «me= 

"•••••••,..1:22:=1 

«me= 

"•••••••,..1:22:=1 

RT0RAMMI 

   ennui:tun-MIZE   ennui:tun-MIZE ennui:tun-MIZE 

    --:::-'   --:::-' --:::-' •••:EranesteM 1111 
Re« I • `Ciiiirlelafflard. 

•=:1111:2==11U1-2 

GA t No 2-TO SOURCE VOLTAGE tv02,1-

IGGS-2•1r2 

Fig. 5 - IY fsl vs. VG2s for 3N211 and 3N212. 
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«WENT 
DRAIN 
MUMMY 

T 510ERATuRE (Tal , 25•C 
TO-SOURCE VOLTAGE IV0,1•.5 

III. i 101. 

GATi No 1. TO -SOURCE 
VOLTA« Ive,31.0 V 

--+ 

..--. 

- .--. •-••--

--• 
. . 

• 
: 

- O 1 3 • 5 

GATE Ne 2- TO-SOURCE VOLTAGE (Vml-V 

sTCS-211,3 

Fig. 6 - IY fsl vs. VGgs for 3N213. 

AMINENT TEMPERATURE ITAI• 25TC 
DRAIN-TO-SOURCE VOLTA« Wes •I5 V 
EITEOUVICT III•1100 

-2 -15 -I -03 0 .3 I It 

«TIE No I-TO-SOURCE VOL AGE 15.51-V 

ASCS-211,74 

Fig 7 - IVft Ivs. VGis for 3N211, and 3N212 

13 -I -CO 0 OS I I 

1-TO-SOLNICE LOLTAGE10.,1-V 

GiC5-Tto 

.Fig. 8 - 11%1 vs. VG is for 3N213. 
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3N211, 3N212, 3N213 

OPERATING CHARACTERISTICS at TA = 25°C 

• 

CHARACTERISTIC TEST CONDITIONS 

LIMITS 

UNITS 
Min. Typ. Max. 

3N211 

Common-Source Spot Noise 

Figure, F 

VDD=18V, VGG=7V, 

f = 200MHz, See Fig.9 

— — 3.5 dB 

Small-Signal Common-Source 

Insertion Power Gain, GI, 24 — 35 dB 

Bandwidth, B 5 — 12 MHz 

Gain-Control Gate-Supply 

Voltage, VGG(Gc) 

VDD=18V,AGps= —30dB, 1 

f=200MHz, See Fig.9 0 — —2 V 

Common-Source Spot Noise 
Figure, F 

VDD=24V, VGG=6V, 

f=45MHz, See Fig.10 

dB 

Small-Signal Common-Source 

Insertion Power Gain, Gps 29 — 37 dB 

Bandwidth, B 3.5 — 6 MHz 

Gain-Control Gate-Supply 

Voltage, VGG(Gc) 

VDD=24V, AG ps= —30(1E3,2 
f=45MHz, See Fig.10 — — ±-1 V 

3N212 

Small-Signal Conversion 

Power Gain, Gps (cony) 

VDD=18V, fL0=245MHz,3 

fRF=200MHz, See Fig.11 21 — 28 dB 

Bandwidth, B 4 — 7 MHz 

3N213 

Common-Source Spot Noise 
Figure, F 

VDD=24V, VGG=6V, 
f=45MHz, See Fig.9 

dB 

Small-Signal Common-Source 

Insertion Power Gain, Gps 27 — 35 dB 

Bandwidth, B 3.5 — 6 MHz 

Gain-Control Gate-Supply 
Voltage, VGG(Gc) 

VDD=24V, AGps= —30dB,2 

f=45MHz, See Fig.9 — — ±-1 V 

*In accordance with JEDEC registration data format LIS-6 RDF-19131. 2. AG, is defined as the change in Gps from the value at vGG = 6V. 

1. AG„ is defined as the change in Gps from the value at VGG = 7V. 3. Amplitude at input from local oscillator is adjusted for maximum 

VGG VOID G PsICO0v)• 

FROM 50 II 
SOURCE 

NOTE: 
Cl. C2, 8 C3 LEADLESS DISC CERAMIC, 0.001 

C4: ARCO 462, 5-80 pF, OR EQUIVALENT 

Li 3 TURNS No 18 WIRE, 3/16 INCH -DIA ALUMINUM SLUG 

L2.8 TURNS No 20 WIRE,3/16 INCH -DIA. ALUMINUM SLUG 

560 US 

000I»F 

27 
pF pF 

L__. 

970 
pF 

101111 

C111 

2 

3N2 ii 

L2 

110 8 

3 

4 
JL T  c, 

-r-_ _ _ _ _ _ 

470 
pF 

2 2 
µH 

0001 I 
µF 

C9 

270 

TO 50 11 
LOAD 

* JEDEC REGISTERED DATA — — JEDEC 
RELEASE No 6438 

92CM-26576 

Fig.9-200 MHz power gain, gain control voltage, and noise figure test circuit for 3N211* 
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3N211, 3N212, 3N213 

FROM 5041 
SOURCE 

(F54F 

L__ 

470 
pF 

VG0 

LI LT C2 
0 001 » F 

NOTE I 
CI LEADLESS DISC CERAMIC, 0.001 »F 

C2: LEACLESS DISC CERAMIC, 0 01 0F 

L 1 : 8 TURNS No. 28 WIRE , 5/32 INCH - DIA. FORM, TYPE "J" SLUG 

L2I9 TURNS No. 28 WIRE, 5/32 INCH - DIA. FORM, TYPE "J" SLUG 

245 MHz 
.250 mV 
50 £1 

200 MHz 
50 n 

470 
pF 

270 £1 

V00 

TO 50 
LOAD 

• JEDEC REGISTERED DATA - - 
JEDEC RELEASE No. 6438. 

Fig. 10-45 MHz power gain and noise figure test circuit for 3N211 and 3N213 8. 

TEST CIRCUITS ICONT'DI 

VDD 

NOTE 
LI: 7 TURNS No. 34 WIRE, 1/4 INCH DIA ALUMINUM SLUG 
L2'5 1/2 TURNS No 20 WIRE, 1/4 INCH DIA ALUMINUM SLUG 
L3 7 TURNS No. 24 WIRE, 1/4 INCH DIA. AIR CORE 
T I. PR1. 25 TURNS No.30 WIRE CLOSE WOUND ON 1/4 INCH DIA. FORM, TYPE J" SLUG 

SEC:4 TURNS No. 30 WIRE CENTERED OVER PRIMARY 
CI ARCO TYPE 462, 5-80 pF 
C2: 0.001 »F LEADLESS DISC * JEDEC REGISTERED DATA - - JEDEC 
C3:0 01 » F LEADLESS DISC RELEASE No. 6438. 

Fig.11-200 MHz-to-45 MHz circuit for conversion power gain for 3N212*. 

92CM -26177 

92CM-26176 
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40467A 

Silicon MOS Transistor N•Channel TYPe 

For VHF Tuners and Other VHF Amplifier 

Applications in Industrial & Commercial Electronic Equipment 

Operating up to 220 MHz 

RCA-40467A 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. 

The 40467A is useful in vhf applications requiring 
devices capable of providing high useful power gains 
at frequencies up to approximately 220 MHz. 

The 40467A 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 40467A 
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. 

a Mel al-Oxide Senuconduetor 

Maximum Ratings, Absolute-Maximum Values at TA.25°C 
DRAIN-TO-SOURCE VOLTAGE. VDG   .20 V 
DRAIN-TO-GATE VOLTAGE, VDG   +20 
GATE-TO-SOURCE VOLTAGE, VGG: 

CONTINUOUS (del   01. -8 V 
PEAK ac   015 V 

DRAIN CURRENT, 10   50 mA 
TRANSISTOR DISSIPATION 

At ambient fup to 25°C   330 mW 
temperatures above 25°C   derate at 2.2 inWPC 

AMBIENT TEMPERATURE RANGE 
Storage   -65 to +175°C 
Operating   -65 to +175°C 

LEAD TEMPERATURE 1During Soldering/ 
At distances not closer than 1/32 inch to 
seating surface for 10 seconds maximum   265°C 

Device Features: 
• Low feedback capacitance - Ce.. 0.25 pF typ. 
• High forward transconductance st, « 7500 ;mho typ. 
• High vhf power gain • G, 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 

TERMINAL DIAGRAM 

ELECTRICAL CHARACTERISTICS AT T = 25°C WITH BULK (SUBSTRATE) CONNECTED TO SOURCE 

CHARACTERISTICS SYMBOLS 

TEST CONDITIONS LIMITS 

UNITS FREQUENCY 

f 

DC 
DRAIN- 

TO- 
SOURCE 
VOLTAGE 

%/DS 

DC 
DRAIN 

CURRENT 

ID 

RCA 
40467A 

MHz V mA Min Typ. Man. 

Gale-to-Source Cutoff Voltage VG,(off) 12 0.1 -a v 

Gale Leakage Urgent IGSS 
o 
0 

vos ' .111 
V —8V GS 

- 
• 

I 
I 

nA 

nA 

Zero-Bias Drain Current IDSS 15 VGS .0 5 15 30 mA 

Small-Signal. Short-Circuit 
Forward Transconductance gis I KHz 15 5 4000 

. 

7500 ,:.mho 

Small-Signal. Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 

C15, I 15 5 0.12 0.25 0.35 pF 

Small Signal Short-Circuit 
Input Capac itance 

C uss I 15 5 5.5 PF 

Input Admittance Y is Common Source Configuration 
f ,-- 200 mHz 
Vos .15V 

ID .5 mA 

0.4 r a-3 - 

Forward Transfer Admittance Yi, 7 - 12 - 

Output Admittance Yes 
0.28 .11.8 

Maximum Available Power Gain HAG 200 15 5 21 dB 

Maximum Usable Power Gain 
(unneutralized) MUG 200 15 5 12 dB 

Maximum Usable Power Gam 
(neutralization) 

MUG 200 15 5 12 16 dB 

Noise Figure NF 200 15 5 3.5 5 dB 

- Coo,. 
2 - Sosece 
3 • loseiored Gore 
4 - Bells (Sebstrote) 

end Cose 

For characteristics curves, refer to types 3N128 and 3N143. 
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40468A, 40559A 

MOS Silicon Transistors N-Channel Depletion Types 

For RF Amplifier and Mixer Applications 
in FM and AM/FM Receivers 

RCA-40468A and 40559A are silicon insulated-gate 
field-effect transistors of the n-channel depletion type 
utilizing the MCS. construction. They are intended 
primarily for use as the rf amplifier and mixer, respec-
tively. in FM receivers covering the 88 to 108 MHz 
band, but can be used for general amplifier applications 
at frequencies up to 125 MHz. For circuit design and 
typical performance data refer to RCA Application Note 
AN35:35 "An FM Tuner Using Single-Gate MOS Field-
Effect Transistors as RE Amplifier and Mixer". 

The wide dynamic range of these transistors re-
duces cross-modulation effects in AM receivers and 
minimizes the generation of spurious responses in 

FM receivers. 

Operating as a neutralized amplifier at 100 MHz, the 
40468A can provide a power gain of 17 dB (typ.). A 
power gain of 14 dB Ityp.) can be realized without 
neutral ization. 

a Met al-OxIde-SemIconductor. 

Performance Features: 

• reduced spurious responses in FM tuners 

• reverse bias on substrate improves linearity 

• reduced croskrnoduletion effects in AM receivers 

Maximum Ratings, t bso/ute-414,,,murn Vo/ues ai TA 25"C: 

DRAIN-TO-SOURCE VOLTAGE. Vos   
DRAIN-TO-GATE VOLTAGE, VoG 
GATE-TO-SOURCE'. VOLTAGE:. Vcs: 

CONTINUOUS Id.,   
PEAK ac  

DRAIN CURRENT. lo   
TRANSISTOR DISSIF'ATION: 

temperatures above 2c(-   
At amblent } up to 25"C  330 mW 

de  at 2 2 ma. v(.. 
AMBIENT TEMPERATURE: RANGE: 

Storage  -65 to • 175 °(' 
Operating   -65 to • 175 "(7 

LEAD TEMPERATURE Itinning Soldering): 
At diatancea not closer than 1/32 Inch to 
seating nurfnce for 10 aeconda maxImurn . 265 "C 

.20 V 
•20 

•1.41 V 
its V 

25 mA 

ELECTRICAL CHARACTERISTICS, ot TA 25°C 
With Bulk (Sub ) Connected to Source Unless Otherwise Specified 

Device Features: 

• high fonverd transconductance • • 
es • 7500 urnho typ. for 40468A 

• low feedback capacitance - 
0.35 pF max. for 40468A 
0.38 pF max. for 40559A 

• high useful power gains • • 
neutralised - 17 dB typ. 
unneutralized • 14 dB typ. 

• hermetically reeled in TO-72 metal peckers 

TERMINAL DIAGRAM 

LEAD 1 - DRAIN 
LEAD 2 - SOURCE 
LEAD 3 - INSULATED GATE 
LEAD 4 - BULK (SUBSTRATE) AND CASE 

Characteristics Symbols 

TEST CONDITIONS LIMITS 

Units 
Frequency 

f 

DC 
Drain-to- 

Source 

VDS 

DC 
Drain 

Current 

ID 

RCA-40468A 
RF Amplifier 

RCA-40559A 
Mixer 

MHz V mA Min. Typ. Mau. Min. Typ. Max. 

Drain-to-Source Cutoff Current VW) 
12 VGS ' -8V - 100 500 /A 

Gate Leaxage Current IGSS 
0 
0 

VGs = -8V 
VGs = •1V - - 

1 
I 

1 
1 

nA 
nA 

Zero-Bias Drain Current 1DSS 15 VGs - 0 5 15 30 5 15 30 mA 

Small-Signal, Shod-Circuit 
Forward Transconductance 

gls 1 kHz 15 5 7500 • ,..enho 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Draw-to-Gate) 

Ciss 1 15 5 • 0.25 0.35 0.25 0.38 pF 

Input Capacitance Ciss 1 15 5 5.5 5.5 PF 

Admittance - RF 'Mixer RF Mixer 
Input Admittance Yis 100 MHz 15 5 3 0.155 .1 3.45 0.14 • 1 3.38 oohs 
Forward Transfer Admittance )15 100 MHz 15 5 3 7.4 .1 0.9 mmho 

Output Admittance Yos 
100 10'7 
MHz MHz 

15 5 3 0.21 • 1 0.9 0.076 • i 0.153 mmho 

Forward Conversion Tiansconductance gts(c) 1 kHz 15 3 - 2800' ,filho 

Maximum Available Power Gain MAC 100 15 5 26 • - dB 

Maximum Usable Power Gain 
(UnneJtialized) 

MUG 100 15 5 - 14 • dB 

Maximum Usable Power Gain 
(Neutralized) 

MUG 100 15 5 14 17 dB 

Maximum Available Conversion 
Gain 

MAGc15 fi n - 100 
tout 10.7 

3 22 dB 

Noise Figure NF 100 15 5 3.5 5 dB 

Bulk (Substrate)-to-Soutte Vomi (Vas/ .3. 

For characteristics curves, refer to types 3N128 and 3N143. 
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40600, 40601, 40602 

SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 
N-Channel Depletion Types 

For VHF TV Receiver Applications 

RCA 40600, 40601, and 40602 are n-channel de-
pletion type, dual-insulated-gate, field-effect transistors 
utilizing the MOSconstruction. These devices have char-

acterist ics which make them highly desirable for ri-ampl i-
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 the40600 
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 es-
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 unneutralized 
circuits — for example, 20 dB at 200 MHz typ" for the 

ELECTRICAL CHARACTERISTICS, at TA = 25°C 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

LIMITS 

UNITS 
40600. 40602 40601, 

Min. Typ. Max. 

Gate No.1-to•Source Cutoff Voltage %/cutoff) lo MO r.A Vos = •15V, = 

VG2S = •4V 
• 2 • v 

Gate No.2-to-Source Cutoff Voltage Vogsroffl 
= • = VDs I5V. MD 200 vAvGis . o 

-2 v 

Gate No.I Leakage Current IGISS VOIS = -20V, V025 =0. VDS =0 • I nA 

Gate No.2 Leakage Cuvent IG2S5 VG2S ' -20V. VoIS = 0, Vos = 0 • - I nA 

Deem Covent 
1555 VD5 . •I3V, VG1S =0. Von ..4V 18 - nA 

Foeward Transconductance 
45 

Vos = •I3V, ID = 10 Ina 

VGgs = •41/, f = I kHz 
• 10000 - venho 

40600, and 35 dB typ. 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. 

APPLICATIONS 

• VHF TV R•ceiver 
40600 for rf amplifier applications 
40601 for mixer applications 
40602 for first-if-amplifier applications 

PERFORMANCE FEATURES 

• superior cross•modulation performance and greater 
dynamic range than bipolar and single-gate field-effect 
transistors 

• permits ase of vacuum-tube biasing techniques 

• excellent thermal stability 

TYPICAL PERFORMANCE CHARACTERISTICS, at TA = 25°C 

CHARACTERISTICS SYMBOLS 

40600 
RF AMPLIFIER 
f = 200 MHz 

40602 
IF AMPLIFIER 
I = 44 MHz 

40601 
MIXER 

f = 200 MHz 

uNt.i., 
U Voltage 

SN'o'.e.it"Argrt IX? pot' le°e1 
VDs - I3V, yG25 = •IV 

Local-oscillato« intention 
on 

Gate No.2 = 750 mV 
Vos = I5V 

;,gg: 05tV/ 
Small-Signal, Short Circuit 
Revese-Tiansfee Capacitance 
(Deam-to•Gete No.1) at I = 1 MHz 

c,„ 
0.02 typ. 

0.03 max. 

0.02 typ. 

0.03 max. 

0.02 typ. 

0.03 max. DF 

Output Capacitance Coss 2.2 2.2 2.2 at I = 44 MHz OF 

Input Capacitance C;45 5.5 S.5 5.5 pF 

Input Resistance 
'ins 1.2 10 I 2 Kr) 

Output Resistance 
'oss 2.8 12 12 at I 44 MHz KO 

Magnitude of Formad Teansedmittance rtgi 11000 11000 2100' ...mho 

Phase Angle of Forward 
Teansadmillance /Ft -46 -II degrees 

Maximum Available Paver Gain NAG 20 35 14•• dB 

Maximum Usable Pow* Gam 
(Unneutralized) MUG,.  20 ' 

I Stage 28 
2 Stages 26 
3 Stages 24 

- dB 
dB 
dB 

Power Gain 
See Fig.I for measueement circuit Gps 17 5 - - dB 

Noise Frame NF 5 max. - - dB 

nrtude of fireweed convetsion ban admittance •• Mammum available convmsi on gal, Urn led by medical design eonaldetattens 

DEVICE FEATURES 

• •xtremely low feedback copocitanc• 
C„. = 0.02 pF typ. 

• high power gain 
MUGu = 20 dB typ. for 40600 
MAC = 35 dB typ. for 40602 
MAGc = 14 dB typ. for 40601 

TERMINAL DIAGRAM 

Wed I —Onda 
Wed 1—Gai. Me 
Wed 3— Gee Ne. I 
Wed 4 — lerem. Sebdreeb and Cede 

Maximum Ratings, Absolute-Nammum Values at TA = 

DRAIN-TO-SOURCE VOLTAGE. VD5   0 to •20 V 

GATE No.1-TO-SOURCE VOLTAGE, VGIgt 

Continuous (dc)   • I to -8 V 

Peak ac   •20 to -8 V 

GATE No.2-TO-SOURCE VOLTAGE, VD2S' 

Continuous (dc)   -8,040%01'4)g V 

-8 to •20 V 

•20 V 

Peak ec   

DRAIN-TO-GATE VOLTAGE. Viso' or VDG2  

DRAIN CURRENT, ID (Puleed) 

Puler durattwt _4 20 
duty factor 0.15  50 mA 

TRANSISTOR DISSIPATION. PT: 

Al ambient (up to 25°C   400 met 
above 25•C   tempe  derate iineetly at 

2.67 mt4/•C 
AMBIENT TEMPERATURE RANGE: 

Storege and Operating   -65 to •175 °C 

LEAD TEMPERATURE (During soldering): 

At dialances > 1/32" from seettng 
surface toi 10-seconds max  265 °C 

• Tubular ceramic. 

• Disk ceramic. 

Ferrite bead 11/2 used): Indiana General No. 01742C-(A-147) 
S. F1157-1-H, or equivalent. 

CI,C2: 1.5-5 pF unable an capacitor: E. F. Johnson Type 160-102, 
or equivalent. 

Cs: 1-10 pF piston-type variable air capacitor: JED Type VAM-010, 
Johanson Type 4335, or equivalent. 

C4: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
1411-13,.or equivalent. 

LI: 5 turns silver-plated 0.02" thick, 0.07". 0.08"wnle copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns horn Cl end 
of winding. 

L2: Same as L1 except winding length approx. 0. 7". no tap. 

Fig.I - 200 MH: Poster Gain and Noise Figure Test Circuit 
for 40600 and 40602 

For characteristics curves, refer to type 3N140. 
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40603. 40604 

SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 
N-Channel Depletion Types 
For FM Tuner Applications 

RCA 40603 and 40604 are n-channel silicon, deple-
tion type, dual insulated -gate, field-effect transistors 
utilizing the NOS 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 typ. 
pF) the 40603 can provide a power gain of 25 dB (tYP•) 
at 100 MHz in an unneutralized amplifier circuit. 

The gain of the rf stage can be controlled by apply-
ing agc voltage to gate No.2. Virtually no agc power is 
required for full gain reduction. 

The 40603 and 40604 are hermetically sealed in 
JEDEC TO-72 packages. 

ELECTRICAL CHARACTERISTICS, at TA 25°C 

Maximum Ratings, Absolule•Maximum Values al TA • 25.C: 

DRAIN -TO-SOURCE VOLTAGE, Vps 0 to •20 V 
GATE No.I-TO-SOURCE VOLTAGE, Voig: 

Continuous (dc)   -8 to •1 
Peak on   -8 to •20 

GATE No.2-TO-SOURCE VOLTAGE, Vozg: 
Continuous (dc)   -8 to 40% of Vos V 
Peak ac   -8 to •20 V 

DRAIN-TO-GATE VOLTAGE. 
VDol Or Voo2  .20 

DRAIN CURRENT, ID (Pulsed): 

l'I'ti;ofeer0.452°".. 

TRANSISTOR DISSIPATION, PT: 
At ambient f up to 25°C   400 mW 
temperatures Ç above 25°C   derate linearly eit 

2.67 mW ""C 
AMBIENT TEMPERATURE RANGE: 

Storage and Operating   -65 to .175 °C 
LEAD TEMPERATURE (During soldering) 

At distances > 1/32" from seating 
surface for 10-aeconds max.   265 °C 

V 

V 

50 mA 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

LIMITS 

UNITS 
40603 

RF AMPLIFIER 

40604 

MIXER 

Typ. Max. Typ. Max. 

Gate No.1-to-Soutce COON 
Voltage 

%staff)  
Vos • 015 V, ID • 205 nA 
Von• el V 

V 

Gate No.2-Io-Souece Cutoff 
Voltage 

VG2storn 
VD1 • .15 V, l D • 200 un 

%S .(' 
v 

Gate No.I Leakage Cuiront 'piss V015 = -to v, V025 • 0, Vos • 0 - I - I nA 

Gate No.2 Leakage Current IG2ss VG2s • -20 V. Vms • 0, VDs • 0 - 1 .. I nA 

Zero-Bras-Vollage Drain Canent IOW VG2S 0 °I V. VGIS ' 0, Vos • .13 V 18 - 18 - mA 

Sman-S.enai, Shott-Crecurt 
Reyeese-Teanslet Capacitance 
(Dtain-to-Gate-NO.11 

Ce” 
VDs • +13 V, ID = 10 mA, t • I MHz 
V025 n .4 V 

0.02 0.03 0.02 0.03 pf 

Mput Capacitance C igy 
Vos • .13 V, to • 10 niA 
V025 0 .4 V, t • I MHz 

5.5 - 5.5 - PF 

Output Capacitance c_ 
°F. 

Vos • 013 V. ID • 10 mA 
VG25. .4 V, I • 100 MHz 

2.1 - 2.3 
.. OF 

Input Restslan ce lis 
Vos • .13 V, ID • 10 mA 
Vcas • .4 V I • 100 MHz , 

3.5 - 3.5 - kG 

Output Resistance 'Os 
Vie. - •ILVA I - 100 MHz 4 - - - kfi 

Von ,' .4V I - 10.2 MHZ - - to - le 

Forced Ttansconductance ifs 
1 Vos .•3 V, to • 10 mA 

VG2s • tri V, I • I kHz 
10.000 - 2800° ..'mho 

Maximum Available Power Gain MAG Vos - .13 V, ID • 10 mA 

VG35 ' .4 V 
I - 100 MHz, lep for 40604 

nenxerl - 10.7 MHz 

26 - 21 - dB 

Maximum Usable Power Gain 
11.1nneutealized) 

MUG 25° - -- - OB 

Noise Flute NF 2.5 - - - dB 

• conyeeseon banScanduclance 
.of considerations 

PERFORMANCE FEATURES 

• largo dynamic range permits large-signal handling be-
fore overload 

• dual 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•elfect 
transistors 

DEVICE FEATURES 

• extremely low feedback capacitance 
= 0.02 pF 'pp. 

• high unneutralized RF power gain 
MUG = 25 dB (typ.) for 40603 

• low noise figure 
NF = 2.5 dB app. for 40603 

TERMINAL DIAGRAM 

toad 1 - Drain 
teed 2 - Gate He. 
teed - Gale Me I 
Wen a - Seem, Sunshine end Case 

For characteristics curves, refer to type 3N140. 
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40673 

SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTOR 
N-Channel Depletion Type With Integrated 
Gate -Protection Circuits 
For RF Amplifier Applications up to 400 MHz 

RCA-40673 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 
i10 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 40673 to retain the wide input signal dynamic 
range inherent o 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-40673 make it useful for a wide variety of cf-amplifier 
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-source configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization; and, of special im-
portance in ri-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 40673 is hermetically sealed in the metal JEDEC TO-72 
package. 

emetai-oxiowsemiconouctor. 

Meximum Retings. A lesolufe.Aresinuon Values. at TA 23°C 

DRAIN-TO-SOURCE VOLTAGE. VDs -0 2 to 020 
GATE No.1-TO.SOURCE VOLTAGE. Vois 

Continuous Idol   -6 to or 
Peek ac   -6 to «6 

GATE No.2-TO-SOURCE VOLTAGE, Vogs. 
Continuous 1.1  0 to 30% of Ups 
Peak .   -6 to «6 

DRAIN-TO-GATE VOLTAGE. 
',MI OR VDG2   «20 V 

Vv. 

Vy 

DRAIN CURRENT. ID   50 rnA 
TRANSISTOR DISSIPATION. PT. 

At ambient t up to 25°C   330 mW 
temperatures f above 25ifiC derate linearly at 

2.2 roWPC 
AMBIENT TEMPERATURE RANGE, 

Storage and Operating   to.-175 OC 
LEAD TEMPERATURE (During soldering) 

At chstences.,k1/32 inch from 
seeing surface for 10 seconds max. 265 OC 

ELECTRICAL CHARACTERISTICS, at TA • 2511C unkns odserwise specified 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

GateNo.l.to-Sourca Cutoff Voltage V G1S(off) 
VDs = +15V, ID » 2001,A 
VD2s = +4V -1 -4 V 

Gate-No.2.to-Source Cutoff Voltage VD2sion) 
VDs = + 
vG i s .15V, ID - 200uA o - -2 -4 V 

Gate-No .1-Leakage Current IGISS 
VG1S = +1 or-6 V 

VDS ' Oi VG2S ' 0 
50 nA 

Gate-No.2-Leakage Current IG2SS 
VG2S = i6V 
VDS = O. VG1S = 0 50 nA 

Zero-Bias Drain Current IDSS 

VOS ' '15V 
VD2s = 44V 

VG IS ' 0 

5 15 35 mA 

Forward Transconductance 
(Gate-No.1-to-Drain) gfs 

VDs = +15V, ID = 10mA 

VG2S = ,4V,f .- IkHz 12,000 urnho 

Small.Signal, Short.Circuit Input 
Capacitance 1 Cira6 

VOS =415V, ID = 10mA 

VG2S '1 04V• i'l MHz 

- pF 

Small-Signal, Short-Circuit, 
Reverse Transfer Capacitance 
(Drein.teGete Nell a 

C,„ 0.005 0.02 0.03 PF 

Snell-Signal, Short.Circuit Output 

_Capacitance  Co, 2.0 - pF 

Power Gain Isee Fig. 11 GPO 

Ups = 015V, ID = 10mA 

VG2S ' +4V, f = 200 MHz 

14 18 dB 

Maximum Available Power Gain MAG 20 dB 

Maximum Usable Power Gain 
(unneutralized) 

MUG 20 dB 

Noise Figure Isee Fig. I) NF - 3.5 6.0 dB 

Magnitude of Forward Transadmittance I Yf ,I - 12,000 - umho 

Phase Angle of Forward Trans 
eminence 8 - -35 degrees 

Input Resistance net - 1.0 - k 0 

Output Resistance ro ss 2.6 - Ir 0 

Protective Diode Knee Voltage Vknee 
IDIODE(REVERSE)= 1100uA .10 - V 

•Limited only by practical design considerar ors. 

'Capacitance between Gale No. I and all other terminals 
/Three-terminal measurernent with Gate No. 2 and Source returned to guaid terminal. 

For characteristics curves, refer to type 3N 1 87. 
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APPLICATIONS 

• RF arnplifi.. 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 singlegate PET s 

• wide dynamic range permits large-signal handling 

before overload 

• dual-gste permits simplified ago circuitry 

• virtually no age power requirea 

• 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 - 

IGISS & IG2SS 20 nAlmax.) at TA = 25°C 

• high9:712ard000 t r a n.scwohnod (utyc tap nc) e - 

• high unneutratized RF po,yer gain - 

G, = 18 dBltyp.) at 200 MHz 

• low VHF noise figure - 3.5 c113(typ.) at 200 MHz 

3 

Q • 40673 

• Disc ceramic. 

'Tubular ceramic. 

TERMINAL DIAGRAM 

LEAD 1-DRAIN 
LEAD 2 -GATE No. 2 
LEAD 3 -GATE No. 1 
LEAD 4 -SOURCE, SUBSTRATE 

AND CASE 

tFerrite bead (4); Pyroferric Co. "Carbonyl .1" 
0.09 in. OD; 0.03 in. ID; 0.063 in. thickness. 

All resistors in ohms 

All capacitors in pF 

CI: 1.8- 8.7 pF variable air capacitor: E.F. Johnson Type 160-104, 
or equivalent. 

C2: 1.5- 5 pF variable air capaci to: E.F. Johnson TN» 160-102, 
or ectuvalent. 

C3: 1- 10 pF piston-type variable air capacitor: JFD Type VA/A-010; 
Johanson Type 4335, cl equivalent. 

0.8 - 4.5 pF piston type variable air capacitor.Erie 560-013 or 
equivalent. 

LI: 4 turns silver-plated thick,0.075-0.085-in. wide,copper 
ribbon. Internal diameter of winding • 0.75 in, winding length 
approx. 0.80 in. 

L2: 41, turns silver-plated 0.02-in. thick, 0.085-0.095-in. wide, 516-in. 
ID. Coil = .90 in. long. 

Fig. 1. 200-MHz Power gain and noise-

figure test circuit 



Fig 

40819 

Silicon Dual-Insulated-Gate Field-Effect Transistor 
N-Channel Depletion Type 

With Integrated Gate-Protection Circuits 

For RF Amplifier Applications up to 250 MHz 

RCA-40819 q an n-channel silicon, depletion type, dual in-

sulated-gate field-effect transistor (FEU 

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. 
tien 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 at 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. 

ELECTRICAL CHARACTERISTICS, at TA v 25. C unless otherwise specified 

CHARACTERISTICS SYMBOLS 
LIMITS 

UNITS TEST CONDITIONS 
Min. Tess. Max. 

Gate-No.1-to-Source Cutoff Voltage VG learn 
• 1/Ds +15 V, ID • 200 isA 

V525 = +4 V 
- -2 -4 V 

Gat• No.2-to-Source Cutoff Voltage VG2Sloffl 
• • Ups +15 V,I0 201:lee 

VG1S . 0 
-4 v 

Gate•No.I.Leakage Current 1G 1SS 
. V015 ± 6V 

VOS• O.VG2S • 0 
- - 50 nA 

Gate.No.2-Leakage Current 1625S 
• VG2S ± 6 V 

VOS• O.VG1S • 0 
- - 50 nA 

Zero-Bias Drain Current lass 
VDs = y 15 V 

VG2S = +4 V. VGIS • 0 
5 15 35 mA 

Forward Transconductence WateNo.l.to.Orain) gis 
VIM • +15 V, ID • 10 mA 

VG2s • +4 V.1 • 1 kHz - 
12,000 - P.M 

Small-Signal, Short-Circuit Input Capacitance Ciss 

VDs = +15 VAG • 10 mA 

VG2S • +4 V, I • 1 Mill 

- 6 - pF 

Small-Signal, Short-Circuit, 
Reverse Transfer Capacitance 
lOrain-to-Gate No.114 

C r. 0.005 0.02 0.03 PF 

Small-Signal, Short-Circuit Output Capacitance Coss - 2 PF 

Power Gain (see Fig. 1) Gps 

Vim • •15 V. ID • 10 mA 

VG2S = 04 V, f • 200 MN: 

14 18 - dfl 

Maximum Available Power Gain MAO - 20 - dB 

Maximum Usable Power Gain lunneutralized) MUG - 20  - dB 

Noise Figure (see Fig. 11 NF - 3.5 6.0 dB 

Magnitude of Fonvard Transadmittance tYAI - 12,000 - ;mho 

Phase Angle of Forward Transadmittance 6 - -35 - degrees 

Input Resistance riss - 1 krt 

Output Resistance ross - 2.8 - kri 

Protective Diode Knee Voltage Vknee Idiode (reverse) r ±100 PR - +10 - y 

• Limited only by practical design considerations. t Capacitance between Gate No.1 and all other terrmn Is. 

6 Three-terminal measurement with Gate No.2 and Source returned to guard terminal. 

IFFerrite bead (4); Pyroferric Co. 40673 
"Carbonyl J" 0.09 in OD; 0.03 V Disc ceramic. 
in ID; 0.063 in thickness. • Tubular ceramic. 

All resistors in ohms 

All capacitors in pF 

Cs: 1.8 - 8.7 pF variable air capacitor: E. F. Johnson 
Type 160.104, or equivalent. 

C2r 1.5 - 5 pF variable air capacitor: E. F. Johnson Type 
160402. or equivalent. 

non C3: 1 10 pF piston-type variable air capacitor: JFD 
Type VAM.010; Johanson Type 4335, or equivalent. 

Cg: 0.8 - 4.5 pF piston type variable air capacitor: Erie 
560.013 or equivalent. 

Li: 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. 

L2: 4-112 turns silver-plated 0.02 in thick, 0.085-0.095-
in wide, 5/16-in; ID Coil • .90 in long. 

1. 200 MHz power gain and noise figure test circuit 

For characteristics curves, refer to type 3N187. 

The back-to-back diode configuration permits the 40819 to 

retain the wide input signal dynamic range inherent in the 
MOSF ET. In addition, the low junction capacitance of these 

diodes adds little to the total capacitance shunting the signal 
gate. 

The 25-volt drain-to-source rating permits the use of higher 
voltage power supplies. 

The 40819 is hermtically sealed in the metal JE DEC TO-72 

package. 

TERMINAL DIAGRAM 

LEAD 1 • DRAIN 
LEAD 2 • GATE No.2 

LEAD 3 • GATE No.1 

LEAD 4-SOURCE, 

SUBSTRATE, AND CASE 

Device Features 

• back-to-back diodes protect each gate against handling and 
in-circuit transients 

• high forward transconductance: gf, . 12,000 /mho Hy's./ 

• high unneutralized RF power gain: G, = 18 dB rte./ at 

200 MHz 
• low VHF noise figure: 3.5 dB try's.) at 200 MHz 

• low gate leakage currents: IG1SS Err 1G2SS = 50 nA at TA = 25. C 

• increased drain-to-source voltage rating: Vos = -0.2 to +25 V 

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 

• greatly reduces spurious responses in FM receivers 

• dual gate permits simplified AGC circuitry 

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 

Absolute Maximum Values, at TA 25°C: 

Drain-té-Source Voltage_ Vos  -0.2 to .25 

Gate Terminal Current. 
'GIS . 1025  ±100 

Drain-to-Gate Voltage, 
VDDI Of VoG2  .31 

Drain Current, ID  

Transistor Dissipation, PT: 

At TA up to 25°C   330 onW 

At TA above 25°C   derate ',needy 2.2 rnWPC 

Ambient Temperature Range: 

Operating and Storage   m .115 OC 

Lead Temperature (During Soldering, 

At distances 1/32 in from sewing 
surface for 10 s tow.   265 

50 

V 

mA 

Maximum Ratings 

Continuous Working Voltage*, at TA= 25°C: 

Gate Not-to-Source Voltage. VoIS . -6 to +3 

Gate No.2-to-Source Voltage. VG2s • • -6 to e6 or 
40% of V05 

Whichever value is lessl 
Drain-to-Gate Voltage, V0D1 or 

  .25 VDG2 

.0 

Continuous Working Voltage Ratmgs must be observed m maintain 
device characteristics. Thew ratings are based on long-term con-
tinuous voltage operation but may be exceeded tor short durations 
les. testing ol device dmracteristicsl, provided the absolute Maxi-
mum Ratings are not exceeded. 
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40820, 40821 

Silicon Dual-Insulated-Gate Field-Effect Transistors 
N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 
For VHF-TV Tuner Applications 

40820 - RF Amplifier 40821 - Mixer 

RCA-40820 and 40821 are n-channel silicon, depletion type, 

dual-insulated-gate, MOS• field-effect transistors for RF 
amplifier (40820) and mixer (40821) applications in 
VHF.TV receivers and other commercial equipment 

operating at frequencies up to 250 MHz. 

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. 

Virtually no AGC 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. 

• MeNI.OxideSerniconductor. 

Fiat - 

Device Features 

• back-to-back diodes protect each gate against handling and in-circuit transients 

• high forward transconductance: gii = 12,000 prnho ItyP.) 

• high unneutralized RF power gain: Gpi = 17 dB (typ.) at 200 MHz 1408201 

• low VHF noise figure: 3.5 dB ltyp.1 at 200 MHz (40820) 

• low gate leakage currents: loiss & IG2SS = 50 rlA 

Performance Features 

• superior cross-modu Ntion performance and greater 

dynamic range than bipolar or single-gate F ET s 

• wide dynamic range permits large-signal handling 

before overload 

• virtually no ago power required 

• dual gate permits simplified AGC circuitry 

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. 

Integral back-to-back diodes protect the gates against damage 

n 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. 

Maximum Ratings 

Continuous Working Voltage*, at TA= 25."Ct 

Gate No. 1-to.Source Voltage, Voss   

Gate No. 2-to-Source Voltage, Vo2s   .6 to +6 or 40% of Vos 
(whichever value is less) 

Drain-to-Gate Voltage, Voo l or Voo2  +20 

Absolute Maximum Values, at TA = 25°C: 

Drain-to-Source Voltage, Vos   -0.2 to +20 
Gate Terminal Current, lois or lo25   2100 

Drain-to-Gate Voltage, VDG1 nr VOG2   +26 
Drain Current, 1D   50 
Transistor Dissipation: 

At TA up to 25°C   330 
At TA above 25°C   

Ambient Temperature Range: 
Operating and Storage   -65 to +175 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating 
surface for 10 s max.   265 

40820 

-6 to +3 

TERMINAL DIAGRAM 

40821 

-4.5 to +3 
-4.510-1-4.5 or -4.5 to 40% of Vos 

Whichever value is less) 
+20 

derate linearly 2.2 mW/°C 

-0.2 to +20 
±100 

+24.5 
so 

330 

-65 to +175 

265 

LEAD 1 — DRAIN 
LEAD 2 — GATE No.2 
LEAD 3 — GATE No.1 
LEAD 4 — SOURCE, SUBSTRATE, AND CASE 

V 

V 
PA 
V 

mA 

mW 

°C 

Cc 

= Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-tener continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics/. provided the Absolute Maximum Ratings are 
not exceeded. 

0 = 40821 

Disc. ceramic. 

Tubular ceramic. 

All resistors in ohms 
All capacitors in pF 

Ci, 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-010, Johanson Type 4335, or equivalent. 

Ce: 0.9-7 pF compression-type capacitor: ARCO 400 
Or equivalent. 

Ls: 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 winding. 

L2: Ohmite 2-235 RF choke or equivalent 

L3: J. W: Miller Co. n4580 0.1 pH RF choke or 

equivalent. 

Note: If 500 meter is used in place of sweep detector, a 

low pass filter must be provided to eliminate local 

oscillator voltage from load. 

Conversion power gain test circuit for type 40821. For characteristics curves, refer to type 3N187. 
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40820,40821 

ELECTRICAL CHARACTERISTICS at TA 25°C 

CNARACTEMSMCS SYMBOLS TEST CONDITIONS 

LIMITS 

UNITS 40620 40821 

Min Tye Max Min Top Ma. 

One No I to Source Cutoff Manage VG,101, 1 Vogn •181/.10.2130,411.Vogg• 04V l -3 I 3 V 

Gate No 2 to Source Gaon Voltage vG ,s,.. Voqu • 15V.Icr200a1A,Voss40 1 -3 -1 - 3 V 

Gate lo Sauce Forwed lbeakrIonn_Vollage 
Cm.e N° ' VIBRIGISSF 

.GISSf 
1G,sse 

100 vA 

VG, Vqs 0 - 9 11 V 

Gale No 2 Vipp,G,sgc VGIS VOS ° 9 - 11 V 

Gale to Source Reverse Breakilown Vonage 
Gale No I V,BRIGISSO 

.6 1SSR 
IG,gsta 

tOORA 

VG25 VOS ° 9 11 - sr 

Gate No 2 V,,,,,,ssq VGIS VOS 0 9 
11 V 

Gate No I lumina, foasvati1Cuirent '6155f Vqs VG, 0 
05, 6V 50 - nA 

VG, 4 5V - - 50 nA 

Gale No I Terminal Otero. Cotten, .6155R VDS V625 0 

VG, 6V 50 nq  

VG, 4 5V 50 nA 

Gate No 2 Terminal f orwett Current %MST Vos VG, 0 
VG, 6 V 50 nA 

V025 4 5 V SO nA 

Gate No 2•Ternmal li.ene Co..en, .6755A VDS VG15 

VG25 -6 V 50 - . 

V025 4 5 V 50 nA 

2wo Etin Drain Gwen DS 
Vas • 15 V, VG, (.1,VG, .4 V 05 8 15 05 8 20 rnA 

To...4 Tramconduclance 
1Gate No 14o-Drainl 9Is 

V°, • IS V 
ID 10 rn4 

VG, •4 V 

I 1 IN, 12000 12000 - aunno 

Sr.,. Signet, Matt Cabin Input Capacitance* CO3 

ilk*. 

6 85 6 9 oF 

Smelt Siena,. She., Grew, Reverse Tgant.e. 
Capacitance (Drain to Gate No 114 

C,„ 0005 002 003 O08N 002 004 pf 

$ewn Signal, $awn Circuit Output Capacitance Co“ 2 - 1 - of 

Power Gain lue Fig. 6/ Gps 

I 200 NMI 

14 17 - 4E1 

Noose Figure Ise. Fig. 61 NF 45 6 dB 

Conversion Gen GPSIC / I 200,44 MN, - - 11 - - dB 

• Capacitance between Gale No land ail cone, terminals 

EXTERNAL SHIELD 
1 “c• -4 .4 v 

Fie.2 - 

4 Due* terminal ineapiternent Goe No 1 and Saefft nnioned to guard «mind 

Ca OUTPUT 

Calla177 TYPE 
2235 OR EOUIV.1 

-J 

iSv 9015.174011 

XFernte bead MT PYrOlertic Co 0=. 40820 
-Carbonyl r 0.09 in OCT 0.03 • Disc cetenq 
¡nID. 0.063 in thickness. Tubule. cerarn.c. 

All resistors in ohms 

All capaoiloelifl pF 

Cl: 1.8 - 8.7 pF variable air capacitor E. F. Johnson 

Type 160-104. or equtealent. 

C2: IS - 5 pF variable au capacitor: E. F. Johnson TM,. 
160.102. or equwalent 

C3, 1 - 10 pF piston lope variable air capacitor: JED 
Type VAM.010; Johanson Type 4335. or equivalent. 

Ca 08 - 4.5 pf piston type variable air capacitor. Erie 
560.013 or equivalent 

Ls, 4 turns silverelated 002-in thick, 0.075-0.085 in 
wide, copper ribbon. Internal dsielete, of winchng 
0.25 in, winding length approx. 0110 in. 

4112 turns olverolatect 0.02 in thick. 0.005-0095-
iv wide. 5116-in, 10 Coil 100.90 in. tong. 

L2: 

200 MHz power gain and noise figure test circuit for type 40820. 

Table 1 - y parameters vs frequency 

CHARACTERISTICS SYMBOL 
FREQUENCY MHO 

UNITS 
50 100 200 250 

Y Parameters 

Input Conductance Yis 0.08 0.33 1.0 1.6 mmho 

Input Susceptance bis 1.8 3.6 7.5 9.8 mmho 

Magnitude Forward Transadrnittance Ive,) 12 12 12 12.3 mrnho 

Angle of Forward Transadmittance <YIN -2 -13 -35 -45 degrees 

Output Conductance Boy 0.10 0.18 0.36 0.42 mmho 

Output Susceptance bos 0.5 1.0 2.0 2.6 mMAO 

Magnitude of Reverse Transadmittance IY,51 8 12 25 40 prnho 

Angle of Reverse Transadmittance <Yes -88 -73 -25 -10 degrees 
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40822-40823 

Silicon Dual-Insulated-Gate Field-Effect Transistors 
N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 

For FM Tuner Applications 

40822 - RF Amplifier 40823 - Miner 

RCA-40822 and 40823 are n-channel silicon, depletion type, 
dual-insulatedgate. field-effect transistors for RF amplifier 

140822) and mixer (408231 applications in FM receivers and 
other commercial equipment operating at frequencies up to 

150 MHz. 

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. 

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 

Maximum Ratings 

Continuous Working Voltage*, at TA n 25°C: 

Gate No. 1-to-Source Voltage, VGis 

Gate No. 2-to-Source Voltage, VD2s 

Drain-to-Gate Voltage, VD01 or VDG2 

Absolute Maximum Values, at TA - 25°C: 

Drain-to-Source Voltage. Ups   -0,2 to +18 
Gee Terminal Current, IGis or 102g   1100 

Drain-to-Gate Voltage, V001 or VGG2   +24 
Drain Current, ID   
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.   

Performance Features 

Device Features 

• back-to-back diodes protect each gate against handling and in-circuit transients 

• high forward transconductance: gf, = 12,000 urnho (typ.) 

• high unneutralized RF power gain: G, Y 24 dB (typ.) at 100 MHz (40822) 

• low VHF noise figure: 2 dB Ityp.) at 100 MHz (40822) 

• low gate leakage currents: IGiss & IG2ss 50 nA at TA Y 25°C 

• 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 
• virtually no agc power required 

• greatly reduces spurious responses in FM receivers 

• dual gate permits simplified AGC circuitry 

arrangement also makes it possible to isolate the local 

oscillator signal from the incoming signal by applying each 
signal to a specific 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. 

40822 

  -6 to +3 
  -6 to +6 or 40% of VDS 

(whichever value is less) 
+20 

50 

40823 

-4.5 to +3 

-4.5 to +4.5 or 4016 of VDS 
(whichever value is less) 

+20 

330 

derate linear y 2.2 mW/°C 

-65 to +175 

265 

-0.2 to +18 

2100 
+22.5 

so 

330 

-65 to +175 

265 

V 

irA 

mA 

mW 

°C 

nC 

e Continuous Working Voltage Refine mu t be observed to maintain device characteristics. T ese rating, are based on long-term continuous 
voltage operation but nay be exceeded for short durations le.g. testing of device characte r • rr ic I. provided the Absolute Maximum Permeate 
not exceeded. 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 
LIMITS 

UNITS 40822 40823 

MM, TYP. Max. Min. Tea. • me . 
Gate No 1-le Source Cutoff Voltage Vo sssoss Vosk •115V,1 12«200stA,Vogsk e4V _ _2 _, _ _2 _, y 

Gate No 2.1eSource Gaon Voltage Vonsoso Vow. •1 15V,10»2006A,Vosse0 - 2 - 4 y 
Gee lu Source Forverd Breakdown Voltage 

Gate NO 1 ViBRIGISSF 
IGISSF • 
Ions,. 

100114 

Vo2s • Vos .0 9 - 11 V 
Gate Ne 2 VirouGm f Voss • Vos • 0 9 - - 11 - V 

Gabe.to-Source Reverse Breakdown Voltage 
Gate No I Vsepsosses 

IGISSFI • 

IG2SSR • 
1000A 

Vo2s • "Os • 0 9 - It - V 
Gate No.2 Vsessionsp Voss • Vos • 0 9 - 11 - V 

Gate No 1-Terminal Forward Curvet IGISSF Vos • Vo2s 0 ',GIS • 6 V 
_ 50 nA 

Voss • 4.5 V - - - - 50 nA 

Gate No. 1-Terrnmel Reverse Current IGISSR Vos • V025 0 
Voss • -6 V nA 

Vote • -45V - - - - - 50 nA 

Gate Ne 2-Terminal forward Current IG2SSF Vos • Voss 0 
Vo2s • 6 V nA 

Vo2s • 4.5 V - - 50 nA 

Gate No /Terminal Reverse Current 102350 Vos • Voss • 0 
VG2S • -6 V nA 

V030 -45V - 50 nA 

Certe.Bies Ckam Curren; lOS Vos • .15 V. VG, • 0,Vo2s • 04 V 5 15 30 5 15 35 mA 

Forwerd Tranwonductance 
IGate No. 1-to-Drein) 91, 

Vos • •I5 V 
lo • 10 inA 
Vo2s••4 V 

I - I kHr - 12000 - - 12000 - prnho 

Small Signal. Short-Circuit Input Capecitence t C,s, 

I.• 1 MHr 

6.5 95 6.5 10 pF 

Small Signal. Short.Circuit. Reverse Transfer 
Cepacitarice I Dren.to.Gate-No 114 

, 
hss soos 0020 0030 0.005 0.025 0.015 pf 

Small-Signal. Short.Circeit Output Capecitance C.s. 2 2 - pf 
Power Gain use Fit S) GPS 

1 • 100MHz 

19 24 - dB 

Norse Figure Ise Fie. 51 NF - 2 3.E dB 
Conkereon Gain 

GPSIC1 I • 100 to 10.7M112 - - la 18 dB 

t capacitance between Gate No 1 a. al, other tern... 

Miff 220 oF 

47 52 

Clint 

u4 lcarrout 

LT 

CER 
TUS 

EXTERNAL 
!MELD 

ono sr_ 

Be 

Isse 5 ea 

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. 

50 pF max. compression-nee 
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 

40823. 

capacitor: Arco 405 or 

iel • 100/10.7•MHz conversion power gain test circuit 
for type 40823. 

LOCAL OSCILLATOR 
55 „,, -r-

11n 5 L ° 035y0 I OUTPUT 
10 7 
61115 

INPUT 
100 
.1•12 

¡pus iS 

CI,C2: 1.3-5.4 pF variable air capacitor 
C3:1-10 pF variable nie capacitor, piston type: 
Johanson Co.. No. 4335 
C4:1.15 pF variable air capacitor, precisen piston type, 

Roanweli Corp. SG11129/AG 

1.1 L2: 0.22 JAH RF choke 1711: Miller, No. 4584 
•Ferramic toroid 11/2 used): Indiana General, 

No. CF101-10-61 

Fig2 100•Afflz semi- pin and noise figure test circuit 

for type 40822. 

TERMINAL DIAGRAM 

C1: 

C2: 

I-1: 

L2: 

O. 

IT V. 

LEAD I - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No .I 
LEAD 4 - SOURCE. SUBSTRATE ANO CASE 

Threelerminel meet/rem, with Gete No 2 and Source returned to ewe, terminal. 
For characteristics curves, refer to type 3N187. 
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40841 

Silicon Dual-Insulated Gate Field-Effect Transistor 
N-Channel Depletion Type 

With Integrated Gate-Protection Circuits 

General-Purpose Economy Type for Applications 
from DC to 500 MHz 

RCA-4084I 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 lovv cross-modulation 
performance over the AGC 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 by 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 pacsage. 

Device Features: 

• backso-back diodes protect gate insulation against damage 
due to static changes frequently encountered during handling 

• high forward transconductance: 0f s = 12,000 pmho (typ./ 

• high power gain: Gp, = 32 dB (We.) at 44 MHz 

• gate leakage currents: IG1sS and IG2ss = 60 nA (maxi 

st TA = 25°C 

• high input impedance 

• excellent thermal stability 

Performance Features: 

• superior cross-modulation performance and greater dynamic 

range than bipolar and iunction-gate FETs 

• wide dynamic range permits large-signal handling before 

overloading 

• virtually nu agc power required 

• greatly reduced spurious responses in AM and FM receivers 

• dual-gate configuration permits simplified AGC circuitry 

• operates at frequencies to 500 MHz without neutralization 
in circuits utilizing the dual-gate configuration 

• operates up to UHF with low-noise performance 

The following dual-gate MOS/FET types are specified for 

applications requiring preminsurn-grade performance: 3N200. 

3N187, 40673, 40819, 40820, 40821, 40822, and 40823. 

Detailed information, utilizing RCA dual-gate protected 
MOS/FETs in RF applications, is given in the following RCA 
Application Notes: AN-4431 "RF Applications of the 

Dual-Gate MOS/FET up to 500 MHz" and AN-4018 "Design 
of Gate-Protected MOS Field-Effect Transistors". 

Maximum Ratings 

Absolute MdXiM1.1111 ValUPS. at TA = 25°C: 

Drain-to-Source Voltage, VDS   

Gate Terminal Current, 'GIS of 1025   

Gate Terminal Current, IGs   

Drain-to-Gate Voltage, VOG1 0e VDG2   

Drain-to-Gate Voltage, VDG   

Drain Current, IG   

Transistor Dissipation: 

At TA up to 25°C   
At TA above 25°C   

Ambient Temperatúre Range: 

Operating and Storage   

Lead Temperature (During Soldering): 

At distances 1/32 in from seating surface for 10 s max.   

Continuous Working Voltage', at TA = 25°C: 

Gate No. 1-to-Source Voltage. VG1S   

Gate NO, 2-to-Source Voltage, VG2s   

Gate-to-Source Voltage, VGS   

Drain-to-Gate Voltage, VDG1 on VDG2  

Drain-so-Gate Voltage. VOG   

.Continuous Working Voltage Ratings must be observed to maintain device crar cle ,,,,, cs. These ratings are based on lung-term continueuv 
voltage operation but may be exceeded for short durations leg, testing of device characteristicsl.ProTided the Absolute Maximum Ratings 
are not exceeded. 

Dual-Gate 
Configuration 

-0.2 to +18 

±100 

+24 

;-0 

Single-Gate 
Configuration 

-0.2 to +18 

±100 

+24 
50 

330 330 

derate linearly 2.2 mWPC 

-65 to +175 

265 

-4.5 to +3 

4.5 to +4.5 or 40% of VDS 
(whichever value is leas( 

-65 to +175 

265 
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vats 
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',roe 
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AMR ENT TEMPERATURE tIkl • 25 

...- . 

C . 

.... 

-r 0 
GATE NO 2-TO- SOURCE VOLTS I 

•105 • ...CA, 

Fig.2-10 VG2S. 

-4.5 to +3 

+20 

+20 

GATE NO 2- 0-SOURCE VOLTS I Vgael 
AMBIENT TEMPERATURE I T., I • 25 •C 

V 
pA 

pA 

V 

mA 

mW 

oc 

oc 

V 

CATE ten I-TO-SOURCE VOLTS Ivg.,/•0 

• 6 . 
mein - TO - SOuRCE vOL TS I V Ds, 

Wfs-.11o..3 

Fig.3-10 f. VOS. 

Applications: 

• DC amplifiers 
• RF amplifiers 
• mi xers 
• IF amplifiers 
• video amplifiers 

• differential amplifiers 
• frequency multipliers 

• phase splitters 
• industrial timers - long 
• thyristor trigger circuits 

• choppers 
• voltage-controlled attenuators 
• constant-current source 
• voltage regulators 
• telemetry & multiplex 

• servo amplifiers 
• proximity switches 

time delays 

TERMINAL DIAGRAMS 

SINGLE-GATE CONFIGURATION 

LEAD I-DRAIN 
LEADS-2 AND 3-GATE 
LEAD 4-SOURCE. 
SUBSTRATE AND CASE 

DUAL-GATE CONFIGURATION 

LEAD I-DRAIN 
LEAD 2-GATE No.2 
LEAD 3-GATE No,! 
LEAD 4-SOURCE 
SUBSTRATE AND CASE 

0 
GATE NO I-TO-SOURCE VOLTS tvG,s1 

92, .04 

Fig.1-lo vs. VG Is. 
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TREOuENCY 111.. I «Ns 

Ill  
.-„'-'-.--.---n-'-' 
-',-.-I- I--1 -- 

„ 
I-I 

Gam,. TO-SOURCE VOLTS tvoe•15 

GATE NO 2 TO SI vGze• •4 ' , 

• 
- . 
... 

I, 
..-

-•-.... .-

-. .. •2=-': 
%...._..— - 

''''-... ::.-.,'.. 

' • l 

• 
GATE NO i.tO.SOURCE VOLTS 

OM- use 

Fig.4-gfs ss. V0 IS' 
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40841 

ELECTRICAL CHARACTERISTICS It Te 250C 

CHARACTERISTICS SYMOOLS TEST CONDITIONS 

LIMITS 

UNITS CONFIGURATION 
DUAL4ATE SINEILEGATE 

MIN. TOP. MAX. MIN. TYP, MAX. 

Gete to Sour. Cutoff Voltage 

Dual.Gete (No. 11 Voss/eio Vim. •16V,10.200NA,Vo2s e.4V 

Dual Gate (No 2) VD7s/otO ADS' •16V,low200pA.VolS.2 

Smile Gee VGS(.11) V os •113V.le 200mA -1e - V 

Gatelo.Source Fasverd Breakdown W (IN.' 

Dual.Gete (No. 11 VORIGISSf 

1GISSF ' 

IG2SSF ' 

100PA 

V025 • Vos • 0 - 9 - 

DuM.Gtte (No 2) Vuolt1G2SSF VG1S • VOS • 0 - 9 - - - - V 

5.040-0.0. VIIIR/GSSF IGSSF ' 100PA. VOS • 0 - - - - 9 V 

Cune.N.Source Reverse Breakdown Voile'. 

Dual Gate (No 11 VIRRIG1SSR 

101556 • 

IG2SSR • 

100PA 

VG2S • VDS' 0 - 9 - - - - V 

Dual.Gete No 21 V(614)52555 VGIS • VDS • 0 
SrngleGate Vismosszt lossat • 1000A. VDs • 0 e - v 

Gem Terminal Forward Current 

Dus1 Gate (No I/ Ions, Vos • Vo2s • 0. VG1s • 6 V - 60 
Dual Gate (No. 2) 1G2SSF VDS • VG1S • 0. V025 • 6 V - 60 nA 

GnMAGete IGSSF VDS . O. VGS • 6v -----120 re 

Gm 0.10110.1 ReNne Curren, 

Mod WHIN° I/ lossss Vos • vG25 • 0. Voss • -6V 60 

Dual Gate Ikto 21 Ions, VDs • Vols • O. Vo2s • -11 V nA 

Sengle.Gate IGSSR Vos • O. VGs • -6 V 

Zero.floss Doan Current 

Dual.Gate .D5 Vos • •I5 V. Voss • 0. Von • HI V - 10 - - - - rnA 

5.040 Gete 1DSS Vos - •15 V. Vos • 0 

Forward itansconductanor (Gate.leDrarn1 

Dual.Gate 1111 

Vos • •15 V 

ID 10 rnA 

[DtoelGAudlo 
VG25 .. «"HIV] 

I kHz vrnho 

SubS4,Gol• et. 

1 • 1 IAH: 

Not. 

Small Sinai Shorl.Gront Input Capacetencet G.. pf 

Small Signals Shon.Crrcurt Reverse Trend.. 
Cap...lance (Drees to-Gels-No 1)6 Cns 0.54 - of 

Send, Sntnel. Short CucLut Output CNN...* CNs 2 - 2 - pf 

Spot None F epee ' 

Dual Gate NE I. I kHz 

5.001. Gate NF 1 • 1 kHz - - 0.79 - dB 

Power Gen 13p, 
44 MHz 32 

Convers.on Gam Gaga 24 - - de 

t CapNnance between Gm No 1 and ell other term/reels ID o I-Gate). Gate and all other terrnonals ISingleGatel 

Three tern»0.l rneetuterneru weds Gate No 2 and Source re toned us guard term. (Dual Gate) 

Norse Few* 10 log10 [1 • 4 :.'n7 4.] where K • 1.3S • 10-43. T Tamper ..... en °KM., EIW Below.. on Se 

R. • Generator merman. 

TYPICAL CHARACTERISTICS FOR 40841 IN SINGLE-GATE CONFIGURATION 

(Terminals 2 and 3 tied together to cOmprise effectift smgle-gtrte) 

-2 - -I -05 0 05 I 16 
DRAIN-TO SOURCE VOLTS (VD, 

liCS-40•• 

TYPICAL CHARACTERISTICS FOR 00801 IN 

SINGLE-GATE & DUAL-GATE CONFIGURATION 

Fig.7—ID A VOS. 

AMBIENT TEMPERATURE Ile 2S•C I III 1 1  

•k.< 

MOLE-GATE CowIGURATIO. 
ADJUST GATE-TO SOURCE 

VOLTAGE 0051 FOR DRAIN 
CURRENT 1101 10.A 

ORAN-TO-SOURCE VOLTS 45 

 I 
DUAL-GATE CONEWURATIoN 
ADJUST GATE NO I-TO-SOURCE 

vaLTAGE VGIN FOR DRAIN 
CURRENT OUI. 10,1.0 

DRAIN-TO-SOJRCE VOLTS 
loots1.13 

GATE No 2-10-SOURCE vOLTS• • 
1 I 1 I 1 I 1 1  
2 • • 2 re III 

CO IS 6 lOE NOE 

FREQUENCY It I —« 
ozcs-osoo• 

to, 

Fig.10—eo N. I. 

-SOURCE C.CINT 
/ANENT YEANERATLIRE OT• I• 25•C 
FREOLIENCY If • I ION 
MAIN TO -SOURCE VOLTS 1%1 .15 

2 3 
GATE NO 2-TO-SOURCE VOLTS 1%001 

WU -.NIT. 

fe2 ES. VG2S-

100011 

0., 

MIT., ADJUSTMENT 
FOR DRAIN 

DRAIN-TO-SOURCE 
AI a 

GATE No 
CURRENT 1/, 

VOLTS 

I-TO 
•10 

elm 

SOURCE 
ma yore 
l• IS 

VOLTAGE 

o 

vsz.••4 
1VOISI 
00 

C 0 

• 

i 

i am 8.5 2-TO-SOURCE VOLTS I vs, st: 

•••••• 0 
a .2.0 
C • 0 0 

, 
, 

Os -o 0 , 

• X • • • 
IC/ 100 IS 10 • 100 • 

FREQUENCY It / —Hz 
•ECS•410S0 

Fig.8—ID as. VD& 

At L TES, STANCE VALUES 
ARL . 0.11.1S SVEN -.We 

Fig.11 —Typical differential amplifier utilizing the 40841 in the ber tical input stage of a solid-state oscilloscope. 

Fie6—en rt. I. 

5001-111.5 

Fig.9—gyi vs. ID. 

DRAIN SILLIAMP0005)001 
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40841 

SOLID-STATE TIMER FOR INDUSTRIAL APPLICATIONS 

o  
5 

tO0 
,co A ce 50 v DC 

GOAt 

s 
TyPE 
e5s 

• Cornell-Dubilier Electroniw—Type MMW or equivalent. 

• R controls dare ion of time delay. At R - 60 mn up ta 
5-minute delay IIRC resistor, Type CGH or equivelentl 

4 This circuit can silo be used at supPIY vcItNiesed 240 V AC 

and 24V AC (6011.1 by changing the velues of RI and 03. 

TIMING CIRCUIT CHARACTERISTICS 

TA —25°C to •60°C 

Accuracy: 31016 lover temperature) 

Repeatability: 12% let 25.CI 

Reset Time: Less than 160 ms 

Fig. 72—Typical timing circuit utilizing the 40841 in a single-gate configuration. 

0 

005 

ZCO- 4049 

% Am • 60V 

20001 

IT • 08A 

D3 IA • 1 nA 

VA 60V 
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Dimensional Outlines 
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Dimensional Outlines 

rEfairbiAL 
CERAMIC FLAT PACKS 

(K) Suffix 
JEDEC MO-004-AF 14-Lead 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX MIN. MAX. 

A 0.008 0.100 0.21 2.54 

B 0.015 0.019 1 0.381 0.482 

C 0.003 0.006 1 0.077 0.152 

e 0.050 TP 2 1.27 TP 

E 0.200 0.300 5.1 7.6 

H 0.600 1.000 15.3 25.4 

L 0.150 0.350 3.9 8.8 

N 14 3 14 

0 0.005 0.050 013 1.27 

S 0.000 0.050 0.00 1.27 

Z 0 300 4 7.62 

21 0 400 4 10.16 

9253•430053 
NOTES: 
1. Refer to Rules for Dimensioning (JEDEC Publication No. 95) 

for Axial Lead Product Outlines. 
2. Leads within .005" 1.12 rnm) radius of True Position (TP) at 

rna)ennum material condition. 

(K) Suffix 
JEDEC MO-004-AG 16-Lead 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.008 0.100 0.21 2.54 

8 0.015 0.019 1 0.381 0.482 

C 0.003 0.006 1 0.077 0.152 

e 0.050 TP 2 1.27 TP 

E 0.200 0.300 5.1 7.6 

H 0.600 1.000 15.3 25.4 

L 0.150 0.350 3.9 8.8 

N 16 3 16 

0 0.005 0.050 0.13 1.27 

S 0.000 0.025 0.00 0.63 

Z 0 300 4 7.62 

21 0 400 4 10.16 

92C5-1727103 

3. N is the maximum quantity of lead positions. 
4. 2 and Z1 determine a zone within which all body and lead 

irregularities lie. 

DUAL-IN-LINE PLASTIC AND FRIT-SEAL CERAMIC PACKAGES 

(F) Suffix 8-Lead Frit-Seal Ceramic 

LYMBOI INCHES 
NOTE 

MILLIMETERS 

MIN. MAX. MIN MAX. 

A 0 155 0 200 394 506 

A, 0 020 0 050 0 506 1 27 

8 0014 0 020 0 356 o sae 

8, 0050 0 065 1 27 1 65 

C 0 008 0 012 0 203 0304 

0 0 376 0 396 955 10 05 

E 0 315 0 345 8.00 876 
E 1 0 240 0 260 610 660 

e, 0 100 TP 2 2 54 TP 

CA 0 300TP 2. 3 7 62 TP 

L 0100 0 150 754 381 

17 0000 0030 0 000 0 762 

a 0° 15. 4 Oe 15e 

N e 5 8 
N, o 6 o 

o, o 040 0 075 I 02 I 90 

S 0 020 0 060 0 508 I 52 

920.1.201127 

(E) and (G) Suffixes 
8-Lead Plastic (Mini-Dip) 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.155 0.200 3.94 5.08 

Al 0.020 0.050 0.508 1.27 

B 0.014 0.020 0.356 0.508 

BI 0.035 0.065 0.889 1.65 

C 0.008 0.012 1 0.203 0.304 

D 0.370 0.400 9.40 10.16 

E 0.300 0.325 7.62 8.25 

El 0.240 0.260 6.10 6.60 

.1 0.100 TP 2 2.54 TP 

eA 0.300 TP 2.3 7.62 TP 

L 0.125 0.150 3.18 3.81 
L7 0.000 0.030 0.000 0.762 

ii o- 15- 4 01 IF 

N e 5 a 
N1 0 6 0 

Cll 0.040 0.075 1.02 1.90 

S 0.015 0.060 0.381 1.52 

93C5.240261111 

D -  

BASE PLANE 

SEATING PLANE 

GAUGE PLANE 

(E), (F) and (G) Suffixes 
JEDEC MO-001-AB 
14-Lead 

a, 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.155 0.200 3.94 5.08 
A1 0.020 0.050 0.51 1.27 

B 0.014 0.020 0.356 0.508 
B1 0.050 0.065 1.27 1.65 

C aooa 0.012 1 0.204 0204 

0 0.745 0.770 1883 19.55 
E 0200 0.325 762 8.25 

El 0.240 0.200 6.10 6.60 

el 0.100 TP 2 2.54 TP 

SA 0200 TP 2. 3 7.62 TP 

L 0.125 0.150 3.18 3.81 

12 0.000 0.030 0.000 0.76 

o 0. 15. 4 O. 15. 
N 14 5 14 

N1 0 6 0 

01 0.040 0.075 1.02 1.90 

S 0.065 0.090 1.66 2.28 
92334296R] 

NOTES. 

Refer to Rules for Dimensioning IJEDEC Publication No 951 
lor Axial Lead Product Outlines 

1 When this dewce is supplied solder dipped, the maximum lead 
dueness (narrow portIonl will not exceed 0 013" 

2 Leads within 0 005- 10 12 rnml radius of True Position 1TP1 at 
guaye plane with maximum material condition and unit installed 

3 eA applies in tone L2 when unit installed 

4 ii applies to spread leads prior to installation 
5 N is the maximum quantity of lead positrons 

6 NI is the quantity of allowable missing leads 

(E) and (F) Suffixes 
JEDEC MO-001-AC 
16-Lead 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.155 0.200 194 5.08 

Ai 0.020 0.050 0.51 1.27 

B 0.014 0.020 0.356 0.508 

81 0.035 0.065 0.89 1.65 

C 0.008 0.012 1 0.204 0.304 

D 0.745 0.785 18.93 19.93 

E 0.300 0.325 ' 7.62 8.25 

E , a 240 0260 6.10 6.60 

el 0.100 TP 2 2.54 TP 

ep 0.300 TP 2, 3 7.62 TP 

L 0.125 0.150 3.18 321 

L2 0.000 0.030 0.000 0.76 

a 0° 15° 4 0° 15° 

N 16 5 6 

N1 0 6 0 

01 0040 0075 1.02 1.90 

S 0015 0.060 0.39 1.52 

92G111-i5967R4 
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Dimensional Outlines (Cont'd) 

TO-5 STYLE PACKAGES 

(T) Suffix JEDEC MO-002-AL 8-Lead TO-5 Style 

OD 

SEATING 
PLANE r - on-cf GAUGE  
PLANE 

INDEX  L_ 
CENTER 
LINE 

NOTES 

A2 

3 

oB 
06 

92C5-19431R2 

1 Refer ro JEDEC Publication No 95 for Rules tor Dimensioning 

Axial Lead Product Outlines. 

2 Leads at gauge plane within 0 007" 10 178 mrn) radium of True 
Position ITPI at maximum material condition 

3 o B aeon. between Li and L2.0137 applies between L2 and 
0 500- 112 70 nun) from seating plane Diameter es uncontrolled 

in Li and beyond 0 500" 112 70 rownl 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

a . 0200 TP 2 5.88 TP 

Ai 0.010 0.050 0.26 I 1.27 

A2 0.165 0.185 4.20 4.69 

oB 0.016 0.019 3 0.407 0.482 

oBi 0.125 0160 3.18 4.06 

082 0.016 0.021 3 0.407 0.533 

o0 0.335 0.370 8.51 9.39 

0.305 0.335 7.75 8.50 

f i 0020 0.040 0.51 1.01 

i 0.028 0.034 0.712 0.863 

k 0.029 0.045 4 0.74 1.14 

Li 0000 0.050 3 0.00 1.27 

L2 0.250 0.500 3 6.4 12.7 

1.3 0.500 0.562 3 12.7 £ 14.27 

• 45e TP ee TP 
N 8 6 8 

N1 3 5 3 

4 Measure Born Max 013 

5 NI is the quantity of allowable missing leads 

6 N is the maximum guanbly of lead positions 

(S) Suffix 8-Lead TO-5 Style with 

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

.335-.370 
(8.51-9.391 

DIA. 
.305-.335 
7.75-13.50) 

D1A• 

(.13g - ¡OM 

8 LEADS 
.016 -.019 

j 

1,4076A...82) 

.20015.081131A 
PIN CIRCLE 

(2 54 +.254) 
(3 SPACES) 

  .070- •150 
11.78- 3.81) 

(3.05- 3.811 
.125-.160 
(3.18-4.061 

DIA 

.300 3:41 
I7.62.2 

.300±010 
(7.62 0.254) 
NON CUMULATIVE 

92C5-20296R2 

(T) Suffix JEDEC MO-006-AF 10-Lead TO-5 Style 0. 
kAge 

SEATING 
PLANE 

GAUGE / 
PLANE 

CF.1,1NTEER 
082 

3 

NOTES: 

1. Refer to Rules for Dimensioning Axial Lead Product Our 

2. Leads at gauge plane within 0.00r 10.178 mm) radius of 
True Position )TP) at maximum material condition 

3. 08 applies between Li and L3. 082 applies between L2 
and 0.500" 112.70 mm1 from seating plane Diameter is 
uncontrolled in Li and beyond 0.500- (12.70 nim). 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. j MAX. MIN. MAX. 

a 0.230 TP 2 5.84 TP 

Ai 0 i 0 o o 
At oleo 0.185 4.19 4.70 

03 0.016 0.019 3 0.407 0.482 

*81 o o o o 
.02 eoui 0021 3 0.407 0.533 

.0 0335 0.370 8.51 9.39 

.01 0.305 0.335 7.76 8.50 

.1 0.020 0.040 0.51 1.01 

I 0.028 0.034 0.712 0863 

k eon 0.045 4 074 1.14 

Li 0.000 0.060 3 0.00 1.27 

12 etso 0.500 3 6.4 12.7 

13 0.500 0.562 3 12.7 14.27 

« 311. TP 300 TP 

N 10 s 10 

Ni 1 5 1 

4 Measure from Max 013 

5 N1 is the quantity of allowable missing leads 

6 N is the maximum quantity of lead posltions 

9265-15835 

(V) Suffix 
10 Formed Leads Radially 

Arranged TO-5 Type 

335-.370 
(8.51-9.39) 

DIA. 

.305-.355 
1735-6.30 

070-.100 
11.78-2.541 

dL 
120-.190 

.235-.260 0 0 0 0 1105-3.80 

_7_11 10 LEADS 
15.97111731 

-141,016-.0111 
1.407-.4821 

DM. 

2C5-.4.3» 

.230 15.84/ 
16 • 

PIN 
CIRCLE 

A60 (12.1111 
DIA. 
PIN 

CIRCLE 



92C5-I9774 

Dimensional Outlines (Cont'd) 

(T) Suffix JEDEC MO-006-AG 12-Lead TO-5 Style 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX MIN. MAX. 

a 0.230 2 5.84 TP 

A1 o o o 0 

A2 0.165 0.185 4.19 _ 4.70 

OB 0016 0.019 3 0.407 0.482 

0131 o o o o 
062 0.016 0.021 3 0.407 0.533 

0D 0.335 0.370 8.51 9.39 

001 0.305 0335 7.75 8.50 

F1 0.020 0040 0.51 1.01 

I 0.028 0.034 0.712 0.863 
k 0.029 0.045 4 0.74 1.14 

L1 0.000 0.050 3 0.00 1.27 

L2 0.250 0.500 3 6.4 12.7 

L3 0.500 0.562 3 12.7 14.27 

e 30* TP 30° TP 

N 72 6 12 
N1 1 5 1 

NOTES: 

1. Refer to Rules for Dimensioning Axial Lead Product Out 
lines. 

2. Leads at gauge plane within 0.00r 10.178 mm) radius of 
True Position 1TP/ at maximum material condition. 

3.013 applies between L1 and L2. 062 applies between L2 
and 0.500- 112.70 inm) from seating plane. Diameter is 
uncontrolled in Li and beyond awe 112.70 mm). 

4. Measure from Max. SD. 

5. N1 is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 

SEATING 
PLANE 

BOTTOM 

VIEW 

JEDEC TO-72 

INSULATION 

92CS -17444 RI 

SYMBOL 

INCHES MILLIMETERS 

NOTES 

MIN. MAX. MIN. MAX. 

A 0.170 0.210 4.32 523 

00 0.016 0.021 ova 0533 2 

0152 0.016 0019 Dam 0483 2 

00 0208 0.230 5.31 5.64 

401 0.178 0.195 4.52 4.05 
• 0.10D T.P. 2.54 TP. 4 

0.560 T.P. 1.2 T.P. 4 

Ii 0.030 0.762 

1 0036 0046 0.914 1.17 

O 0028 0.046 0.711 1.22 3 

I 0.500 12.70 2 

It 0.050 1.27 2 
I; 0.250 6.35 2 

o 46° T P. 45 T P. 4. 6 

Note 1 IP our 4.51 Maximum numb. leads °mole in this outline. 

',one . 101 The nun.« and mutton of leads actually present are 

...cal.. the dim.. registratan Outline designation deter 

mined by the buboes and monomum anew« or linear usanng Otany 

two adracasi lebdt 

Neu 2 Inn tees, Co, Meet beiroWn Il RR..2 On 1.171. 
behreen and 500- 112 70 mml from seating plane Diu.tet is 

unconnoll.. It and hey.. 50D" 112 70 rnml from laming plane 

Note 3 Meas..d horn maximum diameter of Me product 

Note 4 Lead4 harIng rna...enufn 0.arnele, 019" I 483 nrad measured in 

geging plane 054' 11 37 nraq • 001 - 1025 mr01 - 000'1030 ininl 

. 1ow 1. wining Inane oi Me product dun be tannin 007 .. 1 178 rranl 
of their hue posolion telat. to a maximum width tab 

Note 5 The product may be measured by Raba rnelhOtlsot by We 

Note 6 Tab centerline 

CERAMIC DUAL-IN-LINE PACKAGES 

(D) Suffix 
JEDEC MO-001-AD 14-Lead 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.120 0.160 3.05 4.06 

A1 0.020 0.065 0.51 1.65 

B 0.014 0.020 0.356 0608 

B1 0050 0.066 1.27 1.66 

C 0.008 0012 1 0.204 0.304 

D 0.745 0.770 1893 19.55 

E 0.300 0.325 762 8.25 

El 0.240 0.260 6.10 6.60 

el 0.100 TP 2 2.54 TP 

CA 0.300 TP 2 3 7.62 TP 

L 0.125 0.150 3.18 3.81 

L2 0.000 0.030 0.000 0.76 

rt O. 15. 4 00 150 

N 14 5 14 

NI o 6 o 
01 0.050 0.085 127 2.15 

S 0.065 0.090 1.66 2.28 

9255 4411R2 

NOTES 

Refer to Rules lot Dimensioning IJEDEC Publication No. 95/ 
lot Amal Lead Product Outlines 

1 Men this device is supplied solder dipped. trie maximum lead 

thickness Inarrow portent sell not exceed 0 013" 10 33 ram/ 

2 Leads within 0 005" 10 12 mm) radius ut Tr. Position 1TP) at 
gauge plane with maximum material condition and unit installed 

3 e, «robes in zone 1. 2 when unit installed 
4 1 apples to spread leads poor to Installation 

5 N is the maximum quantely of lead positions 

6 N1 is the quantily ot allowable missing leads 

(D) Suffix 
JEDEC MO-001-AE 16-Lead 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.120 0.160 3.05 4.06 

A1 0.020 0.065 0.51 1.65 

B 0.014 0.020 0.356 0.508 

Bi 0035 0.065 0.89 1.65 

C 0.008 0.012 1 0.204 0.304 

D 0.745 0.785 18.93 19.93 

E 0.300 0.325 7.62 8.25 

El 0.240 0.260 6.10 6.60 

el 0.100 TP 2 2.54 TP 

eA 0.300 TP 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° 150 4 cP 150 
N 16 5 16 

N 1 0 6 0 

01 0.050 0.085 1.27 2.15 

S 0.016 0.060 0.39 1.52 

9250•428605 
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Dimensional Outlines (Cont'd) 

DUAL-IN-LINE AND QUAD-IN-LINE PLASTIC PACKAGES 

(Power Stud and Heat-Sink Types) 

(E) Suffix 
16-Lead "Power-Stud" Package 

MECHANICAL INDEX 

TERMINAL 

00.3.5101691 . ), 1 1 

gee:Lt.—  

0 1550941 
0 =20) r5Cre-T-

0 0500.27 

0.0010.391  
osoo.52, 

0745 118X31 
0 785 0991 

0 240 6 101 
0 260(1560 

RN 
EA)M21_421., 
0.107(2.7171 

0040)1.02  

ens (2 9471 roo,,11 901 
5099 

0125(3)81  
0 150(3 BD 

gg— rge 

0 050(0 WM 
GAUGE PLANE 

en: nee oPARENET HESES  INCH MILLIMETER 

0 300 
17.621 

WHEN TNIS DEVICE IS SUPPLIED SOLDER • DIPPED. 9205-24.1412 
THE MAXIMUM LEAD THICKNESS (NARROW PORTION) 
WILL NOT EXCEED o.o. e 10 55 rram) 

** STUD CENTERLINE IIICOINCIDE5 WITH BOOT 
CENTERLINE WITHIN 20 OM 

(0M) Suffix 
Modified 16-Lead with Integral Flat Wing-Tab Heat Sink Modified 16-Lead with Integral Bent Down Wing-Tab Heat Sink 

(EM) Suffix 
Modified 16-Lead with Integral Heat Sink 

icroaM) 

GM) 

DIMENSIONS IN PARENTHESES ARE IN 
MILLIMETERS ANO ARE DERIVED 
FROM THE BASIC INCH DIMENSIONS 
AS INDICATED 

II "I\ 

Kw 7 SPACES 41 -41 2(10 .17111 

TY. IS* -k St (1'4.) 000- 012 

_1_ 

tree) f.5"j1:1 
300 

176201 
TYP 

0 053 DIA. 
035) 
2 HOLES 

0035-0065 
0189-1.651 
LEADS 

MECHANICAL 
INDEX 

INDEX AREA 

0.240-0 260 1 -

(6.10-660) 0650 

(16 51) 

0142 DIA (3 61) -*". 
(2 HOLES) 

I 025) 

0745-0.785 
(1893-19.93) -• 

0230 (5.842) 

0. 50-0.160 E( 3.810-4.064) 
0.020-0050 

[1051-1 27) 

-1- I 
„I 

/SEATING .11..0.014 -0.020 
PLANE 1 r356-asoe 

ce.cas-aoso ...I 140.035-0065 
(0.39- L52) 10.89-1.651 

4 PLACES 

(o-0100 12.54) 
TOP 

'SEVEN PLACES 

0 040-0 075 
0 02-190) 

-I 0.125-0.150 
(3.18-3.81) 

0.100(254) 
TyP. 

DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 

0.990 
(25.15) 

-1 0 400 NC-

1)0(6) 
TYP. 

p. 0 300 
I 1762/ 

TYP 

-Locee-o.ono.roo(2.54) TYP. 02E/0 (508) TOP 

10 204-0304) 

Z50.111 

(0) Suffix 

0.035-0065 I 
10.89-1.651 "14 
8 LEADS 

MECHANICAL 
INDEX 

INDEX AREA 

F 

0745-0.785 
(1883-19.93) 

023015.842) 

0150-0.160 
(3ew-4.064) 

0020-0050 
Ai 0 51-1 271 

ZE°ATING 
PLANE 

oes-ao6o 
(0.39-1 52) 

0240-0 260 
(610 -6601 

- 0053 DIA 
II 35) 
2 HOLES 

...I 4. 0.014 - 0.020 
.._1 M356-0508) 

...I 1.0.035-0065 
(0.89-.65) 
4 PLACES 

1«.-SEVEN PLACES 

0100 (2.54) -4.1 
TOP 

- 0040-0075 
11 02-1.90) 

0129-0.150 
(3.18- 3811 

WOO (254) 
TOP 

DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 

0000 
110.16) 
TYR. 

1/- 0 300 rr:  
17621 
TOP 

1 

i ••I i 0.10012.54) TYP. - 0200 (5.08) TYP. 

.1.0I. 008-0.012 1 
(0.204-0.304)1 

1 
.. 0.677 71 

(1720) 

92CM. 2504481 
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Dimensional Outlines (Cont'd) 

DUAL-IN-LINE AND QUAD-IN-LINE PLASTIC PACKAGES 
(Power Stud and Heat-Sink Types) 

PLASTIC 9001 
0.240-0260 
16.10-6.601 

INDEX MEA 

(EM) Suffix 

16-Lead with Integral Strap Heat Sink 

III 

 j L0.030-0.036 
TO IDENTIFY I (0.76-0.91) 

TERMINAL 1 PLASTIC BODY 

TERMINAL I 

— ((364 M9 
 1.1251211.501 

2.4e5%2•4° 

feel?" 

?am"-

7 SPACES AT 
0.095-0 1050.41-2,671 
0-100 12.541TYP. I:TLERANCES NON. 
CUMULATIVE 

0015-0.060 
(0.39-1.521 

SIM%  CONDUCTIVE EPDXY 

EPDXY (2 DABS) 

0.570 
114.411 

.123 0.150 
13.19 3.611 

* WHEN THIS DEVICE IS SUPPLIED SOLDER-DIPPED, 
THE MAXIMUM LEAD THICKNESS (NARROW PORTION) 
WILL NOT EXCEED 0-013.10 33 wed 

200 
(5.08) 
TYP. 

.100 
(2.54 
TYP. 

.008,0)2 
(203-.306) 

NOTE 3 

(W) Suffix 
16-Lead Staggered 

MECHANICAL 
INDEX 

INDEX 
AREA 

new- te4oseal 

PLASTIC 
ROOT 
ONLY 

0093-0.157 
(236-3419) 

1635/ 

HEAT SINK 

17.621 TYP. 
CENTER OF LEAD 

L .745-.765   
11E1.93-19.931 

16 (5 14 13 12 II 10 

0.000-0.012 • 
10204-0.3041 

9 

1 2 3 4 

(55-.200 
r)3.94-S.06) 

(3-15:114.016%  1 

i 1.508 -127) 

117 
SEATING 
PL AME 
NOTE 2 

yet 

5 6 7 R 

ti.oz-1.9o1 

  _t__ 

...111..014-020 1 1.(356,508) ._ .035,065 

(.89 -1.65) 

.015- .060 

(.38-1.52) 

NOTES 

I Bode width ot measured 0 040" 11 02 nenl tram top surface 
2 Seeting Oane defined as the 'unction of the angle with the 

narrow portion of the lead 
3 When this device n suppled solder dipped, Ike imminent 

Had thickness inarrow portion) rail not egceed 0.01Y (0.33 mral. 

Dimensions on parenthetes are millimeter 
equivalents of the basic inch dimensions 

100 MIN. 

12.54/ 

— 1— 

.100 TYP. 
(2.54) 

92414- 26937 

(QM) Suffix 
16-Lead with Integral Strap Heat Sink 

PLASTIC BOOT 
0240-0260 
16 10-6.60/ 

TERMINAL I 

0.537-0.587—.1f. 
t'-1 13.64-14.91) 

INDEX AREA  1.125(26.5e 
TO IDENTIFY 
TERMINAL I PLASTIC BODY 

0.155-0200 
13.94- 5.0111 

ile521º3i?" 
7 SPACES AT 

0.095-0 10512 41-2471 
0.100 12541TYP. IT.CLERANCES NON-
CUMULATIVE ._I 
0.0IS-0.060 
10.39-1.521 

 ILO 030-0.036 

PLASTIC 
BODY 

1236i-3.9:L1Y 
oos3-o.157 t 

T 

HEAT SINK 

10.76-0.91) 

SI,Laillt CONDUCTIVE EPDXY 

EPDXY 12 DABS) 

0 370 
19.401 

_0.125 0 150 
1316 3.00 

WHEN THIS DEVICE IS SUPPLIED SOLDER -DIPPED, 
741E MAXIMUM LEA() THICKNESS (NARROW PORTION) 
WILL NOT EXCEED 0.01V10 33 nwn) 

0CENTER OF LEAD 

_... 

1. teeli13) TYP 

=0.006d0.012 . . 
10.204-0.3041 

IICY-.1171111 

Recommended Mounting — Hole 
Dimensional and Spacing 

0100 
12.541 
TYP. 

0100 
12 501 

0032 1041101A 
16 HOLES 

ON CIRCUIT BOARD) 

TERMINAL No .I 

920S-26434 
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Dimensional Outlines (Cont'd) 

.150,160 
(3.81-406) 

(Q) Suffix 14-Lead 

.745 M93 

.770 (1935) 

200 (:5gt)R.r4 13 12 0 a 910 

INDEX 
POINT 

INDEX 
NUMERAL 

APPROX .062 (1.57) I 

t .ico ioo 12.54 
(2.54) TYP 
MIN. 

2 DO 5 6 

400 
(10 16) 
TYP 

200 
(5 06) 
TYP 

300 
(7 62) 
T 3P 

QUAD-IN-LINE PLASTIC PACKAGES 

Recommended Mounting — Hole 
Dimensions and Spacing 

.260 (660 

, 

4.3je/(:17) TYP 

4- ..00Ve re. 

(Q) Suffix 16-Lead 

;.1; (1.:U) 
gg(7e)1,1 I) .2 10 

'leg% 

INDEX 
NUMERAL 

APPROX. 062 II 571 

.155-.200 
(3.94-5.08) 

• 2 3 

03011 27 
0201, .51 / 

gre(e) 

92GS-046726 0 

loo 
(2 54) 
MIN. 

.020-.050 ii (.508-1.27) 

SEATING 
PLANE 
NOTE 2 

4-1 (:%46:gg ) 

a 655) 

.015 -.060 
(.38-1.52) 

)(Vel) 

II m i._ 811 (1)TY° 
II ra) TYP 

.040-.075 
(102-19011 

(C) Suffix 20-Lead 

'0e 9) 25 IS 

9255-17533 

.100 MIN. 

(2.54) 

.100 TYP. 
(2.54) 

ewe 
2 • S 6  

INDEX 
NOTCH 

050 (1 27) 
020 51/ 

100 
(2 541 
MIN 

ge(11(91) 

(2'.°5°41 I (e355 re') TWP 

r II ?le TTP 

9acs-inin 

200 
15.0e) TERMINAL   TOP VIEW 

/4" —43--4 —* + 4— 

/-le ..232‘,1c1DEIRO) 
TYP 

.141 
(3.513) 

9265 , 4873 

Recommended Mounting — 
Dimensions and Spacing 

1 .0 ED •El) 74) 
'2 ;4) # 

4) 4) /4) 

TOP VIEW 
15 013) 

(Q) Suffix 16-Lead Staggered 

MECHANICAL 
INDEX 

INDEX 
AREA 

TERMINAL No I 

(1) (1) 

(> I)1.-12541  • — 030 1 76/ DIA 
16 HOLES 

TYP (IN CIRCUIT BOARD) 

92CS - 17560 

.745-.785   
(18.93-19.93) 

16 15 14 13 12 II 10 9 

2 3 4 5 6 7 8 

.240-.260 
(.610-.660) 

NOTES: 
1. Body width is measured (Low (1.02 well (tom top surface. 
2. Seating plane defined as the junction of the angle with the 

narrow portion of the lead. 
3. When this device is supplied solder dipped, the maximum 

lead thickness (narrow portion) will not exceed 0.01r (0.33 imb). 

Dimensions in parentheses are mIllimeter 
equivalents of the basic inch dimensions. 

.400 TYP. 

(10.16) 

.252 
(6.40) 
MAX. 

NOTE I 

.200 

(2.54 

(5.081.- 

.100 

TYP 

TYP. 

.008-.0)2 
(.203-305) 

NOTE 3 

92CM-26937 

Recommended Mounting — Hole 

Dimensions and Spacing 

100 
(2 541 + 

110 4) 

200 I 
15.09) TERMINAL No 1 TOP VIEW 

II .  e1' 1°° 
141 /  .030 1.76/ DIA 

(3.58) 12 54/ le HOLES 
TYP TYR (IN CIRCUIT BOARD) 

92C9-175,31 
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Application Note Abstracts 

INDUSTRIAL TYPES 

ICAN-4072   8 pages 
Applications of the RCA-CA3048 Integrated-
Circuit Amplifier Array 

The RCA-CA3048 integrated circuit, an array 
of four identical amplifiers, each with independ-
ent inputs and outputs, all on a single mono-
lithic silicon chip, has an operating and storage 
temperature range of —25°C to +85°C. Each 
amplifier in the low-noise array has a typical 
open-loop gain of 58 dB and input impedance 
of 90,000 ohms. The gain-frequency response, 
stability, output swing versus supply voltage, 
and noise of the device are discussed. Circuit 
applications include Hartley and Colpitts Oscil-
lators, astable multivibrators, a 4-channel linear 
mixer, a driver for a 600-ohm balanced line, 
and a gain-controlled amplifier. 

ICAN-5015   15 pages 
Application of the RCA-CA3008 and CA3010 
Integrated-Circuit Operational Amplifiers 

This Note describes the circuit arrangement, 
lists the performance characteristics, explains 
the major design considerations, and discusses 
typical applications of the CA3008 and CA3010 
operational amplifiers. These amplifiers are sili-
con monolithic integrated circuits designed to 
operate from two symmetrical low- or medium-
level de power supplies (at supply voltages in 
the range from +3 volts to +6 volts). 

ICAN-5022 . . . . . . . . . . . . . . 26 pages 
Application of the RCA-CA3004, CA3005, and 
CA3006 Integrated-Circuit RF Amplifiers 

The CA 3004. CA3005, and CA3006 rf am-
plifiers are discussed. These silicon-epitaxial 
monolithic integrated circuits are designed to 
operate from low or medium levels of de supply 
voltage, over a range of ambient temperatures 
from —55°C to +125°C, and at frequencies 
from de to 100 MHz. They may be used with 
external tuned-circuit, transformer, or resistive 
load impedances to provide wide- or narrow-
band amplification, mixing, limiting, product 
detection, frequency generation, and generation 
of pulse or digital waveforms. 

1CAN-5030   11 pages 
Application of the RCA-CA3000 Integrated-
Circuit DC Amplifier 

This Note describes the RCA-CA3000 dc 
amplifier, a stabilized and compensated differen-
tial amplifier that has push-pull outputs, high-
impedance (0.1-megohm) inputs, and gain of 
approximately 30 dB at frequencies up to one 
MHz. Its useful frequency response can be in-
creased to several tens of megahertz by the use 
of externakresistors or coils. The CA3000 can 
be used as a signal switch (with pedestal), a 
squelchable audio amplifier (with suppressed 
switching transient), a modulator, a mixer or a 
product detector. When suitable external com-
ponents are added, it can also be used as an 
oscillator, a one-shot multivibrator, or a trigger 
with controllable hysteresis. 

1CAN-5036   9 pages 
Application of the RCA-CA3002 Integrated. 
Circuit IF Amplifier 

The RCA-CA 3002 integrated-circuit if ampli-
fier described in this Note is a balanced differen-
tial amplifier that can be used with either a 
single-ended or a push-pull input and can pro-
vide either a direct-coupled or a capacitance-
coupled single-ended output. Its applications 
include RC-coupled if amplifiers that use the 
internal silicon output-coupling capacitor, video 
amplifiers that use an external coupling capaci-
tor, envelope detectors, product detectors, 
and various trigger circuits. 

ICAN-5037   4 pages 
Application of the RCA-CA3007 Integrated-
Circuit Audio Amplifier 

This Application Note describes the RCA-
CA3007 audio driver, a balanced differential 
configuration with either a single-ended or a 
differential input and two push-pull emitter-
follower outputs. The circuit features all-mono-
lithic silicon epitaxial construction, and is 
intended for use as a direct-coupled driver in a 
class B audio amplifier which exhibits both 
grin and operating-point stability over the tem-
perature range from —55 to 125°C. 

ICAN-5038   8 pages 
Application of the RCA-CA3001 Integrated-
Circuit Video Amplifier 

The CA3001 silicon monolithic integrated 
circuit is designed for use in intermediate-
frequency or video amplifiers at frequencies up 
to 20 MHz and in Schmitt-trigger applications. 
This integrated circuit can be gated, and gain 
control can be applied. The CA3001 incorpor-
ates all-monolithic silicon epitaxial construction 
designed for operation at ambient temperatures 
from —55 to 125°C, balanced differential-
amplifier configuration with low-impedance 
double-ended input,and a built-in temperature-
compensating network for gain or de operating-
point stability over the temperature range from 
—55 to I25°C. 

ICA N-52I3   6 pages 
Application of the RCA CA3015 and CA3016 
Integrated-Circuit Operational Amplifiers 

The integrated-circuit operational amplifiers 
CA3015 and CA3016 are identical in circuit 
configuration to the CA3008 and CA3010, but 
have an improved device breakdown voltage 
that permits operation from ±12-volt supplies 
as well as from ±6 volt or ±3 volt supplies. 
This Note describes the operating characteristics 
of the CA3015 and CA3016 at ±12 volts, and 
discusses applications that take advantage of the 
higher gain-bandwidth product and increased 
output signal swing obtained at the higher 
voltages: a 50-dB amplifier; a 10-dB, 42-MHz 
amplifier; a twin-T bandpass amplifier; a 20-dB, 
10-MHz bandpass amplifier; and a voltage-
follower. 

ICAN-5269   7 pages 
Integrated Circuits for FM Broadcast Receivers 

This Note describes several approaches to 
FM receiver design using silicon monolithic 
integrated circuits. The tuner section is described 
first, and then the if-amplifier and detector 
sections. Performance characteristics are describ-
ed where applicable. The FM receivers discussed 
are designed for use from a +9-volt supply. 
The key to design simplicity is the use of the 
RCA multifunction integrated circuits CA3005. 
CA3012, and CA3014. The CA3005 may be 
used as a cascode rf amplifier, a differential rf 
amplifier, a mixer-oscillator, and an if amplifier; 
the CA3012 and CA3014 perform if amplifica-
tion, limiting, detection, and preamplification. 

ICAN-5296 ......... . . . . . 5 pages 
Application of the RCA-CA3018 Integrated-
Circu it Transistor Array 

The CA3018 integrated circuit consists of 
four silicon epitaxial transistors produced by a 
monolithic process on a single chip mounted in 
a 12-lead TO-5 package. The four active devices, 
two isolated transistors plus two transistors with 
an emitter-base common connection, are es-
pecially suitable for applications in which 
closely matched device characteristics are re-
quired, or in which a number of active devices 
must be interconnected with non-integrable 

components such as tuned circuits, large-value 
resistors, variable resistors, and microfarad by-
pass capacitors. Such areas of application include 
if, rf (through 100 MHz), video, age, audio, and 
dc amplifiers. 

ICAN-5299   6 pages 
Application of the RCA-CA3019 Integrated-
Circuit Diode Array 

The CA3019 integrated circuit diode array 
provides four diodes internally connected in a 
diode-quad arrangement plus two individual 
diodes. Its applications include gating, mixing, 
modulating, and detecting circuits. Because all 
the diodes are fabricated simultaneously on a 
single silicon chip, they have nearly identical 
characteristics, and their parameters track each 
other with temperature variations. Consequent-
ly, the CA3019 is particularly useful in circuit 
configurations that require either a balanced 
diode bridge or identical diodes. 

1CAN-5337 ......... . . . . . . 10 pages 
Application of the RCA-CA3028A and CA-
3028B Integrated-Circuit RD Amplifiers in the 
HF and VHF Ranges 

The CA3028A and CA3028B monolithic-
silicon integrated circuits are single-stage dif-
ferential amplifiers intended for service in 
communications systems operating at frequen-
cies up to 100 MHz with single power supplies. 
This Note provides technical data and recom-
mended circuits for use of the CA3028A and 
CA3028B in rf amplifiers, autodyne converters, 
if amplifiers, and limiters. The CA3028A and 
CA3028B are suitable for use in a wide range 
of applications in de, audio, and pulse amplifier 
service; they have been used as sense amplifiers, 
preamplifiers for low-level transducers, and dc 
differential amplifiers. 

ICAN-5338 . . . . . . . . . . . . . . . 14 pages 
Application of the RCA-CA3021, CA3022, and 
CA3023 I ntegrated-Circu it, Wideband Amplifiers 

The CA3021, CA3022, and CA3023 inte-
grated circuits are multipurpose high-gain am-
plifiers designed for use in video and AM or FM 
if stages in single-power-supply systems. Specifi-
cally, they can be used in video amplifiers 
operating at frequencies through 30 MHz, AM 
and FM if amplifiers, and buffer amplifiers in 
which an isolation capability greater than 60 
dB at 1 MHz is desired. 

ICAN-5380   7 pages 
Integrated - Circuit Frequency - Modulation if 
Amplifiers 

The discussion in this Note shows that the 
simplest approach' to the use of the CA3012 
and CA3028 integrated circuits in FM if-ampli-
fier strips is to replace each stage in present 
discrete-transistor if strips with a differential 
amplifier. This integrated-circuit approach re-
quires a minimum of re-engineering because a 
cascade of individually tuned if stages is used. 
From a performance point of view, this ap-
proach results in better AM rejection than that 
obtained with discrete circuits because of the 
inherent limiting achieved with the differential' 
amplifier configuration. 

ICAN-5641 . . . . . .   8 pages 
Application of RCA-CA3033 and CA3033A 
High-Performance Integrated-Circuit Operation-
al Amplifiers 

The CA3033 and CA3033A high perform-
ance operational amplifiers are capable of 
delivering power outputs in excess of 250 
milliwatts into a 500-ohm load resistance with 
harmonic distortion of less than 0.2 per cent 
and have a typical input impedance of one 
megohm with voltage gain of at least 90 dB. 
Offset voltage is less than 5 millivolts and off-
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set current is typically 9 nanoamperes. Input 
bias current is typically 100 nanoamperes. 
These features make these amplifiers especially 
suitable for systems in which an operational 
amplifier and power amplifier or driver were 
formerly required. Specific applications dis-
cussed in this Note include astable multivibrator, 
linear staircase generator, comparator, mono-
stable multivibrator, and the bistable multi-
vibrator. 

ICAN-5766 . . . . . . . .  8 pages 
Application of the RCA-CA3020 and CA3020A 
Integrated-Circuit Multipurpose Wideband 
Power Amplifiers 

The CA3020 and CA3020A integrated cir-
cuits are multipurpose, multifunction power 
amplifiers designed for use as power-output 
amplifiers and driver stages in portable and 
fixed communications equipment and in ac 
servo-control systems. The flexibility of these 
circuits and the high-frequency capabilities of 
the circuit components make these types suit-
able for a wide variety of applications such as 
broadband amplifiers, video amplifiers, and 
video line drivers. Voltage gains of 60 dB or 
more are available with a 3-dB bandwidth of 
8 MHz. Applications covered include audio, 
wideband, and driver amplifiers. 

ICAN-5977   11 pages 
Principal Features and Applications of the 
RCA-CA3040 Integrated-Circuit Wideband Am-
plifier 

This Note describes the operation of the 
CA3040, its electrical characteristics and ratings, 
and its primary application as a wideband am-
plifier. The CA3040 is a monolithic integrated 
circuit designed for use in wideband video and 
intermediate-frequency amplifier applications to 
frequencies as high as 100 MHz. The device, 
offered in a I2-pin TO-5 package, features a 
balanced differential voltage gain of 37 dB with 
less than 1 dB of imbalance and provides a 
typical 3-dB bandwidth of 55 MHz. Useful 
voltage gain is well beyond the 3-dB frequency 
roll-off point which, in some applications, ex-
tends to frequencies up to 200 MHz. Additional 
features of the CA3040 include temperature 
compensation for gain and voltage over the 
—55 to 1250C temperature range, a choice of 
zero or 180-degree phase shift from input to 
output terminals, and high input and low out-
put impedance characteristics over a broad 
bandwidth. 

ICAN-6048   12 pages 
Some Applications of A Programmable Power 
Switch/Amplifier 

The CA3094 monolithic programmable pow-
er switch/amplifier IC consists of a high-gain 
preamplifier driving a power-output amplifier 
stage. It can deliver average power of 3 watts 
to an external load, and can be operated from 
either a single or dual power supply. This Note 
briefly describes the characteristics of the 
CA3094 and illustrates its use in class A instru-
mentations add power amplifiers, a class A 
driver-amplifier for complementary power tran-
sistors, wide-frequency-range power multivibra-
tors, current- or voltage-controlled oscillators, 
comparators (threshold detectors), voltage re-
gulators, analog timers (long time delays), alarm 
systems, motor-speed controllers, thyristor-firing 
circuits, battery-charger regulator circuits, and 
ground-fault-interrupter circuits. 

ItAN-6157   10 pages 
Applications of the CA3085-Series Monolithic 
IC Voltage Regulators 

This Note describes the basic circuit of the 
CA3085-series devices and some typical applica-
tions that include a high-current regulator, con-

stant-current regulators, a switching regulator, 
a negative-voltage regulator, a dual-tracking 
regulator, high-voltage regulators, and various 
methods of providing current limiting. A circuit 
in which the CA3085 is used as a general-pur-
pose amplifier is also shown. The RCA-CA3085, 
CA3085A, and CA3085B monolithic IC's are 
positive-voltage regulators capable of providing 
output currents up to 100 milliamperes over 
the temperature range from —55° to +1250C. 

ICAN-6182   28 pages 
Features and Applications of RCA Integrated-
Circuit Zero-Voltage Switches (CA3058, CA-
3059, and CA3079) 

CA3058, CA3059 and CA3079 zero-voltage 
switches are monolithic integrated circuits de-
signed primarily for use as trigger circuits for 
thyristors in many highly diverse ac power-
control and power-switching applications. These 
integrated-circuit switches operate from an ac 
input voltage of 24, 120, 208 to 230, or 277 
volts at 50, 60, or 400 Hz. Zero-voltage 
switches (ZVS) trigger the thyristors at zero-
voltage points in the supply-voltage cycle. Con-
sequently, transient load-current surges and 
radio-frequency interference (RFI) are substan-
tially reduced. In addition, use of the zero-
voltage switches reduces the rate of change of 
on-state current (di/dt) in the thyristor being 
triggered, an important consideration in the 
operation of thyristors. 

ICAN-6222   9 pages 
Designing With an IC Transistor Array Con-
taining Matched Super-Beta Transistors 

The super-beta transistor array, CA3095, is 
discussed in terms of operation and typical 
applications. Super-beta transistors are similar 
to conventional bipolar transistors except that 
they have betas in the range of 1000 to 5000; 
the beta range of a conventional bipolar trans-
istor ranges from SO to 400. These applications 
include a high-input-resistance low-noise am-
plifier, a low-noise amplifier, a long-delay mono-
stable multivibrator, a low-input-bias current 
comparator, an analog timer for long delay, 
various preamplifier applications, and a high-
input-impedance dc-voltmeter circuit. 

ICAN-6294   II pages 
Features and Applications of RCA-CD2500E-
Series MSI BCD-to-7-Segment Decoder-Drivers 

The BCD-to-7-segment decoder-drivers, types 
CD2500E, CD2501E, CD2502E, and CD2503E. 
are medium-scale-integration (MSI) monolithic 
circuits designed to accept four inputs in BCD 
8-4-2-1 code and provide decoded outputs that 
represent a decimal number from 0 to 9 on a 
7-segment incandescent display device. The 
operating temperature range is from 00C to 
+750C. The CD2500E and CD2501E are 30-
milliampere-per-line drivers intended for use 
with 7-segment incandescent display devices. The 
CD2502E and CD2503E are 80-milliampere-
per-line drivers intended for use with high-
current lamps and relays and may also be used 
for multiplex operation of RCA Numitrons. 

1CAN-6538 ........ . . . . . . . 6 pages 
Applications of the RCA-CA3062 IC Photo-
Detector and Power Amplifier in Switching 
Circuits 

The CA 3062 is a monolithic silicon inte-
grated circuit consisting of a photosensitive 
detector and a switching amplifier with a pair 
of high-current output transistors. This Note 
describes how the CA3062 with only 3 resistors 
outboarded can provide a light-activated switch 
that will drive a variety of practical loads such 
as solenoids, relays, triacs, SCR's, etc. "Normally 
ON" and "Normally OFF" outputs are available 
simultaneously. 

1CAN-6668   16 pages 
Applications of the CA3080 and CA3080A 
High-Performance Operational Transconduct-
ance Amplifiers 

The CA3080 and CA3080A operational 
amplifiers not only include the usual differen-
tial input terminals, but also an additional con-
trol terminal than enhances the device's flexibil-
ity. The amplifier incorporated in these devices 
is referred to as an Operational Transconduct-
ance Amplifier (OTA), because its output signal 
is best described in terms of the output-current 
that it can supply. The amplifier's output-
current is proportional to the voltage difference 
at its differential input terminals. This Note 
describes the operation of the OTA and features 
various circuits using the OTA; for example, 
communications and industrial applications in-
cluding modulators, multiplexers, sample-and-
hold-circuits, gain control circuits and micro-
power comparators. In addition, circuits have 
been included to show the operation of the 
OTA in conjunction with COSIMOS devices as 
post-amplifiers. 

1CAN-6732   8 pages 
Measurement of Burst ("Popcorn") Noise in 
Linear Integrated Circuits 

Burst or "popcorn" noise in LIC's exhibits 
itself as a random, abrupt change in the output 
voltage, the duration of which can last from 
1/2 millisecond to several seconds. These noise 
voltages are not regular in their occurrence and 
can often be absent when measuring spot fre-
quency noise. Thus it was necessary to evolve 
an entirely different measurement system to 
ensure the selection of a very-high-gain device 
that is free from "popcorn" noise. This Note 
discusses test configuration and conditions, 
pass-fail criteria, burst-noise test system circuits, 
and spurious noise sources and their suppression. 

CONSUMER TYPES 

ICAN-5831   5 pages 
Application of the RCA-CA3044 and CA3044VI 
Integrated Circuits in Automatic-Fine-Tuning 
Systems 

This Note describes the use of the CA 3044 
and CA3044VI integrated circuits as automatic 
fine-tuning (AFT) system components and dis-
cusses the advantages of integrated circuits in 
this application. The CA3044V1 is electrically 
identical to the CA3044, but is supplied with 
formed leads for easier printed-circuit-board 
mounting. The construction and performance 
of a typical automatic-fine-tuning system for a 
color television system are examined. 

1CAN-5841   4 pages 
Feedback-Type Volume-Control Circuits for 
RCA-CA3041 and CA3042 Integrated Circuits 

This Note describes feedback-type volume 
controls for use with RCA-CA 304) and CA 3042 
integrated circuits in television receivers. In 
television sets using these integrated circuits, 
the volume control is often located remote 
from the amplifier. The long leads required in 
such a configuration sometimes pick up undesir-
able signals that, in turn, cause the system to 
exhibit hum and noise at low volume levels. 
The proposed feedback-type volume control 
reduces hum and noise pick-up by reducing the 
gain of the system rather than the signal level, 
and thus eliminates the cost of shielding the 
leads. 

1CAN-6022   4 pages 
An IC for AM Radio Applications 

The RCA-CA3088E is designed for use in 
high-quality AM superheterodyne receivers. It 
provides the basic functions of signal conver-
sion, if amplification, detection, and audio pre-
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amplification sufficient to drive a separate 
power amplifier. Auxiliary functions supplied 
are: a supply-voltage regulator, internal age for 
the first if amplifier, agc voltage for an optional 
external rf stage, and an amplified signal to 
drive a tuning-meter output. While the circuit 
design is intended for use in commercial AM 
broadcast receivers, it is equally suited for use 
in most AM receiver applications up to a fre-
quency of 30 MHz. In addition, since most 
functions are externally accessible, this device 
is also a general-purpose amplifier array. 

ICAN-6247   9 pages 
Application of the CA31260 Chroma-Processing 
IC Using Sample-and-Hold Circuit Techniques 

This Note describes the CA3I26Q mono-
lithic integrated circuit intended for use in 
processing the chrominance signal in a color 
television receiver. In performing the functions 
of color siabcarrier regeneration and chroma 
control, emphasis has been placed on utilizing 
all the information available in the signal so as 
to approach ultimate system performance capa-
bility while at the same time substantially re-
ducing the number of external components and 
adjustments. As contrasted with prior state-of-
the -art IC designs, sample-and-hold techniques 
are used in the phase detectors for the AFPC 
and the ACC-killer loops of the CA3162Q. The 
improved signal-to-dc unbalance attained there-
by makes it possible to eliminate the adjust-
ments conventionally used in those circuits. 
The only set-up adjustment is a trimmer capa-
citator to tune the crystal filter. 

ICAN-6259 . . . . . , . . . . . . . . . 9 pages 
Application of the CA3089E FM-IF Subsystem 

The CA3089E is an FM-IF subsystem in-
tended for use in FM receiver applications. In 
addition to the amplifier-limiter and quadrature 
detector sections, the CA3089E provides such 
auxiliary functions as mute, AFC outpu t, tuning-
meter output, and delayed rf-AGC. This Note 
briefly describes each circuit section and dis-
cusses practical aspects of designing with this 
device. 

ICAN-6289   I 0 pages 
Integrated-Circuit Stereo Decoder Using the 
CA3090Ara Stereo Multiplex Demodulator 

The CA3090AQ integrated-circuit provides 
features heretofore unavailable to the receiver 
designer. This device needs only a single tuning 
adjustment, which reduces to a minimum the 
manual effort during assembly; the phase-locked 
loop maintains performance under conditions 
of temperature variations, humidity, and aging. 
The compactness of the CA3090AQ and of the 
required external components, added to the 
other attributes, makes this stereo decoder a 
significant advancement in the state of the art 
of stereo decoder designs. 

ICAN-6302   9 pages 
Description and Application of the RCA-
CA3120E Integrated-Circuit TV-Signal Processor 

The CA3120E is a 16-pin, dual-in-line-
monolithic-silicon integrated circuit that pro-
cesses a video signal and provides the following 
outputs: non-inverted video output; noise-
processed, inverted video output; dual-polarity, 
composite synchronization signals; and auto-
matic gain-control signals (age). The IC, which 
can be used in color or monochrome TV 
receivers, requires a single-polarity power supply 
(positive) and includes impulse noise inversion 
and delay circuits that reduce the deleterious 
effects of impulse noise in the receiver age and 
synchronization (sync) circuits. Standard age 
strobing techniques are also used. The age and 
impulse-noise thresholds are automatically set 
and require no controls. The if maximum-gain 
bias and the tuner age delay may be adjusted 
for optimum TV-receiver performance; the 

time constant for the sync-separator input can 
also be optimized by the set designer. 

ICAN-6303   17 pages 
A Single IC for the Complete PIX-IF-System 
in TV Receivers 

The CA 3068 linear integrated circuit is a 
PIX-IF-subsystem in a shielded, quad-formed, 
dual-in-line, 20-lead, plastic package. This pack-
age contains all the active devices and most of 
the passive elements necessary for a high per-
formance, PIX-if-system for a TV receiver. This 
Note describes the receiver functions performed 
by the CA3068 and its application to color and 
monochrome TV receivers. A detailed descrip-
tion of circuit functions within the integrated 
circuit is given together with examples of the 
use of the CA 3068 in PIX-IF amplifier PC-
boards for color and monochrome TV. 

ICAN-6724   8 pages 
A Flexible Integrated-Circuit Color Demodu-
lator for Color Television 

This Note describes the circuit operation 
and application of the CA3067 in a color tele-
vision receiver. The CA3067, which is supplied 
in a quad-in-line 16-lead plastic package, pro-
vides the following color-demodulator circuit 
functions: amplification, balanced chroma de-
modulation, dc-operated tint (phase) control, 
and zener-diode voltage regulation. 

MOS FIELD-EFFECT DEVICES 

AN-3193   9 pages 
Application Considerations for the RCA-3N128 
VHF MOS Field-Effect Transistor 

This Note describes applications and vhf 
circuit considerations for a high-frequency n-
channel MOS field-effect transistor, the RCA 
3N128. Biasing requirements and basic circuit 
configurations are discussed, and selection of 
the optimum operating point and methods of 
automatic gain control are explained. The cross-
modulation and intermodulation distortion 
characteristics of the 3N128 MOS transistor are 
compared to those of bipolar transistors, and 
procedures are given for the design of a practical 
vhf amplifier that uses the 3N128. 

AN-3341   3 pages 
VHF Mixer Design Using the RCA-3N128 MOS 
Transistor 

The 3N128 is a vhf MOS field-effect tran-
sistor suitable for use throughout the vhf band 
(30 to 300 MHz) as an amplifier, mixer, or 
oscillator. This Note discusses some of the de-
sign criteria pertinent to the construction of 
MOS mixers, and presents an example of a 
complete vhf MOS converter. 

AN-3452   7 pages 
Chopper Circuits Using RCA MOS Field-Effect 
Transistors 

Although electromechanical relays have long 
been used to convert low-level dc signals into 
ac signals or for multiplex purposes, relays are 
seriously limited with respect to life, speed, 
and size. Conventional (bipolar) transistors 
overcome the inherent limitations of relays, 
but introduce new problems of offset voltage 
and leakage currents. This Note describes the 
use of MOS field-effect transistors in solid-
state chopper and multiplex designs that have 
the long life, fast speed, and small size of 
bipolar-transistor choppers, but that eliminate 
their inherent offset-voltage and leakage-current 
problems. 

AN-3453   6 pages 
An FM Tuner Using an RCA-40468 MOS-
Transistor RF Amplifier 

This Note describes an FM tuner that in-
corporates an MOS field-effect transistor as the 

if amplifier, and shows how the MOS transistor 
is instrumental in minimizing the spurious 
responses normally found in FM receivers. 

AN-3535   6 pages 
An FM Tuner Using Single-Gate MOS Field-
Effect Transistors as RF Amplifier and Mixer 

Selection of the transistors for use in FM-
tuner stages involves consideration of such 
device characteristics as spurious response, dy-
namic range, noise immunity, gain, and feed-
through capacitance. MOS field-effect transistors 
are especially suitable for use in FM rf-amplifier 
and mixer stages because of their inherent 
superiority for spurious-response rejection and 
signal-handling capability. This Note describes 
an FM tuner that uses an RCA-40468 MOS 
transistor as the rf amplifier and an RCA-40559 
MOS transistor as the mixer. 

AN-4018   5 pages 
Design of Gate-Protected MOS Field-Effect 
Transistors 

MOS (metal-oxide-semiconductor) field-
effect transistors are in demand for rf-amplifier 
applications because their transfer characteris-
tics make possible significantly better perfor-
mance than that experienced with other solid-
state devices. Unless equipped with gate protec-
tion, however, MOS transistors require care-
ful handling to prevent static discharges from 
rupturing the dielectric material that separates 
the gate from the channel. This Note describes 
the design of dual-gate MOS field-effect tran-
sistors that use a built-in signal-limiting diode 
structure to provide an effective short circuit 
to static discharge and limit high potential 
buildup across the gate insulation. 

AN-4125   7 pages 
MOS/FET Biasing Techniques 

Field-effect transistors are applied in rf 
amplifiers and mixers, if and audio amplifiers, 
electrometer and memory circuits, attenuators, 
and switching circuits. The dual-gate MOS/FET 
appears to be particularly useful in rf stages 
because of low feedback capacitance, high 
transconductance, and superior cross modula-
tion with automatic-gain-control capability. The 
rules for biasing FErs vary slightly depending 
on type. However, most possibilities are cover-
ed in this Note through examination of the 
biasing of a single-gate, a junction-gate, and a 
dual-gate transistor. Substrate biasing and bias-
ing to compensate for temperature variations 
are also discussed. 

AN-443I   7 pages 
RF Applications of the Dual-Gate MOS/FET 
up to 500 MHz 

The RCA dual-gate protected, metal-oxide 
silicon, field-effect transistor (MOS/FET) is 
especially useful for high-frequency applications 
in if amplifier circuits. The dual-gate feature 
permits the design of simple age circuitry re-
quiring very low power. The integrated diodes 
protect the gates against damage due to static 
discharge that may develop during handling 
and usage. This Note describes the use of the 
RCA-3N200 dual-gate MOS/FET in RF applica-
tions. 

AN-4590   16 pages 
Using MOS/FET Integrated Circuits in Linear 
Circuit Applications 
A brief review of MOS/FET IC device 

theory is given, and some linear circuit applica-
tions are surveyed. Theory discussed includes 
gate protection and electrical requirements. 
Applications include choppers, attenuators, 
constant-current sources, general-purpose ampli-
fier circuits, and rf amplifiers, oscillators, and 
mixers. 
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Cramer/San Francisco, 720 Hollywood, FL 33020  (305)927-0511 
Palomer Avenue, Georgia Arrow Electronics, Inc., 3406 Oak Cliff 
Sunnyvale, CA 94086  14081739-3011 Rd., Doraville, GA 30340 1404)4554054 
Electronic Supply Corp., 2486 Cramer/Atlanta, 6456 
Third Street, Riverside, Warren Drive, 

CA 92507  17141683-7100 Norcross, GA 30071 (404)448-9050 
Elmer Electronics, Inc., 2288 Hamilton-A vnet Electronics, 
Charleston Road, Mt. View, 6700 185 Access Road, Suite 1E, 
CA 94042  14151961-3611 Norcross, GA 30071 1404)448-0800 
Hamilton-Avnet Electronics, Illinois  Cramer/Chicago,1911 
575 Middlefield Road, Mt. View, South Busse Road, 
CA 94042  1415)961-7000 Mt. Prospect, IL 60056  13121593-8230 
Hamilton-Avnet Electronics, Hamilton-Avnet Electronics, 
8917 Complex Drive, San Diego, 3901 North 25th Avenue, 
CA 92123  1714)279-2421 Schiller Park, IL 60176 1312)678-6310 
Hamilton Electro Sales, 10912 Newark Electronics, 500 
W. Washington Blvd., Culver North Pulaski Road, 
City, CA 90230 12131558-2020 Chicago, IL 60624  131216384411 
Kierulff Electronics, Inc., Schweber Electronics Corp., 
2585 Commerce Way, 1275 Brununel Ave., Elk 
Los Angeles, CA 90040  12131685-5511 Grove Village, 1L60007  13121593-2740 
Kierulff Electronics, Inc., Semiconductor Specialists, Inc., 
8797 Balboa Avenue, 195 Spangler Avenue. 
San Diego, CA 92123 17141278-2112 Elmhurst, 1L60126 (312)279-1000 
Kierulff Electronics, Inc., Indiana Graham Electronics Supply, Inc., 
3969 E. Bayshore Road, 133 S. Pennsylvania Street, 
Palo Alto, CA 94303  1415)968-6292 Indianapolis, IN 46204 13171634-8202 
Liberty Electronics, 124 Iowa Deeco, Inc., 2500 
Maryland Avenue, 16th Avenue, S.W., 
El Segundo, CA 90245 12131322-8100 Cedar Rapids, IA 52801  13191365-7551 
Liberty/San Diego, 8248 Kansas  Hamilton-Avnet Electronics, 
Mercury Court, San Diego, 37 Lenexa Industrial Center, 
CA 92111  17141565-9171 Lenexa, KS 66215  19131888-8900 
G.S. Marshall Company. 9674 Radio Supply Company, 
Telstar Avenue, El Monto, CA 115 Laura, Wichita KS 67211  13161267-5214 
91731  (213)686-0141 Louisiana  Sterling Electronics, Inc., 
RPS Electronics, Inc., 1501 4613 Fairfield, 
South Hill Street, Los Angeles, Metairie, LA 70002  15041887-7610 
CA 90015  (213)748-1271 Mary land  Arrow Electronics, Inc., 
Schweber Electronics Corp., 4801 Benson Avenue, 
3000 Red Hill Avenue, Baltimore, MD 21227  1301)-247-5200 
Costa Mesa, CA 92626  (714)556-3880 Cramer/Washington 

Colorado Elmar Electronics/Denver, 16021 Industrial Drive, 
6777 East 50th Avenue. Gaithersburg, MD 20760  13011948-0110 
Commerce City. CO 80022 1303)287-9611 Hamilton-Avnet Electronics, 
Hamilton-Avnet Electronics, 72 55 Standard Drive, 
5921 North Broadway, Hanover, MD 21076  13011796-5000 
Denver, CO 80261  1303)534-1212 Pyttronic Industries, Inc., 
Kierulff Electronics, Inc., 8220 Wellmoor Court, 
10890 East 47th Avenue, Savage, MD 20863 (301)792-0782 
Denver, CO 80239  1303)371-6500 Schweber Electronics Corp., 

Connecticut  Cramer/Connecticut, 35 Dodge 5640 Fisher Road, 
Avenue, North Haven, CT 06473  (203)239-5641 Rockville, MD 28852  1301)881-3300 
Hamilton-Avnet Electronics, Massachusetts ....Cramer Electronics, Inc., 
643 Danbury Road. 85 Wells Avenue. 
Georgetown, CT 06829  12031762-0361 Newton, MA 02159 1617)969-7700 
Schweber Electronics Corp., Hamilton-Avnet Electronics, 
Finance Drive, Commerce 100 East Commerce Way, 
Industrial Park, Woburn, MA 01801 1617)933-80211 
Danbury, CT 06810 12031792-3500 A. W. Mayer Co., Inc., 

Florida  Arrow Electronics, Inc., 38 Border Street, 
1001 NW 62nd St., Suite 402, West Newton, MA 02165  16171965-1111 
Ft. Lauderdale. FL 33309  (305)776-7790 Schweber Electronics Corp., 

213 Third Avenue 
Waltham, MA 02154 1617)890-8484 
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Massachusetts ....Sterling Electronics, Inc., New York Cramer/Long Island, 
20 Summer Street, 29 Oser Avenue, 
Watertown, MA 02172  (617)926-9720 Hauppauge, LI, NY 11787 15161231-5600 
Wilshire Electronics/New Cramer/Rochester, 
England, One Wilshire Road, 3000 South Winton Road, 
Burlington, MA 01803  (617)272.8200 Rochester, NY 14623 (716)275.0300 

Michigan  Hamilton-A vnet Electronics, Cramer/Syracuse, 
12870 Fannington Road, 6716 Joy Road, 
Livonia, MI 48150 13131522-4700 Syracuse, NY 13057 13151437-6671 
RS Electronics, Inc., Hamilton-Avnet Electronics, 
3444 Schoolcraft, 167 Clay Road. 
Livonia, MI 48150 13131525-1155 Rochester, NY 14623 17161442-7820 
Schweber Electronics Corp., Hamilton-Avnet Electronics, 
86 Executive Drive, 6500 Joy Road, 
Troy, MI 48084  (313)583-9242 East Syracuse, NY 13057  (315)437-2641 

Minnesota Arrow Electronics, Hamilton-Avnet Electronics, 
9700 Newton South, 70 State Street, 
Bloomington, MN 55431   16121888-5522 Westbury, LI, NY 11590  15161333-5800 
Cramer/Minnesota, Milgray Electronics, Inc., 
7275 Bush Lake Road, 191 Hanse Avenue, 
Edina, MN 55435  16121835-7811 Freeport, LI, NY 11520  15161546-6000 
Hamilton-Anet Electronics, Rochester Radio Supply Co., 
7683 Washington Avenue, S., 140 W. Main Street, 
Edina, MN 55423  16121941-3801 Rochester, NY 14614 (716)454-7800 
Semiconductor Specialists, Inc., Schweber Electronics Corp., 
8030 Cedar Avenue South, 2 Town Line Circle, 
Minneapolis, MN 55420 16121854-8841 Rochester, NY 14623 171614614000 

Missouri  Hamilton-Avnet Electronics, Schweber Electronics Corp., 
364 Brookes Drive, Jericho Turnpike, 
Hazelwood, MO 63042  13141731-1144 Westbury, LI, NY 11590  15161334-7474 
Semiconductor Specialists, Inc., Summit Distributors, Inc., 
Lakeview Square, 1020 Anglum 916 Main Street, 
Road, Hazelwood, MO 63042  (314)7314400 Buffalo, NY 14202 17161884-3450 
Semiconductor Specialists, Inc., North Carolina ...Cramer/Winston/Salem 
3805 No. Oak Traffic Way, 938 Burke Street, 
Kansas City, MO 64116  18161452-3900 Winston Salem, NC 27103  (919)725-8711 

New Hampshire .. Arrow Electronics, Inc., Hammond Electronics of 
5 Driving Park Road, Carolina, Inc., 2923 
Manchester, NH 03103 (603)668-6968 Pacific Avenue, 

New Jersey Arrow Electronics, Inc., Greensboro, NC 27406  19191275-6391 
Pleasant Valley Road, Ohio Cramer/Cleveland, 
Moorestown, NJ 08057 16091235-1900 5835 Harper Road, 
Cramer/New Jersey, 1 Cardinal Solon, OH 44139  12161248-8400 
Drive, Little Falls, NJ 07424  (201)7854300 Hamilton-Avnet Electronics, 
Hamilton-Avnet Electronics, 761 Beta Drive, East, 
218 Little Falls Road, Cleveland, OH 44143 12161461-1400 
Cedar Grove. NJ 07009 (201)239-0800 Hamilton-Avnet Electronics, 
Hamilton-Avnet Electronics, 118 Westpart Road, 
113 Gaither Drive, Dayton, OH 45459 15131433-0610 
East Gate Industrial Park, Hughes-Peters, Inc., 
Mount Laurel, NJ 08057 16091234-2133 481 East 1 lth Avenue, 
Kierulff Electronics, Inc., Columbus, OH 43211  (6141294-5351 
5 Industrial Drive, Schweber Electronics Corp., 
Rutherford, NJ 07070 12011935-2120 23880 Commerce Park Road, 
Resco Electronics, Div. of Beachwood, OH 44122  12161164-2970 
Astrex, Airport & Central Hwys., The Stotts Friedman Co., 
Airport Industrial Park, 2600 East River Road, 
Pennsauken, NJ 08110  ( 609 )6624000 Dayton, OH 45439 15131298-5555 
Schweber/NJ Electronics, Oklahoma Radio, Inc., 
43 Belmont Drive, 1000 S. Main Street, 
Somerset, NJ 08873 (201)469-6008 Tulsa, OK 74119  (918)587-9123 
Wilshire Electronics/NJ, Pennsylvania Herbach & Rademan, Inc., 
1111 Paulison Avenue, 401 East Erie Avenue, 
Clifton, NJ 07015 12011340-1900 Philadelphia, PA 19134 (215)4264700 

New Mexico Cramer/New Mexico, 2460 Alamo Semiconductor Specialists, Inc., 
S.E., Albuquerque, NM 87106  150512434566 1000 RIDC Plaza, Suite 207, 
Hamilton-Avnet Electronics, Pittsburgh, PA 15238  14121781-8120 
2450 Baylor Drive S.E., Texas Cramer/Texas, 
Albuquerque, NM 87117  15051765-1500 13740 Midway Road, 

New York Arrow Electronics, Inc. Dallas, TX 75240 12141661-9300 
900 Broad Hollow Road, Hamilton-Avnet Electronics, 
Route 110, 445 Sigma Road, 
Farmingdale, LI, NY 11735 15161694-6800 Dallas, TX 75240 12141661-8661 

Hamilton-Avnet Electronics, 
3939 Ann Arbor Street, 
Houston, TX 77042 17131780-1771 
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I exas Schweber Electronics Corp., 
14177 Proton Road, 
Dallas, TX 75240 )214M614010 
Schweber Electronics Corp., 
7420 Harwin Drive, 
Houston, TX 77036 17131784-3600 
Sterling Electronics, Inc., 
2800 Longhorn, Suite 100, 
Austin, TX 78758  1512)8364341 
Sterling Electronics, Inc., 
4201 Southwest Freeway, 
Houston, TX 77027 17131627-9800 
Sterling Electronics, Inc., 
2875 Merrell Road, 
Dallas, TX 75229 12141357-9131 

Utah Hamilton-Avnet Electronics, 
1585 West 2100 South, 
Salt Lake City, UT 84119   18011972-2800 

Washington  Hamihon-Avnet Electronics, 
13407 Northrup Way, 
Bellevue, WA 98005  12061746-8750 
Liberty Electronics/Northwest, 
1750 132nd Ave. N.E., Bellevue, WA 98005 12061453-8300 
Robert E. Priebe Company, 
2211 5th Avenue, 
Seattle, WA 98121  12061682-8242 

Wisconsin  Arrow Electronics, Inc., 
434 West Rawson Avenue, 
Oak Creek, WI 53154  1414)764-6600 
Hamilton-Avnet Electronics, 
2975 South Moorland Road, 
New Berlin, WI 53151 )41417844510 
Taylor Electric Company, 
1000 W. Donges Bay Road, 
Mequon, WI 53092  14141241-4321 

RCA Manufacturers' Representatives 
Alabama  Eleetro-Mech, 3322 So. 

Memorial Pky., Suite 97, 
Huntsville, AL 35801 12051883-9624 

Arizona Summit Sales, 7336 
E. Shoeman Lane, Suite 104E, 
Scottsdale, AZ 85251  160219944587 

California Bestronics (San Diego Area ), 
7827 Convoy Court, Suite 407, 
San Diego, CA 92111 (714)278-2150 

Delaware Thomas Associates, Inc., (see New Jersey) 
Florida G  F. Bohman Associates, 

5104 No. Orange Blossom 
Trail, Suite 115, Rosemont Bldg., 
Orlando, FL 32804 13051295-5760 
G. F. Bohman Associates, 
3000 N. E. 30th Place, 
Ft. Lauderdale, FL 33306 (305)772-9824 
G. F. Bohman Associates, 
PO Box 600, 
Clearwater, FL 33517  18131442-5606 

Georgia Electro•Mech, 6755 Peach-
tree/Ind 1 Blvd., Suite 109, 
Atlanta, GA 30360 14041449-6337 

Idaho Western Technical Sales, Inc., 
( Np. of Boise. see Washington) 
R Marketing, (E. & S. of 
Boise, see Utah) 

 Kebco, 75 Worthington Drive, 
Maryland Heights, MO 63043  13141576-4111 

1ndi,na Southern Sales Corporation, 
3901 W. 86th Street, 
Indianapolis, IN 46268  I317I299-2992 

lisia Lorenz Sales, Inc., Suite 302, 
Executive Plaza, 
Cedar Rapids, IA 52402  13191393-6912 

Kansas  Kebco, PO Box 4805. 
Overland Park, KS 66204 1913)649-2168 

Kentucky Southern Sales Corporation, (see Indiana) 
Louisiana Jackson Arnold Company, (see Texas) 
Michigan  Nicon Associates, 3835W. Eight 

Mile Rd., Detroit, MI 48221  1313)341-7688 
Minnesota Comstrand, Inc., 6279 

University Avenue N.E., 
Minneapolis, MN 55432  16121571-0000 

Missiesippi Electro-Mech, (see Alabama and Tennessee) 
Missouri  Kebco„ 75 Worthington Drive, 

Iggryland MO 63043 13141576-4111 
Montana  R‘ Marketing, (see Utah) 
Nebraska  Lorenz Sales, Inc., (see Iowa) 
Nevada  Summit Sales (Clark Co., see Arizona) 

New Jersey Thomas Associates, Inc., 
(So. N.J.), 304 Haddon Ave., 
Haddonfield, NJ 08033 (2151627-6615 

New Mexico C  T. Carlberg Associates, 
PO Box 3177, Station D, 
Albuquerque, NM 87110  (505)265-1579 

New York L-Mar Associates, Inc., 
(Upstate NY), 98 Elwell Ave., 
Binghamton, NY 13901  (607)723-1513 
L-Mar Associates, Inc., 
(Upstate NY) PO Box 7945, 
Rochester, NY 14606 17161328-5240 
L-Mar Associates, Inc., 
216 Tilden Drive, 
E. Syracuse, NY 13057  13151437-7779 

North Carolina ...Electro-Mech, 6700 Valley Drive, 
Raleigh, NC 17612  19191782-7586 

North Dakota Comstrand, Inc., (see Minnesota) 
Ohio Arthur H. Baler Company, 

653 Alpha Drive, 
Cleveland, OH 44143 12161461-6161 
Arthur H. Beier Company, 
4940 Profit Way, 
Dayton, OH 45414 15131276-4128 

Oregon  Western Technical Sales, Inc., 
20355.W. 58th Avenue, 
Portland, OR 97221 (503)2974711 

Pennsylvania Arthur H. Beier Company, (W. Pa., see Ohio) 
Thomas Associates, Inc., (E. Pa., see New Jersey) 

South Carolina .  Electro-Mech, (see Georgia and No. Carolina ) 
South Dakota Comstrand, Inc., (see Minnesota) 
Tennessee  Electro-Mech, 1451 Elm Hill 

Pike, Suite 110, 
Nashville, TN 37210  16151256-2516 

Texas C  T. Carlberg Associates, (El Paso 
Area, see New Mexico) 
Jackson Arnold Company, 
(Austin, Houston, San Antonio 
Area), PO Box 42388, 
Houston, TX 77042 17131783-7297 
Jackson Arnold Company, 
1601 Lupin Lane, 
Austin, TX 78741  15121447-1068 

Utah 114 Marketing, 3688 West 2100 South, 
Salt Lake City, UT 84120  18011972-5646 

Washington Western Technical Sales, Inc., 
PO Box 3923, 
Bellevue, WA 98009  12061641-3900 

West Virginia ....Arthur H. Beier Company, (see Ohio) 
Wisconsin  Key Enterprises, 850 Elm 

Grove Road, Elm Grove, WI 53122  14141784-3390 
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