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This DATABOOK contains complete 
technical information on the full line 
of RCA standard commercial linear in
tegrated circuits and MOS field-effect 
transistors for both industrial and con
sumer applications. An Index to 
Devices provides a complete listing of 
types, together with an indication of 
package options available for each of 
them. 
The pages immediately following the 
Index to Devices include photographs 
of the packages used for RCA linear 
integrated circuits and MOS/FET's, a 
product-classification chart, recom
mended operating and handling con
siderations, a list of special terms and 
symbols used in the characterization of 
RCA linear integrated circuits and 
MOS/FET's, and a cross-reference 
directory that indicates RCA types 
recommended as direct replacements 
for other manufacturers' types. 
Three separate data sections provide 
definitive ratings and electrical 
characteristics for (1) Linear Integrated 
Circuits for Industrial Applications, 
(2) Linear Integrated Circuits for 
Consumer Applications, ~d (3) MOS 
Field-Effect Transistors (MOS/ 
FET's). Data pages for individual 
devices are included as nearly as pos
sible 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 data on a specific 
type where you expect it to be, check 
the Index to Devices. 
The DATABOOK also includes dimen
sional outlines for all currently 
available packages and selected RCA 
Application Notes on RCA Linear In
tegrated Circuits and MOS/FET's. 
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Index to Devices - Linear IC's 

Data 
Type Packaga Bullelln 
Number Suffix Fiie No. P!!!.e 

Data 
Type Package Bullelln 
Number Suffix Fiia No. Paoa 

CA101 T s - - - - 786 18 
CA101A T s G - - - 786 18 

CA3007 • - - - - - 126 72 
CA3008 ... - - - - - 316 74 

CA107 T s G - - - 785 22 CA3008A ... - - - - - 310 78 
CA111 T s G - - - 797 25 CA3010 • - - - - - 316 74 
CA124 E G - - - - 796 29 CA3010A • - - - - - 310 78 
CA139 E G - - - - 795 32 CA3011 • - - - - - 128 82 
CA139A E G - - - - 795 32 CA3012 • H - - - - 128 82 
CA158 T s G - - - 1019 35 CA3013 • - - - - - 129 84 
CA158A T s G - - - 1019 35 CA3014 • - - - - - 129 84 
CA201 T s - - - - 786 18 CA3015 • L H - - - 316 74 
CA201A T s G - - - 786 18 CA3015A • - - - - - 310 78 
:A207 T s G - - - 785 22 CA3016 ... - - - - - 316 74 
CA211 T s G - - - 797 25 CA3016A ... - - - - - 310 78 
CA224 E G - - - - 796 29 CA3018 L H - - - 338 87 
CA239 E G - - - - 795 32 CA3018A - - - - - 338 87 
CA239A E G - - - - 795 32 CA3019 H - - - - 236 90 
CA258 T s G - - - 1019 35 CA3020 H - - - - 339 92 
CA258A T s G - - - 1019 35 CA3020A - - - - - 339 92 
CA270 w - - - - - 879E 292 CA3021 - - - - - 243 96 
CA301A T s e· G H - 786 18 CA3022 - - - - - 243 96 
CA307 T s e· G H - 785 22 CA3023 H - - - - 243 96 
CA311 T s e· G - - 797 25 CA3026 H - - - - 338 99 
CA324 E G H GH - - 796 29 CA3028A s L - H - 382 103 
CA339 E G H GH - - 795 32 CA3028B s - - - - 382 103 
CA339A E G - - - - 795 32 CA3029 - - - - - 316 74 
CA358 T s G H GH - 1019 35 CA3029A - - - - - 310 78 
CA358A T s G - - - 1019 35 CA3030 - - ~ - - 316 74 
CA555 T s e· G - - 834 42 CA3030A - - - - - 310 78 
CA555C T s e• G H - 834 42 CA3035 VI H - - - I 274 319 
CA723 T E - - - - 788 46 CA3036 - - - - - I 275 108 
CA723C T E H - - - 788 46 CA3037 - - - - - 316 74 
CA741 T s e• G L - 531 50 CA3037A t - - - - - 310 78 
CA741C T s e• G H GH 531 50 CA3038 t - - - - - 316 74 
CA747 T E G - - - 531 50 CA3038A t - - - - - 310 78 
CA747C T E G H GH - 531 50 CA3039 • L H - - - 343 109 
CA748 T s e• G - - 531 50 CA3040 • - - - - - 363 111 
CA748C T s e• G H GH 531 50 CA3041 ' - - - - - 318 320 
CA758 E - - - - - 760 295 CA3042 ' - - - - - 319 323 
CA810 a OM - - - - 1154 298 CA3043 • H - - - - 331 326 
CA810A a QM - - - - 1154 298 CA3044 • VI - - - - 340 328 
CA920 E - - - - - 1132 301 CA3045 t F L H - - 341 114 
CA1190 a - - - - - 1155 303 CA3046 t - - - - - 341 114 
CA1310 E - - - - - 761 306 CA3048 • - - - - - 377 117 
CA1352 E - - - - - 961 309 CA3049 T L H - - - 611 120 
CA1391 e· - - - - - 981 310 CA3050 t - - - - - 361 124 
CA1394 e• - - - - - 981 310 CA3051 • - - - - - 361 124 
CA1398 E - - - - - 686 312 CA3052 • - - - - - 387 331 
CA1458 T s e· G H GH 531 50 CA3053 • s - - - - 382 103 
CA1541 D H - - - - 536 54 CA3054 • L H - - - 388 99 
CA1558 T s E• G - - 531 50 CA3058 t - - - - - 490 127 
CA2002 (j) M - - - - 1156 314 CA3059 • H - - - - 490 127 
CA2004 (j) M - - - - 1105 317 CA3060 D E H - - - 537 132 
CA2111A E a - - - - 612 57 CA3060A D - - - - - 537 132 
CA2904 G - - - - - 1019 35 CA3060B D - - - - - 537 132 
CA3000 • H - - - - 121 59 CA3064 e - - - - - 396 335 
CA3001 • H - - - - 122 61 CA3065 ' - - - - - 412 337 
CA3002 • H - - - - 123 64 CA3066 ' - - - - - 466 340 
CA3004 • H - - - - 124 66 CA3067 ' - - - - - 466 340 
CA3005 • H - - - - 125 69 CA3068 ' - - - - - 467 343 
CA3006 • - - - - - 125 69 CA3070 • - - - - - 468 345 

! 
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Index to Devices - Linear IC's 

Dalli 
Type P•ckage Bulletln 
Number Suffix Fii• No. P1ge 
CA3071 • ~ - - - - 468 345 
CA3072 • - - - - - 468 345 
CA3075 ' H - - - - 429 138 
CA3076 • H - - - - 430 140 
CA3078 T s - H - - 535 142 
CA3078A T s - - - - 535 142 
CA3079 • - - - - - 490 127 
CA3080 • E• s H - - 475 146 
CA3080A • E• s - - - 475 146 
CA3081 • F H - - - 480 152 
CA3082 • F H - - - 480 152 
CA3083 • F L H - - 481 154 
CA3084 • L H - - - 482 156 
CA3085 • E• s L H - 491 159 
CA3085A • s E• - - - 491 159 
CA3085B • s - - - - 491 159 
CA3086 • F - - - - 483 162 
CA3088 E - - - - - 560 352 
CA3089 E - - - - - 561 354 
CA3090A a - - - - - 684 357 
CA3091 D H - - - - 534 164 
CA3093 E H - - - - 533 170 
CA3094 T s e· H - - 598 173 
CA3094A T s E• - - - 598 173 
CA3094B T s - - - - 598 173 
CA3095 E H - - - - 591 181 
CA3096 E H - - - - 595 186 
CA3096A E - - - - - 595 186 
CA3096C E - - - - - 595 186 
CA3097 E H - - - - 633 193 
CA3098 T s E• H - - 896 199 
CA3099 E H - - - - 620 203 
CA3100 T s F H - - 625 206 
CA3102 E H - - - - 611 120 
CA3118 T H - - - - 532 210 
CA3118A T - - - - - 532 210 
CA3120 E - - - - - 907 359 
CA3121 E - - - - - 688 :}53 
CA3123 E - - - - - 631 367 
CA3125 E - - - - - 685 369 
CA3126 a - - - - - 860 370 
CA3127 E - - - - - 662 215 
CA3128 a - - - - - 1161 372 
CA3130 T s E• H - - 817 218 
CA3130A T s E• - - - 817 218 
CA3130B T s - - - - 817 218 
CA3131 EM - - - - - 1157 373 
CA3132 EM - - - - - 1157 373 
CA3134 G GM GQM - - - 1097 374 
CA3135 G - - - - - 1021 378 

•No designated suffix letter for this type in T0-5-style package 
.t. 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 for this type in dual-in-line ceramic 

package 

Dalli 
Type P1ckage BuHettn 
Number Suffix F!!LMo, P!ll.1 
CA3136 E - - - - - 1158 383 
CA3137 E - - - - - 970 386 
CA3138 G GH - - - - 1131 228 
CA3138A G - - - - - 1131 228 
CA3139 E a - - - - 905 390 
CA3140 T s E' H - - 957 230 
CA3140A T s E• - - - 957 230 
CA3140B T s - - - - 957 230 
CA3141 E - - - - - 906 242 
CA3142 E - - - - - 907 359 
CA3143 E - - - - - 1138 393 
CA3144 G - - - - - 1137 395 
CA3146 E H - - - - 532 210 
CA3146A E - - - - - 532 210 
CA3151 G - - - - - 1160 399 
CA3153 G - - - - - 1142 402 
CA3159 G - - - - - 1136 408 
CA3160 T s e• H - - 976 244 
CA3160A T s E• - - - 976 244 
CA3160B T s - - - - 976 244 
CA3161 E - - - - - 1079 256 
CA3162 E - - - - - 1080 258 
CA3163 G - - - - - 1092 410 
CA3164 E - - - - - 1139 262 
CA3166 E - - - - - 1110 412 
CA3168 E - - - - - 1140 415 
CA3170 E - - - - - 1129 417 
CA3172 G - - - - - 1130 420 
CA3183 E H - - - - 532 210 
CA3183A E - - - - - 532 210 
CA3189 E - - - - - 1046 422 
CA3221 G - - - - - 1057 427 
CA3240 E• E1§ - - - - 1050 265 
CA3240A E• E1§ - - - - 1050 265 
CA3290 T s E• E1§ - - 1049 274 
CA3290A T s e· E1§ - - 1049 274 
CA3290B T s - - - - 1049 274 
CA3401 E G H GH - - 630 280 
CA3600 E - - - - - 619 282 
CA3724 G GH - - - - 884 287 
CA3725 G GH - - - - 884 287 
CA6078A T s H - - - 592 289 
CA6741 T s - - - - 592 289 

6 No designated suffix letter for this type in quad-in-line plastic 
package 

• In 8-lead dual-In-line Mini-DIP package 
§ In 14-lead dual-in-line plastic package 
Ell No designated suffix letter for this type in T0-220-styte package 

with vertical-mount lead form 



Type 
Number 
3N128 
3N138 
3N139 
3N140 
3N141 
3N142 
3N143 
3N152 

3N153 
3N154 
3N159 
3N187 
3N200 
3N204 
3N205 
3N206 
3N211 

Package 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 

T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 

D Suffix 
Dual-In-Line Welded-Seal 

Ceramic Package 

14 and 16-lead versions 

EM Suffix 
Modified 16-lead Dual

In-Line Plastic Package 

CA3134EM only 

Data 
Bulletin 
Fiie No. 

309 
283 
284 
285 
285 
286 
309 
314 

320 
335 
336 
326 
436 
959 
959 
959 
875 

Type 
Page Number 
434 3N212 
436 3N213 
437 40467A 
438 40468A 
438 40559A 
441 40600 
434 40601 
442 40602 

443 40603 
444 40604 
459 40673 
446 40819 
450 40820 
453 40821 
453 40822 
453 40823 
458 40841 

E Suffix 
Dual-In-Line Plastic Package 

8, 14, and 16-lead versions 

EM Suffix 
Modified 16-lead Dual

In-Line Plastic Package 

H1827 

CA3131EM, CA3132EM only 

Index to Devices - MOS/FET's 

Package 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0·72 
T0-72 
T0-72 

T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 
T0-72 

Data 
Bulletin 
File No. Page 

875 458 
875 458 
324 462 
323 463 
323 463 
333 464 
333 464 
333 464 

334 465 
334 465 
381 466 
463 467 
464 468 
464 468 
465 470 
465 470 
489 471 

Packages 

H1828 

E Suffix 
Power Stud Plastic 

Dual-In-Line Package 

CA3134E only 

F Suffix 
Dual-In-Line Frit-Seal 

Ceramic Package 

14 and 16-lead versions 

5 



Packages 

Q Suffix 
Quad-in-Line Plastlc 

Package (QUIP) 

14 and 16-lead versions 

K Suffix 
Ceramic Flat Package 

14 ·lead version 

V1 Suffix 
T0·5 Style Package 

with Radial Formed Leads 

H1561 

8, 10, and 12·1ead versions 

JEDECT0-72 

MOS/FET's only 

Q Suffix 
Modified 16-lead 

QUIP 

' 
' 

. ' . . 
: 
' 

H1825 

CA810Q, CA810AQ, 
and CA1190Q only 

(A flat wing-tab version, QM 
suffix is also available for the 
CA810, CA810A). 

S Suffix 
T0-5 Style Package with 

Dual-In-Line Formed 
Leads (DIL·CAN) 

H1787 

8-lead version 

L Suffix 
Beam-Lead 

Notes: 

VERSA·V T0·220 Style 
Plastic Package 

with Vertical-Mount 
Lead Form 

CA2002, CA2004 only 
(Versions with Horizontal-Mount 
Lead Form-CA2002M and CA2004M 
are also available) 

T Suffix 
T0·5 Style Package 
with Straight Leads 

H1463 

8, 10, and 12·1ead versions 

H Suffix 
Chip 

92CS·22137 

1. Some types may have an additional "M" suffix 
following the package designation suffix, i.e., 
CA3131 EM. The additional "M" suffix simply indicates 
that the device is a mechanical variant of the basic 
package type. 

2. RCA Linear integrated circuits are provided in chip 
form to allow customer design of special and complex 
circuits to suit individual needs. Linear chips are 
electrically identical to and offer the features of their 
counterparts, sealed in ceramic, T0-5, and plastic 

l ___ ~ackag~s~ 



Product Classlflcatlon Chart 

lnduatrlal Circuit• 
OPERATIONAL AMPLIFIERS DIFFERENTIAL ARRAYS 

AMPLIFIERS 

General Purpose General Purpose 
Variable Amplifier/ 

Transistor Wideband Diode 

Single Unit Dual Unit Single Unit High Current CA3000 Amplifier CA3018 CA3095 
CA101 CA158 CA3008 CA3094 CA3001 CA3026 CA3036 CA3096 
CA107 CA25B CA3010 Micropow• CA3004 CA3035 CA3045 CA3097 
CA201 CA358 CA3015 CA3060 CA3005 CA3048 CA3046 CA3118 
CA207 CA747 CA3016 CA3078 CA3006 CA3049 CA3050 CA3127 
CA301 CA1458 CA3029 CA3080 CA3007 CA3052 CA3051 CA3138 
CA307 CA1558 CA3030 CA6078• CA3026 CA3054 CA3081 CA3146 
CA741 CA2904 CA3037 CA3028 CA3060 CA3082 CA3183 
CA748 Quad Unit CA3038 CA3049 CA3102 CA3083 CA3600'" 
CA6741• CA124 CA3100* CA3050 Diode CA3084 CA3724 

CA224 CA3130* CA3051 CA3019 CA3086 CA3725 
CA324 CA3140* CA3053 CA3039 CA3093 
CA3401 CA3160* CA3054 CA3141 

Dual Unit CA3102 
CA3240* 

VOLTAGE jZERO-VOL TAGE VOLTAGE SPECIAL-FUNCTION 
MOS/FET's REGULATORS SWITCHES COMPARATORS CIRCUITS 

CA723 CA3058 Single Unit A/D Converter Single Gate Dual Gate 
CA3085 CA3059 CA111 CA3162 3N128 3N140 

CA3079 CA211 BCD-to-7-Segment Decoder/Driver 3N138 3N141 
CA311 CA3161 3N139 3N159 
CA3098+ Memory Sense Amplifier 3N142 Dual Gate 
CA3099+ CA1541 3N143 Protected 

Duel Unit Four.Quadrant Multiplier 3N152 3N187 
CA3290* CA3091 3N153 3N200 

Quad Unit Timer 3N154 40819 
CA139 CA555 
CA239 Programmable Schmitt Trigger 
CA339 CA3098 

Consumer Circuit• 
BROADBAND AM/FM 

AUDIO FM IF TV RECEIVER (VIDEO) COMMUNICATIONS MOS/FE T's 
AMPLIFIERS CIRCUITS CIRCUITS CIRCUITS CIRCUITS 

CA3002 CA2111A Preamplifiers Subsystems Tuning Chroma Systems Single Gate Dual Gate 
CA1352 CA3011 CA3036 CA2111A CA3163 CA1398 40467A Protected 
CA3020 CA3012 CA3052 CA3013 CA3166 CA3066 40468A 3N204 
CA3021 CA3013 Drivers CA3014 CA3168 CA3067 40559A 3N205 
CA3022 CA3014 CA3094 CA3043 AFT CA3070 Dual Gate 3N206 
CA3023 CA3043 Power Amplifiers CA3075 CA3044 CA3071 

40600 3N211 CA3064 CA3072 CA3040 CA3075 CA810 CA3089 
CA3139 CA3121 40601 3N212 

CA3076 CA2002 CA3189 Sound IF CA3125 40602 3N213 MULTIPLEX CA3088 CA2004 Gain Blocks CA1190 CA3126 40603 40673 DECODERS CA3089 CA3131 CA3011 CA2111A CA3128 40604 40820 
CA758 CA3123 CA3132 CA3012 CA3041 CA3151 40821 
C1310 CA3163 CA3076 CA3042 CA3170 40822 
CA3090A CA3189 CA3065 Luminance 40823 

CA3134 Processors 40841 
PIX IF CA3135 

CA270 CA3143 
CA1352 CA3144 
CA3068 Horizontal 
CA3136 Systems 

Remote Control CA1391 
CA3035 CA1394 

,. Jungle., Circuits CA920A 
CA3120 CA3159 
CA3142 CA3172 

•Low-noise versions of CA741 and CA3078 * BiMOS types '"CMOS type +Programmable 
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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. 

TESTING PRECAUTIONS 

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

MOUNTING 

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

When integrated circuits are welded unto 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 tu 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.l(a), lead material. 



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: 

1. 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. 

Operating and Handling Considerations 

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 contam
inated atmosphere that could alter their electrical, 
physical, or mechanical characteristics. After the shipping 
container is opened, the chip must be stored under the 
following conditions: 

A. Storage temperature, 4ooc 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. 



Terms and Symbols 

A 

AAF 
ADIFF 
ACC 
AFC 
AFT 
AGC 
AMR 
AOL 
Av 
bts 

c,_o 

CMMR 
Co 
cos 
Coss 

eN(total) 

eo1ieo2 
EoN 
fcL 
fmax 
f p 

ft 

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 
admitt~nce; see Yfs) 
small-signal, common-source 
input Susceptance {imaginar~ 
part of corresponding admittance; 
see Yis) 

IA 
1ABC 

I 
1AGC 

's 
''c 
'1cso 
! 1CEO 
: 1CE{OFF) 

'o 
. 1D(ON) 
1DARK 
1DF 
1000 

1os 

1oss 
small-signal, common-source, 1 F 
output susceptance (imaginary 
part of corresponding admittance 1G 
see y 0 s) ' 
small-signal, common·source, 
reverse transfer susceptance 
(imaginary part of corresponding 
admitt~nce, see Yrs) 
bandwidth (unity gain) 
open-loop bandwidth 
base-to-substrate capacitance 
collector-to-base capacitance 
emitter-to-base capacitance 
external capacitance 
feedback capacita nee 
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 
smal I-signal, common-source 
short-circuit output capacitance 
charge-pump capacitance 
small-signal, common-source 
short-circuit, reverse transfer 
capacitance 
input sensitivity 
1/F noise voltage 
low-frequency noise voltage; 
equivalent short-circuit input 
noise voltage (µV ,{"Hz) 
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 
de supply current 
de suppiy current 

1G1SSF 

1G2SSF 

1G1SSR 

1G2SSR 

1GT 

,, 
11s 
11sc 
110 
"'10 

"110/"T 

lo 
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 
de on-state drain current 
dark current 
diode forward current 
supply current for drain supply 
voltage 1v00) 
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 leakag1~ 
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-~ource reverse {eakage 
current, all other termrnals 
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 I pA/ ,J"H;) 
output current 

differential output cui-rent 
(sink) 
output offset current 
output leakage current, low 

10M+ 

1oM-

lp 

'p-p 
'o 
10PL 
IR 
1REFO 

1sso 

1sxo 

1TH 
1TOTAL 
kN 

MAG 
MUG 

NF 

Po 
Po 
PSRR 
r ds(off) 

rds(on) 

toff 

tan 
tr 

tR<t> 
trr 
ts 
tsTG 
tw 
VT 
v-
v ABC v,,,, 

tvBE 

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 
de reverse (leakage) current 
supply current for reference 
supply voltage 
strobe load current 
voltage IV ssl 
supply current for supply 
voltage 
threshold current 
total supply current 
normalized factor (kN ~ k/kr) 

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. 
6 0N xesistance; 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 ti me 
pulse width 

DC positive supply voltage 
DC negative supply voltage 
amplifier bias voltage 
substrate voltaqe 
base-to-emitter- voltage 



VBE(sat) base-to-emitter saturation 
voltage 

V(BR)eBO collector-to-base breakdown 
voltage 

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

V(BR)DI de breakdown voltage be-
tween diode and substrate 

V(BR)R de reverse breakdown voltage 

V(BR)EBO emitter-to-base breakdown 
voltage 

V(BR)GSSF de gate-to-source forward 
breakdown voltage, all other 
terminals shorted to source 
(single-gate types) 

V(BR)G1SSF de gate-No.1-to-source 
forward breakdown voltage, 
all other terminals shorted to 
source (dual-gate types) 

V(BR)G2SSF de gate No.2-to-source forward 
breakdown voltage, all other 
terminals shorted to source 
(dual-gate types) 

V(BR)GSSR de gate-to-source reverse 
breakdown voltage, all 
other terminals shorted to 
source (single-gate types) 

V(BR)G2SSR de gate-No.2-to-source 
reverse breakdown voltage, 
all other terminals shorted 
to source (dual-gate types) 

Veso collector-to-base voltage 

Vee drain supply voltage 
used as a second positive 
supply voltage. It is,;;;;Voo 
and referenced to V SS 

VeO voltage controlled oscillator 
VeEO collector-to-emitter voltage 

VeEO(sus) collector-to-emitter 
sustaining voltage 

Ve10 collector-to-substrate voltage 
Vep charge pump voltage 

Voo drain supply voltage (tne most 
positive supply voltage; 
always referenced to ground) 

VoG drain-to-gate voltage (single-
gate types) 

VDG1 drain-to-gate-No.1 voltage 
(dual-gate types) 

VDG2 drain-to-gate-No.2 voltage 
(single-gate types) 

VDIO diode-to-substrate voltage 

VDR diode reverse voltage 

Vos drain-to-source voltage 

VEE source voltage (the most 
negative supply voltage in a 
3-supply voltage system) 

VF de forward voltage 
AVF/"T 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 
VGs(TH) gate-to-source threshold 

voltage 
VGslOff) gate-to-source cutoff voltage 

(single-gate types) 

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

VG1s!Off) gate-No.1-to-source cutoff 
voltage (dual-gate types) 

VG2S 

vG25(off) 

V1 
vl(Lim) 
V1eR 

VIL 
V1H 
V10 
lv101 

"V10/"T 

"V10/"T 

"V10/"v+ 

"V10/"V-

aV10 

Vi(Lim) 

vknee 

VN 
Vo 
"Voi"v-
L'Vo/"v+ 

Vo(rms) 

"Vo 

Vop-p 
Vo(af) 

VOL 

Voo 
VoH 

VoM + 

VoM-
Vop 
VOPL 

VQPH 

VREF 
VREG 
VRR 

VTH 
Vz 
Yfs 

\'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 
de supply voltage sensitivity 
de supply voltage sensi1ivity 
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, rea I part of 
admittance; susceptance, 
imaginary part of admittance) 
small-signal, common-source, 
short-circuit, output 
admittance 

<vrs 

(-)rs 

Z1 
Zo 
Zz 
<I> 
<I> 
7) 

<l>·L 

Terms and Symbols 

magnitude of sma II-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 



Cross-Reference Directory for Linear Integrated Circuits 

RCA RCA RCA 
Industry Replacement Industry Replacement Industry Replacement 
Type Type Type Type Type Type 

AD101AH CA101AT HA2·2720 CA3078E LM201AP CA201AG,CA201AE 
AD101AN CA101AG,CA101AE ITI1352N CA1352E LM201AT CA201AT 
AD201AH CA201AT ITI3064C CA3064T LM201AV CA201AG, CA201AE 
AD201AN CA201AG,CA201AE ITI3064N CA3064E LM201D CA201G 
AD301AH CA301AT ITI3065N CA3065E LM201F CA201G 

AD301AN CA301AG,CA301AE L4001M9 2N5756 LM201H CA201T 
AD741H CA741T LM100 CA3085E LM201J CA201G 
AD741N CA741G,CA741 E LM101AD CA101AG LM201N CA201G, CA201E 
AD741CH CA741CT LM101ADE CA101AG LM201N·14 CA201G,CA201E 
AD741CN CA741CG,CA741CE LM101AF CA101AG LM201T CA201T 

AD2020 CA3162E LM101AH CA101AT LM207D CA207G 
AMLM101AD CA101AG LM101AJ CA101AG LM207F CA207G 
AMLM101AH CA101AT LM101AJG CA101AG LM207H CA207T 
AMLM101H CA101T LM101AL CA101AT LM207J CA207G 
AMLM107D CA107G LM101AN CA101AG,CA101AE LM207N CA207G, CA207E 

AMLM107H CA107T LM101AP CA101AG, CA101AE LM207T CA207T 
AMLM111D CA111G LM101AT CA101AT LM211D CA211G 
AMLM111H CA111T LM101D CA101G LM211H CA211T 
AMLM201AD CA201AG LM101F CA101G LM211N CA211G, CA211E 
AMLM201AH CA201AT LM101H CA101T LM211T CA211T 

AMLM201D CA201G LM101J CA101G LM224A CA224G,CA224E 
AMLM201H CA201T LM101N CA101G, CA101E LM224D CA224G 
AMLM207D CA207G LM101T CA101T LM224F CA224G 
AMLM207H CA207T LM107D CA107G LM224N CA224G,CA224E 
AMLM211D CA2111G LM107DE CA107G LM224T CA224G 

AMLM211H CA2111T LM107F CA107G LM239AD CA239AG 
AMLM301AD CA301AG LM107H CA107T LM239AF CA239AG 
AMLM301AH CA301AT LM111JG CA111G LM239AJ CA239AG 
AMLM301H CA301T LM107N CA107G, CA107E LM239AN CA239AG, CA239AE 
AMLM307D CA307G LM111P CA111G, CA111E LM239A CA239G, CA239E 

AMLM307H CA307T LM107T CA107T LM239D CA239G 
AMLM311D CA311G LM111D CA111G LM239F CA239G 
AMLM311H CA311T LM111H CA111T LM239J CA239G 
AM723HC CA723CT LM111L CA111T LM239N LM239G, CA239E 
AM723HM CA723T LM111N CA111G, CA111E LM258AH CA258AT 

AM741DC CA741CG LM111T CA111T LM258AN CA258AG, CA258AE 
AM741DM CA741G LM111V CA111G,CA111E LM258AT CA258AT 
AM741HC CA741CT LM124D CA124G LM258AJ CA258AG 
AM741HM CA741T LM124F CA124G LM258JG CA258G 
AM747DC CA747CG LM124J CA124G LM258H CA258T 

AM747DM CA747G LM124N CA124G, CA124E LM258L CA258T 
AM747HC CA747CT LM139AD CA139AG LM258N CA258G, CA258E 
AM747HM CA747T LM139AF CA139AG LM258P CA258G, CA258E 
AM748DC CA748CG LM139AJ CA139AG LM258T CA258T 
AM748HC CA748CT LM139AN CA139AG, CA139AE LM301AD CA301AG 

AM748DM CA748G LM139A CA139G,CA139E LM301AH CA301AT 
AM1458H CA1458T LM139D CA139G LM301AF CA301AG 
AM1558H CA1558T LM139F CA139G LM301AJ CA301AG 
DH3724CN CA3724G LM139J CA139G LM301AJG CA301AG 
DH3725CN CA3725F LM139N CA 139G, CA 139E LM301AL CA301AT 

FPQ3724 CA3724G LM158AH CA158AT LM301AN CA301AG, CA301AE 
FPQ3725 CA3725G LM158AN CA158AG, CA158AE LM301AP CA301AG, CA301AE 
HA1·2111·2 CA111G LM158AT CA158AT LM301AT CA301AT 
HA1·2211-4 CA211G LM158JG CA158G LM301AV CA301AG, CA301AE 
HA1·2311·5 CA311G LM158L CA158T LM301T CA301T 

HA1·2630 CA3020 LM158N CA158G, CA158E LM307DE CA307G 
HA1·2650 CA1558G, CA1558E LM158P CA158G, CA158E LM307D CA307G 
HA1·2655 CA1458G, CA1458E LM158T CA158T LM307F CA307G 
HA1·2720 CA6078 LM201AD CA201AG LM307H CA307T 
HA2·2111·2 CA111T LM201AF CA201G LM307N CA307G, CA307E 

HA2·2111·4 CA211T LM201AH CA201AT LM307T CA307T 
HA2·2311·5 CA311T LM201AJ CA201AG LM311D CA311G 
HA2·2520 CA3100T LM201AJG CA201AG LM311F CA311G 
HA2·2650 CA1558T LM201AL CA201AT LM311H CA311T 
HA2·2655 CA1458T LM201AN CA201AG, CA201AE LM311JG CA311G 
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Cross-Reference Directory tor Linear Integrated Circuits 

RCA RCA RCA 
Industry Replacement Industry Replacement Industry Replacement 
Type Type Type T11pe Type Type 

LM311L CA311T LM1558H CA1558T MC1558P CA1558G, CA1558E 
LM311N CA311G, CA311E LM1558J CA1558G MC1558P1 CA1558G, CA1558E 
LM311N·14 CA311G,CA311E LM1558N CA1558G, CA1558E MC1558T CA1558T 
LM311P CA311G, CA311E LM1800N CA758E MC1558U CA1558G 
LM311T CA311T LM1820N CA3123E MC1723CG CA723CT 

LM318H CA3130T LM1845N CA3120E MC1723CP CA723CE 
LM324AD CA324AG LM2111N CA2111AE MC1723G CA723T 
LM324AN CA324AG, CA324AF LM2901N CA339G MC1741CG CA741CT 
LM324D CA324G LM2904N CA2904G MC1741CL CA741CG 
LM324F CA324G LM2904P CA2904G MC1741CP1 CA741CG, CA741CE 

LM324J CA324G LM3011H CA3011 MC1741CP2 CA741CG,CA741CE 
LM324N CA324G, CA324E LM3018H CA3018 MC1741G CA741T 
LM339AD CA339AG LM3018AH CA3018A MC1741L CA741G 
LM339AF CA339AG LM3019H CA3019 MC1741U CA741G 
LM339AJ CA339AG LM3026H CA3028 MC1747CG CA747CT 

LM339AN CA339AG, CA339AE LM3028AH CA3028A MC1747CL CA747CG 
LM339A CA339G, CA339E LM3028B CA3028B MC1747G CA747T 
LM339D CA339G LM3039H CA3039 MC1747L CA747G 
LM339F CA339G LM3045D CA3045 MC1748CG CA748CT 
LM339J CA339G LM3048N - CA3048 MC1748CP1 CA748CG, CA748CE 

LM339N CA339G,CA339E LM3053H CA3053 MC1748CU CA748CG 
LM358AH CA358AT LM3054N CA3054 MC1748G CA748T 
LM358AN CA358AG, CA358AE LM3084H CA3084T MC1748U CA748G 
LM358AT CA358AT LM3084N CA3084E MC3348P CA3048 
LM358JG CA358G LM3085N CA3065 MC3388P CA3088 

LM358H CA358 LM3088N CA3088 MC3401L CA3401G 
LM358L CA358T LM3067N CA3067 MC3401P CA3401E 
LM358N CA358G,CA358E LM3070N CA3070 MLM101AG CA101AT 
LM358P CA358G,CA358E LM3071N CA3071 MLM101AU CA101AG 
LM358T CA358T LM3075N CA3075 MLM107G CA101T 

LM393N CA3290E LM3088N CA3088 MLM107U CA101G 
LM555CH CA555CT LM3089N CA3089E, CA3189E MLM111G CA111T 
LM555CN CA555CG,CA555CE LM3128N CA3128E MLM111U CA111G 
LM555H CA556T LM3148AN CA3148AE MLM124L CA124G 
LM555N CA555G,CA556E LM3401N CA3401G, CA3401E MLM139AL CA139AG 

LM723CD CA723CE MC1310P CA1310E MLM139L • CA139G 
LM723CH CA723CT MC1352P CA1352E MLM158G CA158T 
LM723CN CA723CE .MC1357P CA2111AE MLM158P1 CA158G, CA158E 
LM723D CA723E MC1357PQ CA2111AQ MLM158U CA158G 
LM723H CA723T MC1358P CA3065 MLM201AG CA201AT 

LM723N CA723E MC1384G CA3084T MLM201AP1 CA201AG, CA201AE 
LM741CH CA741CT MC1384P CA3084E MLM201AU CA201AG 
LM741CJ CA741CG MC1370P CA3070 MLM207G CA207T 
LM741CN CA741CG, CA741CE MC1371P CA3071 MLM207U CA207G 
LM741H CA741T MC1375P CA3075 MLM211G CA211T 

LM741N CA741G, CA741E MC1389P CA3089E, CA3189E MLM211U CA211G 
LM748N CA3072 MC1391P CA1391E MLM224L CA224G 
LM747CD CA747CG MC1394P CA1394E MLM224P CA224G, CA224E 
LM747CH CA747CT MC1398P CA1398E MLM239AL CA239AG 
LM747CJ CA747CG MC1455G CA555CT MLM239AP CA239AG, CA239AE 

LM747CN CA747CG, CA747CE MC1455P1 CA555CG,CA556CE MLM239L CA239G 
LM747D CA747G MC1455U CA555CG MLM239P CA239G,CA239E 
LM747H CA747T MC1458JG CA1458G MLM258G CA258T 
LM747J CA747G MC1458G CA1458T MLM258U CA258G 
LM748CH CA748CT MC1458L CA1458T MLM301AD CA301AG 

LM748CJ CA748CG MC1458P CA1458G, CA1458E MLM301AG CA301AT 
LM748CN CA748CG, CA748CE MC1458P1 CA1458G, CA1458E MLM301AP1 CA301AG, CA301AE 
LM748H CA748T MC1458T CA1458T MLM301AU CA301AG 
LM748J CA748G MC1541L CA1541D MLM307G CA307T 
LM1310N CA1310E MC1555G CA555T MLM307P1 CA307G, CA307E 

LM1391N CA1391E MC1555P1 CA555CG, CA556CE MLM307U CA307G 
LM1394N CA1394E MC1555U CA555G MLM311G CA311T 
LM1458H CA1458T MC1558JG CA1558T MLM311P1 CA311G, CA311E 
LM1458J CA1458G MC1558G CA1558T MLM311U CA311G 
LM1458N CA1458G, CA1458E MC1558L CA1558T MLM324L CA324G, CA324E 
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Cross-Reference Directory for Linear Integrated Circuits 

RCA RCA RCA 
Industry Replacement Industry Replacement Industry Replacement 
Type Type Type Type Type Type 

MLM324P1 CA324G SFC2207 CA207T SG3082J CA3082F 
MLM339AL CA339AG SFC2211 CA211T SG3083J CA3083F 
MLM339AP CA339AG, CA339AE SFC2301A CA301AT SG3401N CA3401 G, CA3401 E 
MLM339L CA339G SFC2301ADC CA301AE SN52101AJ CA101AG 
MLM339P CA339G, CA339E SFC2307 CA307T SN52101AL CA101AT 

MLM358G CA358T SFC2311 CA311T SN52101AN CA101AG 
MLM358P1 CA358G, CA358E SFC2741C CA741CT SN52101AP CA101AG, CA101AE 
MLM358U CA358G SFC2741M CA741T SN52107L CA107T 
MPQ3724 CA3724G SFC2748DC CA748CE SN52107P CA 107G, CA 107E 
MPQ3725 CA3725G SFC2748C CA748CT SN52111L CA111T 

NE555JG CA555CG SG101AD CA101AG SN5211P CA111G, CA111E 
NE555P CA555CG,CA555CE SG1010 CA101G SN52555L CA555T 
NE555L CA555T SG1070 CA107G SN52555P CA555G, CA555E 
NE555T CA555CT SG1110 CA111G SN52558L CA1558T 
NE555V CA555CG, CA555CE SG111M CA111G, CA111E SN52558P CA1558G, CA1558E 

PM741J CA741T SG111T CA111T SN52723N CA723E 
PM741CJ CA741CT SG201AD CA201AG SN52723L CA723T 
PM741Y CA741G SG201AM CA201AG SN52741J CA741CG 
PM741CY CA741CG SG201N CA201 G, CA201 E SN52741L CA741CT 
PM747K CA747T SG201M CA201G, CA201E SN52741N CA741CG,CA741CE 

PM747CK CA747CT SG2070 CA207G SN52741P CA741CG, CA741CE 
PM747Y CA747G SG207N CA207G, CA207E SN52747L CA747T 
PM747CY CA747CG SG207T CA207T SN52747N CA747G, CA747E 
Q2T3725 CA3725G SG2110 CA211G SN52748J CA748G 
RC555DE CA555CG SG211M CA211 G, CA211 E SN52748L CA748T 

RC555NB CA555CG, CA555CE SG211T CA211T SN52748N CA748G,CA748E 
RC555T CA555CT SG301AM CA301AG, CA301AE SN52748P CA748G, CA748E 
RC723DB CA723CE SG301AT CA301AT SN72301AJ CA301AG 
RC723T CA723CT SG301N CA301G, CA301E SN72301AL CA301AT 
RC1458DE CA1458G SG301T CA301T SN72301AN CA301AG,CA301AE 

RC1458NB CA1458G, CA1458E SG3070 CA307G SN72301AP CA301AG 
RC1458T CA1458T SG307N CA307G, CA307E SN72307L CA307T 
RC3401DB CA3401G, CA3401E SG307T CA307T SN72307N CA307G,CA307E 
RC741DB CA741CG,CA741CE SG3110 CA311G SN72307P CA307G, CA307E 
RC741DC CA741CG SG311M CA311G, CA311E SN72311L CA311T 

RC741DE CA741CG SG311T CA311T SN72311P CA311G, CA311E 
RC741NB CA741CG, CA741CE SG723CN CA723CE SN72555L CA555CT 
RC741T CA741T SG723CT CA723CT SN72555P CA555CG, CA555CE 
RC747DC CA747CG SG723T CA723T SN72558L CA1458T 
RC747DB CA747CG, CA747CE SG741CD CA741CG SN72558P CA1458G, CA1458E 

RC747T CA747T SG741CM CA741CG SN72723N CA723CE 
RM555DE CA555G SG741CN CA741CG,CA741CE SN72723L CA723CT 
RM555T CA555T SG741CT CA741CT SN72741J CA741CG 
RM723T CA723T SG7410 CA741G SN72741L CA741CT 
RM741DC CA741G SG741T CA741T SN72741N CA741CG,CA741CE 

RM7410E CA741G SG747CD CA747CG SN72741P CA741CG, CA741CE 
RM741T CA741T SG747CN CA747CG, CA747CE SN72747J CA747CG 
RM747DC CA747G SG747CT CA747CT SN72747L CA747CT 
RM747T CA747T SG7470 CA747G SN72747N CA747CG, CA747CE 
RM1558DE CA1558G SG747T CA747T SN72748J CA748CG 

RM1558T CA1558T SG748CM CA748CG SN72748L CA748CT 
SE555JG CA555G SG748CN CA748CG, CA748CE SN72748N CA748CG,CA748CE 
SE555L CA555T SG748CT CA748CT SN72748P CA748CG, CA748CE 
SE555N CA555G, CA555E SG748T CA748T SN76115N CA1310E 
SE555P CA555G, CA555E SG1458M CA1458G, CA1458E SN76116N CA758E 

SE555T CA555T SG1458T CA1458T SN76242N CA3070 
SE9300 RCA120 SG1558T CA1558T SN76243AN CA3071 
SE9301 RCA121 SG3018T CA3018 SN76264N CA3072 
SE9302 RCA122 SG3018AT CA3018A SN76266N CA3066 
SE9303 2N6384 SG3058J CA30580 'SN76267N CA3067 

SE9304 2NB385 SG3059J CA30590 SN76298N CA1398E 
SFC2101A CA101AT SG3079J CA3079D' SN76564N CA3064 
SFC2107M CA107T SG3081N CA3081E SN76565N CA3064E 
SFC211M CA111T SG3081J CA3061F SN76635N CA3123E 
SFC2201A CA201AT SG3082N CA3082E SN76650N CA1352E 

14 



Cross-Reference Directory for Linear Integrated Circuits 
RCA RCA RCA 

Industry Replacement Industry Replacement Industry Replacement 
Type Type Type Type Type Type 

SN76666N CA3065 µA101H CA101T µA748CJ CA748CG 
SN76675N CA3075 µA107H CA107T µA748Cl CA748T 
SN76676P CA3076 µA111H CA111T µA748CN CA748G,CA748E 
SN76689N CA3089E, CA3189E µA111R CA111G µA478CP CA748G,CA748E 
SP3724 CA3724G µA201AD CA201AG µA748CT CA748CT 

SP3725 CA3725G µA201AH CA201AT µA748DC CA748CG 
SSS101AJ CA101AT µA201D CA201G µA748DM CA748G, CA748E 
SSS101AP CA101AG, CA101AE µA201H CA201AT µA748HC CA748CT 
SSS107J CA107T µA207H CA207T µA748HM CA748T 
SSS107P CA107G, CA107E µA301AD CA301AG µA748MJG CA748G 

SSS201AJ CA201AT µA301AH CA301AT µA748MJ CA748G 
SSS201AP CA201AG, CA201AE µA307H CA307T µA748Ml CA748T 
SSS207J CA207T µA307T CA307G, CA307E µA748MN CA748G,CA748E 
SSS301AJ CA301AT µA301AT CA301AG, CA301AE µA748MP CA748G, CA748E 
SSS301AP CA301AG, CA301 AE µA311H CA311T µA748T CA748T 

SSS741CJ CA741CT µA311R CA311G µA748TC CA748CG, CA748CE 
SSS1458J CA1458T µA311T CA311G, CA311E µA758PC CA758E 
SSS1558J CA1558T µA555HC CA555CT µA780PC CA3070 
TBA810S CA810Q µA555HM CA555T µA781PC CA3071 
TBA810AS CA810QM µA555TC CA555CG, CA555CE µA787PC CA3126Q 

TDA2002V CA2002 µA720PC CA3123E µA1391T CA1391E 
TDA2002H CA2002M µA723CA CA723CE µA1394T CA1394E 
TBB0747 CA747CT µA723CK CA723CT µA1458HC CA1458T 
TBB0748 CA748CT µA723Cl CA723CT µA1458R1 CA1458G 
TBB0748B CA748CE µA723CN CA723CE µA1458HC CA1458G, CA1458E 

TBB1458B CA1458E µA723DM CA723E µA1558HM CA1558T 
TBC0747 CA747T µA723HC CA723CT µA3018HM CA3018 
TCA270 CA270 µA723HM CA723T µA3018AHM CA3018A 
TDA3081N CA3081 µA723K CA723T µA3019HM CA3019 
TDA3082N CA3082 µA723MN CA723E µA3026HM CA3026 

TDA3083N CA3083 µA723Ml CA723T µA3036HM CA3036 
TDB0723 CA723CT µA723PC CA723CE µA3039HM CA3039 
TDB0723A CA723CE µA741CJG CA741CG µA3045DM CA3045 
TDC0723 CA723T µA741CJ CA741CG µA3046DC CA3046 
U5B7741312 CA741T µA741CN CA741CG,CA741CE µA3064HC CA3064T 

U5B7741393 CA741CT µA741Cl CA741T µA3064PC CA3064E 
U5B7748312 CA748T µA741CP CA741CG, CA741CE µA3065PC CA3065 
U5B7748393 CA748CT µA741CT CA741CT µA3066PC CA3066 
U5R7723312 CA723T µA7410C CA741G µA3075PC CA3075 
U5R7723393 CA723CT µA741DM CA741G µA3066DC CA3066F 

U6A7723393 CA723CG, CA723CE µA741HC CA741CT µA3089E CA3089E, CA3189E 
U9T7758393 CA1458G µA741HM CA741T µA3401P CA3401 G, CA3401 E 
U9T7741393 CA741CG, CA741CE µA741MJG CA741G µPC151A CA741CT 
ULN2111A CA2111AE µA741MJ CA741G µPC151C CA741CG, CA741CE 
ULN2111N CA2111AQ µA741Ml CA741T µPC157A CA301AT 

ULN2114A CA3072 µA741MN CA741G,CA741E µPC157C CA301AG, CA301AE 
ULN2124A CA3070 µA741MP CA741G, CA741E µPC251A CA747CT 
ULN2125A CA3120E µA741PC CA741G, CA741E µPC251C CA1458G, CA1458E 
ULN2127A CA3071 µA746PC CA3072 µPC301AC CA301AG, CA301AE 
ULN2129A CA3075 µA747CA CA747CE µPC311C CA311G, CA311E 

ULN2137A CA3123E µA747CJ CA747CG µPC324C CA324G, CA324E 
ULN2165A CA3065 µA747CK CA747CT µPC339C CA339G, CA339E 
ULN2210A CA1310E µA747Cl CA747CT 1tPC741C CA741CG, CA741CE 
ULN2212B CA3012 µA747CN CA747CG, CA747CE 1tPC1458C CA1458G, CA1458E 
ULN2262A CA3126Q µA747DC CA747CG 

ULN2264A CA3064 µA747DM CA747G 
ULN2266A CA3066 µA747HC CA747CT 
ULN2267A CA3067 µA747HM CA747T 
ULN2269A CA3121E µA747MJ CA747G 
ULN2289A CA3089E, CA3189E µA747Ml CA747T 

ULN2298A CA1398E µA747MN 'CA747G, CA747E 
ULX2244A CA758E µA747PC CA747G, CA747E 
µA101AH CA101AT µA747A CA747E 
µA101AD CA101AG µA747K CA747T 
µA101D CA101G µA748CJG CA748G 
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CA101, CA201, CA301 Types 

Operational Amplifiers 
For Commercial, Industrial, and Military Applications 

RCA-CA101, CA101A, CA201, CA201A, 
and CA301 A 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 

CA 101 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 IG suffix), 8-lead 
T0-5 style packages with standard leads (T 
suffix), and with dual-in-line formed leads 
("DI L-CAN", S suffix). The CA301 A 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 

OUTPUT SHORT-CIRCUIT DURATION 

DEVICE DISSIPATION: 

Up to TA " 75°C . 

Above TA "" 75°c . 

AMBIENT TEMPERATURE RANGE: 

Operating -

CA101, CA101A 

CA201A . 

CA201, CA301 A 

Storage (All types) 

LEAD TEMPERATURE !During Soldering): 

At a distance 1 /16" ± 1 /32" ( 1.59 ± O. 79 mm) 
from case for 10 seconds max. 

* At TA~ 10°c and Tc~ 12s0 c (CA101}; 
TA<;:; 75°C and Tc<;:; 125°C ICA101A, CA201A); 
TA <;:;55°candTc<;:; 70°CICA201,CA301AI. 

CAIOI, CAIOIA 
CA201, CA201A 
CA301A 

PHASE 
COMPENSATION 1 

S OFFSET NULL 

" 250fi 

c;~ ., 
• •];!·' - Schematic diagram. 

44 v 
36 v 

±15 v 

± 30 v 
. Indefinite* 

500 mW 

derate linearly at 6.67 mwr0 c 

-55 to +125 DC 

-25 to +85 °c 
0 to +70 °c 

-65 to +150 °c 

+265 DC 

v+ 
7 

"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-T0-5 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 

v-
NOTE: PIN 4 IS CONNECTED TO CASE 

TOP VIEW 

a - T0-5 style package for all types 

T-Suffix 

PHASE 
COMPENSATION 

8 
OFFSET NULL 

INV 
INPUT 

S-Suffix 

TOP VIEW 

5 OFFSET 
NULL 

b - Plastic package for CA301A 

G-Suffix 
E-Suffix 

Fig.2 - Functional diagrams. 



CA101, CA201, CA301 Types 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONsA LIMITS LIMITS 

CHARACTERISTICS Supply Voltage (V±) CA101 CA201 
CA101A 

CA301A UNITS UNITS 
=5to15V CA201A 

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

Input Offset Voltage TA=25°c1 Rs..;;;1okn - 1 5 - 2 7.5 - - - - - -
V10 j'!s_..;;5okn - - - - - - - 0.7 2 - 2 7.5 

Rs..;;1okn 6 10 
mV mV 

- - - - - - - - - -

Rs..;;5okn - - - - - - - - 3 - - 10 

Average Temperature Rs..;;10kl1 - 6 - - 10 - - - - - - -
Coefficient of Input Rs..;;5on - 3 - - 6 - µV/°C - - - - - - µV/°C 
Offset Voltage 0N10 - - -· - - - - 3 15 - 6 30 

Average Temperature -55oc t_o +25oc - - -· - - - - 0.02 0.2 - - -
Coefficient of Input ooc to +25°C - - - - - -

nA/°C 
- - - - 0.02 0.6 

nA/°C Offset Current '+25oc to + 10°c - - - - - - - - - - O.Dl 0.3 
al10 +25°C to +125oc - - - - - - - 0.01 0.1 - - -

Input Offset Current TA=OOC - - - - 150 750 - - - - - -
TA=25°C - 40 200 - 100 500 - 1.5 10 - 3 50 

IIQ TA=70°C - - - - 50 400 - - - - - -

TA=125°C 
nA nA 

- 10 200 - - - - - - - - -
- - - - - - - - 20 - - 70 

TA=-55°c - 100 500 - - - - - - - - --
Input Bias Current TA=-55°c - 0.28 1.5 - - - - - - - - -

Im 
TA=o0 c - - - - 0.32 2 - - - - - -
TA=25°C 

µA 
p.075 

µA 
- 0.12 0.5 - 0.25 1.5 - 0.03 - 0.07 0.25 

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

Supply Current T A=25oc l V±=15V - - - - - - - - - - 1.8 3 

1± l v±=20V - 1.8 3 - 1.8 3 mA - 1.8 3 - - - mA 

TA=125°c v±=2ov - 1.2 2.5 - - - - 1.2 2.5 - - -

Open-Loop Differen· TA=25°C v±=l 5V 
tial Voltage Gain vo=±1ov 

50 160 - 20 150 - 50 160 - 25 160 -
RL;;>2kH 

V/mV V/mV 
AOL v±=15V 

25 15 25 15 - - - - - - - -
Vo=±10v RL>2kSl 

Input Resistance RI TA=25°C 0.3 0.8 - 0.1 0.4 - MS2 1.5 4 - 0.5 2 - Mil 

Output Voltage V±=15V AL =10kSl ±12 ±14 - ±12 ±14 - ±12 ±14 - ±12 ±14 -
Swing VOPP 

v v 
v±=15V RL =2k!l ±10 ±13 - ±10 ±13 - ±10 ±13 - ±10 ±13 -

Common-Mode v±=15V ±12 - - ±12 - - - - - ±12 - -
Input-Voltage v±=2ov 

v v 

Range V1cR 
- - - - - - t15 - - - - -

Common-Mode Rs<10kSl 70 90 - 65 90 - - - - - - -
Rejection Ratio dB dB 

CMRR Rs<50kH - - - - - - 80 96 - 70 90 -

Supply· Voltage Rs<10kl1 70 90 - 70 90 - - - - - - -
Rejection Ratio dB dB 

PSRR Rs..;;5okn - - - - - - 80 96 - 70 90 -

• Characteristics applicable 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 10°c 

CA101 CA201 CA101A CA201A CA301A 

Max. VIQ l 5 7.5 2 2· 7.5 mV 

Max. l(Q 
TA= 

25°C 200 500 10 10 50 nA 

Min. AoL 50 20 50 50 25 V/mV 

TA Range -55to Oto -55to -25to Oto oc 
(Operating) +125 +70 +125 +85 +70 

Slew Rate 
(Summing amp/.) - - 10 10 10 V/µs 



CA101, CA201, CA301 Types 

Type CA101 

:; 

-75 -~ 

AMBIENT TEMPERATURE (TA I- "C 

Fig.3- lnputcurrent (IJQ, J1sJ vs. temperature. 

Fig.6 - Voltage gain vs. supply voltage. 

Type CA301A 

LiliJ 
0 " 

t25 ±30 :t35 t<IO t45 

OUTPUT CURRENT IIo!-mA 

Fig. 9 - Output characteristics. 

' ~ <O 

I 

;0 10 I !'<---->f---t-~·-t--,+---i 

FREQUENCY (l)-H1 

TYPICAL STATIC CHARACTERISTICS 

I 

:~ 

SUPPLY VOLTAGE c..-t1-"v 

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

Fig.7 - Supply characteristics. 

TYPICAL DYNAMIC CHARACTERISTICS 

AND TEST CIRCUITS FOR TYPES 
CA101A AND CA201A 

Single-Pole Compensation 

RICs 
c•:::iii+ii'Z 
cs. ~o pF 

Fig.10 -Test circuit employing single-pole 

compensation. 

FR[OUENCY !II-HI 

Fig. 12 -Closed-loop output impedance vs. frequency. Fig. 73 - Voltage gain and phase lag vs. frequency. 

Types CA101, CA101A, and CA201A 

Fig. 5 - Input current 0 JQ, t 1eJ vs. temperature 

(CAIOIA and CA201A onlv) . 

SUPPLY VOLTAGE (V-)•15V . . II 

t5 :tlO 

OUTPUT CURRENT liol-111A 

Fig.8 - Output characteristics. 

TIME (tl-11-S 

Fig. 11 -Voltage follower (V1, Vo) pulse response. 

Fig. 14 - Output voltage swing vs. frequency. 



" FREQUENCY (1)-th 

Fig. 15 -Supply voltage rejection ratio vs. frequency. 

lk 10011 
FREQUENCY (tl-H1 

Fig. 18 - Voltage gain and phase lag vs. frequency. 

,, 

-7.5 

,., 

INPUT 

VOLTAGE SUPPLY 1v.t1.1,v 
AMBIENT TEMPERATURE IT"'" 2s•c 
FEEOFORWfiRO COMPE:NSATION 

TIME It)-_.,, 

Fig. 21 - Inverter pulse response. 

CA101A AND CA201A 

-t-
t-- -
··-+-

I 

4 6 8102 2 4 6 8103 2 4 6 8104 2 4 6 •10~ 

FREQUENCY(f)-Hz 

Fig. 24 - /If noise voltage vs. frequency. 

CA101, CA201, CA301 Types 
Two-Pole Compensation 

Cl i!: :ll+C!2 

C5•lOpf 

Fig. 16 - Test circuit employing two-pole 
compensation. 

6 1 IOlh 
FREQUENCY !ll-H1 

Fig. 19 - Output voltage swing vs. frequency. 

--l---1-J..--'135! 

~ 
~ 

f 

1011 IOOk 1111 
FREQUENCY Ill-Hz 

Fig. 22 - Voltage gain and phase Jag vs. frequency. 

IOI 2 4 8 llOz 2 4 I llOs 2 4 I ll04 2 4 I e10, 

FREQUENCY Ul-H1 

Fig. 25 - /If noise current vs. frequency. 

, .. 
.... VOLTAGE SUPPLY I yt I• 15 V 

AMBIENT TEMPERATURE IT.t.l•zs·c 
CAPACITANCE: ICll• 30pf 

IC21•300pf 
TWO-POLE COMPENSATION 

20 30 40 
TIME!tl-,..1 

Fig. 17 - Voltage follower pulse response. 

Feed-Forward Compensation 

'o 

Fig. 20 - Test circuit employing 
feedforward compensation. 

\ VOLTAGE SUPPLY 1vil• 15V 
t12f-~<-r-..--'- AMBIENT TEMPERATURE IT Al• 25'"C i---1 

I \ FEEDFORWARD COMPENSATION 

,..____,_____,__,N_.Kl._,____,_ _ __,__J...-4-J 

~ 
'" FREQUENCY Cfl-H1 

Fig. 23-0utput voltage swing vs. frequency. 

" FREQU[frrlCYCtl-H1 

Fig. 26 - Common-mode rejection ratio vs. frequency. 



CA107, CA207, CA307 Types 

Operational Amplifiers 

For Military, Industrial, and Commercial Applications 

RCA-CA 107, 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 CA 107 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 

~ Max. V10 Max.1 10 
e (mV) (nA) 

CA107 3 20 

CA207 3 20 

CA307 10 70 

T0-5 style packages with standard leads (T 

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

("OIL-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 CAl 07, CA207, and CA307 are direct 

replacements for industry types 107, 207, 

and 307 in packages with similar terminal 

arrangements. 

Temp. Package 
Max.1 18 Range(TA) (Suffix) 

(nA) oC 

100 -55 to +125 G,S, T 

100 -25 to +85* G, S, T 

300 0 to +70" G, E, S, T 

*Types CA207G, S, and T can be operated over the temperature range of -55 to +125°C, although0 the 
published limits for certain electrical specifications apply on!y over the temp. range of ;;25 to +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 specifications apply only over the temp. range of 0 to 70°C. 

v, 

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

"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-T0-5 Style Package 

Applications: 

• Long-interval integrators 

•Timers 
• Sample-and-hold circuits 

•Summing amplifiers 

• Multivibrators 

TOP VIEW 

Functional diagram for plastic package. 

NOTE: PIN 4 IS CONNECTED TO CASE 

TOP VIEW 

Functional diagram for T0-5 style packages. 

0 'h,1t11t11111t11t11t11t11t11t11t11t11t11t11t111 
5 1L 10 15 
SUPPLY VOLTAGE (V:!:)-V 

Fig. 2 ~ Supply current vs. supply voltage. 

80 
0 5 10 15 

SUPPLY VOLTAGE !V:l;)-V 

Fig. 3 Open-loop differential voltage gain vs. 
supply voltage. 



CA107, CA207, CA307 Types 

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

DC SUPPLY VOLTAGE (Between v+ and v- Terminals): 

CA 107, CA207 

CA307 

DC INPUT VOLTAGE 
(For supply voltages less than ±15 V, the absolute maximum input voltage is equal 

to the supply voltage) 

DIFFERENTIAL INPUT VOLTAGE. 

OUTPUT SHORT-CIRCUIT DURATION* 

DEVICE DISSIPA1ION UP TO TA·· 70°C 
Above TA = 70 C Derate linearly at 

AMBIENT TEMPERATURE RANGE: 
Operating - CA107. 

CA207. 

CA307. 

Storage -· All Types. 

LEAD TEMPERATURE (During Soldering): 

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

44 v 
36 v 

±15 v 

±30 v 
Indefinite 

500 mW 
6.67 mWl°C 

0 0 
-55 C to +125 C 
-25°C to +85°c• 

o0 c to +10°ct 
-65°C to +150°C 

+265°C 

*For tyge 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,although the published 
limits for certain electrical specifications apply only over the temperature range of -25 to +85°C. 

tTypes CA307G, E, S, and T can be operated over the temperature range of -55 to +125°C, alth~ugh the pub

lished limits for certain electrical specifications apply only over the temperature range of 0 to 70 C. 
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CA107, CA207, CA307 Types 

ELECTRICAL·CHARACTERISTICS 

TEST CONOITIONsA LIMITS 

Supply Voltage (V±) = CA107 
CA307 

CHARACTERISTIC 5Vto15V(CA307) CA207 

5 Vto 20V (CA107,CA207) Min. Typ. Max. Min. Typ. Max. 

Input Offset Voltage, TA= 2s0 c. Rs.;;50 kn - 0.7 2 - 2 7.5 

V10 Rs.;; 50 kn - - 3 - - 10 

Average Temperature 
Coefficient of Input 

3 15 -· 6 30 Offset Voltage, -
CYV10 

Input Offset Current, 
- - 20 - - 70 

110 TA= 25°c - 1.5 10 - 3 50 

Average Temperature 
Coefficient of Input 
Offset Current, See Note 1 - 0.01 0.1 - 0.01 0.3 

0<110 See Note 2 - 0.02 0.2 - 0.02 0.6 

Input Bias Current, - - 100 - - 300 

11B TA= 25°C - 30 75 - 70 250 

Supply Current, 
TA = + 1 25° C, v± = 20 V - 1.2 2.5 - - -

1± TA=25°c.v±=2ov. 
1.B 3 1.B 3 (CA307 v±= 15 V) 

- -

Open· Loop Differential v±=l5V, 
25 15 

Vo= ±lOV, Rl;;>2kS! 
- - - -

Voltage Gain, 

AoL v±=15V,Vo=±10V 
50 160 - 25 160 -

RL;;>2kU,TA=25°C 

Input Resistance, 
TA= 25°c 1.5 4 0.5 2 -

R1 
-

Output Voltage Swing, v±=15V.~=10kn ±12 ±14 - ±12 ±14 -
Vopp v±=15V,RL =2kn ±10 ±13 - ±10 ±13 -

Input Voltage Range, v±=2ov. 
±15 ±12 -

V1cR (CA307 v± = 15 V) 
- - -

Common·Mode 
Rejection Ratio, Rs<;; 50 kU BO 96 - 70 90 -

CMRR 

Supply-Voltage 
Rejection Ratio, Rs<;; 50 kn BO 96 - 70 96 -

PSRR 

Note 1: For_ CA107, +25, to +125°C; For CA207, +25 to +85°C: For CA307, +25 to 70°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 te~perature range as shown below unle55 otherwise specified. 
CA107 - TA= -55 to +12~ C 

CA207 - TA= -25 to :as c 
CA307 - TA = 0 to 70 C 

UNITS 
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Fig. 12 - 1 If noise voltage vs. frequency. 

FREQUENCY (fl-Hr 
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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-T0-5 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 nA(typ.I 
CA311 - 6 nA(typ.I 

• 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 VI at currents as high as 
50mA. 
The inputs and the outputs of the CA 111, 
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 T0-5 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 ("MIN~ DIP",E suffix), and in chip 
form (H suffix). 

CA111, CA211, CA311 Types 
v• 

Functional diagram for plastic package. 

v· 
NOTE: PIN 4 IS CONNECTED TO CASE 

Functional diagr11m for T0.5' style package. 

~ Max.V10 Max.110 Max.1 18 
Temp. Package 

Range (TAI 
(mVI (nAI (nAI oc (Suffix) pe 

CA111 3 10 100 -55 to +125 G,S,T 
CA211 3 10 100 -25to+856 G,S,T 
CA311 7.5 50 250 Oto+70t G,E,S,T 

MAXIMUM RATINGS,AbsolumMaximum Values at TA =25°C 

DC SUPPLY VOLTAGE (between v+ and v- termlnal1) ..•....•••......•.....•... 36 V 
DC INPUT VOLTAGE* .•.•...........•....•......•.•........•..•.. ±15 V 
DIFFERENTIAL INPUT VOLTAGE .•..•...•.•..•....•.......•.•.•••... ±3o V 
OUTPUT TO NEGATIVE SUPPLY VOLTAGE (V74l: 

CA111, CA211 ..•.•........•.••.......•....................•.. 50 V 
CA311 ...................................................... 40V 

GROUND TO NEGATIVE SUPPLY VOLTAGE IV14l. .....•...•....•..•..•..... 30 V 
OUTPUT SHORT-CIRCUIT DURATION ..••..•..•.•.••........•.•......... 101 
DEVICE DISSIPATION: 

Up to TA= 25°C ..•......•...........•.•.....•...•.........•. 500 mW 
Above TA = 25°C ..•...•.••.••.....•..•..•.•..... derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 
Operating: 

CA111 ........•.....•...•....•..........••.......... -55to+125°C 
CA211 .....•......•...•....•........................ -25 to +B5°cA 
CA311 ..........•...•..........•..•.................. 0 to +70°C t 

Storage, all typas •........•.............•................. -65 to +t50°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16±1/32 in. (1.59 ±0.79 mm) 
from cal8 for 10 IBCQnds max. . . . . . . . . . . . . • . . . . . • . . . . . . . . • . . . . . . . . +265°C 

*This rating applies for ±t 5 V supplies. The positive Input-voltage limit is 30 V above the negative supply. 
The negative input..Yoltage 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 lass. 

"' 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. 



CA111, CA211, CA311 Types 
TYPICAL CHARACTERISTICS - ALL TYPES 
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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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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARACTERISTICS SUPPLY VOLTAGE IV±l • 15 V ~n CA311 UNITS 

UNLESS OTHERWISE SPECIFIED 
TYP. MAX. TYP. MAX. 

Input Offset 
Rs <;;;; 5 k il , Note 2 

,TA~25°C 0.7 3 2 7.5 
mV 

Voltage, V IO Note 1 - 4 - 10 

V1=-5mV,10 = 50mA 
TA=25°C 0.75 1.5 - -

lForCA311,V1 <;;;;-10mV) 
v 

Saturation Voltage v+ ;;.4.5 v, v-=0. v 1 <;;;;-s mv, 

ls1NK <;;;;emA Note 1 0.23 0.4 - -
lForCA311,V1 <;;;;-10mVl 

Input Voltage 
Note 1 ±14 - ±14 - v Range, VIPP 

Input Offset ~oc 4 10 6 50 
nA 

Current, 110 Note2 Note 1 - 20 - 70 

Input Bias TA=25°C 60 100 100 250 
Current, Its Note2 nA 

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

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

Output Leakage V1 ;;.5 mV. V0 = 35 V TA=25°C 0.2 10 - - nA 
Current lFor CA311, V1 ;;.-10mV) 

Note 1 0.1 0.5 - - µA 
Strobe On Current TA=2S"C 3 - 3 - mA 

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

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

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

Note 2: 

CA111 
-55 to +125°C 

CA211 
-25 to +85°C 

CA311 
0 to +70°C 

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 
TYPICAL CHARACTERISTICS - CA111, 

CA211 (CONT'D) 
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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-CA 124, -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 =25oc 

SUPPLY VOLTAGE 32Vor±16V 
±32 v 

-0.3 V to +32 V 
50mA 

DIFFERENTIAL INPUT VOLTAGE. 
INPUT VOLTAGE . . . . • . 
INPUT CURRENT IV1 <-0.3 V)t . 

OUTPUT SHORT CIRCUIT TO GROUND 
(V+ ,,.;;15 V)* 

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. 

Continuous 

750mW 

de rate 1 inearly at 6.67 mW/°C 

-55 to +125°C 
-65 to + 1 so0 c 

*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 (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 de. 

Fig. 2-Schematic diagram-one of four operat;onal amplifiers. 

"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 ...... 100 dB (typ.) 
• lnptJt bias current . 45 nA (typ.) 
• Input offset voltage 2 mV (typ.) 
• Input offset current 5 nA (typ.) 

tor CA224, CA324 
3 nA (typ.) for CA124 

• Replacement for industry types 124, 224, 324 

NEG 
INPUT I 

POS 
INPUT I 

POS 
INPUT 2 

Applications 

• Summing amplifiers 

• Multivibrators 

•Oscillators 

• Transducer amplifiers 

• DC gain blocks 

92CS-24204 

TOP VIEW 

Fig. 1 - Functional diagram. 



CA124, CA224, CA324 Types 
ELECTRICAL CHARACTERISTICS (Values apply for each operational amplifier) 

TEST CONDITIONS CA124 CA224, CA324 
LIMITS LIMITS 

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

TA= 25°c 

Input Offset Voltage, V 10 Note 3 - 2 5 - 2 7 mV 

Output Voltage Swing, Vopp RL=2kil 0 - v+-1.5 0 - v+-i.5 v 

Input Common-Mode 
Note 2, v+=30 V 0 - v+-i.5 0 - v+-1.5 v Voltage Range, V ICR 

Input Offset Current, I 10 11+ - 11- - 3 30 - 5 50 nA 

Input Bias Current, I 1 B 11+ or 11-. Note 1 - 45 150 - 45 250 nA 

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

20 40 20 40 - mA 
v+=15 v 

-

v 1+=o v,v 1-=1 v,v+=15 v 10 20 - 10 20 - mA 
Output Current (Sink), lo 

v 1+=o v,v 1-=1 v. 
I v 0 =200 mV 12 50 - 12 50 - µA 

Large-Signal Voltage Gain, A RL;;,2 kil,V+=15 V 94 100 - 88 100 - dB 
I For I arge Vo swing I 

Common-Mode Rejection Ratio, 
DC 70 85 - 65 70 - dB CMRR 

Power Supply Rejection Ratio, 
DC 65 100 - 65 100 - dB 

PSRR 

Amplifier-to-Amplifier f=l to 20 kHz (Input re· - -120 - - -120 ·- dB 
Coupling !erred) 

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

TA= o to 10°c (CA3241 

Input Offset Voltage, V10 Note 3 - - 7 ·-

Temperature Coefficient of 
Rs= 0 7 - -

Input Offset Voltage, "'V10 

Input Offset Current, I 10 11+ -· 11- - - 100 -

Temperature Coefficient of 
- 10 - -

Input Offset Current, "'I 10 

Input Bias Current, I 1 B 11+or11- - - 300 -

Supply Current, 1+ RL ==On All Ampl. - 0.8 2 -

Input Common-Mode v+ = 30 v 0 - v+-2 0 
Voltage Range, V1cR 

Large-Signal Voltage Gain, A RL;>2 k0.,v+=15 V 88 - - 83 
(For large Vo swing) 

Output Voltage Swing: 
R L =2 k0.,V+=30 V 26 - - 26 

High-Level, VoH 
RL=10k0. 27 28 - 27 

Low-Level, Vol RL=10 kO. - 5 20 -· 

Output Current: 
v 1+=1 vDc.v1-=o, 

Source, lo v+=15 v 10 20 - 10 

Sink, 10 
v 1-=1 vDc.v1+=o, 

5 8 - 5 
v+=15 v 

Differential Input Voltage Note 2 - - v+ -

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 tines 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 to +32 V without damage. 

NOTE 3: v 0 = 1.4 Voe• R5 = 0 H with v+ from 5 V to 30 V; and over the full input common· 
mode voltage range (0 V to v+ - 1.5 Vl. 

- 9 mV 

7 - µV/OC 

- 150 nA 

10 - pA/°C 

- 500 nA 

0.8 2 mA 

- v+-2 v 

- - dB 

- -
v 

28 -

5 20 mV 

20 - mA 

8 - mA 

- v+ v J 



INPUT COMMON-MODE VOLTAGE 
RANGE CYicRJ•OY 

SUPPLY VOLTA.GE cv•)•30V 

••v 
•v 

- ~ ~ o e ~ ~ ~ ~ 
AMBIENT TEMPERATURE (TAJ--C 

Fig. 3-lnput current vs. ambient temperature. 

1 
I 

~ 
~ 

I 
ii! '° ii 

I 20 

-!IO -r.. 25 '° 75 
AMBIENT TEMPERATURE ITA J-'C 

Fig. 6-0utput current vs. ambient temperature. 

~ 

i :'t--+---+"' 
~ 40f--+-+--I~~ 
i ••t--t----+--+--+-'"""~ 

IO n IOll IOOll ... 
FREQUENCY Ill-Hr 

Fig. 9-0pen-loop frequency response. 

CA124, CA224, CA324 Types 

TYPICAL CHARACTl!RISTICS CURVES 
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CA139, CA239, CA339 Types 

Quad Voltage Comparators 

For Industrial, Commercial, and Military Applications 

The RCA-CA 139, -CA239, -CA339, -CA 139A, 
-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 CA 139, CA239, 
and CA339 plus an even lowe.r 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 GROUND• 

(Single Supply) .................................. . 
DEVICE DISSIPATION: 

36Vor±18V 
±36V 

-0.3 V to +36 V 
50 mA 

Continuous 

Up to TA= 55oc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750 mW 
Above TA= 55°C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 
Operating ...................................... . -55 to +125°c 
Storage ........................................ . -65 to +15ooc 

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

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

6 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. 

-INPUT 

v+ 
3 

t------1r---11----11-----TO 2,3,4 

COMPARATOR NO. I 

Fig. 1 -Schematic diagram. 

92CM- 24150R I 

"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 

• Raplacem.it fQI' 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 

NEG. INPUT 2 6 

POS. INPUT 2 7 

9 POS. INPUT 3 

___ ,.8,,NEG. INPUT 3 

92CS-24149 

Fig. 2 -Functional diagram. 

TYPICAL CHARACTERISTICS 

Fig. 3-Supply current vs. supply voltage. 



CA139, CA239, CA339 Types 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

v+-sv CA139 CA139A 
CHARACTERISTIC UNITS 

Unless otherwise 
indicated Min. Typ. Max. Min. Typ. Max. 

Input Offset 
25°c - 2 5 - 1 2 

Voltage (Viol VREF = mV 
At Output Switch 1.4 V,R5 = 0 Note 1 - - 9 - - 4 
Point Vs. 1.4 V 

Differential Input 
Keep all inputs ;;.o V 

Voltage (Vrol 
for v- (If used), - - 36 - - 36 v 
Notes 1, 2 

v 1-= 1 v. 
25°c - 250 500 - 250 500 Saturation Voltage v 1+=ov. 

(Vsatl 1s1NK.;; 
mV 

4mA 
Note 1 - - 700 - - 700 

Common-Mode 
25°C 0 v+-1.5 v+-1.5 Input Voltage Note 3 

- 0 -
Note 1 0 v+._2 v+-2 v 

Range (VicRl 
- 0 -

Input Offset 
11+-11- 25°C - 3 25 - 3 25 

Current 0101 Note 1 - 100 100 
nA - - -

l1+or 11-
25°C - 25 100 - 25 100 Input Bias Current with Output 

01sl in Linear nA 

Range 
Note 1 - - 300 - - 300 

Supply Current (I+) 
R L = oo on all com· - 0.8 2 - 0.8 2 mA 
paiators, TA = 25oc 

v 1+;;.1 v. 
v 1-=o. 25°C - 0.1 - - 0.1 - nA 

Output Leakage Vo= 5 V 

Current v 1+;;.1 v. 
v 1-·=o. Note 1 - - 1 - - 1 µA 
Vo= 30 V 

V1-;;.1 V, 
Output Sink v 1+=o. 

6 Current v 0 .;;+1.5v, 16 - 6 16 - mA 

TA= 25°c 

Voltage Gain (AoLI 
RL ;;.15 kQ;.t+=15 V, 

- 200 - 50 200 - V/mV TA= 25°c 

V1 =TTL Logic 

Large Signal Swing, VREF = 

Response Time 
+1.4 V,VRL = 50 V, - 300 - - 300 - ns 
RL = 5.1 kQ, 
TA= 25°c 

Response Time 
VRL =5V, 
RL =5.1 kQ, - 1.3 - - 1.3 - µs 

See Figs. 5 & 6 
TA= 25°c 

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

CA139 1-55 to +125oc1 I CA239 1-25 to +a5oc1 I CAJ39 (O +70oc1 
CA139A CA239A CA339A to 

Note 2: The comparator will provide a proper output state even if the positive swing of the inputs exceeds 
the power supply voltage level, if the other input remains within the common-mode voltage range. 
The low input voltage state must not be less than -0.3 V (or 0.3 V below the magnitude of tha 
negative PoWer supply, if used}. 

Note 3: The upper end of the common-mode voltage range is (V+J - 1.5 V, but either or both inputs can 
go to +30 V without damage. 

TYPICAL CHARACTERISTICS (Cont'd) 

1 

? 
a 
~ 
!; 
~ 

•o 

40 

30 

20 

10 

-'5•C 

..... ,ENT TEMPERATURE (TA)·o·c 
z5•c 

7 c 

10 20 30 40 

SUPPLY VOLTAGE (Y1')-Y 

Fig. 4-/nput current vs. suppty voltage. 

0.5 I 1.5 

TIME 111-,.S 

~ 
I 

-50 ~ 
-too .... 

~ 

Fig. 5-Response time for various input 
overdrives-negative transition. 

Fig. 6-Response time for various input 
overdrives-positive transition. 

OUTPUT SINK CURRENT !Iol-mA 
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CAl39, CA239, CA339 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

v+=sv CA239, CA339 CA239A, CA339A 
CHARACTERISTIC UNITS 

Unless otherwise 
indicated Min. Typ. Max. Min. Typ. Max. 

Input O~fset 
2s0 c - 2 5 - 1 2 

Voltage (Viol 
VREF = mV 

At Output Switch 
Point V :!< 1.4 V 

1.4 V.Rs = 0 Note 1 - - 9 - - 4 

Differential Input 
Keep all inputs ;;;.o 

Voltage (Vml 
V for v- (If used). - - 36 - - 36 v 
Notes 1, 2 

V1 = 1 v. 
25°c - 250 500 - 250 500 

Saturation Voltage v 1+=ov, 
mV 

(Vsatl ISINK.;;; Note 1 - - 700 - - 700 
4mA 

Common-Mode 25°c 0 - v+-1.5 0 - v+-1.5 
Input Voltage Note 3 v 

Range (VicRl Note 1 0 - v+-2 0 - v+-2 

Input Offset 
11+-11-

25°c - 5 50 - 5 50 
nA 

Current (I 10) Note 1 - - 150 - - 150 

11+ or 11-
25°c - 25 250 - 25 250 

Input Bias Current with Output 
nA 

ll1sl in Linear 
Range 

Note 1 - - 400 - - 400 

Supply Current (I+) 
RL = 00 on all com- - 0.8 2 - 0.8 2 mA 
parators, TA = 25°c 

V1+;;.1 V, 
V1- =O. 25°c - 0.1 - - 0.1 - nA 

Output Leakage V_Q_= 5 V 

Current v 1+;;.1 v. 
vi-= 0, Note 1 - - 1 - - 1 µA 

Vo= 30 V 

V1-;;;.1 V, 
Output Sink v 1+=o, 

6 16 - 6 16 - mA 
Current v 0 .;;;+1.5 v. 

TA= 25°c 

Voltage Gain (AoLl 
RL ;;.15 k!J.:J+=15 V 

- 200 - 50 200 - V/mV 
TA= 25°c 

V 1 =TTL Logic 

Large Signal Swing, VREF = 

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

RL = 5.1 k!J., 
TA= 25°c 

Response Ti me 
VRL=5V, 
RL =5.1 k!J., - 1.3 - - 1.3 - µs 

See Figs. 5 & 6 
TA= 25°C 

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

CAtJe (-55 to +t25°C) CA239. (-25 to +85°C) CAJJ9 (0 to +70°C) 
CA139A CA239A CA339A 

Note 2: The comparator will provide a proper output state even if the positive swing of the inputs exceeds 
the power supply voltage level, if the other input remains within the common-mode voltage range. 
The low input voltage state must not be less than -0.3 V (or 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 (V+) - 1.5 V, but either or both inputs can 
go to +30 V without damage. 



CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 

Dual Operational Amplifiers 
For Commercial, Industrial, and Military Appl.ications 

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, de gain blocks and 

MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25°C 
SUPPLY VOLTAGE, v+: 

CA2904. 
Other Types 

DIFFERENTIAL INPUT VOLTAGE: 
CA2904 
Other Types 

INPUT VOLTAGE 
INPUT CURRENT IV1 < -0.3 V) + 
OUTPUT SHORT CIRCUIT TO GROUND 

tv+ .,;;15 V)* 
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 Vor ±13 V 
32Vor±16V 

±26V 
±32V 

-0.3 v to v+ v 
50mA 

Continuous 

630mW 
derate linearly at 6.67 mw1°c 

-55 to+ 125°c 
--fl5 to+ 15o0 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 arid 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 de. 

* The maximum output cur.rent 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. 

v' 
• 

92CM-29:>69 

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

Features: 
• Intern.al frequency compensation for unity gain 
• High de voltage gain - 100 dB typ. 
• Wide bandwidth at unity gain - 1 MHz typ. 
• 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+ 
-1.5V 

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 T0-5 style pack
ages with standard leads (T suffix). and 
with dual-in-line formed leads (DI L-CAN, S 
suffix). The CA2904 is supplied only in the 
gold-CHIP plastic package (G suffix). 

The CA 158, CA 158A, CA258, CA258A, 
CA358, CA358A, and CA2904 types are an 
equivalent to or a replacement for the in
dustry types 158, 1 58A, 258, 258A, 358, 
358A, and 2904. 

TOP VIEW 

Fig.2 - Functional diagram for CA 158, CA258, 
and CA358 S- and T-suffix types. 

92CS·25015 

Fig.3 - Functional diagram for CA 158, CA258, 
CA358, and CA2904 G-suffix types. 



CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 
ELECTRICAL CHARACTERISTICS (Values Apply For Each Operational Amplifier) 

TEST CONDITIONS LIMITS 

CHARACTERISTIC CA158A (G, T, SI UNITS 
Supply Voltage (V+I = 5 V 

Min. Typ. Max. Unless Otherwise Specified 

TA= 25°c 

Input Offset Voltage, V10 Note 3 - 1 2 mV 

Output Voltage Swing, Vopp RL = 2 kS1 0 - v+-1.5 v 

Input Common-Mode 
Note 2, v+ = 30 V 0 v+-1.5 v Voltage Range, V1CR -

Input Offset Current, I 10 11+-11- - 2 10 nA 

Input Bias Current, l1B I 1 + or 11-, Note 1 - 20 50 nA 

Output Current (Source), Io 
v 1+=+1v.v1-=ov. 

20 40 - mA 
v+= 15 v -
v1+=0 v. vi-= 1 v. v+=15 v 10 20 - mA 

Output Current (Sink). lo v1+=0 v. vi-= 1 v. 
12 50 µA -

Vo=200mV 

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

Large Signal Voltage Gain, AoL RL;;;>2 kS1, v+= 15 V 
50 100 - V/mV 

(For large Vo swing) 

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

Power Supply Rejection 
DC 65 100 - dB Ratio, PSRP 

Amplifier-to-Amplifier f = 1to20 kHz (Input referred) - -120 - dB 
Coupling 

TA= -55 to +125oc 

Input Offset Voltage, V10 Note 3 - - 4 mV 

Temperature Coefficient of 
Rs= 0 7 15 µV/OC Input Offset Yoltage,a:V10 -

Input Offset Current, I 1 o 11+-11- - - 30 nA 

Temperature Coefficient of 
Input Offset Current, 0:110 - 10 200 pA/°C 

Input Bias Current, llB 11+ or 11- - 40 100 nA 

Input Common-Mode 
v+ = 30 V, Note 2 0 v+-2 v Voltage Range, V1cR -

Supply Current, I+ 
RL = 00 On All Ampl. - 0.7 1.2 

mA 
R L = 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 Voe. R5 "" 0 n with v+ from 5 V to 30 V, and over the full input common-mode voltage range 
(0 V to v+ - 1.5 VI. 

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

" 

NEGATIVE 

POSITIVE 

10 15 20 
SUPPLY VOLTAGE (V"'l-V 

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

0. 

~ - - ~ ~ n m ~ 
AMBIENT TEMPERATURE tTA)-"C 

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

AMBIENT TEMPERATURE (TA)• H-f+ttt-h-t+t+t+t-1 
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Fig.6 - Supply current drain as a function of 
supply voltage. 

100 

INPUT FREQUENCY lf1Nl- H1 

Fig. 7 - Common mode rejection ratio as a 
function of input frequency. 



CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 

TEST CONDITIONS LIMITS 

CHARACTERISTIC CA258A (G, T, SI UNITS 
Supply Vol1Bge 1v+1=5 V 

Min. Typ. Max. Unless Otherwise Specified 

TA= 2s0 c 
Input Offset Voltage, V10 Note 3 - 1 3 mV 

Output Voltage Swing, Vopp RL = 2kU 0 - v+ -1.5 v 

Input Common·Mode 
Note 2, v+ = 30 V 0 - v+ -1.5 v Voltage Range, V1cR 

Input Offset Current, I 10 11+-11- - 2 15 nA 

Input Bias Current, I 1B 11+ or 11-. Note 1 - 40 80 nA 

Output Current (Source l. Io 
v1+=+1 v. v1-=0V, 

20 40 mA 
v+= 15 v 

-

v 1+=o v. v 1-= 1 v. v+=15 v 10 20 - mA 

Output Current (Sink), lo v 1+=o v. v 1-= 1 v. 
12 50 µA -

Vo=200mV 

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

Large Signal Voltage Gain, AOL 
RL;;.2 kn. v+= 15 v 

50 100 - V/mV (For large Vo swing) 

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

Power· Supply Rejection 
DC 65 100 - dB Ratio, PSRP 

Amplifier-to-Amplifier f = 1to20 kHz (Input referred) - -120 - dB 
Coupling 

TA = -25 to +asoc 

Input Offset Voltage, Vto Note 3 - - 4 mV 

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

Input Offset Current, Ito 1t-11- - - 30 nA 

Temperature Coefficient of 
Input Offset Current, 0:110 - 10 200 pA/°C 

Input Bias Current, I 1 B l1+or 11- - 40 100 nA 

Input Com~on-Mode 
v+ = 30 V, Note 2 0 v+-2 v Voltage Range, V1cR -

Supply Current, 1+ 
RL =co 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 rrot 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 Voe. Rs= 0 n with v+ from 5 V to 30 V, and over the full input common-mode voltage range 
(O v to v+ - 1.5 Vl. 

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 the device. 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) 

TEST CONDITIONS LIMITS 

CHARACTERISTIC CA358A (G, T, SI UNITS 
Supply Voltage (V+) = 5 V 

Min. Typ. Max. Unless Otherwise Specified 

TA=25°c 

Input Offset Voltage, V10 Note 3 - 2 3 mV 

Output Voltage Swing, Vopp RL=2kS1 0 - v+ -1.5 v 

Input Common-Mode 
Note 2, v+ = 30 V 0 - v+ -1.5 v Voltage Range, V1cR 

Input Offset Current, I 10 11+-11- - 5 30 nA 

lriput Bias Current, llB 11+ or 11-, Note 1, - 45 100 nA 

Output Current (Source). lo 
v1+=+1v,v1-=ov. 

20 40 - mA 
v+= 15 v 

v 1+=o v, v 1-= 1 v, v+=15 v 10 20 - mA 

Output Current (Sink). IQ v1+=ov,v1-=1v, 
12 50 µA -

Vo=200 mV 

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

Large Signal Voltage Gain, AQL 
RL;;.2 kS1, v+= 15 V 

25 100 - V/mV 
(For large Vo swing) 

Common-Mode Rejection 
DC 65 85 dB Ratio, CMRR -

Power· Supply Rejection 
DC 65 100 - dB Ratio, PSRR 

Amplifier-to-Amplifier f = 1to20 kHz (Input referred) - -120 - dB 
Coupling 

TA= o to +1ooc 

Input Offset Voltage, V10 Note 3 - - 5 mV 

Temperature Coefficient of 
Rs= 0 - 7 20 µV!°C Input Offset Voltage,0 :V10 

Input Offset Current, 110 1t-11- - - 75 nA 

Temperature Coefficient of 
Input Offset Current, 0:110 - 10 300 pA/OC 

Input Bias Current, l1s 11+ or 11- - 40 200 nA 

Input Common-Mode 
v+ = 30 V, Note 2 0 - v+-2 v Voltage Range, V1cR 

Supply Current, 1+ 
RL = 00 On AllAmpl. - 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 Voe. R5 = 0 n with v+ from 5 V to 30 V, and over the full input common·mode voltage range 
(O v to v+ - 1.5 V). 

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 the device. Destructive dissi· 
pation can result from simultaneous short circuits on both amplifiers. 
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Fig. 13 - Input current as a function of 
supply voltage. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 

ELECTRICAL CHARACTERISTICS (V I I f E h 0 a ues App y or ac perat1ona IA IT ) mp11er 

LIMITS 
TEST CONDITIONS CA158 (G, T, SI 

CHARACTERISTIC CA258 IG, T, SI UNITS 
Supply Voltage 1v+1 = 5 v 
Unless Otheiwise Specified Min. Typ. Max. 

TA=25°C 

Input Offset Voltage, V10 Note 3 - 2 5 mV 

Output Voltage Swing, Vopp AL= 2 kn 0 - v+ -1.5 v 

Input Common-Mode 
Note 2, v+ =30 V 0 v+-1.5 v Voltage Range, V1cR -

Input Offset Current, I 10 11+-11- - 3 30 nA 

Input Bias Current, I 1B 11+ or 11 , Note 1 - 45 150 nA 

Output Current (Source). lo 
v1+=+1 V, V1 -=o V, 

20 40 - mA 
v+= 15 v 

v1+=0 v. vi-= 1 v. v+=15 v 10 20 - mA 

Output Current (Sink), lo v1+=0 v. vi-= 1 v. 
12 50 µA -

Vo=200mV 

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

Large Signal Voltage Gain, AQL AL;;. 2 kn, v+ = 15 v 
50 100 - V/mV 

(For large Vo swing) 

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

Power· Supply Rejection 
DC 65 100 - dB Ratio, PSRR 

Amplifier-to-Amplifier f = 1to20 kHz (Input referred) - -120 - dB 
Coupling 

TA= -55 to+ 125°c (CA158); TA= -25 to +85°c (CA25BI 

Input Offset Voltage, V10 Note 3 - - 7 mV 

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

Input Offset Current, I 10 11+-11- - - 100 nA 

Temperature Coefficient of 
Input Offset Current, 0:110 - 10 - pA/°C 

Input Bias Current, I 1 B l1+or 11- - 40 300 nA 

Input Common-Mode 
v+=30V,Note2 0 v+-2 v Voltage Range, V1cR -

Supply Current, 1+ 
AL= 00 On All Ampl. - 0.7 1.2 

mA 
R L = oo, 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 Voe. Rs"" 0 n with v+ from 5 V to 30 V, and over the full input common-mode voltage range 
(OVtov+-1.SV). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of v-t. 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 dissi
pation can result from simultaneous short circuits on both amplifiers. 
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CA158, CA158A, CA258, CA258A, CA358, CAaSSA, CA2904 Types 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier} 

TEST CONDITIONS LIMITS 

CHARACTERISTIC CA358 IG, T, S} UNITS 

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

TA= 2s0 c 
Input Offset Voltage, V10 Note 3 - 2 7 mV 

Output Voltage Swing, VQpp RL = 2 kn 0 - v+ -1.5 v 

Input Common-Mode 
Note 2, v+ =30 V 0 v+ -1.5 v Voltage Range, V1cH -

Input Offset Current, I 10 11+-11- - 5 50 nA 

Input Bias Current, I 1B 11+ or 11-. Note 1 45 250 nA 

Output Current (Source}, IQ 
v1+=+1v.v1-=0V. 

20 40 mA 
v+ = 15 v 

-

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

Output Current (Sink}. IQ v 1+=o v. v 1-= 1 v. 
12 50 

lio=200mV 
- µA 

Short Circuit Output Current R L = 0 (to Ground} Note 4 - 40 60 mA 

Large Signal Voltage Gain, AoL RL>2kn,v+=15V 25 100 - V/mV 
(For large Vo swing) 

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

Power· Supply Rejection 
DC 65 100 - dB Ratio, PSRR 

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

TA= o to +1ooc 

Input Offset Voltage, V10 Note 3 - - 9 mV 

Temperature Coefficient of ; 

Input Offset Voltage,a:V10 Rs= 0 - 7 - µV!°C 

Input Offset Current, I 1 O '1+ -11- - - 150 nA 

Temperature Coefficient of 
Input Offset Current, a:I 10 - 10 - pA/OC 

Input Bias Current, I 1 B 11+ or 11- - 40 500 nA 

Input Common-Mode 
v+ = 30 V, Note 2 0 v+-2 v Voltage Range, V1cR -

Supply Current, I+ 
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 staQe the direction of the input current is out of tile 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 V oc, Rs = 0 n with v+ from 5 V to 30 V, and over the full input common-mode voltage range 
IO v to v+ - 1.5 Vl. 

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. 



CA158, CA158A~ CA258, CA258A, CA358, CA358A, CA2904 Types 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 

TEST CONDITIONS LIMITS 
CHARACTERISTIC CA2904G UNITS 

Supply Vol-.. lv+I • 5 V 
Min. Typ. Ma. Unless Otherwise Specified 

TA= 25°c 

Input Offset Voltage, V10 Note 3 - 2 7 mV 

Output Voltage Swing, Vopp RL;;.10kfl 0 - v+ -1.5 v 

Input Common-Mode 
Note 2, v+ =30 v 0 v+ -1.5 v Voltage Range, V1cR -

Input Offset Current, I 10 1,+ _,, - 5 50 nA 

Input Bias Current, I 1B 1,+ or 1,-, Note 1 - 45 250 nA 

Output Current (Source}, lo 
v1+=+1 v. v 1-=ov. 

20 40 mA 
v+= 15 v 

-

Output Current (Sink}. lo v 1+=o v. v 1-= 1 v. v+=1s v 10 20 - mA 

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

Large Signal Voltage Gain, AoL RL;;.2k!1, v+= 15 V - 100 - V/mV (For large Vo swing} 

Common-Mode Rejection 
DC 50 70 dB Ratio, CMRR -

Power· Supply Rejection 
DC 50 100 - dB Ratio, PSRA 

Amplifier-to-Amplifier f = 1to20 kHz (lnputreferred) - -120 - dB 
Coupling 

TA= -40to+a5oc 

Input Offset Voltage, V10 Note 3 - - 10 mV 

Temperature Coefficient of 
As= 0 7 µV/°C Input Offset Voltage,a:V10 - -

Input Offset Current, I 10 j 1,+_ ,,- - 45 200 nA 

Temperature Coefficient of 
Input Offset Current, ext 10 - 10 - pA/OC 

Input Bias Current, I 1 B 1,+or 1,- - 40 500 nA 

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

Supply Current, I+ 
RL = 00 On All Ampl. - 0.7 1.2 

RL = 00, v+ = 30 V 
mA 

- 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-moqe 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 Voe. Rs= 0 n with v+ from 5 V to 30 V, and over the full input common-mode voltage range 
IOVtoV+-1.SVI. 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of v+. Continuous 
short circuits• v+ ::>15 V can cause excessive pawer dissipatiori 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. 



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 ti me 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 RA TINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 18 V 
DEVICE DISSIPATION: 

Up to TA = 550c . 600 mW 
Above TA= 55°c Derate linearly 5 mW/°C 

AMBIENT TEMPERATURE RANGE (All Types): 
Operating 

CA555 -55 to +125 °c 
CA555C 0 to 70 ° C 
Storage -65 to +H,)O 0 c 

LEAD TEMPERATURE (During Soldering): 
At distance 1 /16" :t 1 /32" 

(1.59 ± 0.79 mm) from case 
for 10 seconds max. 

DISCHARGE 

+265 

The CA555 and CA555C are supplied in 
hermetic IC Gold-CHIP 8-lead dual-in-line 
plastic packages (G Suffix), standard 8-lead 
T0-5 style packages (T suffix), 8-lead T0-5 
style packages with dual-in-line formed leads 
(DIL-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. 

CA555G, CA555CG: 

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

CA555T, CA555CT: 

Standard 8-Lead T0-5 Style Package 

CA555S, CA555CS: 

Standard 8-Lead T0-5 Style Package 
With Formed Leads (OIL-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 TTL devices 
• Normally ON and OFF outputs 
• High-temperature stability -0.005%/0C 
• 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 

G•oo"°[]' '' TRIGGER 2 1 DISCHARGE 

OUTPUT 3 6 THRESHOLD 

RESET 4 5 ~'b~~~gf 

a. MINI-DIP plastic package 
T0-5 style packale with formed leads 

b. T0-5 style package 

Fig. 3 - Terminal assignment diagrams. 



ELECTRICAL CHARACTERISTICS, At TA =2!f'C, 0" =5 to 15 V unless otherwise specified 

LIMITS 

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

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

v+ = 5 V, 

DC Supply Current RL =co - 3 5 - 3 6 mA 

(Low State)*, 1+ v+ = 15 V, 

RL =co - 10 12 - 10 15 mA 

Threshold Voltage, 
VTH - (2/3)V+ - - (2/3)V+ - 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 Current•, 
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 v+ = 5V 2.9 3.33 3.8 2.6 3.33 4 v 

Level v+ = 15 v 9.6 10 10.4 9 10 11 v 

v+ = 5V 
0.25 0.35 

ISINK = 5 mA 
- - - -

v 
ISINK = 8 mA - 0.1 0.25 - - -

Output Voltage v+ = 15 v 
0.1 0.15 0.1 0.25 Drop: ISINK = 10mA 

- -
Low State, Vol 

ISINK = 50 mA - 0.4 0.5 - 0.4 0.75 
v 

ISINK = 1Cl0 mA - 2.0 2.2 - 2.0 2.5 

ISINK = 200 mA - 2.5 - - 2.5 -
v+ = 5V 

ISOURCE = 100 mA 
3.0 3.3 - 2.75 3.3 -

High State, VOH v+ = 15 v v 

I SOURCE = 100 mA 13.0 13.3 - 12.75 13.3 -
ISOURCE = 200 mA - 12.5 - - 12.5 -

Timing Error 
R1, R2 (Monostable): - 0.5 2 - 1 - % 

Initial Accuracy = 1to100 kU 

Frequency C = 0.1 µF 
p/m/ 

Drift with Tested at - 30 100 - 50 - oc 
Temperature v+ = 5 V, 

Drift with Supply v+ = 15 v - 0.05 0.2 - 0.1 - %/V 
Voltage 

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

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

• When the output is in a high state, the de 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 MU. 

CA555, CA555C Types 
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Fig. 4 - Minimum pulse width vs. minimum 
trigger voltage. 
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Fig. 6 - Output voltage drop (high state) vs. 
source current. 
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Fig.7 - Output voltage-low state vs. sink current 
atv+=5V. 



CA555, CA555C Types 

JO I SUPPLY VOLTAGE tv+l• 10 V 

10 
SINK CURRENT (:IsJNKl-mA 

Fig.8 - Output voltage-low s'tate vs. sink 
current at v' = 10 II. 
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Fig. 11 - Delay time vs. temperature. 
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Fig. 14 - Typical wat1t1forrm for ,,,.,,t timer. 

TYPICAL APPLICATIONS 

R-t Timer (Monostable Operation) 
Fig.13 shows the CA555 connected as a reset 
timer. In this mode of operation capacitor 
Cy 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 Cy which drives the output voltage 
"high" (relay energized). The· action allows· 
the voltage across the capacitor to increase 
exponentially with the time constant t = 
R 1 Cy. 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. 

100 
SINK CURRENT CI-slNK)-mA 

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. 

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 discharges Cy and 
causes the timing cycle to restart. Momen
tarily closing only the reset switch during the 
timing interval discharges Cy, 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 R 1 and Cy. 
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Fig. 10 - Delay time vs. supply voltage. 
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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 
Rl and R2; 

T=0.693(R1+2R2ICy=t1 +t2 

wheret1 =0.693(R1 + R21 Cy 
and t2 = 0.693(R2ICy 

The duty cycle is: 
t2 R2 

tl + t2 = Rl + 2R2 

Typical waveforms generated during this 
mode of operation are showri in Fig. 17. 
Fig. 18 gives the family of curves of free 
running frequency with variations in the 
value of (R1+2R2I and Cy. 



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

Bottom Trace: Capacitor voltage (1 V/ 
div. and 0.5 ms/div.) 

Fig. 17 - Typical waveforms for repeat 
cycle timer. 
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Fig.18 - Free running frequency of repeat cycle timer 
with variation in capacitance and resistance. 



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 v 

PULSE VOLTAGE FOR 50-ms 
PULSE WIDTH 

(Between y+ and v- Terminals) 50 v 
DIFFERENTIAL INPUT-OUTPUT 
VOLTAGE ················· 40 v 

DIFFERENTIAL INPUT 
VOLTAGE: 

Between Inverting and Non-
Inverting Inputs ...... , .... ±5 v 

Between Non-Inverting 
Input and v- ............ 8 v 

CURRENT FROM ZENER DIOOE 
TERMINAL (Vz) ............ 25 mA 

CURRENT FROM VOLTAGE 
REFERENCE TERMINAL 

(VREF) · · · · · • · · · · · · · · · · · · · · 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 T0-5-style ceramic package (T suffix), 
and the 14-lead dual-in-line plastic package 
(E suffix). and are direct replacements for 

industry types 723, 723C, µA 723, and 
µA723C 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 -

CA723T, CA723CT • . . • . • • . • 800 
CA723E, CA~23CE ....•.•.• 1000 

AboveTA=25 C-
CA723T, CA723CT 

mW 
mW 

Derate linearly ........... . 6.3 mwl°c 
CA723E, CA723CE 

Cerate linearly ..........• 
AMBIENT TEMPERATURE 

8.3 mwl°c 

RANGE !All Types): 
Operating ...... , .. , .... -55 to +125 
Storage ... , .•......•... -65 to +150 

LEAD TEMPERATURE 
(During Soldering): 

At a distance 1 /16" ± 1 /32" 
( 1.59 ± 0. 79 mm) from case for 

"c 
oc 

10 seconds max. +265 °c 

,, 
-------urn~~~~~/10N 

1------D\~~~iNT 

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

Features: 

• Up to 150 mA output current 
• Positive and negative voltage regulation 
• Regulation in excess of 1 OA 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 

Fig. 1 - Functional diagram of the CA723 and CA723C. 

CURRENT 
LIMIT 

Fig. 2 - Terminal arrangement of the CA723T and 
CA 723CT in the T0·5 style package. 

Fig. 3 - Terminal arrangement of the CA723E and 
CA723CE in the dual-in-line plastic package. 



ELECTRICAL CHARACTERISTICS8t TA. 25C, v+- Ve. Vi• 12V, v-- 0, Vo• 5 v, 
IL• 1 mA. C1•100 pf, CREF • 0, Rscp • 0, unless otherwise specified. Divider 
impadli.- R1R2 R1+R2 8t non-inverting input, Term.5, • 10 kn 1- Fig. 23). 

LIMITS 
CHARACTERISTIC TEST CA723 CA723C UNITS 

CONDITIONS Min. Typ. Max. Min Typ. Max. 
Quiescent Regulator IL= 0, 

Current, 10 Vi= 30 v - 2.3 3.5 - 2.3 4 mA 

Input Voltage 
Range, Vi 9.5 - 40 9.5 - 40 v 

Output Voltage 
Range, v0 2 - 37 2 - 37 v 

Differential Input-
Output Voltage, 
V1-Vo 3 - 38 3 - 38 v 

Reference Voltage, 

VREF 6.95 7.15 7.35 6.8 7.15 7.5 v 
Vi= 12 
to40V - 0.02 0.2 - 0.1 0.5 

Vi= 12 
to 15V - 0.01 0.1 - 0.01 0.1 

Vi= 12 

Line Regulation to 15V, %Vo 
(See Note 1) TA= -55to 

+125°C - - 0.3 - - -

V1=12 
to 15 V, 
TA= Oto 
10°c - - - - - 0.3 

IL= 1 
to 50 mA ..\ 0.03 0.15 - 0.03 0.2 

IL= 1 
to 50 mA, 

Load Regulation 
TA= -55to 

(See Note 1) 
+125°C - - 0.6 - - - %Vo 

IL= 1 
to 50 mA, 
TA =O 
to 70°C - - - - - 0.6 

Output-Voltage TA= -55 

Temp. Coefficient, 
to +125°C - 0.002 O.Q15 - - -

%fC 

AVo TA= 0 
to 70°C - - - - 0.003 O.D15 

f = 50.Hz 
to 10 kHz - 74 - - 74 -

Ripple Rejection 
f =50 Hz to dB 

(See Note 2) 
10kHz, 

CREF = 5µF - 86 - - 86 -
Short-Circuit 

Limiting Current, RscP = 10 n. 
1UM 

Vo= 0 - 65 - - 65 - mA 

BW- 100 Hz 
to 10 kHz, 

Equivalent Noise RMS CREF = 0 - 20 - - 20 -
Output Voltage, VN µV 

(See Note 2) BW = 100 Hz 
10 kHz, 
CREF = 5 µF - 2.5 - - 2.5 -

Note 1: Line and load regulation specifications are given for condition of a constant chip 
temperature. For high-dissipation conditions. temperature drifts must be sepa-
rately taken into account. Note 2:- For CREF· see Fig. 23. 

~ '"' 
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CA723 Types 

TYPICAL CHARACTERISTICS 

CURVES FOR TYPE CA723 

MAX JUNCTION TEMP. ITJ )•15o•c 
THERMAL RESISTANCE •150•C/W 
QUIESCENT DISSIPATION tPg"60mW 

ri.O HEAT SINIC) 

" 

i 
B 

~ . , . 
~ 

... 

50 

0 
0 10 20 .. 40 

OIFFERENTtAL INPUT-OUTPUT VOLTAGE IVi-Vo 1-V 

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

40 

OUTPUT CURRENT (lol-mA 

f iii:;':' 
;1:::: 

;::::· ., 

Fig. 6 - Load regulation without current limiting. 

OUTPUT CURRENT llol-mA 

Fig. 7 - Load regulation with current limiting. 

OUTPUT CURRENT !.Io J-mA 

Fig. 8 - Load regulation with current limiting. 



CA723 Types 

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723 (Cont'd) 

Fig. 9 - current limiting characteristics. 

OUTPUT VOLTAGE {Vol •REFERENCE 
VOLTAGE (VREFI 

LOAD CURRENT (.I.LI •0 

Al<4S\£\f\' tEMPERATURE<TAl::~:•c . 

12s•c 

"' '° INPUT VOLTAGE (VI )-V 

Fig. 10 - Quiescent current vs. input voltage, 

' l 

MAX- JUNCTION T~MP (TJ )•lSo•c 
THERMAL RESISTANCE •ISQgC/W 
QUIESCENT DISSIPATION (Po)i6()mW 

T0-5 STYLE PACKAGE WITH NO 
HEAT SINK 

J1 

Jttl 
DIFFERENTIAL INPUT-OUTPUT VOLTAGE (VrVo )-;~CS-l4166 

Fig. 11 - Max. load currf!nt vs differential input
output voltage CA723CT. 

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723C 

~ 
l 
H 

I 
~ 

000 

50 

MA)(. JUNCTION TEMP. (TJ 1•125°C 
THERMAL RESISTANCE• 125°C/W 
QUIESCENT DISSIPATION tPol:60mW 
OUAL.·11(-LINE PLASTIC PACKAGE -

WITH NO HEAT SINK 

oo 20 >O 
[1 

40 

DIFFERENTIAL INPUT-OUTPUT VOLTAGE IV1-Vo )-~lCS-~4167 

Fig. 12 - Max. load current vs different/a/ input· 
output voltage for CA723CE. 

OUTPUT CURRENT !Iol-mA 

Fig. 15 - Current limiting characteristics. 

OUTPUT CURRENT (Io )-mA 

Fig. 13 - Load regulation without current limiting. 

~ 
I 

~ 

OUTPUT VOLTAGE I Vo) •REFERENCE 
VOLTAGE {VREFI 

LOAD CURRENT (IL) •0 

~ 4 AMBIENT TEMPERATURE l TA l•25°C 

~ 
u ' a 
~ 2 , 
0 

10 20 30 
INPUT VOLTAGE (VI 1-V 

o•c 

· 10•c 

40 

Fig. 16 - Quiescent current vs. input voltage. 

? , 

OUTPUT CURRENT j Io 1-mA 

Fig. 14 - Load regulation with current limiting. 

INPUT VOLTAGE (Vrl •12V 
OUTPUT VOLTAGE lVo)•SV 
LOAD CURRENT (IL!• I TO 50 mA 

0.2 AMBIENT TEMPERATURE (TA1~2s•c 
SHORT· CIRCUIT PROTCCTION 

~ RESISTANCE ( R scpl• 0 

~ 0.1 

-o> _, 

,f ·t ... ·:n 
r 

" DIFFERENTIAL lNl"UT-OUTPUT VOLTAGE (V1·Vo )-V 

Fig. 17 - Load regulation vs. differential input
output voltage. 

TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C 

OUTPUT VOLTAGE ! Vo ) • 5 V 
LOAD CURRENT (Il)•lmA 
AMBIENT TEMPERATURE JTA)•25"C 

0.3 ~:;;R~~~;;~~;Tl~~~E~~~=~~:i~~~~ 
:; <Rscpl•O 

Ii~ o.o 

~ 
~ 0 
J 

·0.1 

-0.2 _, 
" 4' 

DIFFERENTIAL INPUT-OUTPUT VOLTAGE (VrVo l-V 

Fig. 18 - Line regulation vs. differential input
output voltage. 

Fig. 19 - Line transient response. 

JUNCTION TEMPERATURE (TJ l-"C 

Fig. 20 - Current limiting characteristics vs. 
junction temperature. 



CA723 Types 

2 4 68 2 .. 68 2 4 68 2 4 68 
100 lk I k I Ok IM 

TIM[ CtJ-,.1 FREQUENCY Ill-Hr 92CS·24177 

Fig. 21 - Load transient response, Fig. 22 - Output impedance vs. frequency. 

CIRCUIT PERFORMANCE DATA: 

R£0ULATEDOUTPUTVOLTAGE • 
LINEREOULATKJNfAY1•3VI •••• OJI mV 
LOADREOULATIONl.AIL•llG111A) ••• I.& mV 

,._: R3 •:!+~~for Illini- .......... drift 

Fig. 23 - Low-voltago regulator circuit fV 0 = 2 
to 7 volts). 

TYPICAL APPLICATION CIRCUITS 

COMP Cl 
100 oF 

CIRCUIT PERFORMANCE DATA: 

REGULATEDOUTPUTVOLTAGE . 
LINE REGULATION 1AY1•3 YI •••• 1.5 mV 
LOAD REGULATION IAIL,. 50 mAl • • 4.5 mV 

Not.: R3 • =~+:!for minimllfll ..... INIW drih 

R3....., t. elimiMald for minimum oomponenl count. 92CS -24119 

CIRCUIT PERFORMANCE DATA: 

REGULATEDOUTPUTVOLTAGE ..• -15 Y 
LINEREGULATIONltiV1,.3Y). . 1 mV 
LOAD REOULATION IAIL"' 100 mAI • 2 mV 

Nota:For...,wc.tionl~theT0·55tyt9PKi1 ... 
...iwt..Vzit;....,irwd.mnn1ttrMl&.Z-wolr 
- diods 5hould be mnn8Cled in 5'riel wilh 
VofT-inlllll. Fig. 24 - High-voltage regulator circuit (V 0 = 7 

to 37 volts/. Fig. 25 - Negative-voltage regulator circuit.. 

CIRCUIT NRFORMANCE DATA: 

REOULATEDOU11'UTVOLTAGE ,' •• 16 V 
LINEREGULATIONCAVt•3YI •••• 1.6 ,.y 
LOAD REGULATION C61L • t AJ ••• , 16 MY 

Fig. 26 - Positive-voltagB-regUlator circuit (with 
external n-p-n pass transistor}. 

v' 

CA723 
CA723C 

INV 
~r---,..-' INPUT 

COMP 

Cl 
*OOOlllF 

CIRCUIT PERFORMANCE DATA: 

REGULATl.DOUTPUTVOLTAGE • 
LINE REGULATION 1AV1" 3 VI , 
LOAD REGULATION It.IL• 1 A). 

'sc• 

Fig. 27 - Positive voltage.regulator circuit (with 
external p-n-p pass transistor}. 

CIRCUIT l"ERFORMANCE OATA: 

REGULATEDOUTPUTVOLTAGE ••• 50 V 
LINERIEGULATION ltiV1-20v1 ••• 15 rnV 
LOADREOULATIONUilt"60mA.I ••• 20 mV 

CA723 
CA723C 

CURRENT 
LIM. 

Vo 

INV. 
INPUT 

C1RCUIT l"ERFORMANCE DATA: 
REOULATEDOUTPUTVOLTAGE •• , I V 
LINE REGULATION ltiV1•3VI. , •• 0.6 MY 
LOADREOULATIONCtilL • 10..-AI. . • 1 MY 
SHORT-CIRCUITCURRUfT •••••• 20 ntA 

.. 
5-6k.Q 

REGULA TEO 
OUTPUT 

Fig. 28 - Fofdback current-limiting circuit. 

Nolt:Fw~~U.To.&strle 
~ .. ...,.vzt.nqulNd, ..... 
tlrnllll.Z-volt-diodllhouldt.con__ in __ wldlYQfT9"111...ie1. Fig. 29 - Positive-floating regulator cirr:uit 



CA741, CA747, CA748, CA1458, CA1558 Types 

Operational Amplifiers 

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

The RCA-CA 1458, CA 1558 (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 prnvide output short-circuit pro
tection and latch-free operation. These types 
also feature wide common-mode and differ
ential-mode signal ranges ahd 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 CA741 C, 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 Valuesat TA =25°C: 

DC Supply Voltage (between v+ and v- terminals): 

CA741C, CA747c•, CA748C, CA1458•. 
CA741, CA747•, CA748, CA1558• 

Differential Input Voltage . 

DC Input Voltage* 
Output Short-Circuit Duration. 
Device Dissipation: 

Up to 70°C (CA741C, CA748C) 
Up to 75°C (CA741, CA748) 
Up to 30°C (CA747) 
Up to 25°C (CA747C) 
Up to 30°C (CA15581 
Up to 25°C (CA14581 

For Temperatures Indicated Above 
Voltage between Offset Null and v- (CA741C, CA741, CA747CE, CA747CG). 
Ambient Temperature Range: 

Operating - CA741, CA747E, CA748, CA1558. 
CA741C, CA747C, CA748C, CA1458. 

Storage 
Lead Temperature (During Soldering): 

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

36 v 
44 v 

±30 v 
±15 v 

Indefinite 

500 mW 
500 mW 
BOO mW 
BOO mW 
680mW 

... - . 680mW 
Derate linearly 6.67 mW/°C 

:!0.5 v 

-55 to +125 °C 
Oto+70°ct 

-65 to +150 °C 

. 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 Oto +10°c. 

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

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

"T" a·nd "S" Suffix Types-T0-5 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 

1a.-CA141CS,CA741CT,CA141S, & 
CA741 T with internal phase 
compensation. 

TOP VIEW 

1b.-CA747CT and CA747T with 
internal phase compensation. 

TOP VIEW 

. .-
NOTE: PIN 4 IS CONNECTED TO CASE 

1c.-CA748CS, CA748CT,CA748S, 
and CA748T with external 
phase compensation. 

Fig. 1 - Functional diagrams. 



CA741, CA747, CA748, CA1458, CA1558 Types 

RCA No.of Phase Offset Voltage Min. Max. v 10 Operating. Temperature 
Type No. Amp!. Comp. Null AOL (mV) Range !°Cl 

CA1458 dual int. no 20k 6 0 to +70'" 
CA1558 dual int. no 50k 5 -55 to +125 
CA741C single int. yes 20k 6 Oto +7o'" 
CA741 single int. yes 50k 5 -55 to +125 
CA747C dual int. yes• 20k 6 0 to +7o'" 
CA747 dual int. yes• 50k 5 -55 to +125 
CA748C single ext. yes 20k 6 Oto +7o'" 
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 +10°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 T0·5 style package is desired, order CA1458T. 

Type No. 

SL 

CA1458 

CA1558 

CA741C 

CA741 

CA747C 

CA747 

CA748C 

CA748 

1NV£RTING 
INPUT 

PMASE 
COMPENSATION 

I 

T 

T 

T 

T 

T 

T 

OFFSET NULL 

PACKAGE TYPE AND SUFFIX LETTER 

T0-5 
PLASTIC 

Gold-CHIP 
CHIP 

Gold-
STYLE PLASTIC CHIP 

10L OIL-CAN SL 14L SL 14L 

s E G H GH 

s E G 

s E G H GH 

s E G 

T E G H GH 

T E G 

s E G H GH 

s E G 

ALL RESISTANC£ VALUES A"E LN OMMS 

BEAM-
LEAD 

L 

•10 
!IO 

Fig.2-Schematic diagram of operational amplifier with external phase 
compensation for CA748C and CA748. 

FIG. No. 

Id, 1h 

ld, 1h 

la, le 

la, le 

lb, 1f 

lb, 1f 

le, lg 

le, 1g 

TOP VIEW 

1d.-CA 14585,CA 1458T,CA 15585, 
and CA 1558T and internal 
phase compensation. 

l~~~T - v+ 

OFFSET NUU. 88 NC 

NON -INV + 6 OUTPUT 
INPUT 

v- 4 5 o,:~~Er 

TOP VIEW 

1e.-CA741CE,CA741CG,CA141E, 
and CA741G with internal 
phase compensation. 

TOP Vl[W 

:~ 2! J---+--"1./ 

::~fl, 3 

~i-i~~;I !5 

:;1,~~ 6 >--+---". 

.~=~Tfa1 .,r-t-~~ ...... OFFSET 
NUlLISI 

1f.-CA747CE.CA741CG,CA747E, 
and CA747G with internal 
phase compensation. 

PHASECOM•g· PHASE =~[SET COMP. 

l~:~T - v+ 

NON -IN\( + 6 OUTPUT 
INPUT 

v- 4 o,r~~ET 

TOP VIEW 

1g.-CA748CE,CA748CG,CA748E, 
and CA748G with external 
phase compensation. 

1 h. -CA 1458£,CA 1458G,CA 1558£, 
and CA 1558G with internal 
phase compensation. 

Fig. 1 - Functional Diagrams (Cont'd) 



CA741, CA747, CA748, CA1458, CA1558 Types 

92CM-1943J ALL RESISTANCE VALUES ARE IN OHMS 
• SEE FUNCTIONAL DIAGRAM FOR TERMINAL. 

NUMBERS OF RESPECTIVE TYPE NUMBERS 

Fig.3-Schematic diagram of operational amplifiers with internal phase compensation for CA741C, 
CA741, and for each amplifier of the CA747C, CA747, CA1458, and CA 1558. 

ELECTRICAL CHARACTERISTICS 
For Equipment Design 

TEST CONDITIONS LIMITS 
Supply Voltage, 

CA741 
v+=15V, 

CA747* CHARACTERISTIC v- = -15V UNITS 
CA748 

Ambient CA1558* 
Temperature, TA Min. '!Il: Max. 

Input Offset Voltage, V10 R5 =.;;; 1okn 
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 Sias Current, I 1 B -55 •c - 300 1500 nA 

+125 •c - 30 500 

Input Resistance, R1 0.3 2 - M!l 

Open· Loop Differential RL;;.2k!l 25°c 50,000 200,000 -
Voltage Gain, AoL Vo=± 10V -55to+125°C 25,000 - -

Common-Mode Input 
-55 to +125 •c ±12 ±13 v Voltage Range, VICR -

Common-Mode 
Rs.;;;10k!l -55 to +125 •c 70 90 dB 

Rejection Ratio. CMR R 
-

Supply Voltage 
Rs.;;;10k!l -55 to +125 °c - 30 150 µVIV 

Rejection Ratio, PSRR 

Output Voltage 
RL ;;.10k!l -55to+125°C ±12 ±14 - v 

Swing, Vopp RL;;.2k!l -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. 

AM8lENT TEMPERATURE {TAl 0 2:5-C 

i IO!I 

J!100 
i .. 

DC SUPPLY VOLTS <v+, v-1 

Fig.4-0pen-loop voltage gain vs. supply voltage for 
all types except CA748 and CA748C. 

.,., 
I .. 

FREOUENCY(f)~1 

Fig.5-0pen-loop voltage gain vs. frequency for all 
types except CA748 and CA 748C. 

u" > 

i 
~ 10 

§ ~~~~ ::~1t~ ~~; ' 
0 5 10 115 

DC SUPPLY VOLTS (ltt,y-) 

Fig.6-Common-mode input voltage range vs. supply 
voltage for all types. 

i 20 

~ I~ 
r 

~ 
r ' 

o ro ffi 
DC SUPPLY VOLTSIVt,v·1 

Fig.7-Peak-to-peak output voltage vs. supply volt· 
age foraJJ types except CA748 and CA748C. 



CA741, CA747, CA748, CA1458, CA1558 Types 
ELECTRICAL CHARACTERISTICS 
For Equipment Design 

TEST CONDITIONS 
Supply Voltage, 

CHARACTERISTIC v+= 15V, 
v-=-15V Ambient 

Temperature, TA 

Input Offset Voltage, 
25 °c 

Rs=<;;10kn 
VLQ_ Oto 10°c 

Input Offset Current, 
25 °c 

110 o to 70 °c 

Input Bias Current, 25 °c 

l1B o to 70 °c 

Input Resistance, R1 

Open-Loop Differential RL;;., 2 kn 25 °c 
Voltage Gain, AoL Vo= ±10 V Oto 10°c 

Common-Mode Input 
25 °c 

Voltage Range, V1cR 

Common-Mode 
Rs.;;;1okn 25°c 

Rejection Ratio, CMRR 

Supply-Voltage 
Rs.;;;10kn 25 °c 

Rejection Ratio, PSRR 

RL;;..1okn 25 °c 
Output Voltage Swing, 

25 °c 
Vopp RL;;..2kn 

o to 70 °c 

Supply Current, 1± 25 °c 

Device Dissipation, Po 25 °c 

* Values apply for each section of the dual amplifiers. 

ELECTRICAL CHARACTERISTICS 
Typical Values Intended Only for Design Guidance 

TEST 
CHARACTERISTIC CONDITIONS 

V± = ±15 V 

Input Capacitance, C1 

Offset Voltage 
Adjustment Range 

Output Resistance, Ro 

Output Short-Circuit Current 

Transient Response: Unity gain 
Rise Time, tr v 1 = 20 mV 

Overshoot RL = 2 kn 
cL.;;;1oopF 

Slew Rate, SR: 
Closed-loop 

RL;;.. 2 kn 
Open-loo~ 

LIMITS 

CA741C 
CA747C* 
CA748C 
CA1458* 

Min. Typ. 

- 2 

- -
- 20 

- -

- BO 

- -

0.3 2 

20,000 200,000 

15,000 -

±12 ±13 

70 90 

- 30 

±12 ±14 

±10 ±13 

±10 ±13 

- 1.7 

- 50 

TYP. 
VALUES 

ALL TYPES 

1.4 

±15 

75 

25 

0.3 

5 

0.5 

40 

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

UNITS 

Max. 

6 
mV 

7.5 

200 
nA 

300 

500 
nA 

800 

- Mn 

-

-

- v 

- dB 

150 µVIV 

-
- v 

-

2.8 mA 

85 mW 

UNITS 

pf 

) 
mV 

n 

mA 

µs 

% 

V/µs 

TIME-111 

Fig.8-0utput voltage vs. transient response time for 
CA741Cand CA741. 

INVERTING 
INPUT 

OUTPUT 

92CS-19424A2 

Fig.9-Voltage-offset null circuit for CA741C, CA741, 
CA747CE, CA747CG, CA747E, andCA747G. 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

OUTPUT 

92CS-19425A2 

Fig. TO-Voltage-offset nu/J circuit for CA748C and 

CA748. 

92CS-15746 

Fig.11-Transient response test circuit fora/I types. 



CA1541D 

Dual•lnput 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 diJferential input 
amplifiers, a common second stage amplifier, and an output 
logic gate (See Fig. 1), converts low-level core·memory "1" 
Pl!lses 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 CA15410 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 cor~ memories having cycle times equal to or 
greater than 0.4 µs and is unilaterally interchangeable with 
industry types 1541L and 1441. 

TheCA15410 is supplied in 14-lead dual-in-line ceramic 
package and is rated for operation over the full military 
temperature range of -ssoc to + 12soc. 

MAXIMUM RATINGS, Absolute Maximum Valu•, 11t TA• 25"C 

Except for Differential Input Voltage, all voltages are measured with respect to ground (Term. 8). 

DC Supply Voltage: 

v+ (Term. 2) 

v· (Term. 7) 

Differential Input Voltage 

Common-Mode Input Voltage 

"A" or "B"-Gate Input Vohage• .... . 
Strobe Terminal Voltage . · ....... . 

Output Terminal Load Current 

Device Dissipation: 

Up to TA= 75oc 

Above TA = 75oc 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (during soldering): 
At distance not less than 1 /32 inch (0.79 mm) from 
case for 10 seconds max. 

+10 v 
-10 v 
±.5 v 
±.5 v 
v- to v+ 

v- to +6V 

±25mA 

750mW 

...... Derate Linearly 8 mW/OC 

-55 to +125 oc 

-65 to +150 oc 

+265°C 

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

,, ... 

"A"AMPLIFIER(;.~-t:::f:===+::;-1-111-ti.:: 
DIF'F£RENTIAL 
INPUT <•>--+-+-~ 

"B~ INPUT 
GATE .. , 

u-------+---t'~ ... 
"' 

' .-
Fig. 2 - Schematic diagram of the CA 1541 D. 

3~~~0 

... .. 

RESISTANCE VALUES AR£ 
IN OHMS 
SUBSTftATE CONNECTED TO 
TCRMINAL 7(V~) 

Features 
• Complete dual input core memory sense amplifier 

• Two available outputs: -Saturated logic output 
-Linear output (positive output for 

either polarity input) 

• Nominal thi-eshold voltage: 17 mV 

• Adjustable threshold: 10 to 35 mV 

• Low ,threshold uncertainty range: :t.3 mV 

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

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

• Suitable for core memories having cycle times ;;i. 0.4 µ s 

• Input offset voltage: 6 mV max. 

Fig. 1 - Functional block diagram of the CA 15410. 

-.-l-+---1---ll==t==t:=l:::::lj-I-~ 2T'bm~1 INPUT'"""-

l-+-4-~=l==F=t=~=\-+-l i~~~NEL 
f--.... "+--l-1--4--+--l--l-'"-+---t INPUT 

l--t---+--llJ'-1--4--+--lll..._+--+--t~:~~lf~ER 

l2WON ,__!--+-+_-+-I--+-+---f'VH-I-+-~rl- --+--+-<smoBE ••PVT 
t---t--+-t-i<--t--+-J..-+--+---tsENSE 

AMPLIFIER 
OUTPUT AT 
L.OGIC GATE 

1--t--+--l-t-+-I YH--1---+--+-l--!OUTPUT 

TlM[-:iOn•IDIV • 

Fig. 3 - Typical operational wave forms. 

Fig. 4 - Input bias lltsi and input-offset current (lfO) 
test circuit 



ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS SYMBOLS 

Static IDCI Ch•8Cteritt:ia 

Power Dinipetion Po 

Input Offset Current 110 

Ir.out Bias Current: 

TA=25°C ''" TA• ss0 c 
Output Voltage: 

High VoH 
Low 

TA'-25"C VoL 
TA= 12SoC 

Strobe Load Current '• 
Strobe Reverse Current: 

TA=25°C 'SR 
TA= 125oc 

Input ~te Load Current IG 

Input Gate Reverse Current 

TA=250C 'GR 
TA= 12soc 

Switchint Char.:teristics 

lnpu1 Threshold Voltage: 

rA=2soc VTH 

TA= -5510 12soc 

Input Offse1 Vol1age V10 

lnpu1 Gate Voltage: 
VGH 

High 

Low VGL 

Common-Mode Range: 

Input Gate High VcM 
Input Gate Low 

01fferent1al·Mode Range: 

Input Gate High 
VoH 

Input Gata Low VOL 

Pr<>pagat1on Delay: 

Input to Amp11f1er Output .,. 
Input to Output •10 

Strobe to Output •so 

Gate Input to Amphfier Output 'GA 

Gate Input to Amplifier Input 'GI 

Comrnon·Mode Recovery Time: 

Input Gate High tcMR 
Input Gate Low 

Oifferent1al·Mode 

Recxniery Time: 

Input Gate High 'DR 

Input Gale Low 

AMBIENT TEMPERATURE ITAJ-•C 

Fig. la- Input VrH ... TA. 

TEST CONDITIONS 

v+" SV, v- • -5V 
VTH ADJ. • l TA • 25°C LIMITS -SV '!:. 1%, lunlest 
(Term. 131 indicated 
CexT• 0.01 ,,,.F otherwise) MIN. TYP. MAX. 

1~0 180 

25 

V5. V5 • 
50 

V3= V4 ~ 

IQM = 200µA 

V14" 5 V, 350 

lg= 10mA 400 

V12 = 0 1.5 

V12 = 5V 
25 

V10 = V11 0 2.5 

V10 = V11=5V 
25 

14 17 20 

12 17 22 

V3 ~ V5 = 25 mV. 
1.6 

V4 =Vs= 0 0.7 

:!:1.5 

:!:1.5 

t600 

.!.1.5 

V3 ~ 25 mV lpulsedl, 10 15 

V12 = 2V 20 30 

V3= V4= Vs .. v6'"0, 

V 12 = 2V (pulsed I 
15 20 

V 11 = 2V lputsedl 10 15 

V3 = 25 mV 30 35 

15 30 
V3~V5=1.SV 

15 30 

30 
V3" Vs =400mV 

CIC SUPPLY VOLTAGE tv+,v-l•S5 v f 25 AMBIENT TEMPERATURE lTAl•25•C 

UNITS 

mW 

µA 

µA 

mV 

mA 

µA 

mA 

µA 

mV 

mV 

mV 

E ~ 20.___.---+------+--+-~___,L__,_--+-____, 
~ L.J g ~ 

i "f--f--j,L"l.L--+-.L.J-t--f--t----t---i 

i=· ..Ld • IOf--j-,,<---j---+--+--t---j--j----j 

~ 
-3 -3.!5 -4 -4.5 -5 5.5 -6 -6.!5 -7 

THRESHOLD ADJUST VOLTAGE (VTH CADJ.l]-;~S-ISlS7 
Fig. lb - Input VrH ... VrH (AOJ.J 

CA1541D 
y+.5y 

510.n 

Fig. 5 - Tnt circuit for measurement of/ow !Voti and 
high (V oHi output voltage /eve/£ 

THRESHOLD 
WAVEFORMS 

OUTPUT 
PUL.SE 
••v~ 

AT TEAM 9 035V---

2.0V~•IO"' 
'IN 

A PROPAGATION 
AMPL.IFI DELAY 
OUTPUT 50% WAVEFORMS 

AT TEAM. I ~r--~V 
AT TEAM. 9 -u-I~ 

.,. 
NOTE I :vrH· iOO 
NOTE 2: s2 IN ~a· 

WHEN St IN ~a" 

SzlN.b" 
WHEN 92 IN •b• 

OV----

Fig. 6 - Thrnho/d propagation de/av, gatfl and input·offlttt 
telt circuit with BISOCiated pul• MeVf forms. 

THAESHOLO ADJUST VOLTAGE (VTH tAOJ.1]•-!IV 
~ 21 AMBIENT TEMPERATURE \TAl•2s•c 

l .or- I-+--+-+--+-+--< 
~ ~Ocsu~pl\".l 
- ~V+,+-
~ 1a ~-"v 

! 17 1--i--t-
~ ~•v 

~ ::t1--=:r1:t!:'.c:E::t:;1~~~ ~ 14 .5. v 

" -4.S 
_, -s.s 

NEGATIVE DC SUPPL't' VOLTS IV-I 

Fig. le - !~put VrH vs V-. 



CA15410 

THRESHOLD ADJUST VOLTAGE (\ITHlAOJ.)] •-!5 V 

> ?.O DC SUPPLY VOLTAGE (V+,v-l • * !5 V ---+-----J i AMBIENT TEMPERATURE lTAl•25GC 

~ "tL~ . ---- --,----T--- -----j 

~ I-+--+--- - -+ 

g zo\ 
r---· ... ,c-+---+---- --+--- t-----t-----1 

r---- i---

"0 
INPUT PULSE WIDTH (lp)-n$ 

Fig. ld - Input VrH vs. input pulse width. 

OUTPUT (FOR INPUT 
LESS THAN COMMON
MOOE INPUT RANGE I 

~~~.....~~~~-+-~-i~-

200n1 

OUTPUT (FOR INPUT 
GREATERTHA~NCOMMON-
MOOE INPUT RANGE) __i_ 

2:l00mV 

Fig. 8 - Common-mode input range test circuit with 
associated pulse wave ~arms. 

DC SUPPLY VOLTAGE 1v+,1r1=*5V 
THRESHOLD ADJUST VOLTAGE (VTH (AOJ.1)•-!5 V 

5 AMBIENT TEMPERATURE !TAl•25°C 

:.~o' - 4j-------l-·-----+---+-+--+---l-~--+--t----; 

I 2f-----+--+-+-+--+---+--+-+--+------j 

r----+--+-+--t---+---t----t-- ~t-----1 

~ 
-40 -30 -10 0 10 

Fig. 9 - Differential-mode input range arid recovery test circuit with 

associated pulse wave forms. 

INPUT VOLTAGE le1Nl-mv 

Fig. 10 - Input-output transfer characteristics. 

Z V STROBE 

'"'SfLUT t,&IOns 
LS V 

0 

Fig. 11 - Strobe to output test circuit with associated 
pulse wa"ve-forms. 

AMPLIFIER r-\ 
OUTP~ \____ 

(TERM. ll 

Sz IN ''ci" POSITION WHEN S1 IN EITHER 'ci" POSITltm 
Sz IN "b" POSITION WHEN S1 IN EITHER "b" POSITlON 

Fig. 12- GatJJ input to amplifier input !ta1i test circuit 
with associatJJd pulse wave forms. 

Fig. 13- GatJJ input to amplifier output !tGAi with 
associated pulse wave forms. 



Features: FM IF Amplifier1-Limiter and 
Quadrature Detector • Direct replocoment for ULN2111A ond MC1357 

• Good ••litl•ity: Input llmltlng woltoge (k""I (400 
µV typ. ot 10.7 MHz; 250 µV typo11t 4.5 MHz 

ond 6.5 MHzl 
For FM IF and TV Sound IF Applications • Excollent AM rejoctlmi (46 dB typ. ot 10.7 MHzl 

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 amplifier-limiter as a straight .60-dB wideband 
amplifier. 

• Prowilion for output from 3-ltllglt IF amplifier section 

• low hermonic distanion 
• Quadrature detection permits simplified single-coil tuning 

The amplifiw-limiter features the excellent limiting character
istics of 3 cascaded differential amplifiers. 

The quadrature detector requires only one coll in the asso
ciated 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 devi~ can be supplied in either dual-in-line or quad-in· 
line 14-lead plastic packages (CA2111AE and CA2111AQ, 
respectively). 

ELECTRICAL CHARACTERISTICS ot TA• 25°C 

• Extremely low AFC voltagt drift ewer full 
aPirlfing-temper1ture nin91 

• Minimum number of external pam required 

LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS UNITS 

MIN. TYP. MAX. 

DC Voltage: v+ ~ 12V -
At Terminal 1 V1 . av -
At Terminals 4, 5, 6, 10 V4, 5,6, 10 v+= BV -
At Terminals 2, 12 V2, 12 -

DC Current !into Terminal 13) 
AtV+= BV -
AtV+ = 12V 113 -

Amplifier Input Resistance R4 -
Amplifier Input Capacitance L_C'._4 -
Detector Input Resistance l_Fl_12 -
Detector Input Capacitance L£12 f0 = 10.7 MHz -
Amplifier Output Resistance l_Fl_10 -
Detector Output Resistance ~1 -
De-Emphasis Retistance R14 -

DYNAMIC ELECTRICAL CHARACTERISTICS ot TA• 25°C 
FM Modulation Frequency• 400 Hz, Sourco R•- •son 

TEST CONDI Tl ONS 

CHARACTERISTIC SYMBOL f0 = 10.7 MHz f0 =4.5 MHz 
M = ± 75 KHz t::,,f:: ± 25 KHz 

v+ = 12V v•=sv v+ = 12V 

LIMITS 

TYP. MAX. TYP. MAX. TYP. MAX. 

AMPL-LIMITER 

Input Limiting Vi(lim) 400 600 400 600 250 400 
Threshold Voltage (4) 

AM Rejection* * AMRl11 45 - 37 - 36 -
Ampl. Voltage Gain.6. Av1101 55 - 55 - 60 -
DETECTOR 

Recovered Audio* • V0 (AFI 0.48 - 0.3 - 0.72 -
Output Voltage 111 

Total Harmonic* 
Distortion TH0(1) 1 - 1 - 1.5 -

4vi .. 10 mV IRMSI •100% FM, 30% AM 

5.4 -
3.7 -

. 1.35 -
3.5 -

14 -
16 -

7 -
11 -
70 -
2.7 -
60 -
200 
8.8 

f0 = 5.5 MHz 
UNITS 

M = ± 50 KHz 

v+ • 12V 

TYP. MAX. 

250 400 v 
(RMS) 

40 - dB 

60 - dB 

1.2 - v 
(RMS) 

3 - % 

v 

mA 

kn 
pf 
kn 
pf 
n 
n 
kn 

TEST CIR-
CUITOR 
CHA RAC-
TERISTIC 
CURVES 
FIG.NO. 

7, 6,8,9 

2, 7,5, 6 

7 

6, 7,8, 9 

1 

CA2111AE, CA2111AQ 

Fig. I-Block diagram of CA21 llA and 
osochlted outboard componen. 

MAXIMUM RATINGS, Absolute·MaMimum Valu.sat TA•25°C 

DC Supplv Voltage 
(between terminals 13 tv+11nd 11v-11 16 v 

Device Dinipe1ion: 

UptoTA-=80°C .........•. 

Above TA •60"C 

600 mW 

derate linearly 8.7 mW/°C 

Ambient T1mper11ure Range: 

Operating . ·.· .. 

Storaga 

Lilad Temperature !During Soldering): 

At distanai 1116 :t 1/32 in. 
(1.59 :t 0.79nwn) 
from case f0f10s max. . . , .. 

-55 to +125 

-66 to +150 

+265 

2 4 I 81 2 4 6 SIO 

INPUT SIGNAL VOLTAGE: IV1l-111V[rm1) 

Fig. 2 t-AM Mjft:tion vs Input voltlll/ll (4.5 MHz). 

INPUT VOLTAGE IVjl-mV[rmsj 

Fig. 3-AMtWjectlon vsinputvon.,,. (5.5MHzJ. 

•c 
·c 

·c 



CA2111 AE, CA2111 AQ 

Fig. 4 -Circuit schem11tic-CA2111A 

c, ., 
,, 

Fig. 7 -Test circuit. 

DETECTOR TRANSFER 
CHARACTERISTICS 

c, C3 UPPER 
PEAK 

" " 
0.003 •58 

5.63 

NOTE 

Input to the quadrature coil can be frcim 

either terminal 9 or terminal 10. Terminal 

9 is norrtllllly used because it lessens the 

possibility of overloads during tuning. 

The use of terminal 10 increases the 
limiting sensitivity significantly and has 

been used successfully in these tests. 

PEAK 

4.42 

SUPPLY VO~TAGE tv"l•6 ~ 

'·' 

INPUT SIGNAL VOLTAGE IV;l-mV(rm$) 

Fig, 9-08tected audio output voltage vs input voltag• (10.7 MHzJ Fig. 10-AFC voftagfl vs ambient wmp. 

6 8 10 4 6 8 100 2 

INPUT VOLTAGE \Vj)-mV (rms} 

Fig. 5 -AM rejection vs input voltage 00.7 MHz}. 

REF. SIGNAL INPUT (TERM 9]-

4 s e0.1 " 6 e 1 4 s e ro 

INPUT VOLTAGE \V;l-mV [rm$] 

.Fig. 6 ·-Detected audio output vs input voltllfle (4.5 MHz). 

INPUT YOLTAGE (V 0 J~mY[rm$] 

Fig. 8-Detected audio output 111 input voltage (5.5 MHz), 

AMBIENT TEMPERATURE (TA)•2S"C 
MODULATION FREQUENCY• I kHz 

61 .. t ----t-->-,-+--~-~ 

INPUT VOLTAGE ~V,)-mV [rm$] 

Fig. 17-Signal-to-noise ratio vs input voltage. 



DC Amplifier 
• Designed for use in Communication, Telemetry, Instrumentation, and 

Data-Processing Equipment 

•Balanced differentia1-a111plifier configuration with controlled 
constant-current source to provide outstanding versat i I ity 

•Built-in temperature stability for operation from -55oC to +125oC 

•Companion Application Note, ICAM 5030 "Applications of RCA CA3000 
Integrated Circuit DC Amplifier" covers characteristics of different 
operating 11odes, frequency considerations, 10 MHz narrow band 
tuned amp1 ifier design, crystal oscillator design, and many other 
application aids 

• 10-Lead hermetic T0-5 style package 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS MAXIMUM POWER SUPPLY VOLTAGE··· 16or ±s v 

OPERATING-TEMPERATURE RANGE 

STORAGE-TEMPERATURE RANGE 

LEAD-TEMPERATURE (During Soldering!: 

at TFA = 25°C 

-ssoc to +125oc MAXIMUM SINGLE-ENDED INPUT -SIGNAL VOLTAGE 

-Gsoc 10 +150oc MAXIMUM COMMON.MODE INPUT.SIGNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION: 

."4V 

.±:!V 

At distance 1/16± t/32 Inch 11.59 ±0.79 mm) 
from case for 10 seconds max, . . . . 

From -5Soc to es0c. • . , • • , . • . , 460 mW 
Above ss0c . . . . . . . . . . . Derate 5 mWl°C 

ELECTRICAL CHARACTERISTICS, at TrA = 25"C, Va:;= +6V, VEE = -6V, unless otherwise specified 

·LIMITS TYPICAL 
SPECIAL TEST COllDITIOllS TEST CllARAC-

SlMllOLS Ter11ina11 Mo.14- & Ko.5 Mot CIRCUITS TYPE TERISTICS CHARACTERISTICS CA3000 Connected Unless Specified ClllVES 

Fie. Min. Typ, Mox. Units Fig. 

STATIC CHARACTERISTICS 

Input Offset Voltqe VJD - 1-' 5 ""' 2 
Input Offset Current lJO - 1.2 10 µJ, 2 

Input Bias Current lIB - 23 36 µJ, 3 
TERMINALS 

~ 5 
Quiescent Operating vs NC NC - 2.6 - ...Y_ 4 
Voltage or NC, VEE - '-2 - v 4 vro VEE NC - -1.5 - v 4 

VEE VEE - 0.6 - v 4 

Device Dissipation •o NC • NC - 30 - ""' llOllE 

OYllAMIC CHARACTERISTICS --
Differential Voltage Gain Ao1FF Single-Ended Output f .. I kHz 6 28 32 - dB 5 
Single-Ended Input Double-Ended Output f = I kHz 6 - 38 - dB 5 

Bandwidth at -3 dB Point aw V1=10mV, R1 = 1 k!l - 650 - kHz 7 

MaximUM Output Voltage 
vour(P-P) f = I kHz 6 - 6-~ - V(P-P) NOllE 

Swing 

C0111J10n-Mode Rejection 
f • I kHz 9 70 98 - dB B Ratio CMRR 

Single-Ended Input 
ZIN f • I kHz 11 Impedance 

70I( 195K - n 10 

Single-Ended Output 
zour f• I kHz 13 5.SK BK 10.SK n 12 Impedance 

Total Harmonic Distortion THD As•lkf! f• I kHzVo .. 42V~ - 0.2 5 % " AGC Range (Max inum Voltage 
AGC f = I ikHz 15 BO 90 - dB NOllE 

Ga in to Complete Cutoff) 

INPUT OFFSET VOLTAGE AND CURRENT vs TEMPERATURE 

STATIC CHARACTERISTICS FOR TYPE CA3000 

INPUT BI AS CutlRUT vs TEMPERATURE 

POSITIVE DC SUPPLY VOL.TS (Vee I. +& 
NEGATIVE DC SUPPLY \IOLTS IV[[I • -I 

o. 

0 
-15 -~ -~ a '° 75 100 12s 

AMBIENT TEMPERATURE ITA l--C 

Fig.2 

POSITIVE DC SUPPLY VOLTS t't(:ci • +1 
NEGATIVE DC SUPPLY VOLTS lVEEI • -6 

-15 -50 -2!1 
" 00 

15 100 1215 

AMBIENT TEMPERATURE IT4 J--C 

CA3000 

HIGHLIGHTS 
• Input lllP9dance • • • • • • • • • 195 IO hP• 
•Volt• Gain. • • • • • • • • • • 30 dB typ. 
• ec-in-Mode Rejection R•tlo • • • 98 di typ. 
• Input OffMt Volt.... • • • • • • 1.14- tN typ. 
• Pu1h-Pull Input and Output 
• freqvencr Capabi I lty 

DC to 30 MHz (with external C and R) 
e Wide A8C Rllnge. • • • • • • • • • 90 di typ, 

APPLICATIONS 
• Sch•itt Trigger 
•RC-Coupled Feedt.ack A•Pl ifier 
•Nixer 
• Cmparator 
• Modulator 
•Crystal Oscillator 
•Sense A111pl if I er 

v+ 

Resistance values oN in ohms 

Fig. I SCHEMATtC DIAGRAM 

QUIESCEMT OPERATIMO VOLTAGE vs TEMPERATURE 

15 _,g -25 

OSI IVE DC SUPPLY VOLTS IVccl. +6 
EGATIVE DC SUPPLY VOLTS l\I l• -

2!1 75 100 12S 

AMBIEMT TEMP£RATURE (TA )--C 

Fig.~ 



CA3000 
DYNAMIC CHARACTERISTICS ANO TEST CIRCUIT FOR TYPE CA3000 

DIFFERENTIAL VOLTAGE GAIN vs TEMPERATURE 

11V u LY L Vcc•+6 
Nli.tATIVE DC SUPPLY VOLTS l'IEEI • -6 
FREQUENCY If J • I kc/s 

2!! 00 1'!5 

AMBIENT TEMPERATURE IT A 1--C 

Fig.5 

100 12' 

COMMON-MODE REJECTION RATIO vs TEMPERATURE 

POSITIVE DC SUPPLY VOLTS{Vccl• +6 
NEGATIVE DC SUPPLY VOLTS lVEEl • -6 
FRE NCY • lk s 

AMBIENT TEMPERATURE (TA )-"C 

Fig.B 

SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 

Z•~ 
IN 'IA 

~-I 

Fig. I I 

DIFFERENTIAL VOLTAGE GAIN ANO MAXIMUM OUTPUT 
VOLTAGE §WING TEST CIRCUIT 

Vee 
'6V 

Fig.6 

COMMON-MODE REJECT I ON RAT 10 TEST CIRCUIT 

-6V 
VEE 

COMMON-MODE REJECTION RATIO(CMRI • 20 109 !Ai!~ll 
"A= SINGLE-ENDED VOLTAGE GAIN AS MEASURED 

IN CIRCUIT SHOWN IN FIG. 68 

Fig.9 

SI NOLE-ENDED OUTPUT IMPEDANCE vs TEMPERATURE 

-75 -50 -25 25 ~ 715 100 12!5 

AMBIENT TEMPERATURE (TA )-•c 

Fig.12 

BANDWIDTH AT -3 dB POINT vs TEMPERATURE 

POSITIVE DC SUPPLY VOLTS (Vccl. +6 TIT NEGATIVE DC SUPPLY VOLTS \Veel. -6 

10 J[ J[ TIT r 
0 

AMBIENT TEMPERATURE {1'.__A_l = -5!5°C 
~ 

~ 
~ s 

-10 

0 

~ -20 

~ 
~ -30 

~ 

-· ' ... ' ... ' 0.01 0.1 

FREQU£NCY (fl- MHz 

Fig. 7 

'No 
125 1'=125 

. '" ' . '" 

SINGLE-ENDED INPUT IMPEDANCE vs TEMPERATURE 

00 

0 _,, 

~ IV oc SUPPLY VOL s {Vee • +6 
NEGATIVE DC SUPPLY VOLTS(VEel• 6 
l'REQlJENCY l !l • lkHz 

-2' " AMBIENT TEMPERATlJRE (TA )-°C 

Fig. ID 

92CS-13~ 

SINGLE-ENDED OUTPUT IMPEDANCE TEST CIRCUIT 

Fig, 13 

TOTAL HARMONIC DISTORTION vs TEMPERATURE AGC RANGE TEST CIRCUIT 

POSITIVE oc SUPPLY VOLTSIVccl• +6 
NEGATIVE DC SUPPLY VOLTS tVeel. -6 
FREQUENCY If I • 1 kH! 

_,, 50 75 100 

AMBIENT TEMPERATlJRE (TA l-°C 

Fig. lij 



Video and Wideband Amplifier HIGHLIGHTS 

•P ... h.Poll Input & Output 

• De1iped lor ... 111 ViMo S,1tH11 ••• Co1111nunlcatlo11 l ... lpmont 

•4GC ••• , •......... ........................ 60 ...... 
29MH• 

• lalenced tllffere11tlol .... ,Iffier cenfl1•retl- wltli c .. t,.U-11 con•tallt-cvrrMt sourco 
• l•pllf RHlstanco , , • , .. 
•Output RHistanco ..•.. 
o Voltego Gain •••••.••• 
•Input OffHt Volta10 . , •. 

150k0 .... 
45 n .. ,. prOYiM1 .utstan.tlnt .,.,,otlllty 

•l•llt-in teMperat•r. atllltilltJ t.r opemlon tro. -55°C to +12S°C 

• E•ltter followor lnp•t & output 

19 di ... . 
1.5 .. v ... . 

•C..,.alon Applicotlon Note fCAN5038 •Applicati .. of tho RCA-CA3001 lnte.,.tff
Clrcult VI ... AMPiifier•, covers •1Herent opeMtl"ll lllOCIH, 9oln c1t11trol, •i•tertlon, 
swing cmpeliilllty, 3 •'°I• 01npllflor 4Hlgn,oM o Sch•IH trl ... r •""'r· 

APPLICATIONS 

•Schlllitt Tri19or •DC, IF, & 
•Mi .. r Vicleo 

•12-Lead Hermetic T0-5 Style Package •Wulotor Amplifier 

ABSOLUTE-MAXIMUM VOLTAGE AHO CURRENT LIMITS at TA = 25°C 
Indicated voltqe or current limit• tor each terminal can be applied under the •pecified condition for other terminal•. 
All Voltqea are with reapect to around (common tenninal of Positive and Ne1ative DC Supplies). 

VOLTAGE OR VOLTAGE OR 
CURRENT LIMITS CONDITIONS CURRENT LIMITS CONDITIONS 

TERMINAL TERMINAL 
NEGATIVE POSITIVE TERMINAL VOLTAGE 

2, 6 0 

I ·Z.5 +l!.5 3, 10 -6 
9 '6 

l, 6 0 
2 ·8.5 0 3, 10 -ll.5 

9 '6 

1, 2, 6 • 
3 ·ID 0 9 '6 

10 "' 
1, 2, 6 0 

4 ·8.5 0 9 '6 
10 ·6 

1. 2, 6 0 
5 -6 0 3, 10 -6 

9 '6 

1, 2 0 

6 -2.5 ·>2.5 3, 10 -6 
9 '6 

INTERNAL CONNECTION 
7 00 NOT USE 

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 

8 

9 

10 

11 

12 

CASE 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

1, 2, 6, 10 0 

3 "' 25 mA 9 <6 
200-fl RESISTOR 

CONNECTED BElWEEN 
TERMINALSNo.8 & No.10 

0 
l, 2, 6, 10 0 

•10 s -6 

1, 2, 6 0 

·10 0 3 -6 

9 '6 

1, 2, 6, 10 0 
3 -6 

25 mA 9 '6 
200-fl RESISTOR 

CONNECTED BETWEEN 
TERMINAUNo.lO&No.11 

INTERNAL CONNECTION 
00 NOT USE 

INTERNALLY CONNECTED TO TERMINAL No.3J 
(SUBSTRATE) 00 NOT GROUND 

.55°c to • l 25°c 

-65°C to •IS0°c 

t26S 0 c 
±4V 

±2.5 v 

450mW 

Above 8S°C ...............•................................. De rate linearly S mW /°C 

POSITIVE oc Sll'Pl.Y. VOLTS tVccl•+fi 

NEGATIVE DC SUPPl.Y VOLTS IVa;l•-e 

> • . 
l . 
.J 70 

i 

-JS -eo -u .. .. ,. 100 •• 

Fig. 4 - Oulpul offsot volfago vs. temperature. 

POSITIVE OC SUPPLY VOLTS t'<\'.;cl•+fll 

NEGATIVE OC SUPPLY VOLTSCV£EI •-6 

0 . 
~ 4 

» 

-50 -25 .... ,. 
AMBIENT TEMPERATURE (Ta 1-'"C "" ... 

Fig. 5 ·Quiescent operating voltage vs. temperature. 

CA3001 

... 
" 

2.211 

'" 

'" .... 

* lnlem•I Comection - DO NOT USE 

Fir.r - Schaaflc Diagra•. 

POSITIVI!: DC SUPPLY VOL.TS !Vee) •+6 
NEGATIVE DC SUPPLY VOLTS IVE:f:)•-6 

"' 
POSITIVE DC SUPPLY YOLTS 1Vcc)•+6 
NEGATIVE DC SUPPLY VOLTS IVEEI•-& 

~ 10 

i 
--nl - -215 0 75 

AMBIENT TEMPERATUft£ tTal-•c 

All resl1tors 
ae in ohms. 

Fig.3 ·Input bias cu"ent vs. temperature. 

I I uo 

~ 

MOOED 

MODE B 

-!!ID -25 0 2' 50 75 ... 
AIMIENT TEMPERATURE ITA)-•C 

Fig. 6 . Device Jissipafion vs. temperature. 



CA3001 
ELECTRICAL CHARACTERISTICS, AT TA= 25•c. Vee= +6 v. VEE= -6 v 

CHARACTERISTICS SPECIAL TEST CONDITIONS 

(See Page 2 for SYMBOLS Te1minals No.4 and No.S 

Definitions of Terms) Not Connected 

Unless Specified 

STATIC CHARACTERISTICS: 

Input Offset Voltage VIQ 

Input Offset Current 110 

Input Bias Current ,, 
Output Offset Voltage voo Ag= 1 kfl 

TER"4NALS 

MODE 4 5 

Quiescent Operating V3 A NC NC 

Voltage' OR 

Vu 
B NC VEE 

c VEE NC 

0 VEE VEE 

A NC NC 

B NC VEE 
Device Dissipation PD 

c VEE NC 

0 VEE VEE 

DYNAMIC CHARACTERISTICS: 

Oiffe1entia1 Voltage Gain 
ADIFF 

I l.75 MHz 

(Single-ended input and output) I 20 MHZ 

Bandwidth at ·3 dB Point BW As= son 

Maximum Output Voltage Swmg VourW·P} A5=50fli=1.75MHz 

I 1.75 MHZ, R5 l K'." 
Noise Figure NF 

I ll.7 MHz, Rs l KL 

Common-Mode Rejection Ratio CMRR I 1 KHz 

Input Impedance Components; 

Parallel Input Resistance R1N I 1.75 MHz 

Parallel Input Capacitance c,N I 1.75 MHZ 

Output Resistance Rour I 1.75 MHZ 

AGC Range (Maximum voltage AGC I 1.75 MHz 
gain to complete cutoff) 

~00 1000 1500 2000 2!100 3000 
SOURCE RESISTAHCE UltsJ-0 

LIMITS 
TEST 

CIRCUITS TYPE CA3001 

Fig. 

12 

13 

13 

11 

11 

" 

" 
70 

60' 

_,, 

Min. Typ. Max. Units 

l.5 mV 

1 10 µA 

16 36 µA 

54 300 mV 

3.8 4.4 s v 
4.8 v 
2.7 v 

4 v 
60 78 120 mW 

7l mW 

110 mW 

86 mW 

16 19 dB 

IO 14 dB 

16 29 MH' 

5 Vp.p 

5 8 dB 

7.7 dB 

70 88 dB 

50 140 Kr1 

3.4 7 pF 

45 70 \! 

55 60 dB 

POSITIVE oc SUPl>L.Y VOLTS (Vccl•+6 
NEGATIVE DC SUPPL.Y VOLTS !VEEl•-6 
FREQUENCY {I) • I kHz • 

AMBIENT TEMPERATURE (TA)-°C 

TYPICAL 
CHARAC· 

TERISTICS 

CURVES 

Fig. 

2 

2 

3 

4 

5 

5 

5 

5 

6 

6 

6 

6 

7, 8 

NONE 

NONE 

9 

10 

11 

11 

NONE 

NONE 

100 12~ 

Fig. 9 - Noise figul'e vs. souf'ce f'esistance anJ frequency. Fig. 10 - Common-mode re;ection ratio vs, temperature. 

AMBIENT TEMPERATURE (TAl-°C 

Fig. 7 . Dilfe1ential voltage gain vs. temperature. 

POSITIVE oc SUPPLY VOLTS tvcc!•+6 
NEGATIVE OC SUPPLY VOLTS {V[El•-6 
AMBIENT TEMPERATURE ITA)•2$°C 

f--w--r-r 

f '6t-f---+-+--t+t~ i - · ~-H-+t-1-r+-H 
~ 

12r--·+, --+-+++--+--+ +·++-_--+l---·-.. ::::-~-t-c----1r+-H 

•l-+-1+++-+--+-++l-----+-+-++1"'~\l+---+--+-H 
t-+-1 1" 

•f---t----f-+++-+-+++f----f---t+++-PJ.\.IH--\IH-1 

2 468r~~1+--~4 se 
10 100 IOOO 

FREQUENCY (I] - MHz 

Fig. 8 - Differential voltage gain vs. frequency. 

~ 4 6 8 
' ,0 

FREQUENCY (I)- MHt 

Fig. 11. lnp11t impedance components vs. ftequency. 



Vee 
+6v 

92CS-IJ587 

•• Ad, .... Yg for VoVT(DC) =o t:O.I v 2 .......... V• and ... c=ant 
1....- on .. t woltq• <V10J la mv •• Vg 

Vro•iOOo 
Fig. 12 .. Input offset voltore fHf circuit. 

Fig. 13 • Input offset current ond input hias current 
test circuit. 

OSCILLOSCOPE 
W1TH HIGH- GAIN 
OIFFERENTIAL 

INPUT 
!TEKTRONIX TYPE 
510. 5•0, OR 580 

__ ,,,~~ WITH TYPED l"L.UG•IN 

CONMOt.1-MODE REJECTION RATIO 

CMR•20 LOGIOIAi~~:~:)3! 
•A•StNGLE-ENDEO VOLTAGE 

GAIN 

TEKTRONIX TYPE 502, 
OR 

EOUIVALENTI 

Fig. 15 • Common-moJe rejection ratio fed circuit. 

37-250 

" 

Vee ••v 

CA3001 

"'Separate tuned input circuits are used tor 1.75 MHz and 11.7 MHz. 
Source-resistance matching taps adjusled wittl clu:ult tuned to 
resonance •d with 50-ohm resistor connected to simulate 
noise diode. 

Fig. 14 • Noise ligure fest circuit. 

AOC RANGE: 20 LOG A WITH S IN POSITION X 
10 A 'VlllTH S IN POSITION Y 

Fig. 16 - AGC range test circuit. 

, _____ 63 



CA3002 

IF Amplifier 

•Designed for use in Communication Equipment 

•Balanced diffe,.ntial amplifier configuration with controlled constant-current source 
provides outstanding versatility 

• 10-Lead hermetic T0-5 style package 
•Built-in temperature stability for operation from .55°c to +125°C 

•Companion Application Hate ICAH-5036 ."Application of the RCA-3002 Integrated-Circuit 
IF Amplifie? covers different operating modes, cross modulation, gain control, 4-stage 
amplifier de~ign, and an envelope and product detector analysis. 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, at TA • 25°c 

COMMON-MODE INPUT SIGNAL VOLTAGE. . . . . . . . . . . . . . ±2 V 
MAXIMUM POWER SUPPLY VOLTAGE. . . . . . . . . . . . 16 V or ±8 V 

OPERA TING· TEMPERATURE RANGE 

STORAGE· TEMPERATURE RANGE 

LEAD TEMPERATURE (During Soldering): 

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

from case for I 0 seconds max. 

MAXIMUM INPUT·SIGNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION: 

-55 to ss 0c 
Above 85°C 

-ss0 c to+ 12s0 c 
-6s 0 c to +1so0 c 

+265°C 

±4V 

450mW 

De rate linearly 5 mW /°C 

STATIC CHARACTERISTICS AND TEST CIRCUITS 

POSITIVE oc SUPPLY VOLTS tVccl. +6 
NEGATIVE OC SUPPLY VOLTS IVEEl • -6 

-75 -50 -25 25 50 

AMBIENT TEMPERATURE ITAJ-•c 

'00 

Fi9.2 - Input unbolonce voltage & current vs temperature. 

POSITIVE DC SUPPLY VOLTS tVccl. +6 
NEGATIVE DC SUPPLY VOLTS (VEE)• -6 

FREQUENCY (f) •1.75 MHz 

25 

" -15 -50 25 50 

AMBIENT TEMPERATURE (TA 1-"C 

Fig. 5a - Differential volta9e 9ain vs temperature. 

I 
~ 50 

I tr40 
~ 30 

~ 
~ 20 

~ 10 

POSIT IVE oc SUPPLY VOLTS (Vccl. +6 
NEGATIVE DC SUPPLY VOLTS \VEE)• -6 

" ,00 
AMBIENT TEMPERATURE (TA)-•C 

Fig.3 - Input bias current vs temperature. 

STATIC CHARACTERISTICS AND TEST CIRCUITS 

POSITIVE DC SUPPLY VOLTS (Vccl. +6 
NEGATIVE OC SUPPLY VOLTS (VEE)• -8 
AMBIENT TEMPERATURE (T4) •25'C 

20'!--+--r-+-+t--t--t"-t-tt"::s:'<""""!--t-i-ti 

. . . ,0 
FREQUENCY (f)-MHz 

3 

. ' . ,00 

Fig. 5b· Differential voltage gain vs frequency. 

,0 

HIGHLIGHTS 

•Input Resistance ..•... 100 kO typ. 
• Output Resistance . . • . • 10 0 typ. 
• Voltogo Gain .• 24 dB typ. @ 1.75 MH• 
•Push-Pull Input, Single.Ended Output 
• ·3 dB Bandwidth .••••. 11 MHz typ. 

• AGC Rongo. • • . • . • . • • 80 dB typ. 

•Useful Frequency Ranqe DC to .. 15 MHz. 

APPLICATIONS 

•Product Detector 

•IF & Video 
Amplifier 

•AM Detector 

•Schmitt Trigger 

o, 

02 

"'o 2 2 I( • 

"" " 

*TERMINAL No 6 IS AN 
INTERNAL CONNECTION 

00 NOT USE 

CASE ANO SUBSTRATE 

ALL RESISTORS ARE IN OHMS 
92CS-1295JR2 

Q 

Fig. 1 - Schematic diagram. 

POSITIVE oc SUPPLY VOLTS IVccl• +6 
NEGATIVE DC SUPPLY VOLTS (VEE)• 6 

OD .9 

MODE A 

- - - o ~ ~ n ~ ~ 
AMBIENT TEMPERATURE ITA l~C 

Fig.4 - Quiescent operoting voltage vs temperature. 

POSITIVE DC SUPPLY VOLTS\Vccl· +s ~ •. , 
NEGATIVE OC SUPPLY VOLTSlVEfl• -6 ~r-;_ 

AMBIENT TEMPERATURE (TA) - °C 

Fig, 6 - Bandwidth ot -3 JB point vs temperature. 



ELECTRICAL CHARACTERISTICS, at TA = 25•c, Vee = i6 v, VEE = _, v 

LIMITS TYPICAL 
SPECIAL TEST CONDITIONS TEST CHARAC· 

CHARACTERISTICS SYMBOLS TERMINALS No.3 & No.4 
NOT CONNECTED 

CIRCUITS CA3002 TERISTICS 
CURVES 

UNLESS OTHERWISE NOTED 
Min. Typ. Max. Units 

STATIC CHARACTERISTICS: 
'nput Offset Voltage V1Q 

Input Unbalance Current 1ru 

Input Bias Current 11 

MODE TERMINAL 

21 • t).iiescent Operatin1 
A VEij_ NC Vol tap 
B VEtl VEE 

Device Dissipation PT 

DYNAMIC CHARACTER~TICS: 

Differential Voltaae Gain V1N= 10mV 
(Single-Ended Input ADIFF f • 1.75 MHz 
and Output) Rs-son 

Bandwidth at .3 dB Point BW Rs .. son. VtN .. 1omv 

Maximum Output Voltqe SWint VouT(P-P) 

Noise Flaure NF t = 1.75 MHz Rs = l kO. 

Input Impedance Compol18flts: 

Parallel Input Resistance R1N 

Parallel Input Capacitaice .CfN 

Output Resistance ROUT 

AGC Ranp (Maximum Voltage 
Gain to Complete Cutorr AGC 

POSITIVE DC SUPPL'I' VOL.TS IVccl. +6 
NEGATIVE OC SUPPL'Y VOLTS W£El • -6 
FRECUENC'Y ff) • 1.7!5 MHz 

-75 -90 -25 2!1 90 .,, 100 

f = 1.75 MHz 

f = 1.75 MHz 

f = 1.75 MHz 

t = 1.75 MHz 

12' 

Fig. 9B • Output rui stance vs temperature. 

1) Increase both input-s ....... tones until th• 2'J-f1 and 2f1-f2 output
sign•I voltegn an 30 dB below th• f1 •nd fJ outpUt-sign.t voltmtn-

2) Meaun rms valu• of th• input and output Ii ... volt..-. 

3) Th• m...,ntd input si ... I volt• is that walu• _,..,. the 3nl-har
monic intermodulatia•• products aN 30 dB Mlow tha fundmnen-

"''"' ...... 
Fig. 11 • Intermodulation Test Circuit. 

Fig. Fig. 

• 2.2 mV 2 

2.2 10 µ.A 2 

2Q 36 µ.A 3 

2.8 v • 
3.9 v • 
SS mW .... 

19 24 dB 5 &.5 

11 MHz 6 

5.5 Vp.p None 

B • 8 dB 1 

None IOOk n .... 
None 4 pF .... 

14 70 n 9a& 9b 

13 60 60 dB 12 

POSITIVE DC SUPPLY VOLTS IVccl• +• 
NE&ATl\IE DC SUPPLY VOLTS I Vu)• -I 
AMllENT TEMPERATURE !Ta 1•25•c 

10 15 20 25 
FR£0Ul:NCY lfJ-Wiz 

Fig. 9b ·Output resistance vs frequency. 

II IVE c SUP LY VOL.TS IYccl. +• 
NUATIVE DC SUPPLY VOt.TS (YE.El• -6 
aa.JE.Nl UMPlRAT\IRE IT.t.) •215-C 

I01!1202S50 
l'lt£QUt"NCYffl-Mttr 

Fig. 12· AGC range vs frequency. 

CA3002 

' ! 10 

! 

POSITIVE oc SUPPLY VOLTS lVcc). +• 
NEGATIVE DC SUPPLY VOLTS IVEEI • -6 
AIMllENT TEMPERATURE ITAl•25•c 
FREQUENCY If) • t.nl MHr 

'"" 1000 1000 

SOURCE RESISTANCE IR11l- A 

2000 

Fig. 7. - Noise figure vs source resistance. 

Rl2~~ 
MATCHING 

AUTOTftAN9FORMER• 

>KA 

Vee ... 

... -•v 
•!:'=:-:.~a::=: :dl~M=:lv=~ ~'re~s~ 

connected to simulate the noise diode. 

Fig. 8 - Noise figure. 

POSITIVE DC SUPPLY VOLTS lYccl. +• 
NEGATIVE DC SUPPLY VOLTSIV£EI• -e 
FREQUENCY If) • 1.7' MHr 

INPUT AO.MITED F01t 3rd ORDER.HARMONIC 2. 
!!10 di IEl-DW FUNDAMENTAL. 

100 ... 
Fig. 10- lnputlevel for- 30d8 intsrmodulation 

w. temperatunl 

ATTENUATOlll 
0-80 dB 

SIGNAL 
SOURCE 

(HEWLETT· 
PACKARD 

TYPE 658 OR 
£0ULVALENT) 

•cc ... 

1) Set attenuator at 80 dB attenuation. 
2) Sel v•lable ck supply voltqe at 0 V. 

3) lncreue11111al lnpu1vo11aeeuntll RF V.T.V.M. indicatu s mv 
output. 

4) Set vsiable de supply voltaae at -6 V. 
5) Adjust attenu.-Or until RF V.T.V.M. qaln indicates 5 mV output, 
6) Ch .. ae in attenuator settlna in dB Is total AGC Ranae. 

Fig. 13· AGC range. 



CA3004 
RF Amplifier 

• Designed for use in Communications Equipment 

• Balanced Differential-Amplifier Configuration with Controlled Constant-Current 
Source Provides Unexcelled Versatility 

• Built-in Temperature Stability for Operation from -55° C ta +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. 

• 12-Lead Hermetic T0-5 Style Package 

ABSOLUTE-MAXIMUM VOLT AGE LIMITS, at TFA = 2s0 c 
Voltage limits shown for each terminal can be applied under the indicated circuit conditions for other terminals. 
All voltages are with respect to GROUND (common terminal of Positive and Negative DC Supplies) 

VOLTAGE LIMITS CONDITIONS VOLTAGE LIMITS CONOITIONS 
TERMINAL 

NEGATIVE 

1 

2 ·9.5 

3 ·12 

4 ·12 

5 -1i 

6 ·3.5 

TERMINAL 
POSITIVE TERMINAL VOLTAGE 

NO CONNECTION 

6 0 
12 0 
3 ·9.5 

0 9 '6 
10 '6 
11 '6 

2 0 
6 0 
9 '6 

0 10 '6 
11 '6 
12 0 

2 0 
6 0 
9 '6 

0 10 '6 
11 '6 
12 0 

2,6,12 0 
3 ·6 

0 9 '6 
10 '6 
11 '6 

2 0 
3 . 6 
9 '6 

•3.5 10 '6 
11 '6 
12 0 

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 

7 

8 

9 

10 

11 

12 

CASE 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

NO CONNECTION 

NO CONNECTION 

2 0 
3 ·6 
6 0 

0 •12 10 '6 
11 '6 
12 0 

2 0 
3 . 6 
6 0 

0 •12 9 '6 
11 '6 
12 0 

2 0 
3 -6 
6 0 

0 •12 10 '6 
J! '6 
12 0 

2 0 
3 • 6 
6 0 

·3.5 •3.5 9 '6 
10 '6 
11 '6 

INTERNALLY CONNECTEO TO TERMINAL 
N0.3 (SUBSTRATE) DO NOT GROUND 

-S5°r 10 + 12s0r 

-65°C' to +IS0°C 

..... +265°r 

. ±3.5 v 

-2.S V, +3.5 V 

.. 300 mW 

• Puah-Pull Input and Output 

• Wide and Harrow-Band Amplifier 

• AGC 

• Detector 

• Operation from DC to 100 Mc/ s 

• Mixer 

• Limiter 

• Modulator 

• RF, IF, and Video Frequency 
Capability 

SCHEMATIC DIAGRAM FOR CA300.C 

., 

HOTE1 Conn•ct T•rmlnol Ho. 10 to moat 
poaltlv• de supply voltog• uHd for 
circuit. 

Flg.1 

TYPICAL STATIC CHARACTERISTICS AND 

TEST CIRCUITS FOR TYPE CA3004 

(Figs. 2 to 8) 

IN.PUT OFFSET VOLTAGE AND CURRENT 
VS TEMPERATURE 

POSITIVE oc SUPPLY VOLTS IVccl. +6 
NEGATIVE- OC SUPPLY VOLTS IVEEI • -6 

i 
i 10 

Off. 

-2' 25 50 

FREE-AIR TEMPERATURE (TFAl-°C 

Fig.2 

INPUT BIAS CURREHT VS TEMPERATURE 

POSITIVE oc SUPPLY VOLTS IVccl. +6 
NEGATIVE OC SUPPLY VOLTS IVEEl • -6 

_.,, -50 -25 

FREE-AIR TEMPERATURE (TFAl--C 

"' 



ELECTRICAL CHARACTERISTICS, at TFA = 25° e. Vee = <6V, VEE = -6 V unless otherwise specified 

LIMITS TYPICAL 
CHARA(} 

SPECIAL TEST CONDITIONS TEST 
CHARACTERISTICS SYMBOLS CIRCUIT TYPE TERISTICS 

Terminals No.4 and No.5 Open CAJJ04 CURVES 
Unless Otherwise Specified fig. Min. Typ. Max. Units Fig. 

STATIC CHARACTERISTICS 
Input Offset Voltage Vto Fig.4 - 1.7 5 mV Fla;.2 

Input Offset CUrrent 110 Fl&-5 - 0.125 5 µA Fla.2 

Input Bias Current 1, Fig.5 - 21 40 µA Fl&.3 

TERMINALS 

4 5 

Quiescent lg NC NC Fig.8 - I - mA Fia.6 
Operating or 
Current Ju VEE NC Fig.a - 2.7 - mA Fi1.6 

NC VEE Fig.8 - O.A5 - mA Fig.6 

VEE VEE Fig.8 - 1..25 - mA Fia.6 

Quiescent Operating lg/Ill Fig.8 -Current Ratio 1.1 - - Flg.7 

Device DI ssipatlon PT Fig.8 - 26 - mW NONE 

DYNAMIC CHARACTERISTICS 
Power Gain Gp f = 100 Mc/s Fig.11 10 12 - dB Fiz,9 

Noise Figure NF f = 100 Mc/s flg.11 - 6,3 9 dB Fig..JO 

COmmOfl Mode CMR r = 1 Kc/s Fig.13 Rejection Ratio - 98 - dB Fl&.12 

AGC Ranae (Max. Voltage 
Gain to complete Cutoff) AGC f = 1.75Mc/s Fig.14 -60 - - dB NONE 

DEFINITIONS OF TERMS 
Input Offset Voltag• Power-Goin 

The difference ln the c1c voltaps which must be applied to the input The ratio of the signal power developed at the output of the device 
terminals to obtain equal quiescent operating voltages (zero output to lhe signal power applied to the input, expressed in dB. 
offset voltage) at the output terminals. 

Input Offset Current 

The difference in the currents at the two input terminals when the 
quiescent operating voltqes at the two output terminals are equal. 

Input Biu Current 

The average value (one4\alf the sum) of the cuuents at the two 
input terminals when the quiescent operat1n1 voltaps at the two 
output terminals are equal. 

Quiescent Operating Current 

The average (de) value of t~e cunent in either output terminal, 

Quiescent Operating Current Ratio 

The ratio of the Quiescent operatinc currents in the 1wo output 
terminals. 

Device Dissipation 

The total power drain of the device with no sianal appl led and no ex· 
ternal load current. 

Noise figure 
The ratio of the total noise power of the device and a resistive 
signal source to the noise power of. the sipal !llOUJce alone, the 
signal source representin1 a generator of zero Impedance in series 
with the source resistance. 

Common-Mode Rejection Ratio 
The ratio of the full differential voltage gain to the common-mode 
vcltaae gain. 

Common-Mode Voltage Gain 

The ratio of the signal vottaps <levelOpe<I between the two output 
terminals to the sl1nal voltage applied to the two input terminals 
connected In parallel for ac, 

Differential Voltage Galn 
The ratio of the chalp in output voltap at either oulput terminal 
with respect to around, to a chanae _in input vottaae at e1the1 input 
terminal with respect to ground, with the other input terminal at 
ac gt'OUnd. 

AGC Range 
The total change in voltap 1aln (from maximum gain lo complete 
cutoff) which may be achieved by application of the specified ranae 
of de voltage to the AGC input terminal of the device 

CA3004 

INPUT OFFSET VOLTAGE TEST CIRCUIT 

flg . .C 

INPUT OFFSET CURRENT AND BIAS CURRENT 
TEST CIRCUIT 

Vee 
+IV 

-•v 
""' 

Fig.5 

WPUT OFFSET 
CURRENT IIxo)olI12 - :I&I 

~::E=~~Itl•~ 

QUIESCENT OPERATING CURRENT VS TEMPERATURE 

~ ~ ~ 0 H ~ n ~ ~ 
FREE-Alft TEMPOATUllE lTFAl--C ---Flg.6 

TEST CIRCUIT FOR TYPE CA3004 

f1m I. 

QUIESCENT OPERATING CURRENT RATIO 
VS TEMPERATURE 

POSITIVE DC SUP!'l.Y VOL.TS IVccl. +• 
NEGATIVE DC SUPPLY VOLTS IVul • -e 

.jt . 

2!!1 !!iO 15 100 12!!1 

FREE-AIR TEMPERATURE: ITrAJ--C 

F'lg.7 

QUllSCIMT OPIRATIMG CURRIMT, QUllSCIMT 
OPIRATJr:i~~~:::i:~.W~Yi~I~ DIVfCI 

+'ff 

PT • Vee «1 +110 +Jul +VEE ls 

"··· 



CA3004 
TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3004 (Figs. 9 to 141 

POWER GAIN VS FREQUENCY 

POSITIVE oc SUPPLY VOLTS lVccl. +• 
NEGATIVE DC SUPPLY VOLTS tV[EI • -e 
FRE£-AIR TEMPOATUltE (TFA) • Z&'"C 
SOURCE IMP£0ANCE 1"91 • 50 A 
LOlO IMPEDANCE (R1,.) • eo a .. 

~ I M ~ 
I ~ ;t I 

b, 
i IO 

I • 
IO 

. . . . . ' . 'oc!o 
'Jtt:QUENCY (f)-lltc/9 

Flg.9 

COMMOH·llODI REJECTION RATIO VS TlllPIRATURI 

POSITIVE DC SUPPLY VOLTS tvccl. +• 
NHATIYI. DC SUPPLY vot.TS tvul •-I 
FftEOU!NCY en • 1 ico1t1 

flg.12 

100 ••• 

MOISE FIGURE VS FREQUENCY 

POSITIVE DC SUPPLY VOLTS tVccl. +• 
NIEGATIVE DC SUPPLY VOLTS lV£1I• -6 
FREE-AIR TDllPEtATUflE lTfA) • 2&9c 
SOURCE RESISTANCE IR,I • 00 A 

I 
I • i vr 
I v 
I • v 

..J.I 

" 
. . . 

l'MQtJl:NCY lfl-Mc/1 

. . ' •• odo 

COMMON-MODE REJECTION RATIO TEST CIRCUIT 

•cc 
UV 

COMMON- flllOOE RE.tECTION RATIO 

C-•20 l.OG10IA~l•::.:r ~~ 
•A•SINGLE-END£0 VOl.TACIE .... 

fl9.13 

100 Mc/• POWER GAIN AHO NOISE FIGURE TEST CIRCUIT 
•cc 
+•v 

:l'OR POWER-GAIN TEST 

FOR NOISE-FIGURE TEST VEE 
-lV 

Flg.11 

AGC RANGE TEST CIRCUIT 
11-250 .. 

1.7SM0/1 
lllNAL -· MC RAQl • ZO L0810: ::;: : :: ::::;:: ~ 

NCl·l5hll 

Fig.1.f 



RF Amplifiers • PHh-Pvll Input ... °"""' 
• Wide ClllCI Nanow Bmncl Ampllfler 

• AGC 
• Designed for u11 in Communications Equipment ·-• Balanced Diff.rential Amplifier Configuration with Controlled Con•ant-Current 

Source to Provide Unex.celled Versotilit7 
• RP, IF, .- Vld• 

,._..., c:-~111., 
• Buil~in Temperature Stability for Operation 1- -55" C to +125" C • Operation from DC to 10G MHz 

e Companian ApplicatlanNote, ICAN5022"Applicatlan of RCA CA3004, CA3005, 
md CA3006 Integrated Circuit RF Amplifiers", coHrs characteristics of 
different operating modes, noise performance, cross-modulation, mlaer, AGC 
limiter, detector, and amplifier desi9n considerations. 

• 12-Lead Hermetic T0-5 Style Package. 

ABSOLUTE-h\AXIMUM VOLTAGE Llh\ITS, at TFA = 25"c 

• Mixer 

• u .... , .......... , 
e Case .. M11Ufler 

Voltage limit.a shown for each terminal can be applied under the indicated voltap condition• for other tenninala. 
AU voltage& are with respect to GROUND (common terminal of Po1itive and Neaative DC Suppliea) 

TERMINAL 

I 

2 

3 

4 

5 

6 

7 

VOLTAGE LIMITS CONDITIONS 
TERMINAL 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

7 0 
8 -6 

-3.5 +3.5 9 +6 
10 +6 8 

11 +6 
12 0 

TEST POINT: DO NOT APPLY VOLTAGE FROM 

-9.5 

-6 

-12 

-6 

-3.5 

EXTERNAL SOURCE 
I 0 
7 0 9 
8 ·9.5 

0 9 +6 
10 +6 
II +6 
12 0 

I 0 
7 0 
8 -6 

0 9 01; 
10 

10 +6 
II •6 
12 0 

1 0 
7 0 
9 +6 

0 .,JO +6 
11 

11 +6 
12 0 

1 0 
7 0 
9 +6 

0 10 +6 

12 

11 +6 CASE 
12 -6 

I 0 
8 -6 
9 +6 

+3.5 10 +6 
11 +6 
12 0 

OPERATING-TEMPERATURE RANGE 

STORAGE-TEMPERATURE RANGE 

LEAD TEMPERATURE (During Soldering) 
Al distance l/16 ± 1/3:! inch (l.5 1> :!: 0.79mm) 
from case for 10 seconds max. 

MAXIMUM SINGLE-ENDED INPUT
SIGNAL VOLTAGE 

MAXIMUM COMMON-MODE INPUT
SJGNAL VOLTAGE 

MAXIMUM DEVIC'E DISSIPATION 

VOLTAGE LIMITS CONDITIONS 
NEGATIVE POSITIVE TERMINAL VOLTAGE 

I 0 
7 0 
9 +6 

-12 0 10 +6 
11 +6 
12 0 

I 0 
7 0 
8 -6 

0 +12 10 +6 
11 +6 
12 0 

I 0 
7 0 

0 +12 
8 
9 

-6 
+6 

11 +6 
12 0 

1 0 
7 0 
8 -6 

0 +12 9 +6 
10 +6 
12 0 

8 ·9.5 
9 +6 

·9.5 0 10 +6 
11 +6 

lnlernallv comecled to Terminal No.8 (substrate) 
DO NOT GROUND 

.ss0 c to +11s 0c 

.as0 c 10 + 1 so0 c 

±3.5 v 

-1.S V. +3.S V 

. JOO mW 

12 

1 
I 
i 

CA3005,CA3006 
SCHEMATIC DIAGRAM POR CAJ005 AND CA.DI 

.......... ........ 
IN OIWS 

NOTl1 C-t T._IMI Na.t ...... 
,. .... _ ilc ..... , _ ..... ..- ,., 
clrc•ll. , .... 

INPUT OFFSET VOLTAGE AND CURRENT 

Plg,2 

INPUT OFFSET VOLT AGE TEST CIRCUIT 

- v ... 
Flg.3 

INPUT BIAS CURRENT 

POSITIVE DC IUPPL'f' YOLT5'Vccl• +• 
Nl:GATIVE DC SUPPLY VOl.TS lVEEI• -· 

f' 
-79 -!IO -le H 50 19 100 121 



CA3005,CA3006 
ELECTRICAL CHARACTERISTICS, at TA = 25° e, Vee= i6V, VEE = -6V 

·--~------------~---. 

TEST f------r=Ll=Ml~TS~---,---1 ~~~~c:~ 
CHARACTERISTICS SYMBOLS SPECIAL TEST CONOITIONS CIRCUITS TYPE CT:~~i TERISTICS 

Terminals No.3,4,5, and 6 Not.1---1---C_A_30_o_5 ~-+~~----+---+-C_U_R_¥E_s_, 
Connected Except Where Noted Fig. Min. Typ. Max Min. Typ. Max. Fig. 

STATIC CHARACTERISTICS 

Input Offset Voltage 

Input Offset CUnent 

Input Bias Current 

Quiescent 
Operating 
Current 

Quiescent Operating 
Current Ratio 

''° ,,. 
110 

tu 

Device ~issipation PT 

DYNAMIC CHARACTERISTICS 

TERMINALS _,_ 
~ 
.:.'!li. 

NC 

·YU: 

fig.3 2.6 
Fig.4 1.4 

fig.4 19 

fig, 10 -

Fig.10 - 2.7 

Fig.10 - 0.45 
Fig. 10 - 1.25 

Fig. 10 - l.05 

Fig.10 26 

0.8 mV Fig.2 

1.4 µA Fig.2 

40 19 40 µA Fie.5 

mA Fig.6 

mA NONE 
0.45 mA NONE 

1.25 mA Fi 6 

l.05 Fig.7 

26 mW NONE 

Power Gain Gp ~OO ~~.ati~~-~:_~~-t-1_6_-t--'°·--+---+-16-+--'°-+--T-d_B_.._F~i•_·•.__, 

t----- -----+----t-M_H_, ,_c_oo_fi~'"-"_tio_,__ ~·~-r~·~.:.~ ~~--1 __ 6_+---+-"-+--'6_-+--+-d-B-+-''-'·-"_, 
f= CascodeCOntiP~~~ FJ9.11-=: 7.8 7.8 dB Fig:l3 

100 Differential Ampl. Fig.12 7.8 7.8 dB Fig.14 
t---------+----t-M_H,~Co_,~fig~"'-ati°" ___ -+---+-t---t--+--+---t---jf--t----1 

Noise Figure NF 

Common-Mode 
Rejection Ratio 

AGC Range {Max. Voltage 
Gain to Complete Cutoff) 

CMR f = 1 kHz 

AGC I = 1.75 MHz 

POWER-GAIN (CASCODE CONFIGURATION) 

CilSCOOE CONFtGURATION 
FREE-AIR Tt:MPERATURE tTfA) • 2,•c 

40 

••f---+-+--+-"""+-1-1-+-+-+-++-l 
~J 301---+--t--1--1---1'-.l-~:S~~~~ •. -.+-.-t--+-+-t 

z>f----t--t--1---f""l--±-cl-f~~-+-t-l 
t--.. ~ 

20J---+--+--t-+-+--l-'l-+"""l-=:t-F~ 

"t---+--+--+-+-+-+-+-r-+-Nt-tb-f""t 

•ol---+--+-f-+-+-Hf-+-+-+-++-l 

•o 
FREQUENCY 11 }- Mc/• 

Fig. 7 

NOISE FIGURE AND POWER GAIN TEST CIRCUIT 
{CASCODE CONFIGURATION) 

f Ct 
Mc/1 pf 

30 1 ... 150 

100 s-•o 

c, 
pF 

5-40 

5-40 

'cc ... 
0,001 

~ 

'•• -·· 
L1 
µH 

0.J-0.6 

0.07-0.12 

• FOR POWER·GAIN TEST 

" FOR NOISE-FIGURE TEST 

Fig. 10 

L2 
µH 

0.8· l.4 

0.15-0.3 

•oo 

!01 101 dB Fig.15 

·60 - ·60 dB NONE 

POWER-GAIN (DIFFERENTIAL-AMPLIFIER 
CONFIGURATION) 

OIFFERENTIAL.-AMP\.IFIER CONFIGURATION 
FREE-AIR TEMPERATURE tlfAl. ts•c 

20 b. Nb 
R .. r--+---+--+--+-+--+-+-1-+-""'t--t-t-t--l 

•of--+---+-l-+-+-H-+++-+-+-J)'-j-1 

•o 
FREQUENCY Cf I- Mc/1 

Fig. 8 

NOISE FIGURE A.ND POWER-GAIN TEST CIRCUIT 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) 

f c, 
Mc/1 pf 

30 5-40 

100 1-12 

c, 
pf 

'cc .., 

'•• -·· 
L1 
µH 

1.S-20 1.2-2 

1-12 0.4-0.7 

FOR POWE R·GAIN TEST 
• FOR NOISE-FIGURE TEST 

Fig. 11 

L2 
µH 

1.2-2 

0.25-0.5 

•oo 

QUIESCENT OPERATING CURRENT 

-75 -~ -25 25 ~ 1' 100 , .. 
FREE-AIR TEMPERATURE (TfAl--C 

Fig. 5 

QUIESCENT OPERATING CURRENT RATIO 

0 

: 

POSITIVE DC SUPPLY VOLTS(Vccl• +6 
NEGATIVE DC SUPPLY Vot..TS lV£1!:J • -6 

-7' -!50 -25 25 50 7' 100 125 

FREE-AIR TEMf'EftATURE (TfAl--C 

Fig. 6 

100-Mc/& NOISE FIGURE vs. Vee (CASCODE 
CONFIGURATION) 

CASC00€ CONFIGURATION 
POSITIVE oc SUPPLY VOLTS CVccl. +• 
FREE-AtR TEMP£RAT\llt£ (TfAI • 15': 
FAEOUENC'Y tO • 100 Mc/1 
SOURCE RESISTANCE (1111 • 50 a 

-5 -· _, 
NEGATIVE DC SUPPLY VOLTS !VEE) 

Fig. 9 

100 Mc/• NOISE FIGURE vs. Ve£ (DIFFERENTIAL 
AMPLIFIER CONFlGURATlON) 

I 
DIFFERENTIAL-AWLIFIER CONFIGu'"•"'"'"''ON=-TTTTTTn 
POSITIVE oc SUPPLY VOLTS !Vee)•+• 
FREI-AIR TEMPfRATURt: ITFAI • 2S-C 
FREQUENCY If) • IOO Mc/I 
SOURCf "l:SISTANCIE (R1) • !50 D 

-· -Kl 
NEGATIVE DC SUPPLY VOLTS (V££) 

Fig. 12 



COllMOM·MODE·REJECTION RATIO 

~ ~ ~ H ~ n m ~ 

FR&-Allt l'DIPIMnME (Tral-'"C 

fl9.13 

AGC RANGE TEST CIRCUIT 

S?·HO .. 

"•" 

0.001 

•' 

CA3005,CA3006 
COMMON-MODE-REJECTION RATIO 

TEST CIRCUIT 

OSCILl.OSCOf'£ 
WITH HllH-&AIN 

OIFFER£NTIAL 
INPUT 

tTEKTftOMIX T'f1'l 
ISO, 540, Oii: 980 

WITH TTPE O l'U.IG·IN 
l!!)--~~ Tl!:ICTll0•1~:YP£ 502, 

····" 

EOUIVALll!NT) 

COMM<* llOO[ At.ll!CTIOlf llATIO 

•ZOLOGio~ 
VD1FF t•lllSI 



CA3007 

AF Amplifier 
• Designed for use in Sound Systems and Communication Equipment 

• Balanced differential-amplifier configuration with control'led con.stant-
current source provides for both audio amplification and phase inversion 

• Built-in temperature stabi 1 ity for operation from -ss0 c to +12s0 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-coupled audio amplifier 

• Supplied in the hermetic 12-laad T0-5 style package 

OPERATING-TEMPERATURE RANGE 

STORAGE-TEMPERATURE RANGE 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 t l/J1 inch (1.59 ± 0.79mm) 

-55°c lo +1:!5°C 

. -65°C lo ti so0c 

from case for 10 seconds max.. . .............. +:!M0 r 
MAXIMUM SINGLE-ENDED INPUT-

SIGNAL VOLTAGE 

MAXIMUM COMMON-MODE INPUT
SIGNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION 

.. ±:!.5 v 

...... ±::!.5 v 
.• 100 mW 

ELECTRICAL CHARACTERISTICS, at TFA = 25°e. Vee = +6 V, VEE =-6 v, 

LIMITS TYPICAL 
CHARAC-TEST TYPE 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS CIRCUITS CA3007 TERISTICS 
Pin 4 Not Connected Unless 

Other~ise Noted 

STATIC CHARACTERISTICS 

Input Unbalance VOitage V1u 

Input Unbalance Current 11u 

Input Blas Current ,, 
Quiescent Operating 

Voltage Vgor V10 

Device Dissipation "I_ 
DYNAMIC CHARACTERISTICS 
Power Gain Gp f = 1 Kc/s 

Total Harmonic 
Distortion THO f"' 1 Kc/S 

Input lmpedaace z,. f = 1 Kc/s 

common-Mode 
Rejeclion Ratio CMR f = 1 Kc/s 

INPUT UNBALANCE•VOLTAGE & CURRENT, INPUT BIAS 

CURRENT, QUIESCENT OPERATING VOLTAGE, AND 

DEVICE DISSIPATION TEST CIRCUIT 

vcc 
+ev 

R1 and R2 matched to ±. l"
"'r = Vcclg + VEEl3 

lg "'Direct current into Tetminal No.9 

13 = Direct Current out of Terminal No.3 

fig.3 

CURVES 
Fig. Miti. Typ, Max. Units Fig. 

3 - 0.57 5 mV 2 

3 - 0.57 5 µA 2 

3 - 11 34 µA 4 

~ - 0.87 - v 5 

3 - 30 - mW NONE 

6 20 22 - dB NONE 

6 - 0.211 - .. NONE 

7 - 4K - fl NONE 

9(AI 
9(8) - 77 - dB 8 

INPUT &IAS CURREMT n TEMPERATURE 

POSITIVE oc SUPPLY VOL.TS tVccl. +& 
NEGATIVE DC SUPPLY VOLTS l"'££) • -8 

25 !IO .,, 100 125 
FREE-AIR TEMPERATUltE (TFAl--C 

Flg.4 

HIGHLIGHTS 
• Input Impedance. • II- kfl typ. 

e Output Impedance • • • 60 0 typ. 

• Power Gain •• , • • • 22 dB typ. 

• Push-Put I Input & Output 
•Direct Coup I ing to Class 8 Audio 

Output Stage 

APPLICATIONS 

• Audio Amplifier 
•Audio Driver 

"2 01 .. 
2.!5K 

SCHEMATIC DIAGRAM 

1145V-=Sl-::>TE 

Fig.1 

TYPICAL STATIC CHARACTERISTICS 

AND TEST CIRCUIT FOR CA3007 

INPUT UNBALAMCE VOLTAGE A.MD CURRENT 

vs TEMPERATURE 

POSITIVE oc SUPPLY VOLTS tVccl. +• 
NEGATIVE OC SUPPLY VOLTS l"£EI • -8 

FREE-AIR TEMPERATURE {TF.t.1--C 

Flg.2 

100 125 

QUIESCENT OPERATIMG VOLTAGE n TEMPERATURE 

- ~ ~ FREE-AIR TEMPERATURE lTF.t.1--C 

Flg.5 



ABSOLUTE·MAXIMUM YOL TAG! LIMITS, at TA • 25° c 
Indicated voltqe limita ror each terminal can be applied under the specified operatinc coir:Iiliona ror other terminals. 
Al1 volta1es are with respect to 110und C4'cc. +Vgg, or common terminal of Positive and Negative DC aupplieal. 

VOLTAGE LIMITS CONDITIONS 
TERMINAL 

NEGATIVE POSITIVE TERMINAL VOLTAGE 
TERMINAL 

VOLTAGE LIMITS CONDITIONS 
NEGATIVE POSITIVE TERMINAL VOLTAGE 

2 0 2 0 
3 ·6 3 ·6 

1 ·2.5 +2.5 
6 0 
7 . 0 8 

6 0 
·2 0 7 0 

9 <6 9 <6 
11 0 11 0 
3 ·8 2 0 
6 0 3 ·6 

2 ·8 0 7 0 9 0 +10 6 0 
9 <6 7 0 

11 0 11 0 

6 0 2 0 
7 0 

3 ·10 0 9 <6 
11 0 

3 ·6 

10 ·2 
6 0 

0 7 0 
6 0 9 <6 

4 ·8.5 
7 0 

0 9 <6 

11 0 

1 0 
11 o· 2 0 

2 0 
3 -6 

3 ·6 
11 ·2.5 •2.5 6 0 

5 ·2.5 
6 0 

•2.5 7 0 

7 0 
9 <6 

9 <6 2 0 
ii 0 3 -6 

2 0 
3 ·6 

12 ·2 
6 0 

0 7 0 

6 ·3 0 7 0 
9 <6 

9 <6 
11 0 

11 0 CASE INTERNALLY CONNECTED TO TERMINAL 
1 0 No.3 (SUBSTRATE) DO NOT GROUND 

2 0 

7 ·2.5 .Z.5 
3 ·6 
5 0 
6 0 
9 <6 

CA3007 

TYPICAL DYNAMIC CHARACTERISTIC 

AND TEST CIRCUITS FOR CA3007 

POWER GA.IN ANO TOT AL HARMONIC DISTORTION 
TEST CIRCUIT 

Vee 
••v 

T (Output TriWlsformer): 

+:SOV 

Primary Impedance "'2000n C.T. 
Secondary Impedance = 16 0 
Efficiency = 45' approx. 

(STAHCOR TYPE TA-10 OR EQUIVALENT! 

fi9.6 

INPUT IMPEDANCE TEST CIRCUIT 

Fl9.7 

- v 

""' 

COMMOH-M.ODE REJECTION-RATIO TEST CIRCUITS 

COMMON·MODE REJECTION RATIO vs TEMPERATURE 

POSITIVE DC SUflPLY VOt.TStvccl• .... 
NEGATIVE DC SUPPLY VOL.Tl IVul• -e 

+ ·( 
-2$ 0 25 '° 'r.1 100 lH 

fREE-AIR TEMPDATURE cr,.1-ec 
Flg.8 

Vee 
•• v 

{A) Single-Eftded Diffe,.ntiol Voltage Goin 

Flg.9 

Vee 
+IV 

COMMON-MOOE REJECTION RATIO 

CMR • 20 LOGIO A:!~!~~~ \.~ 
*A•SINGLE-£NDED VOi.TAG£ GAIN 

(8) Common-Mode Voltage Gaift 



CA3008, CA3010, CA3015, CA3016, CA3029~A3030, CA3037, CA3038 

Operational Amplifiers 

Terminal 

CA3008 

CA3010 CA3029 

CA3037 

11 1 

1 1 

1 3 

3 4 

5 

4 6 

7 

5 8 

6 9 

7 10 

8 11 

9 11 

10 13 

11 14 

CASE 

6-VOL T TYPES 

CA3008 

CA3010 

CAJ029 

CA3037 

12-VOLT TYPES 

CA3016 

CA.3015 
CA3015L 

CA JOJO 

CA.3038 

PACKAGE 

14-Lacid flat Paek 

12·Leod TO·S Style 

Beam-Lead Device 

14-Lee1d Pl astir;: Duol ln·Line (T0°ll6) 

14-Leod Ceromic Dual ln•Line (T0· 116) 

• All types are electrically ide~tical within their voltage groups 
• The C'A]I 05 1' ;.ivaihtbk in a ''-'<i!L'd-jundton Bcarn"Lc;id 

~cr,ion (('/d015Ll. l'or further informHion ''-''-' Hlc 
No. 515, "Beam-Lead [kv1<.·c, for !lyhrid Cirrnil 
App!ic;;!ion~. 

• Designed for use in Telemetry, Data-Prcx-essing. Instrumentation, and 
Communication Equipment 

• Built-in Wmperaturc stability from -il;l°C to +125°C for natpack, 1'0-5 
st.vie, and ceramic dual in-line packages: 00(· to -1700(: fa plastic dual 
in-line package 

• Companion Application '.';otes ICAN-5~)(), "Integrated CircuitOpcrational 
Amplifiers": ICA~-5213, "Application of the RCA-CA:JU15, CA3016 In
tegrated Circuit Operational Amp I ifiers ": and JCAN-5015, "Application 
of the RCA-CA3008, CA:lOlO Integrated Circuit Operational Amplifiers·: 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, TA= 2s•c 
Voltage or current limits shown for each terminal can be applied under the indicated 

voltage or other circuit conditions for other terminals 

All voltages are with respeCt to ground (common terminal of Positive and Negative DC Supplies) 

Voltage or Current 
Limits Circuit Conditions 

Nega· Posi· 
live live Terminal Voltage 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

CA3008 
CA3029 

CA3010 CA3037 

-8 v ov 4 6 -8 
10 13 +6 

1 1 0 

-4 v '1 v 3 4 0 
4 6 -6 

10 13 +6 

1 1 0 

-4 v +l v 1 3 0 
4 6 -6 

10 13 +6 

NO CONNECTION 

-10 v ov 1 1 0 
10 13 +6 

NO CONNECTION 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

1 1 0 
ov +7 v 4 6 -6 

10 13 +6 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

4 1 6 _I -6 
10 13 +6 

30 mA 200 D. Between Terminals 
,5 & 12 (CA3008, 

41.~o(~JJo~~f37) 

OV +10 v 1 1 0 
4 6 -6 

l 1 0 
OV +) v 4 6 -6 

10 13 +6 

I Internal Iv connected to Te1minal No.4, 

I 
CA3010 (Substrate) DO NOT GROUND 

CA3008 CA3010 
CA3016 CA3015 CA3029 
CA3037 CAJOJll CA3030 

Terminal Voltage or Current 
1----rc-A-3-01-6 : __ L_im.---i_ts_-1 Circuit Conditions 

CA3015 CA3030 Nega· Posi· I------~--; 

)1 

10 

11 

CA3038 tive tive Terminal Voltage 

10 

11 

11 

13 

14 

CASE 

DO NOT APPl..Y VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

-16 v 0 v 

-8 v +l v 

-8 v +l v 

CA3016 
CA3030 

CA3015 CA3038 

4 
10 

I 
3 
4 

10 

1 
1 
4 

10 

6 
13 

1 
4 
6 

13 

1 
3 
6 

13 

-16 
+12 

0 
0 

-11 
+11 

0 
0 

-11 
+11 

NO CONNECTION 

-20 v ov 1 
10 

1 
13 

0 
+11 

NO CONNECTION 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

0 v +14 v 
I 
4 

10 

1 
6 

13 

0 
-11 
+11 

00 NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

30 mA 

ov +10 v 

ov +14 v 

16 I I; I ::; 
400 D. Between Terminals 

6 & 12 (CA3016, 
CA3030, CA3038) 

4 & 9 (CA3015) 

1 1 
4 6 

1 1 
4 6 

10 13 

0 
·11 

0 
·11 
+11 

Internally connected to Terminal No.4, 
CA3015 (Substrate) DO NOT GROUND 

CA3016 CA3015 CA3003 CA3010 
CA3030 CA3038 CA3029 CA3037 

OPERATING TEMPERATURE RANGE - - -ss0c to + 115°C 40"c to <85 °c MAXIMUM SIGNAL VOLTAGE. - . - .. -8 v to +Iv -4 v to +l v 
STORAGE TEMPERATURE RANGE._._ -65°C to +150°C -65'C to +150°C MAXIMUM DEVICE DISSIPATION 600 mW 300 mW 

HIGHLIGHTS 

6 V Types 12VTypes 

• Open•Loop Vohoge Goin 

•Common-Mode Rejection RGtio 

•Output lmpedGnce 

•Input Offset Vohoge 

•Static Power Droin at f 12 V 

_t 6 v 
t 3 v 

60 

" 200 

30 

APPLICATIONS 

• Horrow·BGnd and Bond-

pass Amplifier 

• Operotional Functions 

70 

103 

92 

175 

30 

•Oscillator 

• Comparotor 

• Ser¥o Dti¥er 

• Scalinti Adder 

dB typ. 

dB typ. 
n ,,,p. 

mV typ. 

mW 'YP• 
mW typ. 

mW typ. 

• Feedback Amplifier 

•DC and Video Amplifier 

• Multivibrator Modulatof90ri¥er 

SCHEMATIC DIAGRAMS 

CA3008 

CA3016 

CA3029 

CA3030 

CA3037 

CA3038 

CA3010 

CA.3015 

Fig.1 



CA3008, CA3010, CA3015, CA3016, CA3029,CA3030, CA3037, CA3038 
ELECTRICAL CHARACTERISTICS at TA• 25"C 

Special Tesl Conditions 
Terminal No.8 (CAJOlll, Tesl 

CA3016, CA3029, CA3030, Cir· 
Characteristics Symbols CA3037, CA3038) cu it 

Terminal No.5 (CA3010, 
CA3015) Not Connected 
Unless Otherwise Specified Fie. Min. 

STATIC CHARACTERISTICS: 

Input Offset Voltaee Vt0 vcc • «iv. VEE• -6V 4 
• +12V • ·12V 

Input Offset Current 110 • +6V • -6V 5 
• +12V • -11V 

Input Bias Current 11B 
• +6V • ·fN 5 
• +11V • -11V 

Input Offset Voltaee 
11v10111vcc • +6V • -OV 

Sensitivity: Positive • +11V • ·12V 

• +6V •-6V 
4 

Negative llVt0/llVEE 
• +11V • -11V 
• +6 v • -6 v 
• +12V • ·11V 

Device Dissipation Po [[]shorted to [ID Vee • +5v 4 
VEE• ·6V 

8 shorted to 12 Vee· +12v, 
Vf:E • ·12V 

DYNAMIC CHARACTERISTICS: Alf lesls at f • 1 kHz excepl BWoL 

Open-Loop Oilferenlial 
AoL vee • +6V, VEE• -OV 8 57 

Volfaee Gain • +11V • -11V 

Open-Loop Bandwidth 
BWoL 

• +6V • ·6V 8 200 
at -3 dB Point • +11V • ·12V 

Common-Mode Rejection eMRR vce • +6V, VEE• -6V 11 70 
Ralio • +11V • ·11V 

Maxrmum Output-Vollage Vo(P-P) • +6V • -6V 8 4 
Swing • +12V • ·12V 

Input Impedance ZIN 
• +6V • -6V 14 10 
• +12V • ·11V 

Output Impedance zouT • +6V • -OV 15 
• +11V • ·12V 

• +6V 
0.5 

• ·6V to 
Common-Mode V1eR 11 -4 

Input-Voltage Ranee • +12V • ·12V 

LEAD TEMPERATURE I During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max. 

CA30111 CA3016 
CA3010 CA3015 
CA3029 CA3030 
CA3037 CA3038 

Typ. Max. Min. Typ. Max. 

1.08 5 
1.37 5 

0.54 5 
1.07 5 

5.3 12 
9.6 24 

0.10 1 
0.096 0.5 

0.16 1 
0.156 0.5 

:ro 
175 

102 

500 

60 
66 70 

300 
200 320 

94 
80 103 

6.75 
12 14 

14 
5 7.8 

200 
92 

-- 0.65 
to. 

-8' 

Typical 
Charac-

Units teristic 
Curves 

1--
Fie. 

mV 2 

µA 2 

µA 3 

mV/V none 

mW none 

dB 6&7 

kHz 6&7 

dB 12 

Vp.p 9 & 10 

kll 13 

n 15 

v none 

+2as0 c 

• TYPICAL STATIC CHARACTERISTICS AND 
TEST CIRCUITS 

:I IS • 
~ 

••• • 

INPUT OFFSET VOLTAGE AND CURRENT 

POSITIY£ OC SUPf'LY VOLTS IYccl 
NEGATIV£ DC SUPPl.Y YOl..TS lY££1 

•-12 

INPUT OFFSET VOLTAGE 

NPUT OFFSET CURRENT 

AMBIENT TEMPERATURE {TA)-•c 

Fig.2 

INPUT BIAS CURRENT 

P05Tl\IE DC SuPPLY VOLTS l\lccl 
NEGATl\lf. DC SUPl"LY VOLTS !Vu.I 

AMBENT TEMP£RATUAE ffA)-•C 

Fig.3 

' ' 

'l'rrminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are for CA3010, CA3015 

s~:r.~Tv?::.5!~ovg~~fcGEEb:~l.~IT~~:s:Js;°c1~~8~T 

on ., .. 

Fig.4 

Vee 

DC 
VOLTMETER 

(RCA 
WV-384 

OR 
EQUIVALENT l 

Procedure: 

Input Offset Voltage 

1. Adjust VE for a DC Output Voltap (VouT) of O :t 0.1 volts. 

2. Measll'e VE and record Input Offset Voltage In mlllivolts as 
VE/1000. 

Input Offset Voltoge Sensitivity 

1. Adjust Vt; for a DC Output Voltage (VouT) of O ± 0.1 volts. 

2. Increase I Vee I by 1 volt and record output voltaee (VouT). 

3. Decrease J Vee I by 1 volt and record output voltage (VouTl. 

4. Divide the diference betwMtn VouT measl.A'ed in steps2and3bythe 
change in Vee In steps 2 and 3. 

~ VouT (Step 2) • VouT (Step 3) 

Vee 2volts 

5. Refer the reading to the inPut by dividing by Open Loop Voltage 
Gain (AQL). 

VouTfVCC 
Vio/Vcc = --

AoL 
6. Repeat procedures 1 through 5 for the Negative Supply (VEE). 

7. Device Dissipation 

Py ::: Vcc•c + VEEIE 
IC= Direct Current into Terminal@or I@ 
IE::: Direct Current out of Termina~ [!] 

INPUT OFFSET CURRENT AND INPUT BIAS CURRENT 
TEST CIRCUIT 

Procedure: 
fig.S 

Input Bh1s Current and Input Offset Current 

1. Adjust VE for I VouT I < 0.1 v DC. 
2. Measure and record Ve and V1N4• 

DC 
VOLTMETER 

(RCA 
WV-)8A 

o• 
EOUIVALENTl 

3. Calculate the Input Bias Cuuent using the following equation: 

. V1N4 

114 = 100 kO 

4. Calculate the Input Offset Current using the following equation: 

110 = Ve/100 kO 



CA3008, CA3010, CA3015, CA3016, CA3029,CA3030, CA3037, CA3038 
TYPkAL DYNAMIC CHARACTE.RISTICS 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, 

OPEN-LOOP VOLTAGE GAIN v•. FREQUENCY 

FOR CA30~A:fo~~~~A:fo~i015, CA3016, 

POSITIVE DC SUPPLY VOLTS Neel 

NEGATIVE DC SUPPLY VOLTS !VEEl 

SOIJRCE RESISTANCE (Rs)•lK.ll 

TERMINAL No. e@ OPEN 

FREOl>E'-ICY (I)- MHz 

fig.6 

OPEN-LOOP VOLTAGE GAIN v•. FREQUENCY 
FOR CA3029 AND CA3030 

POSITIVE DC SUPPLY VOLTS (Vccl 

~fu~~"'itJ>s~s~~rc~1R~;r~o(vEe> 
T !00 TERMINE 8 OPEN ] 

<l eor---t-'--~"f-t+l-l-+-H-1-1-H-+++-H-+!j 
~ l'o/E£)•-12 

~ 60 ][ 
Nccl•+6 "'"-

~ f-f- """ , ... -+-++>-+-+=K-'-''"'1'-'-"-~+-W-1-l 
g 40>--f-i-+++-t--<f--H+-....,f--H+--'['\,.._,_.,._ ..... -+-++I 

~ W'>--f-i-+t+-r-f--H+-+--Yf--H+.-,f-+4'"f-l~+-++I 
~ f\J 
~ 0 60 "'68 2 2 4 68cs:2 ~8 

00 ' 
FREQUENCY {1)-MHl 

flg.7 

MAXIMUM PEAK· TO.PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE 
FOR CA3008, CA.3010, CA3015, CA3016, CA3037, CA3038 

0.25 

Vcc .. 12v 
VEp-12V 

AMS.ENT TEMPERATURE lTA) ' 

+2s•c 
+12s•c 

l>OStTIVE DC SUPPLY VOLTS (Vee) 
.NEGATIVE DC SUPPLY VOLTS (VEEI 
TERMINAL No. 8 [ID SHOR TEO TO 

TERMINAL No.12 ~ 

I t.2:1 1.:1 1.7$ 

LOAD RESISTANCE (RL)-1< OHMS 

(•) Fig.9 

vcc••12v 
VEE•-12V AMBIENT TEMPERATURE (TAI• 125 "C 

-55•c 
+2s•c 

20 
LOAD RESISTANCE IRLl-K OHMS 

(b) 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE, 
AND OPEN-LOOP BANDWIDTH AT-3 dB 

POINT TES"J' CIRCUIT 

Procedure: 

1. Adjust VE for VQUT = ±0.1 V DC. 

2. Measure Open-Loop Differential Voltage Gain (AoU at f = 1 kHz, 

VOUT 
AoL = 20 Loa10 v;;;-

3. Measure Maximum Peak-to--Peak Output Voltage at f = 1 kHz. 

4. Measure Open-Loop Bandwidth at -3 dB Point. 

Reference Level = AOL at 1 kHz. 

Fig.8 

MAXIMUM PEAK·TO-PEAK OUTPUT 
VOLTAGE vs. LOAD RESISTANCE 

FOR CA3029 AND CA3030 
POSITIVE •oc SUPl>LY VOLTS Wccl 
NEGATIVE OC SUPPLY VOLTS (VEE) 

15 TERMINAL No. 8 SHORTEO TO TERMINAL No. 12 

~ 12.5 

~'£' 
~i I 
~o 

'"' ~~7.5 

'·' 

Ycc .. ·12v 
VEE 0 -12Y 

+25°C 

+10· 

AMBIENT TEMPERATURE ITA)·o·c 

0.25 0.50 l25 1,50 1,7!1 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, Ct\3038,· LOAD REsisTANCE!RLl-,.;a 

Italic Numbers in Square Boxes are for CA3010, CA3015 (al 

Procedures: 

COMMON-MODE REJECTION RATIO AND COMMON-MODE 
INPUT-VOLTAGE-RANGE TEST CIRCUIT 

Common-Mode Rejection Rotio: 

I. Set VBIAS" 0. Adjust Ve for VouT(DC) = 0 ± 0.1 v. 
2. Apply l·kHz sinusodial input signal and adjust for Vs = 0.3 V 

(RMS). 

3· ::~u,r: ~~~s r~~~rsdur1:~!r~Dv~~~~ t0~e Vo~Pp1t s~:n:ls~!~osb~0~is~~ 
ally separated.from noise output. 

4. Calculate Common-Mode Voltage Gain: 

AcM = VouTJVs 
AcM in dB = ·20 LOG10 Vs/VouT 

5. Calculate Common-Mode Rejection Ratio: 

CMR in dB " AOIFF in dB • AcM in dB. 

Common-Mode lnput-Vohoge Ronge: 

1. Calculate and record CMR for various positive and ne11ative values 
of V~s within the maximum limits shown on Page 2. The Com-

~t0~hiche J:ti~~lt~~e 1:sS:~~a~i~~~~ :~rc~~~ieed ~~ 1~~!p01s ~?1~~ 
procedure given above. 

Fig.11 

vcc•+12v 
VEE•-l2V 

AMBIENT TE"1PERATURE (TA)• o•c 

10 15 20 
LOAD RESISTANCE (RL)- K OHMS 

(b) F;g.10 

COMMON-MODE REJECTION RATIO vs. FREQUENCY 

POSITIVE DC SUPPLY VOL TS IVccl 
NEGATIVE DC SUPPLY VOLTS (VEE) -1-.W-U...4-~"'-4-~"-l 
AMelENT TEMPERATURE (TA)•25°C 
TERMINAL No. 8 ®OPEN 

FREQUENCY (1)-MHi 

Fig.12 



CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 

TYPICAL DYNAMIC CHARACTERISTICS AMD TEST CIRCUITS 
Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in SqUOTe Boxes are far CA3010, CA3015 

SINGLE.ENDED INPUT IMPEDANCE vs. TEMPERATURE SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 

•cc 
JTPUT IMPEDANCE••· TEMPERATURE 

AMBIENT TEW'ERATIR <TA)-•C 

Flg.13 

"" 

~250 
~ 

r:: 
•-IV 

f ... 
a .. 

_,. 
-00 -11 Z!I tlO 75 IOO 115 

.-:NT TEMP£RAT\M ITA)-•t 

OUTPUT IMPEDANCE TEST CIRCUIT 
•cc 

Flg.16 

AO 
VOLTMETER 

!BALLANTINE 
TYPE 314 ... 

EQUIVALENT) 

1. With 52 In position (c), adjust VE for Vout(DC) = O t 0.1 volt. 
2. With S1 in position {a), and 52 in position (d), record Vour1 (rms). 
3. With Switch St in position (b),and 52 in position (d),adjust RL until 

Vour2<rms) "'~ Record value of RL as ZoUT· 
2 

Fig.JS 



CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 
CA3030A, CA3037A, CA3038A 

Operational Amplifiers HIGHLIGHTS 

6-VOL T TYPES 

CA3008A 
CA30lOA 
CA3029A 
CA3037A 

12-VOLT TYPES 

CA30l6A 
CA30lSA 
CA3030A 
CA3038A 

PACKAGE 

14-Lead Flat Pack 
12-Lead T0-5 Style 
14-Lead Plastic Dual In-Line (T0-116) 
14-Leod Ceramic Dual In-Line (T0-116) 

• These new types have all the desirable features and characteristics of 
their prototypes plus lower noise figures and improved input character
istics for offset voltage>·, offset current, bias current, and impedance. 

• All types are .electrically identical within their voltage groups 

• Designed for use in Telemetry, Data-Pr<X>cssing, Instrumentation, and 
Communication ~:quiplll('nt 

• Open-Loop Voltoge Goin .. 
• Common-Mode Rejection Ratio . 
• Input Impedance 
• Input Offset Voltage 
• Input Offset Current. 
• Input Biai Current. 
• Static Power Drain at 

at 
at 

12V. 
6V 
JV. 

6 V Types 

60 
94 
20 

0.9 
0.3 
2.S 

30 
7 

12V Types 

70 dB typ. 
dB typ. 
k typ. 
mV typ. 

103 
10 
1 

o.s 
4.7 
175 
30 

7 

A typ. 
A typ. 

mW typ. 
mW typ. 
mW typ. 

w Built-in temperature stability from -55°C to +I25°C for Flatpack, T0-5 
st.vie, and ceramic dual in-line packages; ooC to +7o0c for plastic dual 
in-linP package 

APPLICATIONS 
• Harrow-Bond and Bond. 

poss Amplifier • Cumpanion Application Notes ICAN-5290, "InfL>gratcd Circu'itOperational 
Ampiifiers"; ICAN-5213, "Application of the RCA-CA8015. CA8016 ln
t.egrated Circuit Op:m1tional Amplifiers"; and ICAN-5015, "Application 
of the OCA-CA:l008, CA:lOIO Integrak•d Circuit Operational Amplifiers" 
cover BodC' characteristics, phase compensation, frequency shaping, and 
amplifier design. 

• Operational Functions 

CA3008A 
CA3016A 
CA3029A 
CA3030A 
CA3037A 
CA3038A 

Fig.1 

SCHEMATIC DIAGRAMS 

• Feedback Amplifier 
• DC and Video Amplifier 

• Multivibrator 

ELECTRICAL CHARACTERISTICS at TA 0 25°C 

Special Test Conditions 
Terminal No.8 (CA3008A, 

CA30!6A, CA3019A, CA3030A, 
Characteristics Symbols CA3037A, CA3038A), 

Terminal No.5 (CA3010A, 
CA3015A) Not Connected 
Unless Otherwise Specified 

STATIC CHARACTERISTICS· 

Input Offset Voltage V10 vcc 0 "6V, VEE 0 -6V 
, •11V 0 ·11V 

Jnpllt Offset Current 110 = +6V ·6V 
- •11V -· ·11V 

Input Bias Cunent 110 
- +6V -6V 
- •11V ·11V 

Input Offset Voltage 
,W10 .wee - •6V - ·6V 

Sensitivity: Positive - '11V - ·11V 

Negative iW10 llVEE - +6V 0 6V 
= +12V - -11V 

- ·6 v - ·6 v 
- +12V - ·11V 

Device Dissipation Po 5 ·shorted to 9 vcc - •6V 
VEE - 6V 

8 shorted to 12 Vee - •11V. 
VEE 0 ·11V 

DYNAMIC CHARACTERISTICS: Al I tests at I = 1 kHz except BWoL 

Open·Loop Differential AoL vcc 0 ·6V VEE - ·6V 
Voltage Gain - •11V - ·12V 

Open·Loop Bandwidth 
BWoL 

= +GV 0 ·6V 
at ·3 dB Point - '11V ·11V 

Slew Rate SR Vee - •6V VEE 
. :iJ1£ - +12V 

Common-Mode Rejection CMR vcc - •6V VEE 0 -6V 
Ratio +12V - ·11V 

Maximum Output-Voltage Vo1P·P) - •6V -6V 
Swing - •11V - ·11V 

Input Impedance Z1N - •6V - -6V 
0 •l1V - ·12V 

Output Impedance zouT = +6V 0 -6V 
= +12V 0 ·11V 

°' +6V - ·6V 
Common-Mode 

V ICR 
Input-Voltage Range = +12V 0 -l1V 

Vee 0 dV 'VEE 0 

3] Noise Figure NF = +6V 
= +9V 
0 •11V 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max_ 

·6V Rs 0 

·9V I kll 
·11V 

Test 
Cir-
cuit 

Fig. 

4 

5 

5 

4 

4 

8 

8 

rione 

II 

8 

14 

15 

ll 

18 

• Osc i llotor 
• Co1nparator 
• Servo Ori ver 
• Scaling Adder 

• Balanced 
Modulator-Driver 

CA3008A CA3016A 
CAJOIOA CA3015A 
CA3019A CA3030A 
CA3037A CA3038A 

Min. Typ. Max. Min. Typ. 

0.9 2 
I 

0.3 1.5 
0.5 

1.5 4 
4.7 

0.10 I 
0.096 

0.26 I 
0.156 

40 
175 

102 

500 

57 60 
66 70 

100 300 
200 310 

3 
7 

70 94 
80 103 -- ---

4 6.75 
11 14 

15 20 
7.5 id 

160 
85 

+0.5 
·4 

,\1.65 
-8 

63 9 6.3 
8.3 11 8.3 

IO 
ll 

Typical 
Charac-

Units leristic 
CL1rves 

Max. 
1---

Fig. 

mV 1 
1 

µA 1 
16 

µA 3 
6 

0.5 
mv:v none 

0.5 

mW none 

dB 6 & 7 

kHz 6 & 7 

v µs none 

dB 11 

Vp.p 9 & IO 

kll 13 

fl 16 

v none 

9 
12 dB 17 
14 
16 

ALL TYPES 

........... +265°C 



CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 
CA3030A, CA3037A, CA3038A 

ABSOLUTE-MAXIMUM VOLTAGE AHO CURREHT LIMITS, TA 0 2s•c 
VollM~t' or currn1t lumts shown for t'ach t('rminal cun he 11pplied under th<' rndicated 

voltn~e or olht•r circuit conditions for other ll•rminuls 

All vnltaKPS ar(' with rP,.,fWCl to ground kommon \(.>rminal of Positive und Nl'gative DC Supplil'sl 

Terminal Vo!tage or Current Terminal Voltage or Current 
CA3C08A limits C1rcu1t Conct1t1ons CA3016A Limits Cirelli! Conditions 

CA3010A CA3029A Nega Pos1 CA3015A CA3030A Nega. Posi· 

11 

ID 

11 

CA3037A 

ID 

II 

12 

13 

14 

t1ve live Terminal Voltage 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

8V DV 

4 v .iv 

.iv 

CA3008A 
CA3029A 

CA3010A CA3037A 

4 6 
lD 13 

I 1 
3 4 
4 6 

ID 13 

l 1 
1 3 
4 6 

lD 13 

0 
0 
6 

·6 

0 
0 

·6 
·6 

NO CONNECTION 

·ID V 0 v l 
ID 

1 
13 

NO CONNECTION 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

0 v +7 v 
I 
4 

lD 

1 
6 

13 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

30 mA 

0 v +10 v 

0 v +7 v 

1: 11; J .: 
200 .. Between Teim111als 

5 & 12 !CA3008A, 
CA3029A, CA3037AI 

4 & 9 1CA3010Al 

I 
4 

ID 

2 
6 

13 

lnt~rnal ly connected to Terminal No.4, 
CASE CA3010A (Substrate) DO NOT GROUND 

CA3008A CA301 OA 
CA3016A CA3015A CA3029A 
CA3037 A CA3038A CAJOJOA 

CA3038A 

12 I 

l 2 

1 3 

3 4 

5 

4 6 

7 

5 8 

6 9 

7 ID 

8 II 

9 11 

ID 13 

II 14 

CASE 

tive live Terminal Voltage 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

CA3016A 
CA3030A 

CA3015A CA3038A 

-16 v ov 4 6 -16 
ID 13 •12 

I 1 D 

-8 v .iv 3 4 D 
4 6 12 

ID 13 •12 

I 1 D 

·8 v '1 v 1 3 D 
4 6 -11 

ID 13 •11 

NO CONNECTION 

-10 v ov I 1 D 
ID 13 •11 

NO CONNECTION 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

DO NOT APPLY VOLTAGE FROM AN EX· 
TF.RNAL SOURCE TO THIS TERMINAL 

I 1 D 
ov +i4 v 4 6 -11 

10 13 •11 

DO NOT APPLY VOLTAGE FROM AN EX· 
TERNAL SOURCE TO THIS TERMINAL 

30 mA 

4 I 6 J 11 

40~~. Betwe~~ Termin+a\! 
6 & 12 !CA3016A. 

CA3030A, CA3038A) 
4 & 9 {CA3015A) 

DV •1D v I 1 D 
4 6 ·11 

I 1 D 
DY •14 v 4 6 ·11 

ID 13 •11 

Internally connected to Te1minal No.4, 
CA301SA (Substrate) DO NOT GROUND 

CA3016A CA3015A CA3008A CA3010A 
CAJOJOA CA3038A CAJ029A CA3037A 

OPERATING TEMPERATURE RANGE . ·55°C to +12s0c 40°c to -+8o0c MAXIMUM SIGNAL VOLTAGE ·8Vlo+l V ·4Vto +IV 
6DO mW JDD mW STORAGE TEMPERATURE RANGE .... ·65°C lo •1DD°C -65 °c to •15D'C MAXIMUM DEVICE DISSIPATION . 

INPUT OFFSET CURRENT AND INPUT BIAS CURRENT 
TEST CIRCUIT 

'cc 

Fig.S 

oc 
VOLTMETER 

(RCA 
WY- ~8A 

0' 
EQUIVALENT) 

Proc:edure: 

Input Bio• Current ond Input Offset Current 

1. Adjust VE for I VouT I < 0.1 V oe. 
2. Measure and record VE and V1N4 
3. Calculate the Input Bias Cuuent usina: the followin11 equation: 

114=~ 
100 kfl 

4. Calculate the Input Offset Current using the followina equation: 

110 = VE/100 kO 

TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008A, CA3016A, 

CA3029A, CA3000A, CA3037A, CA3038A; 

Italic Numbers in ~quare Boxes are far CA301 OA, CA3015A 

INPUT OFFSET VOLTAGE AND CURRENT 

>• 
" I 11.25 

POSITIVE DC SUPPLY VOLTS Neel 
NfGATlVE OC SIJPPLY VOLTS (Yff) 

~I I 

INPIJT OFFSET VOLTAGE 

0.25 

_,, 
25 75 100 125 

. . 

AMBIENT TEt.FERATUFIE (T4J-•c 

Fig.2 

INPUT BIAS CURRENT 

POSITIVE DC SUPPLY VOLTS (Vee) 
NEGATIVE DC SuPf>lY VOl...TS (V[[l 

_,. _,. .. 
AMBIENT TEMP£RATURE lTAI- "C 

Fig.3 

KlO '"' 

INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, ANO DEVICE DISSIPATION TEST CIRCUIT 

Fig.4 

Proc:edur•: 

Input Offset Voltage 

'cc 

oc 
VOLTMETER 

(RCA 
WV-38A 

OR 
EQUIVALENT ) 

1. Adjust Ve for a DC Output Voltage (VouTl of O ± 0.1 volts. 

2. Measure Ve and 1ecord Input Offset Voltaa:e in millivolts as 
VE/1000. 

Input Offset Voltage Sensitivity 

1. Adjust Vj for a DC Output Voltage (VouTl of O ± 0.1 volts. 

2. Increase Vee I by 1 volt and record output voltaae (VOuTl. 

3. Decrease I Vee I by 1 volt and record output voltag:e {VouTl. 

4. Divide the diference between VouT measured in steps 2 and3bythe 
change In Vee in steps 2 and 3. 

VouT " VouT (Step 2) • VouT {Step 3) 

Vee 2 volts 

5. Refer the reading to the input by divldin&: by Open Loop Voltage 
Gain (AQL). 

VouT/Vee 
V10/Vee " --

AoL 
6. Repeat procedures 1 through 5 foe the Negative Supply (VEE). 

7. Device Dissipation 

PT " Vcclc + VEEIE 
IC " Direct Current into Terminal 13 or gg 
IE "' Direct Current out of Terminal 6 or 0 



CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 
CA3030A, CA3037A, CA3038A 

OPEN LOOP VOLTAGE GAIN Vs. FREQUENCY 
FOR C.43008A, CA3010A, CA3015A, CA3016A, 

CA3037A, CA3038A 

OPEN LOOP VOLTAGE GAIN vs. FREQUENCY 
FOR CA3029A AND CA3030A. 

' l g 75 

~ "' 
~ 60 

~ '° 

~: 
~ 20 

10 

17.!5 

i " ~ 
~IU 
~ 10 

POSITIVE DC SUPPLY \IOLTS \Vee) 

NEGATIVE DC SIJPPLY VOLTS tvE£l 

SOURCE R£SISTANCE IRsJ•IKA 

TERMINAL No.8(lJOPEN 

lJIT ~ +25°C ~ 60 lJ1 lil Jill~~ 
AM81£NT TtMPERATURE l~~.55•c ~ 

~c••J) 
~ r--H :~~~:::-+++1-+-+'t-l+'W!':-+"'N~f+-+-H+l 
g 40r-r--++t-r--+tt-,__,-+tt-l"<-t'\__,..,r-+-++H 

~r Vf:E•·6V 

I 
~ 20r-r--++t-r--+tt-,__,-+tt--+-ttor-..-+ \+H 

* I 'TI 8- ' 0.01 
4 l 4 66 4601468 

FREQUENCY Ul-MHr 

F1g.6 

0.1 I 
FREQUENCY lf)-MHt 

Fig.7 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE 
FOR CA3008A, CA3010A, CA3015A, CA3016A, CA3037A, CA3038A 

+2!5"C 
+125-C 

POSITIVE DC SUPPLY VOLTS Neel 
NEGATIVE DC SUPPLY VOLTS !Vee) 

~ TERMINAL No. 8 ~ SliORTEO TO 
TERMINAL No.12111 

[).$ 0.75 I l-25 1.5 1.75 

LOAD Rt:SISTANCE {All- K OHMS 

(•) flg.9 

LOAO R£Sl$TANCE {Rt_)- K OHMS 

(b) 

MAXIMUM PEAK-TO-PEAK' OUTPUT VOLTAGE n. LOAD RESISTANCE 
FOR CA.3029A AND CA.3030A 

POSITIVE oc SuPPLY VOLTS rvcc;J 
NE:GATIVE OC SUPPLY VOLTS !Vffl 
TERMIN.t.L No. 8 StlORTED TO TERMINAL No.12 

+25 AM81ENT TEMPERATUR£ (T )•o•c 

iL POSITM: DC SUPf>lY VOLTS (Vc;cl 
cl NEGATIVE DC SUPPLY VOl.TS (VEf) 
~ IS TER~Al No.8 OPEN 

rr 
~ "·' 
11 
§ IO 

~ ,, 
AMBIENT TEMPERATUAE {TA)• o•c 

~ ' 
lu 
11 

Q.25 Q.SO I l25 l.50 1.75 IO 15 

LOAD RESISTANCE (RL}- KA 
LOAD RESISTANCE (Rl)- K OHMS 

(•) Fig.10 
(b) 

COMMON-MODE REJECTION RA.TIO A.ND COMMON-MODE 
INPUT-VOLTAGE-RANGE TEST CIRCUIT 

Vee 

Fig.11 

20 

100 

OPEN-LOOP DIFFERENTIAL VOLTAGE 
GAIN, MAXIMUM PEAK-TO-PEAK OUT
PUTVOLTAGE,AND OPEN-LOOP BAND
WIDTH AT-3 POINT TEST CIRCUIT 

Procedure: 

1. Adjust Ve for VQUT = ±0.1 V DC. 
2. Measure Open-Loop Differential Voltage Gain (AQL) at f = 1 kHz 

VouT 
AoL = 20 Log10 v;;-

3. Mea'sure Maximum Peak-to-Peak Output Voltage at f = 1 kHz 

4. Measure Open-Loop Bandwidth at -3 dB Point 

Refe1ence Level = AoL at 1 kHz 

Fig.8 

Pro1;:edures: 

Common•Mocle Rejection Rotlo: 

1. SetVB1As = o. Adjust Ve tor VouT<DC) = o ± 0.1 v. 
2. Apply l·kHz sinusodial input signal and adjust for Vs = 0.3 V 

(RMS). 

3• ::J~': ~~ ':e:s~r~~!r:ov~~~ t~ Vo<aff,~t s~:n:l5~!~5~0~s~~ 
ally separated.horn noise output. 

4. Calculate Common-Mode Voltage Gain: 

AcM = VouT/Vs 
AcM in dB = -20 LOG10 Vs/VouT 

5. Calculate Common-Mode Rejection Ratio: 

CMR in dB= Ao1FF in dB-AcM in dB. 

Common~Mocle lnput-Vo.ltoge Range: 

1. Calculate and record CMR for various positive and neaatlve values 
of V~s within the maximum limits shown on Paae 2. The Com-

:O~hiche c1r.:ri:~tt3r 1:s~n~~1~: i!rc~~~~ ~~';:p 0's ~?~t~ 
procechre given above. 



CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 
CA3030A, CA3037A,CA3038A 

COMMON-MODE REJECTION RATIO vs. FREQUENCY 

POSITIVE DC SUPf'LY VOLTS !Vccl 

~~~~:rE T~~~:'T~::~i:1.i;~~ +-t+ft--+-t+ft--+-t+H 
TERMINAL ND. 8 ~OPEN 

llO 

IOoj::::::j:=l:i~:l=~j..Jf'_j_/.U.._j_ilJLJ_j_ill 

~ti 901-:j:::f:j::j:!=1;:::f+l-i..JH~k-Vcc ... 12v ~ 1 r !'-. 1' .... -,,. ---t-i 
ri 80 vtc·••: .• :"ld-,.__-+~"1-+tt-+-++tt 
'~ 1011-H+++-HH-H V££•-ev . ..,_I_,.. ..,..,N>-+1.,_.._,H-+< 
p '° N 
8 ~'t-t-+t+t--+-++l+--1'--+-H+-+-+-H~f-+~ 

__.. [] 
"" 10 

FREQUENCY tfl-MH.I: 

Flg.12 

SINGLE-ENDED INPUT IMPEDANCE vs, TEMPERATURE SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 

•cc POSITIVE DC SLPPLY VOLTS 1\ltcJ 
NE:GATIVE DC SUPf'LY VOLTS {VfE) 

-15 -50 25 ~ "' 
AMBIENT TEMPERATURE ITAi- •c 

flg.13 

flg.U 

"' 

OUTPUT IMPEDANCE TEST CIRCUIT 
'cc 

POSITIVE OC SUPf>LY VOLTS IVCcl 
NEGATIVE DC SUPPLY VOLTS IV[El 

~200 

~ 
I i7S 

§ 

i~ 
• 
I 

" -711 -29 25 

Flg.15 

50 .,, 100 129 
AMBIENT T'EMP£RA~ (TA)-•C 

OUTPUT IMPEDANCE vs. TEMPERATURE 

Fig.16 

AC 
VOLTMETER 

I BALLANTINE 
TYPE 314 

OR 
EQUIVALENT) 

1. With S2 in position {c). adjust VE fot VouT(DCJ ""O ± 0.1 volt. 
2. With S1 In position (a), and S2 in position (d), record VouT1(rms). 

3. With Switch S1 in position (b) and S2 in positiQn (d) adjust RL 111til 

VouT2fl'ms) = ~ Record value of RL as ZouT· 
2 

NOISE FIGURE vs. FREQUENCY 

POStTI\lf DC SUPPLY VOt.TS !Vccl 
NEGATIVE DC SUPPLY VOLTS IV££) 
SOURCE RESISTANCE" I I( OtiM 

20 

FREQUENCY lfl-Hz 

flg.17 



CA3011, CA3012 

Wideband Amplifiers 
FEATURES & APPLICATIONS 

• exceptionally high amplifier gain: 
power gain at 4.5 MHz - 75 dB typ. 

• excellent limiting charoderistlcs -
Input limiting ..,oltage (lcnH) = 
600 µ V typ. at 10.7 MHz 

• wide frequency capability -
100 kHz to -> 20 MHz 

• supplied in the hermetic 10-lead 
T0-5 style package 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT TA= 25° C 

Indicated voltage limits for each terminal con be applied under-the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 8). 

TERMINAL 

1 

2 

3 

4 

5 

8 

10 

CASE 

TERMINAL 

1 

2 

3 

4 

5 

8 

10 

CASE 

NOTE: TERMINALS 6, 7, AND 9 OF RCA..CA30ll ANO CA3012 ARE USED FOR INTERNAL 
CONNECTIONS. 00 NOT APPLY VOLTAGES OR MAKE EXTERNAL CONNECTIONS TO 
THESE TERMINALS. 

CA3011 

VOLTAGE LIMITS 
1 

VOLTAGE CONDITIONS AT OTHER TERMINALS 

2 3 4 5 8 

·3 +3 - Same as 1 +2.5 to +7.5 •7.5 Ground 

.3 +3 Same as 2 - +2.5 to +7.5 +7.5 Ground 

-3 +3 ·3 lo +3 Same as 1 ~ ll.' 
§: 15 +2.S'to +7.5 +7.5 Ground' 

+2.5 +7.5 ·3 lo +3 Same as I <C > - •7.5 Ground 

0 +10 -3 to +3 Same as 1 
~ ~ +2.5 to .,.7,5 Ground 0 8 -c 

.3 +7.5 -3 to +3 Same as 1 +2.5 to +7.5 +7.5 Ground 

0 +10 ·3 to +3 Same as I +2.5 to +7.5 +7.5 Ground 

INTERNALLY CONNECTED TO TERMINAL N0.8 (GROUND TERMINAL) 

CA3012 

VOLTAGE CONDITIONS AT OTHER TERMINALS 
VOLTAGE LIMITS 

1 2 3 4 5 8 

.3 +3 - Same as I +2.5 to +10 +10 Ground 

.3 +3 Same as 2 - :;:, +2.5 to +10 +10 Ground 
~ 

.3 +3 ·3 to +3 Same as I ~~ +2.5 to +10 +lO Ground 

+2.5 +IQ -3 to +3 Same as 1 
<C > 

•lO Ground .,. -
z E 

0 +13 -3 to +3 Sarne as I 8 8 +2.5 to -+10 - Ground 

.3 +IQ -3 to +3 Same as 1 +2.5 to +IO +10 Ground 

0 +13 -3 to +3 Same as 1 +2.5 to +10 +10 Ground 

INTERNALLY CONNECTED TO TERMINAL N0.8 (GROUND TERMINAL) 

t:xample of Use of LIMITS TABLE: 

IQ 

•7.5 

+7.5 

•7.5 

+7.5 

+7.5 

+7.5 

-

10 

•10 

+IQ 

•10 

•lO 

•10 

+10 

-

OPERATING· TEMPERATURE RANGE 
STORAGE· TEMPERATURE RANGE 

·55 to •125° C 
·65 lo .i~0 c 

For RCA-3012,a maximum voltage of ±3volts may be applied 
to Terminal 1 under the following conditions: 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 I 0.79mm) 
from case for 10 seconds max. ............ +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 
Between Terminals land 2 . ±3 V 

MAXIMUM DEVICE DISSIPATION 300 mW 
RECOMMENDED MINIMUM DC SUPPLY VOLTAGE (Vee) 5.5 V 

Terminal 2 is at the same de potential as Terminal 1 
Terminal 3: do not apply external voltage 
Terminal 4 is at any de potential between +2.5 and +10 volts 
Terminal 5 is at a de potential of +IO volts 
Terminals 6, 7, and 9 are at Ode potential (NOT USED) 
Terminal 8 is at de ground potential 
Terminal 10 is at a de potential of +10 volts 

BLOCK DIAGRAM OF TYPICAL FM RECEIVER USING RCA·CA3011 OR CA3012 
INTEGRATED CIRCUIT WIDE·BAND AMPLIFIER 

~----------, 
I +Vee 

Fig. 4 

Fig. 1 - Schematic diagram for CA3011 

and CA3012. 

INPUT·IMPEDANCE COMPONENTS 
VS FREQUENCY 

5 10 15 
FREQUENCY ( f) - Met. 

Fig. 2 

OUTPUT-IMPEDANCE COMPONENTS 
VS FREOUENCY 

OC 9Ul'Pl.Y \IOt..TS (Vee}• 7.5 

6 M8ENT T'EMPERATUIE IT.-J•2!"C 

. ~ 

FRE:OUENCY (fl - Mell 

Fig. 3 
" 

~· 

f 

VOLT AGE GAIN AND INPUT LIMITING VOLT AGE 
VS FREQUENCY 

AMBIENT TEMPERATURE ITA)•2S°C 
DC Slffl.Y WLTSIVCCl•7.5 
SOURCE RESISTMfCE(Rsl•500 

~'o:::°"'=,~':;::9::::"'=-~'"'"'c;'""''"=,·~~-+--+--+-tt--1700 >:1,. 

•or-:±=:t±-H---;t---1--1H--V/~-i6oo J 
VOLTAGE GAIN 1'_ -

L-". ~ r sel--+--+--+-H---1--"HHl'l--iOOO ~ 
I ~ • 
~" -~ 
~ 64 ...L 
~ INPUT LIMITING VOLTAGE H 300 ~ 

l--+--+--+-++--t--Hf-+.,__,200 ~ 

-"' l roo 
0.1 4 6 a I 2 4 6 8t0 2 

FREQUENCY (f}-Mc/1 

Fig. 5 



ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS 
SETUP 

SYMBOLS & 
PROCEDURE 

Fig. 

Total 
Device Pr 6 
Dissipation• 

9 

9 
Voltqe Gain•• A 

9 

9 

Input· Impedance 
Co-nl•: 

Parallel Input 
R1N 7 Resistance 

Parallel Input 
C1N 7 Capaci lance 

Output Impedance 
Components: 

Parallel Output 
Rour 8 Resistance 

Parallel Output 
Cour 8 Capacitance 

Noise Fiaure NF 10 

Input Limiting 
Voltage (Knee) Yi(lim) 9 

TEST CONDITIONS LIMITS 
DC AMBIENT 

FREQUENCY SUPPLY TEMPERA· RCA RCA 
VOLTAGE TURE CA3011 CA3012 

f Vee TA 
UNITS 

Meis Volts oc Min. Typ. Max Min. Typ. Max. 

·55 - 80 - 66 80 135 mW 

- 6 '25 60 90 133 66 90 121 mW 

+125 - 70 - 65 70 121 mW 

·55 - 130 ·- 97 130 190 mW 

- 7.5 +25 95 120 187 97 120 167 mW 
+125 - 100 - 95 100 167 mW 
·55 - - - 150 210 275 mW 

- 10 +25 - - - 150 190 255 mW 
+125 - - - 150 160 255 mW 

·55 - 55 - 50 55 - dB 

I 6 +25 60 66 - 60 66 - dB 
+125 - 61 - 50 61 - dB 

·55 - 59 - 55 59 - dB 

l 7.5 '25 65 70 - 65 70 - dB 
+125 - 65 - 55 65 - dB 

·55 - - - 55 61 - dB 

l JO +25 - - - 65 71 - dB 
+125 - - - 55 66 - dB 

4.5 7.5 +25 60 67 - 60 67 - dB 

10.7 7.5 +25 55 61 - 55 61 - dB 

4.5 7.5 +25 - 3 - - 3 - k!l 

4.5 7.5 +25 - 7 - - 7 - pf 

4.5 7.5 +25 - 31.5 - - 31.5 - k!l 

4.5 7.5 +25 - 4.2 - - 4.2 - pf 

4.5 7.5 +25 - 8.7 - - 8.7 - dB 

4.5 7.5 '25 - 300 45~ - 300 4IJ1 µ.V 

VOLT AGE· GAIN TEST SETUP 

Fig. 9 

PROCEOURES 
A - Voltap Gain: 

1) Set input fJequency at desired value, 
v1 = 100 JN rms. 

2) RetOl'd Vo· 

3) Calculate Voltap Gain A ffom 
A = 20 •oa10 vo/v I 

4) Repeat Steps 1, 2, and 3 far each 
ftequency md/or for temp•ature desired. 

B - Input Limltln1 Voltqe (Knee): 
l} Repeat Steps Al and A2, usln1 

v1=lOOmV 
21 Decrease v 1 to the level at which vo 

Is 3 dB below its value for v 1 = 100 mV. 
3) Record v1 as Input Llmitln1 Voltap 

(Knee). 

TYPICAL 
C.~ARAC-

TERISTICS 
CURVES 

~ 

5 

2 

2 

3 

3 

CA3011, CA3012 
DISSIPATION TEST SETUP 

+'tc 

TOT&L. DEVfCE DISSIPATION IPTl•VccJ: 
9ICS•l5112 

Fig. 6 

INPUT-IMPEDANCE COMPONENTS 
TEST SETUP 

Fig. 7 

OUTPUT-IMPEDANCE COMPONENTS 
TEST SETUP 

Fig. 8 

... 
fllETER 

CBOONl'ONTYPE -LO EOUl~NT) 

MOISE FIGURE TEST SETUP 

L1 = 82 ~. center-tapped 

L2 = 2.36~ 

RF VTVM 
(BOONTON 
TYPE 910 

OR fOUIVALENTI 

C1,C2 =Arco Type 423 padder, or t~ivalent 

Fig. 10 



CA3013, CA3014 

Wideband Amplifier-Discriminators 
SCHEMATIC DIAGRAM FOR CA.3013 AND CA3014 

FEATURES & APPLICATIONS, 

• HCeptionally hi9h gain: 

Fig. 

power gain at 4.5 MHz - 75 dB typ. 

• excellent limiting characteristics -
input limiting voltage (bee) 
= 300 a.iV typ. at 4.5 MHz 

• excellHt AM rejection: > 50 dB 
ot4.5MHa: 

• high ouJio-YOltoge recovery -
220 mV typ. at 4.5 MHz 
25 kHz d.viotion 

•wide frequency capability - 100 kHz 
to > 20 MHz 

• comprehensive circuit functions: 

if amplifier, AM and noiH limiter, 
FM det.ctor, audio preamplifier 

.,. 

• supplied in the hermetic 10-lead T0-5 
style package 

TYPICAL CHARACTERISTICS AND TEST SETUPS 

Fig.3 

BLOCK DIAGRAM OF TYPICAL TELEVISION RECEIVER USING RCA INTEGRATEO. 
ClftCUIT SOUND-IF AMPLIFIER AND DETECTOR SECTION 

Fig. 2 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT TA= 25° C 

TERMINAL 

1 

2 

3 

4 

5 

6 

7 

8 

9 

to 

CASE 

TERMINAL 

1 

2 

3 

4 

5 

6 

7 

8 

9 

to 

CASE 

Indicated voltage limits for each terminal can be applied und•r th• specified voltage 
conditions for oth•r terminals. All voltages ore with respect to ground (Terminal 8). 

CA3013 

VOLTAGE LIMITS 
VOLTAGE CONDITIONS AT OTHER TERMINALS 

1 2 3 4 5 6 7 8 
.3 +3 Same as l +2.5 lo +7.5 +7.5 Same as 4 Same as 4 Ground 

-3 +3 Same as 2 
~ 

+2.5 to +7.5 +7.5 Same as 4 Same as 4 Groond 

-3 +3 -3 to +3 Same as l +2.5 to +7 .5 +7.5 Same as 4 Same as 4 Ground 

+2.5 -3 to +3 
~ 

+7.5 Same as I 

1 
+7.5 Same as 4 Same as 4 Groond 

0 +10 -3 lo +3 Same as I +2.5 lo +7.5 Same as 4 Same as 4 Groond 

+2.5 +7.5 -3 lo +3 Same as 1 
,:, 

Same as 6 +7.5 Same as 4 ,.. Ground 

+2.5 +7.5 -3 lo +3 Same as l is: +2.5 lo +7.5 +7.5 Same as 4 Ground < 
• 3 +7.5 -3 to +3 Same as 1 ;i1 •2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 

0 

0 +7.5 ·3 to +3 Same as I "' +2.5 to +7.5 +7.5 Same as 4 Same as 4 Groond 

0 +10 ·3 to +3 Same as l +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground 

INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL) 

CA3014 
VOLTAGE CONDITIONS AT OTHER TERMINALS 

VOLTAGE LIMITS 
I 2 3 4 5 6 7 8 

• 3 +3 Same as 1 +2.5 to •10 •IO Same as 4 Same as 4 Ground 

-3 +3 Same as 2 i'lo +2.5 to +JO +to Same as 4 Same as 4 Ground 

.3 +3 ·3 to+3 Same as 1 "' +2.5 to +IO +JO Same as 4 Same as 4 Ground 
~ 

+2.5 +10 -3 to +3 Same as 1 
~ 

+10 Same as 4 Same as 4 Ground 

0 +13 ·3 to +3 Same as 1 8 +2.5 to +10 Same as 4 Same as 4 Ground 

+2.5 +JO -3 to +3 Same as 1 ,.. Same as 6 +10 Same as 4 Ground 

+2.5 +JO ·3 lo +3 Same as l is: +2.5 to •10 •10 Same as 4 Ground < 

.3 •10 -3 to +3 Same as l ;i1 +2.5 to +10 +to Same as 4 same as 4 Ground 

0 +10 ·3 to +3 Same as 1 .3 +2.5 to +10 +10 Same as 4 Same as 4 Ground 

0 +13 -3 to +3 Same as I +2.5 lo +to +to Same as 4 Same as 4 Ground 

INTERNALLY CONNECTED TO TERMINAL No.a (GROUND TERMINAL) 

OPERATING-TEMPERATURE RANGE .. -55 to +125°C Example of use of LIMITS TABLE: 

9 

AF Output 

AF Output 

AF Output 

AF Output 

AF Output 

AF Output 

AF Output 

AF Output 

AF Output 

9 

AF Oulput 

AF Output 

AF Output 

AF Output 

AF Output 

AF Output 

AF Output 

AF Output 

AF Output 

10 

+7.5 

•7.5 

+7,5 

+7.5 

+7.5 

+7.5 

+7.5 

+7.5 

+7.5 

10 

+JO 

+JO 

+10 

+JO 

+10 

+to 

+10 

+10 

+to 

STORAGE-TEMPERATURE RANGE . - 65 to +150°C For RCA·CA3013, a maximum voltage of ±3 volts may be 
LEAD TEMPERATURE (During Soldering) 

At distance 1 /16 ± 1/32 inch ( 1.59 ± 0.79mm) 
from case for 10 seconds maK .. +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 
Between Terminals 1 and 2 ± 3 V 

MAXIMUM DEVICE DISSIPATION . 300 mW 
RECOMMENDED MINIMUM DC 

SUPPLY VOLTAGE (Vccl ...... 5.5 v 

applied to Terminal I under the following conditions: 

Terminal 2 is at the same de potential as'Terminal I 
Terminal 3: do not apply external voltage 
Terminal 4 is at any de potential between +2.5and +7.5volts· 
Terminal 5 is at a de potential of +7.5.volts 
Terminals 6 and 7 are at the same de potential as Terminal 4 
Terminal 8 is at de ground potential 
Terminal 9 is used as the af output terminal 
Terminal IO is at a de potential of +7.5 volts 



TEST CONDITIONS 
ELECTRICAL DC 

CHARACTERISTICS SETUP FREQUENCY SUPPLY 
(See Page 8 for SYMBOLS & VOLTAGE 

Definitions of Terms) PROCEDURE I vcc 
Fig. Meis volls · 

3 - 6 

Total 
Device PT 3 - 7.5 
Dissipation• 

3 - 10 

4 1 6 

4 1 7.5 
Voltage Gain** A 

4 1 10 

:.!;[ 7.5 
4 10.7 7.5 

Input-Impedance 
Components: 

Parallel Input 
R1N Resistance 6 4.5 7.5 

Parallel Input 
C1N Capacitance 

6 4.5 7.5 

Output-Impedance 
Components: 

Parallel Output 
Rour Resistance 

8 4.5 7.5 

Parallel Output 
Cour Capacitance 

8 4.S 7.S 

Noise Figure NF 10 4.S 7.S 

Input Limiting 
•i(lim) 14 4.S 7.S Voltage (Knee) 

6 
Recovered AF Voltage •o(af) 14 4.S 7.S 

ID 
Ampliluoe-Moc!ulation 

AMR 15 4.S 7.S Rejection 
Discriminator Ro(disc) - 4.5 7.5 
Outpul Resistance 
Tolal Harmonic 
Distorlion THO 14 4.S 7.S 

•Total current drain may be determined by dlvidlna P-f.by Vee. 

INPUT·IMPeDANCE COMPONENTS.-. FREQUENCY 

... 
... 

5 IO .. 
L'llEOUENCY lfl-MVI 

Fig. 7 

LIMITS 
TYPICAL 

AMBIENT CHA RAC• 
TEMPERA· RCA RCA TERISTICS 

TURE CA3013 CA3014 UNITS CURVES 
TA 
oc Min. Typ. Max. Min. Typ. Max. ~ 

·55 - 80 - 73 80 12() mW 
+25 60 90 133 73 90 110 mW 
+125 - 70 - 60 70 110 mW 
·55 - 130 - 106 130 170 mW 
+25 87 110 187 106 12() 150 mW 
+!][ - ill[ - 90 ~ ~ mW 
.55 - - - 165 110 250 mW 
+15 - - ~ 165 190 230 mW 
+125. - - - 150 160 130 mW 

·55 - 55 - 50 55 - dB 
+25 60 66 - 60 66 - dB 
+115 - 61 - 50 61 - dB 
·55 - 59 - 55 59 - dB 
+15 65 70 - 65 70 - dB 
+125 - 65 - 55 65 - dB 
·55 - - - 55 61 - dB 
.is - - - 65 71 - dB 
+115 - - - 55 66 - dB 
+25 60 67 - 60 67 - dB 
+15 55 60 - 55 60 - dB 5 

+15 - 3 - - 3 - kn 7 

+15 - 7 - - 7 - pf 7 

+15 - 31.5 - - 31.S - kn 9 

+1S - 4.1 - - 4.1 - pf 9 

.is - 8.7 - - 8.7 - dB 11 

+1S - 300 450 - 300 400 µV 13 

+2S - 155 - - 1S5 - mv 
.is 128 188 - 13S 188 - mV 13 
.is - - - - 22() - mV 

+25 - 50 - - 50 - dB -
+25 - 60 - - 60 - n -
+25 - 1.8 - - 1.8 - % 12 

•• Recommended minimum de supply voltap <Vccl 1s 5.5 v. 
Nominal load current t1owin1 Into terminal 5 •• 1.5 mA at 7.5 v. 

OUTPUT·IMPEDANCE COMPONENTS TEST SETUP 

Fig. 8 

CA3013, CA3014 
VOLTAGE-GA.IN TEST SETUP 

+Voe 

PROCEDURE: 

• 

1) Set input frequency at desired value, v1 = 100 µV rms. 
2) Record v0• 
3) calculate Volt119 Gain A from A = 20 10110 v0/v1· 
4) Repeat steps 1, 2, and 3 for each t1equeney 

and/or temperature desired. 

Fig. 4 

VOLTAGE GAIN vs. FREQUENCY 

I Hl---+--+--+-++--+-->ol--+-i-+--1---+I 
~ 

i Hl---+--+--+-++--+--~+-l-+--1---+I 
~ ••l---+--+--+-++--+--+-+\f-+--1--+I e 
••l---+--+--+-++--+--+-+-+~-1--+I 

QI .. • • • t 4 • •io 
FREQUENCY CO- Meis 

.Fig. 5 

INPUT·IMPEDANCE COMPONENTS TEST SETUP 

+lb: 

Fig. 6 

OUTPUT-IMPEDANCE COMPONENTS vs. FREQUENCY 

ROUT 

I IO .. 
f'RECllENCY lt)-Mcll 

Fig. 9 

85 



CA3013, CA3014 
NOISE FIGURE TEST SETUP 

4.5-Mc:/1 
NOISE SOURCE 

(KAY 
"THERMA-NOO£" 
OR EQUIVALENT) 

Ro•!SOA 

+Vee 

Lt = 82 µH, centeHapped 

L2 = 2.36 µH 

RF VTVM 
I BOONTON 
TYPE 910 

OR EQUIVALENT) _ 

C1, C2 = Arco Type 423 padder, or equivalent 

Fig. 10 

NOISE FIGURE vs. DC SUPPLY-VOLTAGE 

AMelENT TEMPERATURE (TA)•2 •c 
FREQUENCY lfl•4.5Mclt 
SOURCE RESISTAHCE1Rsl•200il 

. . 
DC SUPPLY VOLTS fVc,c) 

Fig. 11 

10 

INPUT LIMITING VOLTAGE {KNEE) AND RECOVERED AF VOLTAGE 

at 1.75 Mi:/• 

DC SUPPLY VOLTS 
Vee •IO* 

TO t OmV 

APPl...IES ONLY FOR CA3014 

AMBIENT TEMPERATURE (TAJ • 2!S"C 

SIGNAL FREQUENCY• 1.75 Mc" 
MODULATING FREQUENCY• I lie/a 

FREQUENCY DEVIATION • :t 25 ~ell 

0 d8 • RECOVEREO AF 'f'Ot..TAGE LEVEL FOR v1 • 10~ 

O.!S l IS 2 
INPUT SIGNAL LEVEL I ¥! ) - MILLIVOLTS (RMS) 

(o) 

I 
I 
I 

I I 

PROCEDURE: 
A - Recovered-AF Voltage Output: 

L__ ---- _J 

OfSCRJMINATOR TRANSORMER ,
FOR WINDING INFORMATION ~ 

SEE FIG.18 

1) ~~r;:~ tr~1urc/~. ;,!q~:~s:i:J,;tf:> ~~~~~cj~ulatina 
2) Reco1d v0 as Recovered-AF Voltage Output. 

B • Input Limiting Voltaa:e (Knee): 
1) Repeat Steps Al and Kl., using v1 = 100 mv rms. 

2) ro~c!~a~~O& ~v~e level at Ymich v0 is 3 dB below Its value 

3) Record vi as Input Limltinc Volta1e (Knee), 

INPUT LIMITING VOLTAGE, RECOVERED AF 
VOLTAGE, AND TOTAL HARMONIC 
DISTORTION TEST SETUP 

Fig. 14 

at 4.S Meis 

TO I OmV 

DC SlFPLY VOL.TS 
Vcc• 10* 

•APPi.JES ONLY FOR CA30l4 

'7.5 

AMBIENT TEMf"ERAiutE {T Al • zs•c 
SIGNAL FREQUENCY • 4.5 Melt 
MODULATING FREQUENCY• I licit 

FREQUENCY DEVIATION • :t 25 kclt 
0 d8 • RECOVERED AF VOLTAGE LEVEL FOR "I • 100 mv 

0.5 I Iii 2 
INPUT SIGNAi. LEVEL ! v11- MILLIVOl..TS IRMSI 

PROCEDURE: 

(b) 

Fig. 13 

l) With Switch S In position "a'", set input fre~u1ncy =4.5 Mc/s, 
v1 = 10 mv rms, modulatln1 frequency = 1 kc/11 frequency 
deviation = ±25 kc/s. 

2) RecOfd v0• 

3) Place Switch S In position "b", and set Input frequency = 4.5 
:c~!d:latii~ :iro~m1, modulatin1 rtequency = 1 kc/s, 

4) Measure v0, and record value In dB below value in Step 2 
es NI. Rejection. 

AM-REJECTION TEST SETUP 

Fig. 15 

TOT AL HARMONIC DISTORTION vs. DC SUPPLY VOLT AGE 

AMBIENT TEMPERATURE {TAJ. zs•c 
SIGNAL fltEOU£NCY•4.5Mc/• 
MODULATING fltEQUENCY•IKclt 
f'REQU£NCY DEVIATION •.tH 1Cc1t 

. .• 
OC SUPPLY VOLTS lVccl 

Fig. 12 

at 10.7 Meis 

10 

TO IOQmV 

DC SUPPLY VOLTS 

Vee •to* 
APPLIES ONLY FOA CA30I 

IENT TEMPERATURE (TA) • zs•c 
SIGNAL FREQUENCY• 10.7 Melt 
MODULATING FREQUENCY• I Kii 

FREOl.lEf<IC'I' DEVIATION • :t 25 kc/t 
0 d8 • RECOYERED AF VOl..TAGE LEVEL FOR "I • IClO ~ 

Q.S I l,S 2 
INPUT SIGNAL LEVEL {"I )- MILLJIJOLTS (RMS) 

(c) 

DISCRIMINATOR TRMUFORMER SCHEMATIC 

r ----------, 
I BIFILAll BIALM I 
I ....-"--, ,.....,,.__., I 

]f"ir -
I 
I 

I 
cJ 
I 
I 
I 
I 

L _______ .J 

(•) 

CONSTRUCTION DETAILS OF DISCRlMIMATOR 
TRANSFORMERS SHOWN IN FJGS. 2. 1.C A.MD 15 

Coil-Rlrm Outside Dianeta "' 7 /32 ind!. 

Sluis: Radio lndusbies, Inc. Type .. E" Mamial, or equivalent 

Wire Type: "GRIPEZE'"•, or eqwi.,._I 

0,-.i,. 
_ .. _ 

T- Cl ,_...,., 
Mc/a (AWG•) L1• ..,,_. L3 pf 

1.75 40 44 20 44- 820 
(22bi!Har -4.5 36 II 7 22 total 5MI 
(l~bifll• 
wound) 

10.7 36 la 18 18 ..... 100 
(9 bHll• -• Re1ist8red Tradll Mlril;, Phelp•Dod&e Copper Product&. 

&.WDl.l'Hlblfllar. 

c2 
pF 

8'IO 

330 

100 

NOTE:~ =~i..:r~;l~~l.3 rs ldjusted 

(b)· 

Fig. 16 



General-Purpose 
Transistor Arrays 

TWO ISOLATED TRANSISTORS 
AND A DARLINGTON-CONNECTED 
TRANSISTOR PAIR 

For Low-Power Applicatiuns 
at Frequencies from DC 
Through the VHF Ra111e 

The CA3018 and CA3018A consist of four general pur
pose silicon n-~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 fot maximum flexibility. 

The transistors of the CA3018 and the CA3018A are 
well suited to a wide variety of applications in low
power systems in the DC through VHF range. They 
may 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 CA3018A is similar to the CA3018 but features 
tighter control of current gain, leakage, and offset 
parameters making it suitable for more critical appli
cations requiring premium performance. 

APPLICATIONS 

• General use in signal procenin9 systems in DC 
throu9h VHF range · 

• Custom design.d differential amplifien 

• Temperature compensated amplifiers 

• See RCA Application Note, ICAN-5296 "Application 
of the RCA CA3018 Integrated-Circuit Transistor 
Arroy" for suggested Applications. 

121) COLLECTOft-TO-EMITTH VOLTAGE lYc1:iisv 
AMIENT TEMl'ERATURE lTAl•2PC _l 

I''" I 1····1 llFE2 OR iiFEf 

i .: ~ 
ll'° v p _y p :>l==F=rlF++t-v-.,-L+-++-1+--+-H--Hc.• 

~ :vv 
QOI 2 4 6 10.I 2 4 6 8 1 2 4 6 IO 

EMITTER CURRENT (IEI- mA 
92CS-25771 

Fig. 3 - Typical Static Forward Current-Transfer 
Ratio ancl Beta Ratio for Transistors Q, 

ancl Q2 vs Emitter Current. 
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INPUT OFFSET VOLTAGE• \"lleEI : 
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0 2 4 6 80;1 2 4 6 8 I 2 4 6 81() 

EMITTER CURRENT !IEl-mA 

Fig. 5 - Typical Static Base-to--Emitter Vo/toge 
Cltarocteristic ancl Input Off:~et Voltage for 

Ql ancl 02 vs Emitter Current, 
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FEATURES 

• Matched monolithic 9eneral purpose kansi•tors 

• HFE matched± 10% 

• YaE matched ± 2 mY CA.3018A (± 5mV CA3018) 

• Operatlan from DC to 120 MHz 

• Wide operating current range 

• CA3018A. performance characteristic. controlletl 
from 10~ A to 10mA. 

• Law noiH figure - · 3.2 dB typical at I KHz 

• Full military temperoture range capollllity 
(-55 to "" 125°C) 

• The CA3018 is available in a sealed-junction 
Beam Lead version (CA3018L}. For further 
information see File No. 515, "Baam·Lead 
Devices for Hybrid Circuit Applications". 

• Supplied in the hermetic 12-laad T0-5 
style package. 

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

Power Diaaipation, P: c,uo1a Co\3D11A 

Any one transistor .••..•• , • 300 300 mW 
Total package. . . • . . . • • • . • 450 450 mW 

Derate at S mW/°C for TA> 8s0c 
Temperature Range: 

Operating • • • • . • • • • • • . . • . -55 to + 125 ·55 to + 12s0 c 

Storage •.•.•••.•••..•••• ·65 to + ISO ·65 to + 1so0c 

LEAD TEMPERATURE (During Soldering) 
At dis1ance 1/16 t 1/3:! inch (1.59 ± 0.79mm) 
from case for IO seconds max. . .. +265or 

The following ratings apply for each transistor in the device: 
Co\3018 Co\301U 

Collector-t~Emitter Voltage, V CEO • lS lS V 
Collector·to-Base Voltaa:e, Vceo . • 20 30 V 
Collector-to-Substrate Voltage, Vcm• 20 40 V 
Emitter-to-Base Voltage, VEBO •• , S S V 
Collector current, le • • • • • • . • • • SO SO mA 

•The collector of each transistor of the CA3018 and CA3018A 
is isolated from the substrate by an integral diode. The 
substrate (terminal lOJ must be connected to the most neg
ative point in the externol circuit to maintain isolation be
tween tmnsistors and to provide for nonna.l transistor action. 

~~ 201ooi---+-CO+L-LE+C-ro~R~-T-0--E4M~IT~TE~R~VO~L~T4AG~E~IV~C4El~•>c,-IV 

~c 1oo>oi--+--•-•r"-•"r'~';•-••_•_••r'-""-•;1 '~•;'"-'"r0T0-r-; 

<I 6 8 I 

EMITTER CURRENT II[l-l'llA 

Fig. 4. Typical Static Forwan/ Current - Transfer Ratio 
for Dorlington-conn•cteJ Transisters 03 

ancl Q4 vs Emitter Current. 

COLLECTOR-TO-EMITTER VOLTAGE CVcEl•SV 

25 50 75 100 125 

AMBIENT TEMf"ERATURE (TAl--C 

Fig. 6 - Typical Base-To-Emitter Voltage Cltarocterist/c 
for Each Transistor vs Ambient Temperature 

CA3018, CA3018A 

~ 
6 o,

7

'='Fo2 

SUBSTRATE 
OK> 

Fi9. 1 • ScltHudic Di09"1m for CA.1018 anJ CA3018A 

STATIC CHARACTERISTICS 

.li)2.! EMITTER CURMNT a J•O 

,. ... ... 
AMBIENT TEMPERATIAtE ITA 1--C 

Fig.2 • Typical Collector-To-Bose Cutoff Current vs 
Ambient TemperatUre for Eocli Transistor. 

..!Co 2s . .. 
Fig. 7 - Typical Collector-T•Emmiter CuloffCurrentvs 

Ambient Temperature lor Eacb Transistor. 



CA3018, CA3018A 
Characteristics apply for each transistor in the CA3018 and CA3018A as specified. 

ELECTRICAL 
CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS 

at TA• 25°C 

STATIC CHARACTERISTICS 

Collector·Cutoff Current 1ceo Vc9=IDV,lt=D 

Cotlector·Cutolf Cunent 1CEO VCE=IOV,lg=O 

Colleclcr·Cutotf Current 
1crno VcE=IOV,la=O 

Oa1lington Pair 

Colleclor·lo·Emitte1 
V(BR)CEO lc=llllA.le=D 

Breakdown Voltage 

Collector-to-Base 
VIBR)CBO lc=I0,1A,IE=O 

Breakdown Voltage 

Emilte1·to·Base 
VIBR)EBO IE•ll\c<A.lc•O 

Breakdown Voltage 

Collector-lo·Subst1ate 
V(BR)CIO lc=IQuA,lci=O 

Breakdown Voltage 

Collector-to-Emitter 
VCES la=lmA,lc=lllm.'\ 

Satu1ation Voltage 

( lclllmA 
Static Fcrwa1d Current 

'FE VcE=3V,) le= lmA 
Tansfer Ratio lc~ll\c<A 

Magnitude"of Static-Beta Ratio 
VcE=3V,lc1=b=lmA 

(Isolated Transistas o1 and 02) 

Static Fcrward Current Transfer 
Ratio Darlington Pair hFED v =lV. {le= ImA 

IQ3& Q4l 
CE lc•llllj.A 

Base-lo-Emitter Voltage VBE VCE"3V 
IE=lmA 
IE=l~A 

Input Offset Voltage rBE I ·VeE; VcE"3V,IE=lmA 

Tempe1ature Coefficient: l"•sEI Base·to-Emillei Voltage r;r VcE=3V,IE=lmA 
Ql,Q1 

Base (Q3)-lo-Emitler (Q4) Vern VcE=3V 
leIOllA 

Vollaee·Oarlington Pair IV9.1> 
1£= lmA 

Tempe1atu1e Coefficient: 
'6•arn/ Base-to-Emitter Volt.age VcE=3V,IE=lmA 

Darlington Pair·Q3,Q4 6T 

Tempel'ature Coefficient: ~BE1·VBE1I Vcc=+6V,VEE··6V, 

Magnitude of Input-Offset Voltage 6T 
ICt"'ICrlmA 

COLLECTOR-TO-EMITTER VOLTAGE (\lcE)•3\I 
SOURCE RESISTANCE (R5l• !SOOA 

AMBIENT TEMPERATURE (TA)•25"C 

>O --.+---+-;--+ 

COLLECTOR CURRENT (lcl-mA 
92CS·2~784 

Fig. l l(a) - Noise Figure vs Collector Current, 

Rs= soon. 

Min. 
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CA3018 
LIMITS 

Typ. 

0.002 

See Curve 

-

14 

60 

J 

60 

0.23 

100 
100 
54 

0.97 

5400 

o.m 
0.800 

0.48 

·l.9 

l.46 
1.32 

4.4 

10 

CA3018A 
LIMlfS 

Units 

Ma•. Min. Typ, Max. 

100 - 0.002 40 nA 

5 - See Curve 0.5 µA 

- - - 5 µA 

- 15 14 - v 

- 30 60 - v 

- 5 7 - ~ 

- 40 60 - v 

- - 0.13 0.5 v 

- 50 !Oil - -
100 60 !Oil 100 -
- 30 54 - -

- 0.9 0.97 - -

- 1000 5400 -

" 1000 1800 - -

- 0.600 0.715 0.800 v 
- - 0.800 0.900 

5 - 0.48 1 mV 

- - 19 - mV;oc 

- - 1.46 1.60 i - LIO 1.32 l.50 

- - 4.4 - mV; 
'c 

- - 10 - µV;oc 

COLLECTOft-TO-EMITTER VOLTAGE (\lcEl •3\1 
SOURCE RESISTANCE (R9)• IOOO A 

CHARAC· 
TERISTICS 

CURVES 

I---
Fi . 

1 

7 

-

-

-

-

-

-

3 

3 

4 

5 

5,8 

6 

9 

10 

-

AMBIENT TEMPERATURE (TAl•2.~C 
20>f--~-~-~~--4--+--+ 

I; 8 0.1 

COLLECTOFI CURA(NT (lc)-mA 92CS-2l78!1 

Fig.ll(b) - Noise Figure vs Collector Current, Rs= 1 KO.. 

COLLECTOR-TO-EMITTER \IOLTAGE (\lcEl• 3 v~ 
> . . 
I 

, .. 
o.1111A-

·50-~021!1!1075IOO 

AMBIENT TEMPERATURE (TA)--C 

Fig.8 • Typical Ollset Voltage Characteristic vs 
Ambient Temperature 

1.7 OOLL€CTOR-TO-EMITTER VOLTAGE lVc£)•3V 
AMBIENT TEMPERATURE (T4)• 2s•c 

OJ 4 6 I I 4 6 8 IO 

EMITTER CURRENT (lEl-mA 

Fig.9. TyJ>ical Static Input Voltage Characteristic lor 
DarUnpton Pair (Q3 anJ 04) vs 

Emitter Current 

:i 1.00 

~ 
~ l25 

; I 

·' -71!1 -1!10 -25 

AMBIENT TEMPERATUffE (T4J-•c 

Fig.10 • Typical Static Input Voltage Characteristic for 
Darlington Pair (03 and 04) vs 

Ambient Temperature. 

30 COLl.€CTOR-TO-EMITTf.R VOLTAGE (VcEl•3V 
SOURCE RESISTANCE (RS)• 10 kA 
AMBIENT TEMPERATURE (TA)•25°C 

0.01 1; 9 0.1 
COLLECTOR CURRENT (lcl-mA 

9lCS-23789 

Fig.1 l(c) ·Noise Figure vs Collector Current, 
Rs= 10 Kn. 



ELECTRICAL CHARACTERISTICS, (CONT'D) 

DY1WllC CHARACTERISTICS CA3018 CA3018A 

l.allfr--filon Hf f•l KHz,VcE•IV,lc•lllll<A 
SllKt resistlllCl=l KO J.Zi 3.15 

Low-Frt1111111.:r,S..ll-Si .. I 
Eqrri-.Circull 
Ctmr1eteristics: 

FGIWlld Cllfllll·Tr ..... Rllio hie I llO uo 
Sheri-Circuit lnPlll•pedance h~ 3.5 1.5 

Ope..Cifcuit Outjld l"!lllllnee h,. f·lkHz,Vcr3V,lc•lllA 15.6 15.6 

Open-Circuit Reverse ... I 1.811&4 - l.llltll'4 
VoU111· TTWftf Ratio 

Ad11ittanct Clllracteristics: 

FnlldTransferAdtlitlla y~ I ll·jl.5 11-jl.5 

klputAdtlittRe Vie - D.l•iO.IM 0.3+j0.04 

DltputAdllittloce v,. MllHz,VcE1·lc•l•A - O.OOltj0.03 - O.OOl+j0.03 

Reverse Transfer Ad•ittance v,. !eeCme SH C11ve 

Gain·Bandwidlh Praiuct 'r YcE·3Y,li;·loA 300 500 300 500 

Emitter-to-Base Ca111titllnce CEB YEe•3V,IE•D 0.6 0.6 

Collectar-to-Bne C.il1nce Cea Yce•3V,lc·O 0.51 UI 

CoUectm-to-SUbslflte CaP1Citanc1 Cc1 Yc1•lY,lc.() 2.1 2.1 

l:;:t~~=A~f.r.:ec:INPUT ~~~.~~NPIJT 

dB ll(lr) 

12 

KO 12 

'""" 12 

12 

mho 13 

""'" 14 - 15 

"""" 16 

MHz 17 

pf 

pf 

pf 

r1 

CA3018, CA3018A 

IOO~ ~~=u~~=:-iTTt:R VOLTAGE lVcE1•3V 

..... NT TEMPERATUIEITAI;""" I I ft H 
~ i • ""'i---..J :~:.1~~. } ioJ::..- ftri•1.18•I0-4atllnA __ . ' tto.•IS.l,.Mlto R E . 

N 17 

I 
. I" 7 
I ... 

, 1':'.4t. . 
IL' i.- N 

_..Q!. V' 1 . . . . . . .. ' ... 
OJ I 

COLLECTC>f' CURRENT (ICl-•A 

Fig.12. FtnwarJ Current-Transfer Rafio (l'le), Sltort
Circuit Input Impedance (li1e}, Open-Circuit 
Output Impedance fl•oe), and Open-Circuit 

R•verse Voltage-Trans/er Ratio (lire} 
vs Collector Cunent 

~ICTOR-10-IEMITTl!ll YOLTAIE l\'cE)•n 
UC1UR C:URM:NT IIcl•l 111A 
4ij 

,~LIECTOR-TO•ElllTTt:lt YOLTME l'tf;)•:S V 
& LI.ECTOR CUUtlENT IJcl•l •A 

AMllENT TEMPEAA~J.-r.~-CINPUT 
COL.LECTOR•TO·IMITTIR VOLTAGE IVcE1•3V 
COU.~CTOR CURM:NT licl•l 111A _,_-4--'-'-1--4--1 

~- R 

~ 
n I. 

[..: 
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I~" ~ r-... V" 
QI 

. 
I 10 
FREQUENCY (f}-MHi ' .. 

IOO 

Fig. 13 - ForwatJ Transfer AJmittonce (Y feJ 

~- . 13 
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~} p· 
~ 
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·~ I 

QI 

IO 
FREQUENCY(fl-MHz 

' . ' ... 
I 10 
FREQl.ENCY (f)-MHz 

... 
7J 
[7ii;" 

~ 
'.:./ . .. 

IOO 

92CS-H7H 

Flg.14 - Input AJmlftanc• (Y ie} 

'oo 

i ,,l---+--+-+++--+---1--+-"'---'--l-'-.U..'---"--J 

~~ 

11·~-+-+-+++-+-+-+++-+-+-+++u~~~ 
iiw 2 a ; I ,__..-+-........__,__~-l---17__J_vJA.l._1l-A--J 

' 0.1 

J...-" _.. 
4 6e1 2 4 6 IO 2 • 6 IOO 

FREQUENCY(f)-MHz 

Fi9.15 - Output Admittance (Yoe> 

Fig. 16 - Reverse Transfer AJmittance (Y re) 

COLLECTOR CURRENT IIcJ-111.A ncs-nnz 

Flg.17 - Typical Goin-BonJwiJth ProJuct <frl •• 
Collector Current 



CA3019 

Ultra-Fast Low-Capacitance 
Matched Diodes 
For Applications in Communications 
and Switching Systems 

The RCA-CA3019 consists of six ultra-fast, 
low capacitance diodes on a common mono
lithic substrate. Integrated circuit construc
tion assures excellent static and dynamic 
matching of the diodes, making the array ex
tremely useful for a wide variety of appli
cations in communication and switching 
systems. 

Four of the diodes are internally connected 
as a "quad" and two are independently ac
cessible. The substrate is internally connected 
to the 10-lead T0·5-style case. 

92CS-14254 

*connect to most negative circuit potential. 

For applications such as balanced modulators 
or ring modulators where capacitive balance 
is important, the substrate should be returned 
to a DC potential which is significantly more 
negative (with respect to the active diodes) 
than the peak signal applied. 

Fig. 1 - Schematic Diagram. 

ELECTRICAL CHARACTERISTICS, at TA= 25°C 

Characteristics Apply for Each Diode Unit, Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS SPECIAL TEST CONDITIONS TYPE CA3019 

Min. Typ. Max. Units 

DC Forward Voltage Drop DC Forward Current (I Fi= 1 mA - 0.73 0.78 v 
DC Reverse. Breakdown Voltage DC Reverse Current (IR) = -10 µA 4 6 - v 
DC Reverse Breakdown Voltage 

Between any Diode Unit and DC Reverse Current (IR)= -10µA 25 80 - v 
Substrate 

DC Reverse (Leakage) Current DC Reverse Voltage (V R) =-4 V - 0.0055 10 µA 

DC Reverse (Leakage) Current 
Between any Diode Unit and DC Reverse Voltage (VRI = -4 V - 0.010 10 µA 

Substrate 

Magnitude of Diode Offset 
Voltage (Difference in DC 

DC Forward Current (IF)= 1 mA - 1 5 mV 
Forward Voltage Drops of 
any Two Diode Units) 

Single Diode Capacitance Frequency (fl = 1 MHz 
- 1.8 - pF 

DC Reverse Voltage (V R) = -2V 

Frequency (fl = 1 MHz 
DC Reverse Voltage (V RI 

Diode o·uad-to-Substrate 
between Terminal 2,5,6, or 8 of 
Diode Quad and Terminal 7 

Capacitance (Substrate) = -2 V 

Terminal 2 or 6 to Terminal 7 - 4.4 - pF 

Terminal 5 or 8 to Terminal 7 - 2.7 - pF 

Series Gate Switching - 10 - mV 
Pedestal Voltage 

Features: 

• Excellent Diode Match 
• Low Leakage Current 
• Low Pedestal Voltage when Gating 
•Companion Application Note, ICAN-5299: 

"Application of the RCA-CA3019 Inte
grated-Circuit Diode Array" 

• Analog Switch 

Applications: 

•Modulator 
•Mixer 
•Balanced Modulator 

• Diode Gate for 
Chopper-Modulator 
Applications 

Absolute-Maximum Ratings: 

DISSIPATION: 
Any one diode unit . 
Total for device . 

TEMPERATURE RANGE: 
Stor'age 
Operating 

DC Forward Current, IF 
Peak Recurrent Forward 

Current, If 
Peak Forward Surge 

Current, If (surge) 
VOLTAGE: See Table 

20 max. mW 
120 max. mW 

-65 to +200 °C 
-55to+125 °C 

25 mA 

100 mA 

100 mA 

Absolute-Maximum Voltage Limits: 

VOLTAGE 
TERM. LIMITS CONDITIONS 

NEG. POS. TERM. VOLT. 

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 
1,2, 

7 -18 0 3,6, 0 
8 

8 -3 +12 7 -6 

9 -3 +12 7 -6 

10 NO CONNECTION 
INTERNALLY CONNECTED 

CASE TO TERMINAL 7 
DO NOT GROUND 



DC FORWARO CURRENT \lf)•lmA 

§ 
I 
~0.9 

~ 
~ 0.8 

~ 

0.4 _,. 
-50 -~ IOO .. 

AMBIENT TElll'ERATUM (TAl-*C 

Fig. 2 - DC forward voltage drop (any diode) as 
a function of temperature. 

AMBIENT TEMPERATURE !TA) • 25•c 
FREQUENCY {fl • I MH1 

l 2 3 4 
DC "£VERSE VOLTS (Vftl llETWEEN TERMINAL 2 OR 6 

AHO SUBSTRATE !TERMINAL 71 

Fig. 5 - Diode quad-to-substrate capacitance as a 
function of reverse voltage. 

OC REVERSE VOLTS lllfll ACROSS OIOOE • 4 

0 _,. 

Fig. 3 - Reverse (leakage) current (any diode) 
as a function of temperature. 

AMBIENT TEMPERATURE (TA) • 2$'"C 
FR£0UENCY lfl • I MH1 

I 2 3 4 
DC REVERSE VOLTS (VRI BETWEEN TERMINALS !I OR 8 

ANO SUBSf"RATE (TERMINAL T) 

Fig. 6 - Diode quad-to-substrate capacitance as a 
function of reverse voltage. 

~ 
g 2 
c 

AMBIENT TEMPERATURE TA)•25"C 
FREQUENCY {Fl• IMHl 

CA3019 

I 2 3 
DC REVERSE VOLTS (VRl ACROSS DIODE 

Fig. 4 - Diode capacitance (any diode) as a function 
of reverse voltage. 

OSCILLOSCOPE· 
TEKTRONIX TYPE 
585 WITH TYPE-8 

PLUG-IN UNIT 

EQUIVALENT 

Fig. 7 - Series gate switching test setup. 



CA3020,CA3020A 
Multl·Purpose Wideband 
Power Amplifiers 

For, Military, lnduslrit 
and Commercial Equipment 
at Freauencies up tu 8 MHz 

The RCA-CA~020 and CA3020A are Integrated-Circuit, 
Multistage, Multipurpose, Wide-Band Power Amplifiers 
on a single monolithic silicon chip. They employ a 
highly versatile and stable direct·coupled circuit con
figuration featuring wide frequency range, high voltage 
and power gain, and high power output. These features 
plus inherent stability over a wide temperatwe range 
make the CA3020 and CA3020A extremely useful for a 
wide variety of applications in military, industrial, and 
commercial equipment. 

ABSOLUTE-MAXIMUM RATINGS: 

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, T0-5 
style 12-lead packages. 

DIS!:PT~~~~Oc .......... ~I~~~~~~~~~ '.'.M·K· ..... I w 'At Tc • 2s0 c .w~~~ ~~~~ '.'~~ ....... 2 w 
Above TA= 2S°C ............. derate linearly 6.7 mW.PC At Tc= 2s0 c to Tc= ss0 c ......... 2 W 

Above TC = SS°C .. derate linearly 16. 7 mW ; 0 c 
TEMPERATURE RANGE: 

Operating . . . . . . . . . . . . . . ............. , .. -ss0 c to + 12s0 c 
Storage ................................ -6S0 c to + 1so°C 

LEAD TEMPERA TU RE (During Soldering): 

At distance 1/ 16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for I 0 seconds max. . ..................... . +26S 0c 

MAXIMUM VOLT AGE 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 1 with respect to terminal 12 is 0 to +10 volts. 

TERM-
INAL l 2 3 4 5 6 7 8 9 10 11 12 
No. 

l . . . • 0 
·10/·12 

•3 . •10 
Notel 0 

2 . . . . . ., 
·2 

3 . . . . ., 
-2 . . 

4 +18/+25 . .. +18/+25 

0 
0 

5 . . •3 
Note 2 . 

6 0 •3 
·18f25 Note 2 . 

7 . . . +18/+25 
0 

8 Note 3 . Note 3 
0 

9 •10 Note 1 '106<12 
0 0 

10 •10 
0 

11 . 
12 

REF. 

~;~:;.. 

MAXIMUM 
CURRENT RATINGS 

TERM· 

''" 'g~r INAL 
No. mA 

I 20 

2 

3 

4 300 

5 300 

6 300 

7 300 

8 

9 20 

10 l 

11 20 

12 

Note 1: This voltage iS established by the maximum current 
rating. 

* Voltages are not normally applied between these terminals. 

Note 2: The emitters of Q6 and Q7 may be returned to a nega
tive voltage supply througb emitter resistors. Current 
into terminal No.9 should not be exceeded and the 
total device dissipation should not be exceeded. 

Note 3: Terminal No.8 may be connected to terminals Nos.9, 
11, or 12. 

Voltages appearing between these terminals will be safe i£ 
the specified limits between all other terminals are not 
exceeded. 

I._ Higher value is for CA3020A. 

SCHEMATIC DIAGRAM FOR CA.3020 AND CA3020A 

"' 

Fig.I 

The resistance ~alues included on the schematic dia
gram have been s11pplied as a convenience to assist 
Equipment Manufacturers in optimizing the selection 
of ''outboard'' components of equipment designs. The 
values shown may vary as much as ± 30%. 

RCA reserves the right to make any changes in the Re
sistance Values provided such changes do not ad· 
versely affect the published performance .characteris
tics of the device. 

FEATURES 

•High power output • clou B amplifier -
CA3020 .... 0.5 watt typ. at V CC = + 9V 
CA3020A ••• 1.0 watt typ. at V CC = + 12V 

•Wide frequency range --
Up to 8 MHZ with resistive loads 

•High power gain ...•............ 75db typ. 

•Single power s.upply for closs B operation 
with transformer --
CA3020 .................. 3 ta 9V 
CA3020A ................. 3 to 12V 

•Built-in temperature-tracking voltage 
regulator provides stable operation over 
-55°C to + 125aC temperature range 

APPLICA TIOHS 

•AF pow•r amplifiers for portable and fixed sound and 
communications systems 

•Servo-control amplifiers 

•Wide-band linear mixers 

•Video power amplifiers 

• Transmi ssian·line driver amplifiers (balanced and 
unbalanced) 

•Fan-in and fan-out amplifiers for computer logic 
circuits 

•Lamp-control amplifiers 

•Motor-control amplifiers 

•Power multh,ibrator 

•Power swikhes 

•Companion Application Mote, ICAH 5766 "Application 
of CA3020 and CA3020A Integrated Circuit Multi· 
purpose Wide.Band Power Atnplifien!': 



ELECTRICAL.CHARACTERISTICS AT TA= 25°C 

CHARACTER! STI CS 

Collector·to-E11itter 
Breakdown Vollale, Q5 & Q7 
at lOmA 

Collector-to-Emitte1 
Breakdown Voltage, Q1 
at0.1 mA 

Idle Currents, Q6 &Q7 

Peak Output Currents, 
fl&& Q7 

Cutoff Currents, 
Q5 & Q7 

Oifferetial Amplifier 
Current Drain 

Total Current Dram 

Differential Amplifief 
lnputTerminalVollqes 

Reaulator Terminal Voltap 

Q, Cutoff (Leak31e) Currents: 
CollectOl·lo-Emitter 

Emitter·lo·Base 

Collector·to-Base 

Forward Current Transfer 
Ratio, Q1 atJmA 

Bandwidth at · 3 dB Point 

Maximum Power OUlllJl 

Sensitivity for !our.= 400 mW 

Sensitivity for Pour= 800 mW 

Input Resistance-·--
Terminal 3 to Ground 

Junctioo-to-Case 
Ttlermal Resistance 

a Rec= 13011 

b Rec= 200n 

SYMBOLS 

V(BR)CER 

V(BR)CEO 

14 IOLE 
17 IOLE 

l4PK 
l7PK 
14 CUTOFF 
17 CUTOFF 

ICC! 

ICCI + 
ICC2 

V2 
V3 

V11 

ICED 

IEBO 

.!m 
hFEl 

8W 

PO(MAX) 

'IN 

'IN 

RIN3 

eJ.c 

TEST CONDIT! OllS 

CIRCUIT DC LIMITS 

AND SUPPLY CA3020 
PROCEDURE VOLTAGE 

FIG. Ycc1 Ycc2 MIN. TVP. 

2, 18 

ID 

4 9.0 2.0 5.5 

4 9.0 2.0 110 

4 9.0 2.0 

4 9.0 9.0 6.3 9.4 

4 9.0 9.0 8.0 21.5 

4 9.0 2.0 1.11 

4 9.0 2.0 2.35 

10.0 -
3.0 -
3.0 -
6.0 30 75 

6.0 6.0 8 

6.0 6.0 200 300' 

6 9.0 9.0 400 sso• 
9.0 12.0 

6 9.0 9.0 35• 

6 9.0 12.0 

9 6.0 6.0 1000 

- - -

TYPICAL PERFORMANCE DATA 

MAX. MIN. 

25 

10 

180 

l.O 

12.5 6.3 

35.0 14.0 

100 

0.1 -
0.1 -

30 

200 

- 400 

800 

55 

60 

An Extemol RMlafw is Recommend.cf lw Hlgll A.inltlent Temperature 0,-.tlon 

CHARACTERISTICS SYMBOLS CA3020 CA3020A 

Vc2.i 9.0 9.0 
Power Supply Voltage 

Vcc2 9.0 12.o 

Dill. Ampl. ·1C£1. 15 15 
Zero Signal Current Output Amp I. 

1cc2 24 24 

Dill. Ampl. lc'll. 16 16.6 
Maximum Signal Currenl Output Ampl. 1cc2 J2.5 140 

Maximum Power Outpul at THO • 10% Po 550 1000 

Sensitivity e1N 35 45 

Power Gain Gp 75 75 

Input Resistance RIN 55 55 

Efficiency Tj 45 55 

Signal-to-Noise Ratio S/N 70 66 

THO al 150 mW level 3.1 3.3 

Test Signal Frequency lrom 6000 Generator 1000 1000 

Equivalenl Colleclor·lo-Colleclor Load Resistance Rec 130 200 

LIMITS 

CA3-

TYP. MAX. 

5.5 

1.0 

9.4 12.5 

21.5 30.0 

1.11 

2.35 

100 

0.1 

- 0.1 

75 

8 

300' 
5541' 
looo" 

51Jb 100 

1000 

60 

UNITS 

v 

mA 

mA 

mW 

mV 

dB 

kO 

'I> 

dB 

'I> 

Hz 

n 

UNITS 

v 

v 

oA 

mA 

•A 

oA 

mA 

v 
v 

µ.A 

MHz 

mW 

.v 
mV 

fl 

'CIW 

.;: 
!! 

I 
~ 
i 
i 

CA3020,CA3020A 

L CatlllCtar·to-.nitter bnHdawn vol-.. COe • 0,J circuit 

.--~-.------Vcc1 
Vcc2 

b. Typinl audio .,....ifW ctrouit ut111ztn1.,.. '"A3020 or 
CA3020A • M 8UdiO p.....,.pllfier •nd cl- B poww • 
•mplifier 

flg.2 

TYPICAL TRANSFER CHARACTERISTICS 

a. Test Setup 

..... c 

•ZS•C 

+t •c 

ft ... 

~ 
0 

-25 0 25 50 15 
75 50 H 0 -25 

J:40N"-f-J:7"oN• 
DlffEl'ENllAL AMPLIFIER INPUTMILUVOl.."TS(Yzl) 92CS-152211S 

b. Characteristic• with R10 shorted out 

Fig.3 



CA3020,CA3020A 
STATIC CURRENT ANO VOLTAGE TEST CIRCUIT 

CURRENTS OR SI S2 VOLTAGES 
CURRENTS OR SI S2 VOLTAGES 

14·1DLE open open 1cc1 open open 

17-IDLE open open 1cc2 
open open 

14·PEAK open close V2. open open 

17.~ close open 

14-CUTOFF close open 

V3 open open 

Vu open open 

17-CL.;TOFF open close 

Fig.<4 

MEASUREMENT OF BANDWIDTH AT -3 dB POINTS 

PROCEDURES: 

1. Apply desired value of V CC and V CC 2. :~~Y(r~:rz input signal arld adjust r2r e1N = 
a. T e•t Setup 

3. (~=~e~~dn~~ev~~~~~ting value of eOUT in dB 

4. xa~y .ina~~t-~:~~:; ::::~=~~r~s k:;~;:g a:lrb~~on:t~n ~:: 
at whkh eOUT decreases 3 dB below reference value. 

5. Record bandwidth as frequency range between -3 dB ~ 
points. '! 

!:! 300 
Fig.5 

MEASUREMENTS OF ZERO-SIGNAL DC CURRENT DRAIN, MAXIMUM-SIGNAL DC CURRENT DRAIN, 
MAXIMUM POWER OUTPUT, CIRCUIT EFFICIENCY, SENSITIVITY, AND TRANSDUCER POWER GAIN 

•T, Puoh.Pul!OutputTronsfonn.,; Lood 
R•oo'1on<• IR1J should b• Hloc!ed to 
p•o•id1indi<ot•d<ollooto•·l•·<•ll•tto• 
Loodlmpodonoo{Rcc) 

PROC EOUR ES: 
Zero-Signol DC Current Drain 

... vcc2 

1. :1~~~ g;sired Value or Vcc 1 and Vcc 2 11:nd reduce 

2. ~:zo;~0.;~=~~\i'i>gc ~~lr~=~t ~~ai~<_:c 1 and Icc2 in mA 

Fig.10 

Max~mllm·Signal DC Current Drain, Maximum Pawer 
Output, Chcuit Effic:ienc:y, Sensitivity, and Transducer 
Power Gain 

1. Apply desired value of Vee and Vee and adjust 

e 1N to the value at which the1Tota1 Hamfonic Oistor• 

tion in the output of the amplifier = 10% 

2. Record resulting value of Ice .and Ice in mA as 

Maximum-Signal DC Current oiain 2 

3. Determine resulting a1I'.plifier power output in watts 

and record as Maximum Power Output (POUT) 

4. Calculate Circuit Efficiency (7J) in % as follows: 

T/"" 100 ___ P_,O,_,U'-'T~-
V cc /cc1 +Vcc21cc2 

where POUT is in watts, V CC and V CC are in 

volts, and Ice and Ice are1 in ampere7k. 

5. Record value of1e1N in mV2 (rms) required in Step 1 

as Sensitivity (e1N) 

6. Calculate Transducer Power Gain (Gp> in dB as 

Fig.6 

follows: . p OUT 
GP= 10log10-p;--

e 2 
where PIN (in mW) = IN 

3000 + RIN(lO) 

ZERO SIGNAL AMPLIFIER CURRENT u DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE 

a, Test Setup 

0 
2 

5 OPEN. 

DIFFERENTIAL AMPLIFIER SUPPLY VOLTS Ncc1l 

b. Differential Amplifier Characteristics 

-45"C 

+2!5-C 

0255075 
25 0 -25 

I4"0N"-t- l:7"0N" 

01f'FER£NTIAL AMPLIFIER INPUTMILLIVOLT$(Vz3) 

b. Characteristics with R10 in circuit 

Fig.7 

AMBIENT TEMPERATURE {TA •25°C 

0 
2 

DIFFERENTIAL AMPLIFIER SUPPLY VOLTS Ncc1l 

c. Output Amplifier Characteristics 



MEASUREMENT OF INPUT RESISTANCE 

+Vcc:1 +Ycc:2 PROCEDURES, 

Input R•slstance T•rmlnal 10 lo Ground ( RIN ) 

1. ~::~rio~eilred value of v cc 1 aad v cc2 and .99\0s in 

2. Adjuat 1 - kHz input ror desired algnal level or mea
surement 

!: ::~':,':!. ~::~1~i= :ii:e or R as RIN 
10 

Input R•slstanc• T•rntlnal 3 to Ground (RIN ) 

1. :~:l~0:e2sired value of V CC 1 and V CC2 se\ S in 

2. Adjust t - kHz input for desired si1nal level of me• .. 
su:remeat 

3. Adjust R fo:r e 2 = e 1/2 

4. Reco:rd resulUnc value of R ss RIN 3 

Fig.9 

MEASUREMENT OF SIGNAL-TO-NOISE RATIO 

A.ND TOTAL HARMONIC DISTORTION 

+Vcc1 +VCC2 

PROCEDURES, 
Sl9nol-to-Molse Rotlo 

t. Close s1 and s 3 ; open s 2 

• • 

2. Appl;, desired values of V CC and V CC 

3. Adjust e1N for an amplifie:r1 output o~ lSOmW and 

:record :resultlnc value of EouT in dB as eOUT 
(reference value) 1 

4. Open s1 and :record :resulting value of eOUT in dB as 

11 0UT2 
eOUT 

s. Signal-to-Noise Ratio (S/N) = 2010110 --1 • 
eOUT2 

Total Harmonic Distortion 

I. CloH s 1 and s2 ; open s3 
2. Apply desired values of V CC and V CC 

3. Adjust e 15 fo:r desired level JmpUfler 03\put power 

4. Record Total Harmonic Distortion (THD) in "fo 

ZERO SIGNAL AMPLIFIER CURRENT 

va AMBIENT TEMPERATURE 

Fig.10 

BALLANTlN[ 
MODEL 320 

OR 
EQUIVALENT 

AMBIENT TEMPERATURE ITAl-"C 

b. Differential Amplifier Choroctefistics 
o. Teat Setup 

Fig.12 

0 
-oo 

CA3020,CA3020A 

a. Teat Setup 

POWER AMPLIFIER COLLECTOR VOLTS (V4,V7) 

b. Choracterlstlc 

Fig.11 

0 !50 100 
AMBIENT TEMPERATURE ITA J-•c 

c. Output Amplifier Characterlstic1 



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
co1U1ected diodes on a single chip, hermetically sealed in a 12-lead T0-5 style 
package. The diodes may be connected to provide limiting in FM: applications. 

The CA3021, CA3022, and CA;J023 have the same maximum ratings, and differ 
principally in dissipation (de power requirements) and bandwidth capability. All 
three devices are designed for operation over the temperature range from -55° C to 
+125° C. 

APPLICATIONS 

• Gain-Controlled Linear Amplifiers 

• AM/FM_ IF Amplifiers • Video Amplifiers • Limiters 

SCHEMATIC DIAGRAM FOR CA3021, CA3022, AND CA3023 

ABSOLUTE-MAXIMUM RATINGS1 

OPERATING-TEMPERATURE RANGE -55°C to +125°C' 

STORAGE-TEMPERATURE RANGE -65°C' to +150°C 

LEAD TEMPERATURE <During Soldering): 

Atdi~lan..:e l/lh± l/32in..:h(l.5\J±0.79m111) 

from ..:a~e for lO se..:onds max. , .... +265°C' 

HIGHLIGHTS 

• Low DC Power Drain: 

{
CA31121 '4 mW typ. l at Vee 

Po ~~:~~ • ~~ !;~,;" I . 6 v 

• Excellent frequency response: 
.3 dB I CA3021 . 2.4 MH. typ. 

BW t~:~~~ -~(,SMMHHzzt~~-
• High Voltage Gain: 

\ CA3021 • 56 dB typ. at 0.5 MH, 

A)~~~;~ : ~~ ~= :~:: :: ~-~~~z 
• Wide AGC Range: 33 dB typ. 

DEVICE DISSIPATION. PT 

INPUT-SIGNAL VOLTAGE .. 

120 max. mW • Only one power supply (4.5 to 12 V) required 

-3, +3 max, V 

DC VOLT AGES AND CURRENTS . See Table Below 

VOLTAGE OR 
CURRENT LIMITS 

CIRCUIT CONDITIONS 

TERMINAL NEGATIVE POSITIVE TERMINAL CONDITIONS 

Connected to 

1 
Voltage 
Sour-ce 

through lOOD 
1 -3V +3V Resistor 

5 +12V 

10, 11, 12 Ground 

5 +12V 
2 ·3V +12V 

10, 11, 12 Ground 

5 +12V 
3 ov +l2V 

10, 11, 12 Ground 

4 ·12V +12V 6, 11 Ground 
10 max. mA 

5 ov +18V 10, 11, 12 Ground 

6 -12V T +l2V 5, 11 G!ound 
10 max. mA 

DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 

0 
4 

' S..:t:I:l . 
4 'r~~F.-3 :::.·;::lr:f:ci 

:::;:..::i 

ca ffi:f 
" DC SUPPLY VOLTS l\lccl 

Flg.J(b) 

• Hermetically Sealed 12-Leod T0-5-style pockoge 

• Operation from -55° C to + 12~ C 

VOLTAGE OR CIRCUIT CONDITIONS 
CURRENT LIMITS 

TERMINAL NEGATIVE POSITIVE TERMINAL CONDITIONS 

5 +-12V 
7 ov +l2V 

10, 11, 12 Ground 

5 +12V 
8 20 max. mA 

10, 11, 12 Ground 

5 +12V 
9 -0.5V +3V 

10, 11, 12 Ground 

2,5 +12V 
10 ov '4V 

11 Ground 

2 Ground 
11 ·6V +-12V 

5 +12V 

2,5 +12V 
12 ov '4V 

11 Ground 

DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 

FOR CA3023 

100 

+ 

" oc SUPPLY VOLTS (Vccl 

Fig.J(c) 

,, 
3.91( 

Fig.1 

ALL RESISTANCE 
VALUES ARE 1N 
OHMS 

TEST SETUP FOR MEASUREMENT OF DEVICE DISSIPATION 

AND QUIESCENT OUTPUT VOLT AGE 

Fig.2 

DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 

FOR CA3021 

30 

" 

DC SUPPLY VOLTS l\lccl 

DEVICE DISSIPATION VS TEMPERATURE FOR 

c 20 .. ;~'§ ~O: .cg~ ,;~. 

~ l!:i :.~.:_: ~~-f:ffi ~? .. ::3~ ~t:, . ,. 
~ ~ :~~~ --=.. · :::: A~o22 •~, 

IO'~~':;~ -·afc~\021 
7!1 -2!:1 0 2!:1 125 

AMBIENT TEMPERATURE (TAJ-°C 
92CS-1•388 

fl9.3(d) 



ELECTRICAL CHARACTERISTICS, at TA= 25° c, Vee "' +sv. unless otherwise specified 

TEST CONDITIONS 

FEEDBACK 

CHARACTERISTIC 
TEST SETUP RESISTANCE CA3021 

SYMBO' ANO (R~) BETWEEN FRE· (TA5219) 
-- PROCEDURE TERMINALS QUENCY 

3ANO 7 f . 

Fig. il MHz Min. TyJ Max. 

Device 4 8 

Dissipation Pr 

Quiescent 39k 2.2 -
Output Vo !Ok 
Voltage 4.7k 

~GC Source 
Qurent 1AGC 0.8 

560k 0.5 50 56 

39k 0.8 40 46 

39k 2.5 -
Voltage Gain 

!Ok 3 -
18k 5 

4.7k 10 

39k 0.8 2.4 -
Bandwidth at 
·3 dB Point BW !Ok 

4.7k 

39k 4000 -
Input 

R1N tnput· Resistance !Ok 5. 

Impedance 4.7k 10 
Compo-

Input nents 
Capaci- CtN 

·11 39k 

!Ok 
tance 4.7k 10 

39k 300 -
Output 

Rour Resistance !Ok 

4.7k 10 

CA3022 
(TA5236) 

Mm. Typ. Max. 

12.5 24 

1.9 -

0.8 

50 57 -
40 44 -

7.5 -

1300 -

18 -

120 -

CA3023 
ITA5218) 

Min. Typ. Max. 

24 35 48 

1.3 

0.8 -

50 53 

40 44 

10 16 

- 300 -

13 

- 100 

UNITS 

Units 

mW 

mW 

mW 

v 
v 

mA 

dB 

dB 

dB 

dB 

dB 

dB 

MHz 

MHz 

MHz 

il 

il 

il 

pf 

pf 

pf 

il 

il 

il 

TYPICAL 
CHARAC· 
TERISTIC 

CURVE 

F.!L 
3ad 

3b,d 

3c,d 

6a 

6a,d 

6b 

6b,d 

6c 

6c,d 

6a 

6b 

6c 

CA3021,CA3022, CA3023 
TEST SETUP FOR MEASUREMENT OF AGC 

SOURCE CURRENT 

Vee ,., 

vAGc· ... •v 

IAGC IS THE CURRENT FLOWING INTO TERMINAL 2. 

Fig.4 

TEST SETUP FOR MEASUREMENTSOF VOLTAGE-GAIN, -3dB 

BANDWIDTH, AND MAXIMUM OUTPUT VOLT AGE 

PROCEDURES 

Voltage Gain: 

Vee 
'6V 

(a) Set ein = O.S mVat frequency specified, read eout Voltage Gain 
'out 

IA) = 20 LoglO -
Bandwidth: ein 
{a) Set e0ut to a ccnvenient reference voltage at f "' 100 kHz and 
record corresponding value of !in• 

~~~~cr~!~,:~~i:i~~~· keeping ejn constant until e00t drops 

Fig.S 

dB 4.2 8.5 -
39k VOLTAGE GAIN VS FREQUENCY FOR C.t.3021 

Noise Figure NF !Ok 

4.7k 

AGC Range AGC 10 

10 

Maximum 39k 

output Vollage Vout !Ok 
(RMS Value) 4.lk 10 

VOL TA.GE GAIN VS FREQUENCY POR CA.3022 

50 
.I=_ 
.lJ.il..tl. ~ .. 

,. JU.:• ~ llK_ 

20 

00 

0 

' . '. ' . .. ' . .. 
FREOUENCY(ll-MHt 

Flg.6(b) 

4.4 8.5 - dB 

- 6.5 8.5 dB 

33 dB 

33 - dB 

33 dB 

0.6 ~ms 

0.7 - - Y(rms 

- 0.5 - Y(rms) 

VOL TA.GE GAIN VS FREQUENCY FOR CA3023 

FEEDBACK RESISTANCE CRIJ! 
CONNECTED BETWEEN TERM
INALS No 3 ANO 7 

4 6 e 1 2 4 6 ero 
FREOUEMCV C fl -MHi 

fig.6(c) 

0.1 ' . ' 
FREQUENCY If 1-MHz 

6 a 10 

Fig.6(a) 

VOLTAGE GAIN VS TEMPERATURE FOR CA3021, 

CA3022, AND CA.3023 

oc SUPPLY VOLTS !Vccl-+ 6 
TERMINALS No.JO,! L, ANO 12 CONNECTED 

TO GROUND 

FEEDBACK RESISTANCE (R,Bl CONNECTED 

BETWEEN TERMINALS No. 3 ANO No.7 

3 

TYPE~ 
CA3021 39 I 

cA3022 ro 5 

CA"5023 4.7 

-76 -50 -25 25 50 75 12!) 1$) 

AMBIENT TEMPERATURE (TA 1-"C 

fig.6(dJ 



CA3021,CA3022, CA3023 

TEST SETUP FOR MEASUREMENT OF IHPUT

IMPEDAHCE COMPONENTS 
Vee ... 

* ein !:_ 10 mV 
Fig.7 

TEST SETUP FOR MEASUREMENT OF OUTPUT 

'• 

•ee ••v 
RESISTANCE 

Fig.8 

TEST SETUP FOR MEASUREMENT OF AGC RAMGE 

+sv +0.7V 

A WITH S lN POSITION 1 

AGC RANGE = 20 LOGlO A WITH S IN POSITION 2 

(A"' VOLTAGE GAIN) 

CA3021 

CA3022 

CA3023 

fig.10 

~ 
MHz 

1 

5 

10 

TEST SETUP FOR MEASUREMENT OF NOISE FIGURE 

1-MHl 
TANK CIRCUIT 

f 

CA302l - Rj3 " 39 kD 

CA3022 - R,3" IO kD 

CA3023 - Rp = 4.7 kn 

Vee• ... 

Fig.9 

ICUT :: 

CA3021 39 

CA302Z 10 

CA3023 4'_7 



Dual Independent 
Dlfferentlal Ampllflers 
TheCA30'l6 and CA3ffi4 each cons is ta of two independent 
differential amplifiers with associated coostant-current 
transistors on a common monolithic substrate. The six 
n~p-n transistors which comprise the amplifiers are 
general purpose devices which exhibit low 1 /f noise and 
a value ot fr in excess of 300 MHz. These features 
make the CA.1006 and CA:JOM useful f'rom de to 120 MHz. 
Bias and load resistors have been. omitted to provide 
maximum application nexibility. 

The monolithic construction of the CA°3006 and CA:lCli4 
providesclose electrical and thermal matching of the 
amplifiers. This feature makes these devices particularly 
useful in dual channel applications where matched pcr
fonnance ol the two chaMcls is required. 

For low-Power A•licllil1s 
II Freq1encies fra1 DC 

to 120 MHz 
APPLICATIONS 

• Dual 1en1e amplifiers 

• Dual Schmitt tri91en 

•Multifunction combination• .. RF 'Mix.r Oscillator; 
Con..,11rter1 IF 

•IF amplifien (differential and or cucode) 

• Procl"ct d•tectors 

• o.tily "loncecl mod"lators oncl clemoch1lotors 

• Bolonced q.ioclrot"r• detectors 

• Cncode liMiters 

• Synchronous detector1 

• Poir1 of ltalanced •iHr1 

• Synthesiaer miHr1 

• Balanced (push.pull) encode amplifiers 

MAXIMUM RATINGS, ABSOLUTE·MAXIMllM VALUES, ATTA= 25°C 

Power DiHipation, P: CA3026 CA30~ The followln1 ratinp apply for each transistor in the device: 
Afy one traneietor . • . . • 300 • • . . 300 
Total packqe • . . . . . • • 600 . . . . 750 
For TA> 56't •••. Oerate at5.... 6.67 

Temperature Ranp: · 

Operatin1 . . • . . . . • , •.... -55 to + 125 
Stora1e . . . . . . . . . . , , ... ~5 to + 150 

l.Hd Temperature (During Soldering!: 
At dist8ncc 1/16 t 1/32 inch (1.59 t 0.79mm) 

mW 
mW 

mW/°c 

oc 
OC 

from case for 10 seconds max. . ...... +265 °c 

Collector-to·Emltter Voltap, Vcao ..• · · · · • IS v 
CollectOl'·to-Base Voltage, Vceo· • • • • • • • • · 20 v 
Collector-t.o-Sa.bstr11te Voltaae, Vero*· • • • • · • 20 v 
Elaltter-to•Base Voltap, VEBO · . · • • • • • • • • s v 
Collector Cllft'ent, 1c .... • ·. · · · · . · · · · · · · so mA 

• Tha collector of each transistor ot the CA3026 and cA3054 is 
Isolated from the substrate by an lntetral diode. The subltnite 1111.181 
be connecled CO a uoltOlfll ulaich U ,..... ,.,.We Ihm ~ colleceor 
uolla&V in order to mmintain illOlation between W..iaiont and prouide 

(OI' norwoJ tronsistor action. The sub.trate should be maintained at 
siflnal fACI Wollld bJ' means a( a suilable ,aunding capacitor, to avoid 
LftdeaiTed coupling between bumistors. 

Maximum Voltage Ratings 

The following c:hart 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 tenninal 1 t and hcrizootal terminal 3 t is +15 to -5 
volts. 

t For CA30216jcomt1pondina terminale for CA3054 are vertical 
terminal 2 mid horizontal terminal 4. 

Maximum 

6 7 8 • II 12 
Current Rating• CA305' -TERMINAL NO. 13 " I 

CA302-
TERMINAL 10 II •.. 

13 10' 0 
-20 

14 II 

12 

II 

12 

12 I 

" -s 

'20 
0 

•IS 
-s 
'20 
0 

'20 
0 

•IS 
-s 
•I 
-s 

4 s 

0 
-20 

6 7 

•S 
-s 

'20 
0 

Note 1 • 

•IS 
-s 

•IS 
·S 

•I _, 

Note 1 CA.305' CA3026 • TERr.tNAL TERMINAL 
No.• No . 

13 10 

'20 14 11 0 

'20 12 0 

'20 
0 

•20 
0 

II 

12 

••• .... 
strate 

''" 1ouT 
mA mA 

0-1 

so 0.1 

so 0.1 

0.1 

0.1 

0.1 -so 

0.1 

so 0.1 

so 0.1 

0.1 

0.1 

0.1 so 

• ~::~:::: ;'pe~n:°h::!1:e:~:: ~eer~::ie 1~?ijj t!:'=~:':r _j • Tenpinal No.10 ofCA3054 i• not user! 
~':e:.f:d.ified limits between all othH terminal• are 110t 

Mot• h Jn the CA3026 terminal No.9 iaconnectedto the emitter 

~~~d ~~ re~re,::,.:~~tra+~o•:!~ac11119•~j~:nO:(~~O~~ 
~Cfor'bo!~~t8.J::z&•!:l th!'8C~'05:.-wh~1re~er8 .~°:!S:::i~k 
ia abown in one column 9 and a rating ia shown in the other 
column 9, the asteriak ahould be ipored. 

CA3026,CA3054 
FEATURES 

•Two cliff.rantiol omplifi•rs on o comMon 1u~1trote 

e lnclep .. nclently accessible inputs ancl outputs 

• Maximum input offset voltog• •• t 5 mV 

• Full military .. mperatur• rang• capotlility 80 -SS°C to 
+125°C 

• Limit•cl temperotur• rant• •• o°C to 85°C for CA.305' 

• The CA3064 is available in a sealed-junction 
Beam·Lead version ICA3064L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

• CA3026-Hermetic 12-lead T0·5 package 

• CA3054-14-lead dual·in·line plastic package 

Fi9.Ja • Sdemotlc Diagram lot CA.1026. 

Ill? 
~ rn 

SuBSTIU,T[ 

Fi9.rf1 • Sdematic Diagram for C.005~. 

CAUTION: Substrate Ml.5T be maintained negative with 
respect to all collector terminals of this device. See 
Maximum Voltage Ratings chart. · 

TYPICAL STATIC CHARACTERISTICS 

iOf"! £MITTER CURMNT II I •O 

AMBIENT T£MP£RATURE ITal--C • 

For CA3054: UH data from rfC to &S°t. only 

Flg.2 • Collector·fo·"1H cutoff current vsam6ienttemper• 
ature lor eac#t transistor. 

t:-&1i~~~~:e:~:'"~:~.~:~:~ 100: 

~ 
~ L lZ 

~ . 
: . 
ii 

~ 
v 

:v v 
O.o . . . . ' . . . . IO 

COllECTOFI MILLIAMPERES Itel 

Fig.3 • Input bias cur,..nt choracteristic YI collecfot 
current lw eaclr transistor. 



CA3026,CA3054 

ELECTRICAL CHARACTERISTICS at TA= 25°C 

CHARACTERISTIC.S SYMBOLS TEST CONDITIONS 

STATIC CHARACTERISTICS 

For Each Differential Amplifier 

Input Offset Voltage ~ 
Input Offset. Current lw 
Input Bias Current It Vea. 3 v 

Quiescent Operating qQn,(q11;i 
IE(Q3t !E(Q4)= 1 mA Current Ratio lctQil lqll;l 

Temperature Coefficient 16 v101 
Magnitude of lnput·Offset Voltage ~ 

For Each Transistor 

) le • 50 µA 
DC Forward Base-to-

VBE V .JV I mA 
Em1tte1 Voltage CB / 3 mA 

10 mA 

Temperature Coeff1c1ent o! Base· MBE 
Vea.iv. le. 1 mA 

to· Emitter Voltage ---;rr-
Collector-Cutoff Cuflent 1cBo VcBdOV.IE•O 

Col tector -to- Em1 tier 
VrBR!CEO le • I mA. 1B. o 

Breakdown Voltage 

Collector-to-Base 
v, BR!CBO 1e=10µA,1e=o 

Breakdown Voltage 

Collector -to-Substrate 
v, BR)CIO le= 1oµA, ie1 = o 

Breakdown Voltage 

Em1tter-to-Base Sl'eakdo~ Voltage '.'i!lmao le= 1oµA, le= o 

DYNAMIC CHARACTERISTICS 

Common-Mode Rejection Ratio CMR 
For Each Amplifier 

AGC Range, One Stage AGC vcc·l1v 
Voltage Gain, Single Stage A 

VEE• ·6 V 
Double-Ended Output v,. ·3.3 v 

AGC Range, Two Stage AGC 
I• I kHz 

Voltage Gain, Two ~!age A 
Double-Ended Output 

Low-Frequency, Small-Signal 
Equivalenl·Circuit Characteristics· 
(For Single· Transistor) 

FOJward Current· T;ansfer Ratio hJe 
Short-Circuit Input Impedance i,, 
Open·Circuit Output Impedance ~ I• l kHz. VcE .JV, 

Open-Circuil Reve1se Voltage- hre le• I mA 
Transfer Ratio 

.. 

DYNAMIC CHARACTERISTICS CONT'D 

l/f Noise Figure NF f "1 kHz, VcE = 3 v 
(For Sire le Transistor) 

Gain-Bandwidth Product 
'T VcE = 3 V, le "3 mA 

(For Single Transistor) 

Admittance Characteristics; 
Differential Circuit Configuration: 
(For Each Amplifier) 

Forward Transfer Admittance !zl. Vee • 3 v 
lnpul Admiltance !'.ll 

Each Collector 

Output Admittance Y11 
lc~l.15mA 
I= 1 MHz 

Reverse Transfer Admittance ru. 
Admittance Characteristics; 

CaSccxie Circuit Configuration: 
(For Each Amplifiel) 

Forward Transfer Admittance .Y2l Vea = 3 v 

Input Admittance Y11 
Total Stage 

Output Admittance !z2. 
lc:c 1.5 m~ 
f • 1 MHz 

Reverse Transfer Admittance ru. 
Noise Figure NF f = 100 MHz 

TEST CA3016 
CIR· CA3054 
CUIT LIMITS 

FIG. MIN. TYP. MAX. 

0.45 5 

0.3 1 

10 14 

0.9S to 
l.01 

I.I 

0.630 0.700 
0.715 o.soo 
0.750 O.S50 
0.800 0.900 

·1.9 

0.001 100 

15 14 

10 60 

10 60 

5 7 

Sa 100 

9a 75 

Sa 31 

IOa 105 

lOa 60 

110 

3.5 

15.6 

1.8•10"4 

- 3.25 

- 550 

- ·10+j0 

- 0.11+j0.1 

- 0.01'j0 

·0.003 +jO 

GB·jD 

- 0.55+j0 

- O+j0.02 

- 0.004-j0,005 

- B 

TYPICAL 
CHARAC· 

TERISTICS 

~ 
UNITS FIG. 

mv 6 

µA 7 

µA 3 

3 

µVf'C 5 

v 6 

µV/°C 4 

nA 1 

v 

v 

v 

v 

dB Sb 

dB 9b 

dB 9b 

dB IOb 

dB !Ob 

11 
k[J 11 

µmho 11 

11 

dB 

MHz 11 

mm ho 13a 

mm ho 13b 

mm ho 13c 

mm ho 13d 

mmho Ha 

mmho 14b 

mm ho 14c 

µmho 14<1 

dB 

COLLECTOft-TO-IASE VOLTSIVcel •3 

0.9 

,• - .. 
~ 

4 
~ ~ - 0 ~ ~ ~ ~ ~ 

AMBIENT TEMPEffATUftE(TAl--C. HCS-15116111 

Fig.4 • Base-to·emitter voltage characteristic for each 
transistor vs ambient tempetature. 

COLLECTOR-TO-BASE VOi.TS IV I• 3 

~ 0.50 

~ 

·50 -2' 0 50 75 
AMBIEfllT TEMPERATURE (TA)--C .. 92CS-t5•6tR1 

Fig.5 • Oflset voltage characteristic vs ombient temper· 
afore for Jiflerentiol pairs. 

• for CA3054: use data from o0c to ss0c only 

0.8 COLLECTOR-TO-BASE VOLTS 1Vcel•3 
AMBIENT TEMP£RATUREITAl•25•C 

0. I 2 4 6 8QI 2 4 6 8 I 2 4 6 I IO 

EMITTER MILLIAMPERESIIE) 

Fig.6 • Static base-to-emitter voltage characteristic anJ 
input offset voltage for differential pairs vs emitter 

current. 

IOe COLLECTOR-TO~BASE VOLTS (VCBI• 3 
: AMBIENT TEMPERATURE (TAJ•25•c 

4 6 BO.! 4 6 B I 

COLLECTOR MILLIAMPERES IIcl 

4 6 • 10 

Fig.7 - Input offset current for matched differential 
pairs vs collector current. 



CA3026, CA3054 
TYPICAL DYNAMIC CHARACTERISTICS 

COMMON MODE REJECTIOH RA TIO 
Terminal Numbers In Circles ore 
for CA3026 

Terminal Numbers In Square Boxes 
are for CA.3054 

I 
V1N•<13V(fll'll} 

I 

(a) Test setup 

T:.'C~j~~umbers In Clrcl .. al'9 
Termlnal Numbers In Square BoxH 
aN for CA.3054 

(a) Test setup 

Terminal Numbers In Clrcles are 
for CA.3026 
Terminal Numbers In Square Boxes 
are for CA.3054 l"F 

Fig.8 

Fig.9 

ID 110 

i • i 
~IOO 

~ 

POSITIVE DC SUPl'LY VOLTS IVccl • +.12 
NfGATIVE 0C SUl'PLY VOLTS {V[[l • -6 
FREOUENCY If! • I llHI 

-I -2 -$ -4 
DC llAS YOlTS OH TfltMIPW.@ (]il (Vxl HCS-15253f't 

(b) Characteri"stic 

-I -2 - "'5 
DC BIAS VOLTS ON TERMINAL@[ij]cvxl 

(h) Cbaracferl•tic 

'"f - - - - - -· 
DC BIAS VOLTS ON TEfliMINALS@i!].t.No@m:J. IVxl 

(a) Test setup Fig.10 (bl Characteristic 

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 
100 COLLECTOR-TO-BASE VOi.TS tvcel•3 

0.0I 2 4 10.I 2 4 I I I Z 4 8 I IO 

COLLECTOR MILLIAMPERES IIcl 

Fig.11 - ForwarJ current-transfer ratio (hfel, s#tQl't-circuit 
Input Impedance (h;el, open-circuit output impedance 
(11oeJ, ond open-circuit reverse voltage-tranafer ratio 

(11,.J vs collector current for each transistor. 

COLLECTOR MILLlAMIPER£S llcl 

Fig.12 ·Gain-bandwidth proJuct (fT) v.t collector 
current. 
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CA3026,CA3054 

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH DIFFERENTIAi. AMPLIFIER 

lf~~~~i:~io~<>:~~eJ•l 
COLLECTOR CURRENT Itel Of" EACH TRANSISTOR•l.2$ tnA 

20 AMBIENT TEMPERATURE tTA)• 25• --1 

z 4 6 8 I 4 6 8 IO 

FREQUENCY\ I I-MHz 

Fig.13(a) • ForwarJtransferaJmittonce (Y27)vs frequency. 

~:_"L~~~~~~=~~Y:~~ ~cel•3 
! COLLECTOR CURRENT Itel 01! EACH TRANSISTOR. 1.25 mA r· AMBIENT TEMPERATURE ITAl•25• 

ITL j 

r7 • 
I 0.4 

2 ~ 0. 
J; 

~ '·' ~ 
~ ··lflll +-- ~ 
~ 02 

~ 
' i 

i ,, -12 +-- ~ IZ ,'1 
0 I 0 
OJ 2 4 6 8 I 4 6 a 10 2 

FREQUENCY (1)-MHz 

Fig.13(c) - Output aJmittance (Y22) vs frequency. 

I ~r-L~~~~~~~~;~u~;;u~VCel• 3 
COLLECTOR CUFIRENTlICICJf' EACH TM.NS.ISTOR•l.2$ MA 

s AMBIENT TEMPERATURE IT.ll• 25• 

~ 
:!ii 
1~ 4 

H 
!L2 3 

n 
i~ 2 

•g 
' 

0 

" 

rL v rr 
J 

J I/ y v 
fl 

' 2 . ' . ' 0 ' .. ' FREQUENCY IO-MHz 

Fig.13(6) ·Input admittance (Y11). 

24681 10246,002 

FREQUENCY (1)-MHz 

0.01 
4 61800 

92CS-1!12~6111 

Fig.13(J) ·Reverse transfer admittance (YJ2) vs frequency. 

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH CASCODE AMP LI Fl ER 

CASCODE CONFIGURATION 

~ i~i~~~~c~:i~~~T'tt~~:.5 l'IA 

{~ eo AM81EHT TEMPERATURE (TAI• 25•C 

~ ~ 60 
~ 

~i ~ 
~~ 40 

N ~~ 20 \_ ~~ 
o• 0 

i~ ~ ~ "'-20 

~ Vi l A ' . ' . ' . ' . '' I :o 
FREQUENCYlfl-MHl 

Fi9.l4(0) • ForwarJtransferodmittance (Y27)vslrequency. 

CASCOOE CONF'IGURATION 

•' ~~U:1rr:S~=-::.r11~.5 lllA 

" AM81ENT T£MPERATURE ITAi • 25•c i i 0 ••• b,,. 1 2 :i 

~ -2 
~ 
l 

I g 
~ -4 

i -6 ·I i -· v 
2 rr I , 

/ 11 §-10 b 
0 

-'2 
OJ 2 4 6 a I 4 6 a 10 2 . 

FREQUENCY {f)-MH1 

Fig.14(c} • Output0Jmittonce(Y22Jvs lrequency. 

~~ •l---+--+-+-H---+~'-+-1-+~>---+-.L.L~~-LJ 

~' •l---+----l--+-l-+-~l---+-+-++---1-~L-l_J_J~T/'._J 
~~ 3l---+---+--+++-~l---+-+-++---l-~1--1'4-I~ 
~~ 
~~ 2l----l----l--l--l-+-~l---+-+-++---1-~L-l_J_J~ 
~~ 9~ 
• ~ •f-+-++++---+_+:J..1.-f/,7'.~C.. .. l-----1-J-W--I 

Pf I 
OJ 

"6 a 2 "6 e 
I ro IOO 200 

FREQUENCY {fl-MHz 

Fig.14(b} - lnput0Jmittonce(Y11Jvsfrequency. 

"1 CASCOOE c:OfWIGIJRATJON 

i! 2 r.~~T~~~l=~!~~~~~5 lllA 

:i •, 
~~ " 2 it ' ••• . ' 
8~ ! - 12 
15~ ~ lZ IZ i§ 0.1, ... z "" .. ' ~ •ilci 
~ ' 
~ ' ' "'°' O.• ' . . . . '. ' ' •O ' . .. •oo 200 

FREQUENCY-MHz 

Fig. 14(J) • Reverse transfer admittance (Y 12) vs lrequency. 



DIFFERENTIAL/CASCODE 
AMPLIFIERS 
Far Com11u1icatilns and 
Industrial Eq1ipment at 
Fre~uencies from DC to 120 MHz 
The CA3028A and CA3028B are differential/cascode ampli· 
fiers designed for use in communications and industrial equip· 
ment operating at frequencies from de to 120 MHz. 

The CA3028B is like the CA3028A but is capable of premium 
performance particularly in critical de and differential ampli· 
fier applications requiring tight controls for input offset voltage, 
input offset current, and input bias current. 

The CA3053 is similar to the CA3028A and CA3028B but is 
recommended for IF amplifier applications. 

ABSOLUTE MAXIMUM RATINGS AT TA= 25•c 
DISSIPATION: 

At TA up to 55°C 
(CA3028AF, CA3028BF, 

CA3053F). • . . . . . . • . . . . . . . .. . . . . . . .. .. 750 mW 
AtTA> 55oc 

(CA302BAF. CA3028BF, 

C~3053Fl ...•........... Derate linearly 6.67mW/OC 
At TA up to 95oc 

(CA3028A, CA3028B, CA3053) .•.•.•.....• 450 mW 

At TA> e5•c 

(CA3028A, CA3028B, CA30531 .Oerate linearly 5 mW/UC 
AMBIENT-TEMPERATURE RANGE: 

Operating ........•.. , . . . . . . . . . . . -55°c to +125°C 
Storage . . . . . . . . . . . . . . . . . . . . . . . . . -65oc to +1SOoC 

LEAD TEMPERATURE CDuring Soldering): 
At distance 1/16 ± 1/32" (1.59 ± 0.79 mm) 
from case for 1 O seconds max. . . . . . . . . . . . . . . . +265°C 

Flg.1 • Seltemafic Jiagtam (or CA3028A, CA30288 and CAJOSJ. 

Yee 

Fig.2 • Input offset vo/top test circuit lat CA3028B. 

CA3028A, CA3028B, CA3053 Types 
APPLICATIOHS 

•RF and IF Amplifiers (Differ.ntiol or Cascode) 

• DC, Audio, and SHn Amplifiers 

e Converter in the Commercial FM Bond 

• Uscillator •Mixer •Limiter 

• Componion Applicotion Mote, ICAM 5337 "Applicotion 
of tlie RCA CA3028 lntegroted Circuit Amplifier in the 
HF and VHF Rang.s." This note co¥ers charocteris· 
tics of different operating modes, noise ,.,formonce, 
miker, limiter, and omplifier design considerations. 

The CA3028A, CA3028B, and CA3053 are available in the pack
shown below. When ordering- devices, it is important to add the 
appropriate suffix letter to the device. 

FEATURES 

• Controlled for Input Offset Voltage, 
Input Offset Current, and Input Bias 
Cumlnt' (CA302BB) 

• Balanced Differential Amplifier 
Configuration with Controlled 
Constant-Currant Source to Provide 

Unaxcelled Versatility 

• Single- and Dual-Ended Operation 

•Operation from DC to 120 MHz 

o Balanced-AGC Capability 

• Wide Operating-Current Range 

Package Suffix 
CA3028A CA3028B CA3053 8-Laod T0-5 Latter 

T0-5 T ..; ..; .; 
With Dual-In-Lina 

Formed Leads s .; ..; .; 
(DIL-c:ANI 

Beam·L- L ..; 
Chip H .; 

MAXIMUM VOLTAGE RATINGS at TA= 25°C MAXIMUM 
CURRENT RATINGS 

TERM-
l1N IOUT INAL 

No. mA mA 

TEAM- This chart gives the range INAL 1 2 3 ' 5 6 7 8 
No. of voltages which can be applied 

l 0.6 0.1 

2 • 0.1 

3 0.1 23 

0 0 0 •5 •20'"1 lo the termina-ts listed h01izootally 
1 to• .\i• .\\• to . . to with respect to the terminals .15 -6 0 

+5 •5 t~Stl +!St" 
listed vertically. F« example. 

2 to to . to . the voltage range of the horizontal 
. n .. 0 0 terminal 4 with 1es12ct to terminal 

3t 
+ID •15 +30• •15 •30"! 21s ·l to +5 volts. 
to to to to to 
0 0 0 0 0 

4 20 0.1 

5 0.6 0.1 

6 20 .O.I 

' 
•15 . t Terminal #3 is connected to the sub· 
to . . strate and case. 0 

* ~~iari:.::: 1':~~~:~ 11t:1~=~i:: be· 5 ':2"" . . to appear in& between these terminals 0 will be safe, 1f the specified volt· 

6 . age limits between all otter termi-. . nals •e not exceeded. 

Limit IS ·12V for CA3053 

7 • O.l 
~ 

Limit is +ISY far CA3053 7 . • Limit is -tl2Y tor CAJ053 
• Limit is +24V fOf CA3028A •rtd 

8 +18V tor CA3053 8 20 0.1 

ELECTRICAL CHARACTERISTICS at TA= 25°C 

11 ~ CHARACTERISTIC 
SPECIAL TEST LIMITS LIMITS LIMITS CHARAC· 

SYMBOL CONDITIONS TYPE CA3028A TYPE CA3028B TYPE CA3053 UNITS Tg~~5vT~fS 

_lMinl!uJ.Max.J!'i'!.:IJHJ.Max.J!'inJ:rml.Ma•J. Fi . 
. tu.TIC CHARACTERISTICS 

+Vee ·VEE 

Input Offset Voltage Vro 6V 6V 0.98 mV 12V 12V 0.89 

Input Offset Current Ito 3• 6V 6V 0.56 µA 12V 12V 1.06 

3a 6V 6V 16.6 70 16.6 40 Sa 12V 12V 36 106 36 80 
Input Bias Current Ir 9V 29 85 µA 1------1 

3b 12V 36 125 Sb 

Is 3a 6V 6V 0.8 1.25 I 1.25 1.5 6• 
Quiescent Ope1ati111 12V 12V 2 3.3 2.5 3.3 4 mA r--2..----i Current or 9V 1.2 2.2 3.5 

Ia 
,. 

12V 2.0 3.3 s.o 6b 

12V VAGC =+9 1.28 l.28 
AGC Bias Current Ba 12V VAGC = +12 1.65 1.65 

8b 

~to Constant-Current !7 mA 1------1 urceTerminat No.7) 9V 1.15 
12V l.55 

lnputCurrent{Termlnal 1, 6V 6V 0.5 0.85 l 0.5 0.85 I' mA No.7) 12V 12V I l.65 2.1 I l.65 2.1 ,, 6.V 6V 24 36 54 24 36 42 9 
Device Dissipation PT 

12V 12V 120 175 260 120 175 220 

""' 1---1 9V 
~ &_ 3b t~V 
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CA3028A, CA3028B, CA3053 Types 
ELECTRICAL CHARACTERISTICS at TA= 25°C (cont'd) 

. 
CHARACTERISTIC SYMBOL 

SPECIAL TEST 

CONDITIONS 

LIMITS 
TYPE CA3028A 

LIMITS 
TYPE CA3028B 

TYPICAL 
CHARAC-

DYNAMIC CHARACTERISTICS 

UNITS rgak~~CS 
~M-,,-.~~T-,.-.~TM-a.4_~,rM-;-n.~~T-,.-.~TMa---IX . . r •. 

!Oa f 100 MHz Cascode 16 20 1-n..; Vee +gv D1ff.-Ampl 14 17 
Power Gain Gp Joa f "10.7 MHZ Case ode 35 39 

tta- Vee t9V Oiff.·Ampl 28 32 

16 20 

14 17 
35 39 

28 32 

dB ~ 
dB ~ 

Noise Figure NF 
!Oa f - 100 MHZ Cascade 7.2 

tria.d Vee '9V D1ff.-Ampl. 6.7 

7.2 

6.7 
dB 

IOc 
r--rt;;-

Input Admittance Yu r:---- Cascade 

I~ 
Reve1se Transfer Y12 i--:- f 

I~ 
Admittance 10.7 MHz I~ 

0.6 + j 1.6 

0.5 + j 0.5 

0.0003 ·JO 
0.01 J0.0002 

t---+-~~.,.,..,r--t mmho +s-
Forward Transfer 

Y21 r:-- Vee '9V 
I~ Admittance 

Output Y22 t-'- ~ 
Admittance ~ 

99. jl8 

·37+J0.5 

o .... J0.08 

0.04 + j0.23 

t---+--~-tr--t mmno ~ 

t----t--::-:-:-.,.-,.,:"-.:::lr-1 mmho ~ 

Power Output 01ff.·Ampl 
P, 20a f 10.7 MHZ 50 . .llnput· 5.7 (Untuned) Ou.!fillt 

5.7 .w 20b 

AGC Range 

(~:xF~Ce~t~lli_" A Ge 21a Vee '9V D1ff.-Ampl. 62 62 dB 2lb 

at 22a f 10.7 MHz Case ode 40 
f 10.7 MHZ l;2c- Vee •OV Diff.-Ampl. 30 

RL lk.l 
Voltage t---

Yee +6Y. Garn VEE ·GV, 
Differential 

RL ~ 2 k.l at 
23 f = 1 kHz vcc - t12v. VEE ·12V 

RL ~ 1.6 k\2 

40 

30 

22b 
dB 12;;;-

35 38 42 

dB 

40 42.5 45 

jMax. Peak-to-Peak Vee= t6V, VEE = ·GV, 

Output Voltage V0(P·PJ 23 RL = 2 k;) 
at f =I kHz vcc - +12v. VEE . ·12~ 

RL =LG kl!. 

11.S Vp.p 

15 23 

Vee = +GV, VEE ·GV, 

Bandwidth pl 
RL = 2 kO. 

at·3 dB point BW 
Vee= +i2v, VEE = -l2V 

7.3 

MHZ 

RL=L6k~1 

ennunon·Mode 
VCMR ~4 

vec ~ t6V, VEE = ·GV 
lnput·Voltage Range Vee= +12v. VEE= -12V 

·2.5 (·3.2. 4.5) 

·5 (·7. 91 

eommon·Mode eMR 24 Vee" +ev, VEE = ·GV 
Rejection Ratio vee = +12v, VEE= ·12V 

60 110 
dB 

60 90 

Input Impedance z,. Vee= t6V, VEE= ·GV 
at f"' l kHz Vee= +i2v. VEE =·12V 

5.5 
kO 3 

Vee.= +9V f = 10.7 MHz 2 
Peak·lo·Peak 

ein = 400mV Output lp.p Vee= +12v 3.5 
CUJrent Diff.-Ampl. 

7 2.5 
mA 

10 4.5 

ELECTRICAL CHARACTERISTICS at TA= 2sac (cont'd) 

cHARACTER 1ST1c svMBo 

DYNAMIC CHARACTERISTICS 

Power Gam Gp 

Input Admittance Yu 

Reve1se Transfer 
Admittance 

Y12 

Forward Transfe1 y21 
Admittance 

Y22 Output 
Admittance 

] at Voltage f = Io. 7 MHZ 
Gain A 

Peak-to·Peak 
Output p.p 
Cll'rent 

104 

. 

10• 
'1fa1 
r-=----, 

r-:--
r-:--
r:-
22a 

~ 

SPECIAL TEST 
CONDITIONS 

' 10.7 MHz Cascode 

Vee= +9V 01ff.·Ampl. 

Cascode 

D1ff.·Ampl. 

Case ode 

f = 10.7 MH.z D1ff.·Ampl. 

Vee '9V Case ode 
D1ff.·Ampl. 

Cascode 
01ff.·Ampl. 

f 10.7 MHZ Case ode' 

Vee •OV D1ff.-Ampl. 
RL lk.i 

Vee = +9V f = 10.7 MHz 

ein =400mV 
.fee= +12v Oiff.·Ampl. 

LIMITS 
TYPE CA3053 

Mm. Typ. Max . 

35 3g 

28 3' 
0.6 + j 1.6 

0.5 ... j 0.5 

0.0003 · jO 

O.Ql · j0.0002 

99. Jl8 
-37 + J0.5 

0. +JO.OB 
0.04 t j0.23 

40 

30 

3.5 
10 

UNITS 

dB 

mmho 

mmho 

mmho 

mmho 

dB 

mA 

TYPICAL 
CHAR AC· 
TERISTICS 
CURVE 

f_!L 

r--*---13 
14 

i----is-
~ 17 

18 

~ 
22b 

t---nd 

Vee 

DEVICE DISSIPATIONzI3VEE•(1t>+Iel Vee 

Fig.la - Input oflset cun-ent, input hios current, Jevice 
Jissipation, and quiescent operafing current test circuit 
f., CA3028A and CA30288. 

OE VICE DISSIPATION' Vee I3 
92CS•l!l&47 

Fig.36 • Input bias current, device dissipation, and 
quiescent operating cu"ent test circuit for CA.3053. 

POSITIVE DC SUPPLY VOL.TS IVccl IWUTOfFSET CURRENT- -
NEGATIVE DC SUPPLY \IOI.TS CyW NPUT OFFSET VOLTAGE --

"' 
"fl 
;; ... 

~., ~ 
• 50 ~ ~·-,... 1 .. 

~·· ~ 25 "'•·- v 

" 
0 
-75 -50 -25 0 25 50 1' IOO 12& 

AMBIENT TEMPERATURE CTAl-•C 

Fig.Sa· Input bias current vs. ambient temperature for 
CA3028A anr/ CA30288 • 



POSITIVE DC SUPPLY VOLTSIVccl 

75 

r~: . 
cn375 

~ . 
i " • 

0 _,. H 50 75 
AMBIENT TEMPERATURE ITA)--C t2CS-1!1141 

Fig.Sb - Input bias current vs. ambient temperature 'or 
CA3053. 

3 DC COLLECTOR SUPPLY \l'OLTSl\t:cl• 6 

-5 -IO 
oc EMITTER SUPPLY VOLTS IVEel 

Fig.7 - Operating current vs. VEE voltage 'or CA3028A 
and CA3028B. 

DC COLLECT SUPPLY \o'CILTS IVcc) 
DC EMITTER SUPPLY VOl.TS (Vf[I 

0 " AMlllEt\IT TEMPERATURE (TA}- •c 

.. 
120 

Fig.9 - Device dissipation vs. temperature for CA3028A 
and CA3028B. 

I 

~ 
~ 9 
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CASCOOE CONFIGURATION 
MBENT TEIFEAAT\.ltE (TA )•2,•C 
FREQUENCY (fl• 100 MHt 

10 II 12 
DC COLLECTOR Sl#"Pl.Y l/Ol.TS l"tc) 

Fig.10c - 100 MHz noise 'igure vs. collector supply 
volts (cascade c011figuration) '°' CA3028A anti CA30288. 

CA3028A, CA3028B, CA3053 Types 

DIFFERENTIAL-AMPLIFIER CONFIGURATION 

-SO -H 0 
AMBIENT TEMPERATURE ITA)-•c 

Fig.6a - Quiescent operating cu"ent vs. ambienttemper
atu,e fa, CA3028A and CA3028B. 

Fig.Sa - AGC bias current test circuit (Jillerential
omplifier configuration) for CA3028A anJ CA.30288. 

~~~-..~-..~-..~ v~ 

ia;r 

""' 
100 

Fig. JOa • Power gain and noise figure test circuit (cascoJe 
conligu,anon) f., CA3028A, CA3028B and CA3053*. 

* 10.7 MHz Power Gain Test Only. 

1.• _,. 

DIFFERENTIAL-AMPLIFIER CONFIGURATION + • + 

'H' + P-1·:_ 

vcc·+12v 

-!IO ·25 0 2' 50 IOO 
AMlllENT TEMPERATURE tTA)-•C 

125 

Fig.6b. Quiescent operating current vs.ambient temper
ature for CA30S3. 

AGC BIAS VOL.TS l'ltiGd ~ ND.T 

Fig.8b • AGC bias current vs. bias volts (terminal Ho.7} 
!or CA3028A and CA3028B. 

CASCOOE CONFIGURATION 
AMBIENT TEMPERATURE (TA) •25° C .. . . 
i oof-----
0. 

"' 2 

~ "' 
i I 

oo 

10 

co,J J 
cro I, ,J ~.,, 
~ 

' ' . 
FREQUENCY !fl -MHz 

"!'!. 
~;:+' 
·~ 

Fig.10b - Power9oin vs. lrequency(cascoJe configuration) 

lrw CA3028A and CA3028B. 

TYPICAL NOISE FIGURE AND POWER GAIN TEST CIRCUITS AND CHARACTERISTICS 

3-6 
100 2-15 2-~ 0.2-0.5 .2-0. 

• FOR POWER GAIN TEST 
• FOR NOISE FIGURE TEST 

Fig.11a - Powergain anJ noise figure test circuit (Jillerw 
entio I-amplifier con Ii gural ion anJ terminal Ho. 7 connected 
to V CC I !or CA3028A, CA3028B and CA3053*. 

* 10.7 MHz Power Gain Test Only. 



CA3028A, CA3028B, CA3053 Types 

01FFER£NTIAL AMPLIFIER CONFIGURATION 

···~;' "".""""'}' .1 .,.., 

~ ~ ~()c>+-1---t---t-1-t-~ 
~ 25 1':1::--1!'.t>i. rs flf,j-+-
s ~)e.,_I. 

! ~ ~9~ 
i lOJ---+---t--t-J-t--"r-+-t--t--t--+--+-l 

!I 6 a 9 100 
FREQUENCY (f}- MHt 

Fig. llb - Power gain vs. frequency (clill1uential
amplifier conligurotionJfor CA3028A one/ CA3028B. 

10 II 12 
DC COLLECTOR SuPPl.Y VOLTS l"ccl 

92C$-lUl!I 

Fig.11c - 100 M.Hz noise figure vs. collector supply 
voltage(diflerential-ampUfier configuration} for CA3028A 
and CA3028B. 

• FOR POWER GAIN TEST 
'"' FOR NOISE FIGURE TEST 

Fig.110- Powergoinontl noise figure test circuit (Jifler
ential-amplilier configuration for CA3028A anJ CA3028B. 

TYPICAL ADMITTANCE PARAMETERS 

Fig.11• - 100 MHz noise figure one/ power gain vs. base
ta-emiHerbias(terminalHa.7)1or CA3028A ancl CA30288. 

CASC~ CONFIGURATION 
AMBIENT TEMPERATURE lTA J:25•c 

~~~~cJg~L~~~YM~il~t°Ris (1 CTA!iill •4.5 

6 8 10 2 
FREQUENCY [!)-MHz 

Fig.14 • Reverse transaclmittance (Y12) vs. frequency 
(cascade configuration) for CA3028A, CA30288 and 
CA3053. 

OIFFERENTIAL-AMPLlflER CONFIGURATION 
AMBIENT TEMPERATURE·(TA l•25•C 
COLLECTOR SUPPLY VOLTS•+9 
COLLECTOR Ml"-LIAMPERES,EACH TRANSISTOR !le )•2.2 

Ii' i 20 

~ i 10 

H-1 l 
16.i 0 

~~-I 

~~ ! '21 

I - j{ 
-~ L 

I JO '"° . 
Fig.17 - Forward transodmittance- (Y21) Ys. frequency 
(clilferential-amplifier configuration) for CA3028A, CA302BB 
anJCAJ053. 

CASCOO£ CONFIGURATION 
AMBIENT TEMPERATURE ITA) =25•C 
STAGE COlLEC"IOR MILLIAMPERES (lc(STAGE)J •4.5 
COLLECTOA SuPPLT VOLTS (V l z+9 

6 e !O 2 
FREQUENCY (1)-MHz 

6 9 100 

Fig.12 - Input admittance (Y11) vs. frequency (cascade 
canligu•ation) I°' CAJ028A, CAJ0288 and CA3053. 

DIFFERENTIAL-AMPLIFIER CONFIGURATION 
AMBIENT TEMPERATUR£ ITA 1• 2!i•C 

g<6tt~gi~ ~~~~~Tfici(liE~·~:ANSiSTOR•2.2 
N 0 

!!'~ ii 0.2f---+-+--+--f-+-+++--++++---"--+-+--1 

it O.i'f---+--t--t-+++-t++---++-±-~~12--t---t--f 
~; ol==:f::+;;tJ±t-J+++++t---~-+~ 
~~-OJ1i----t--J--+-l-++++t---+-"""'++--+--+-+-~ 
wM )'k.12 
~=-02,f---+--l--+ -+--+-H--+--H-++°'J'\1.-+-+-+--

r = 'J 
10 4 5 6 T 8 9f00 

FREQUENCY (I )-MHi 

Fig.15 - Reverse transodmittance (Y12J vs. frequency 
(cliflerentiaf-amplilier configuration} for CA3028A, CA3028B 
ondCA3053. 

2 3 4 56789!0 2 3 

FREQUENCY (1)-MHJ 

Fig.18 - Output aclmittance·(Y22) vs. frequency (cascode 
configuration} lor CA3028A, CA30288 ancl CA3053. 

4 6 8 10 6 • 100 
FREQUENCY !ll-MHr 

Fig.13 • lnputaJmittance(Y11Jvs. frequency(Jillerential
amplifier configuration) for CA302BA, CA3028B anti CA3053. 

C.O.SCOOE CONflGURA TION 
AMSIENT TEIW>ERATURE IT,11, )•25°C 
COLLECTOR SUPPLY VOLTS (Vccl•+9 
STAGE COLLEClOFt MILLIAMPERES {I <..00A E ) •4.5 

E 100 ~I 
kfr ~j:<*---+--+-+++t++-H"-t+---+--t-H-ft+l-'k++H 
s~ 4cr-
§ jl 20,f---+-+-H-++l+-l-++++---+---+-+-H-l++-+-+-+-H 

~~ 
~ ~-2,0J--+-++-cf-H-H- -1->+1>-...!f==<-+-+-tt-1->i-+++H 

I" ~-·oi--- ~t-i '2i 
5---' ---+---

""" ' 567891() 

Ffl£0UENCY (fl-MHz 

56 7891QO 

Fig.16 - Forward transaclmittance (Y2,J vs. frequency 
(coscode configuration) for CA3028A, CA3028B ancl 
CA3053. 

OIFfERENTIAL-A.MPUFt£R CONFIGURATION 
AMBIENT TEMPERATURE (TA l • 25 •c 
COLL.ECTOR SUPPLY VOLTS IVccl •+9 

! COLLECTOR M!LLIAMPERES,EACH TRANSISTOAII )•2.2 

' i 
lo ,. ~ y 
~0.5 

~ I i 0.4 ~)7 
I 

~o 17 
02 

VI 
O!i ~ 

~ 0.1 ~ a a o 0 
4 6 e 10 2 . . . 100 

FREQUENCY {1)-MHJ 

Fig.19 • Output ac/mittonce (Y22J vs. frequency (c/;ller
ential-amplifier configuration) for CA3028A, CA30288 
and CA3053. 



CA3028A, CA3028B, CA3053 Types 

Flg.20a • Output power test circuit for CA3028A and 
CA30288. 

TYPICAL TEST CIRCUITS AND CHARACTERISTICS 

OIFFEAENTIAL-AMPLIFIER COWIG\RATK>N 
AMBIENl TEMPERAlURE ITAi• 2!5-C CONSTANl POWER NIUT• 211W 

~ 

a\<~c~--1:,l ..l 

~ 
,...._ 

~~J 
I rs ~'it~ ~o 

I ' IS 'f;c, 

~~··~ 
E ' 

~ a 
I 
10 •• IC)() 

FREQUENCY 10-MHr 

Fig.20b • Output power vs. frequency - 50 n input and 
son output (dillerential-arnplifier configuration} for 
CA3028A and C.430288. 

10 

Flg.2lf, • AGCcltaracteristicslorCA3028A anti CA3028B. Fig.22a - Tronsler cltoracterlstlc (voltage gain) test 
circuit (10.7 MH:r.) cascotle configuration for CA3028A, 
CA30288 and C A3053. 

10 

OUTPUT 

r~, 

Fig.22c - Transfer clioracteristic (voltage gain) test 
circuit (10.7 MHz) ti ifferentiol-omplilier conllgurotior. 
for CA3028A, CA30288 and CA3053. 

..:S-14507 

Fig.22tl • Transfer characteristics (Jillerentlal-amplilier 
canliguratlonJ lor CA3028A, CA30288 and CA3053. 

For Input common-mode vottaee ranee test: S1 to Vx 

Common mode rejection ratio = 20 IOlto (A•) (2) (0.3) 
VDIFF(RMS)" 

• A = Sin1le--ended voltaae 1ain. 
Fig.24 - Common-mode re;ection ratio anti common-mo.le 
input.ya/toge range test circuit lot CA.30288. 

•ono-~.-..---<JJ-4 
SIGNAL 

'"""" 

MfHr p~ ~i ~~ ~t I-~ 
io.1 30-60 -eo l-6 3-6 
100 2-1!5 2-1!5 0 2-0.5 .2-0.5 

Fig.21a • AGC ronp test circuit (Jlllerentlol amplifier) 
1., CA3028A and CA30288. 

INPUT VOLTS I "I• I 
HCS·"9091tl 

Fig.22f, - Translercltaracterlstlcs (cascoJe conligurotion) 
lo• CA3028A, CA30288 and CA3053. 

Vee 

.,, 

OSCILLOSCOPE 
WITH HIGH-GAIN 

DIFFERENTIAL 
INPUT 

(TEKTRONIX TYP£ 
530, 540. OR !580 

WITH TYPE 0 PLUG-IN 
TEKTRONIX TYPf !502, 

OR 
EQUIVALENT) 

• For R • 1.6k!l-(Vee • 12V, VEE • .J.2V) 
ForR•2k!l -(Vee· &V.VEE"·6V) 

Flg.23 - Dillerentlol voltage gain, maximum peo/c-to-pea/c 
output voltage, and f,onJwiJtlt test circuit lor CA3028B. 



CA3036 

DUAL DARLINGTON ARRAY 

•Two independent low-noise wide-band amplifier channels 

•Particularly useful for preamplifier and low-level amplifier applications in single
chonnel and stereo S)'Stems 

•Wide application in low-noise industrial instrumentation amplifiers 

•Hermetically sHled, all-welded 10-lead T0-5-style metal pockage 

ELECTRICAL CHARACTERISTICS, •• TA = 2s•c 

CHARACTERISTICS SYMBOLS 

Collector-Cutoff Current icso 

For Each Collector-Cutoff Current ICEO 

Transistor Collector-to-Emitter Breakdown Voltage V(BR)CEO 
(Q1, Q2. Q3. Q4) Collector-to-Base Breakdown Voltage V(BR)CBO 

Elriitter-to-Base Breakdown Voltage V(BR)EBD 
For Either Input 

Static Forward Current-Transfer Ratio hFE Transistor (QJ or Q3) 

For Either 
Emitter-to-Base Breadkown Voltage V(BR)EBO(D) 

Darlington Pair 
(Q1. Q2 or Q3. Q4) Static Forward Current-Transfer Ratio hFE(D) 

Short·Circuit Forward Current-Transfer Ratio hte 
For Each Short-Circuit Input Impedance hie 

Input Transistor 
Open-Circuit Output Admittance hoe (QJ or Q3) 
Open-Circuit Reverse Voltage-Transfer Ratio hre 

Short-Circuit Forward Current-Transfer Ratio hfe(D) 
Short-Circuit Input Impedance hie(D) 

Open-Circuit Output Admittance hoe(D) 

For Either Open-Circuit Reverse Voltage-Transfer Ratio hre(D) 

Darlington Pair Voltage Gain A(D) 
(QI. Q2 or Q3. Q4) Power Gain Gp(D) 

Noise Voltage EN 
See Fig.3 for Test Circuit 

Forward Transfer Admittance Yle 

For Eiti'Er Input Admittance (Output Short-Circuited) Yie 
Input Transistor Output Admittance (Input Short-Circuited) Yoe 

(Ql or QJ) Reverse Transfer Admittance 
(Input Short-Circuited) Yre 

For either Input Admittance (Output Short-Circuited) Yie(D) 
Darlington Pair Output Admittance (Input Short-Circuited) Yoe(D) 

(Ql. Q2 or Q3, Q4l Gain-Bandwidth Product fr(D) 

TEST 
CONDITIONS 

VCB =5V, IE =o 

VCE =10 V, IB =o 

lc-1 mA, ls-o 

le= lOµA, IE =o 

IE= 10µA, 1c =o 

lc1 or lc3 =J mA 

IE1 or IE4 = 10 µA 

1c1 + 1c1 l 
or ::: I mA 

1c3 + 1c4 J 

f = l <Hz 
lc1orlc3 =J mA 

f = l kHz 

1c1;, lc1tl mA 

1c3 + 1c4J 

f = 100 Hz 

I= 1 kHz 

f = 10 kHz 

t =so MHz 
lc1 or lc3 =2 mA 

t =so MHz 

lc1:, 1c1t 1 mA 

1c3 + 1c4j 

Fig.2 • 8/ocfc. Dfogram ol Stereo System using CAJ036 
as Phano Preampfili•~· 
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LIMITS 

TYPE CA3036 

Typ. Max. 

- 0.5 

-- 5 

10 --
44 -
6 --

81 --
11.6 ·-

4540 --

81 -
1.6K --

7 -
9.8 x l0-5 -

1300 --
81K -
108 --

1.7 x 10-3 --
16 -
47 -
0.1 3 

0.05 0.3 

0.012 0.1 

0.68 + j 7.9 --
4.14 + j 5.95 -
1.94 + j 2.64 -
Negligible --
1.71+j1.8 -
3.96 + j 1.6 -

100 --

UNITS 

µA 

µA 

v 
v 
v 

--
v 

-

-
fl 

µmho 

-
--
fl 

µmho 

--
dB 

dB 

µV(rms) 

v'i(Hz) 

mm ho 

mmho 

mm ho 

mm ho 

mmho 

mmho 

MHz 

ncs 14624 

Fig.1 - Schematic Diagram for CA3036. 

HIGHLIGHTS 

•MatcRed tronsistors witR emitter-followH outputs 

•Low-noise performonce 

•200-MHi:. goin-bondwidtR product 

•Operotion from -S5°C to · 12S°C 

APPL/CA TIOHS 

•Stereo phonograph preamp I ifittrs 

•Low-level stereo and single cRonnel 
omplifier stoges ® 

•Low-noise, emitter-follower differential amplifiers 

• Operotiona I amplifier drivers 

MAXIMUM RATINGS, Absolute-Maximum Values: 

POWER DISSIPATION, P: 
Any one transistor 
Total for array 

TEMPERATURE RANGE: 

Operating 
Storage. 

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

300max. mW 
600max. mW 

. -55 to +125 °c 

. --65 to +150 °c 

+265 °c 
The following ratings apply for each transistor in the array: 

Collector-to-Emitter VOitage, VcEO 15 max. 
Collector-to-Base Voltage, Vceo 
Emitter-to-Base Voltage. Veeo 
Collector Current, le 

c 

·1 

HCS-14628 

30 max. V 

5 max. V 
50max. mA 

Fi9.3 ·Noise Vo/to9e Test Circuit /or CA.3036. 



Diode Array 
Six Matched Diodes on a Common Substrate 

ULTRA·FAST 
LOl·CAPACITAllCE 
MATCHED DIODES 

For Ap,licatiOIS ii 
CaHHicaliDIS .. ~ 
Swilc~ill Syste11s 

The RCA-CA3039 consists of six ultra-last, low cepac
it111ce diodes on a common monolithic substrate. Inte
grated circuit construction assures excellent static and 
dynamic matching of the diodes, making the ll'ray ex
tremely useful for a wide variety of applications in 
communication and switching systems. 

Five of the diodes are independent.ly accessible, the 
sixth shares a conwon t.enninal with the substrate. 

For applications such as balanced modulators or ring 
modulators where capacitive balance is important, the 
substrate should be returned to a DC potential ..tiich is 
significantly more negative C with respect to the active 
diodes) than the peak signal applied. 

ELECTRICAL CHARACTERISTICS, at TA = 25° C 

4PPLl"A TIQHS 

• Balanced modulators or d-aclulators 

•Ring modulators 

•High spe.cl diode gates 

• Analog switches 

FEATURES 

• Excell.nt reverse recovery ti•• - 1 ns typ. 

• Matchd mtonolithic construction -
VF motchff within SmV 

•Low diode capocitanc.-
Cp ,. 0.,5 pf typical at VR " - 2 V 

•The CA3039 is available in a sealed-junction 
Beam-Lead version fCA3039lt. For further 
information see File No. 515, .. Beam-lead 
Devices for Hybrid Circuit Applications". 

Cltaracteristics apply hw each diocle unit, un/en otherwise specilieJ. 

LIMITS 
CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS UNITS 

CHA RAC-
TERISTIC 
CURVES 

MIN. TYP. MAX. ~ 
If ·50µA - • 0.65 0.69 v 

DC Forward Vollage J)op Vf 
lmA - 0.73 0.78 v 

2 3mA - 0.76 0.80 v 
lOmA - 0.81 0.90 v 

DC Reverse Breakdown Vollage V(BR)R IR•-lOµA 5 7 - v -
DC Reverse Breakdown Voltage 

V(BR)R IR•-lOµA 20 - - v -Belween any Diode Unit and Substrate 

DC Reverse (Leakage) Current IR VR • -4 V - 0.016 100 nA 3 

DC Reverse (Leakage) Current 
IR VR•-IOV - 0.022 100 nA 4 Belween any Diode Unit and Substrale 

Magnitude of Diode Offset Voltage I VFJ - Vf2 I (Difference in DC Forward Voltage IF• l mA - 0.5 5 mV 2 
J)ops of any Two Diode Units) 

Temperature Coefficient of fFi - vF21 
l'ijVF1 -Vr2I 

Ir• I mA - I - µV!°C 5 
L'iT 

Temperature Coefficient of Forward Orop 
L'i Vr 

Ir• I mA . ~1.9 mVl"C 6 - -
L'iT 

DC Forward Voltage J)op for 
Vr Ir· I mA .. 0.65 - v -Anode-lo-Substrate Diode (Os) 

Reverse Recovery Time frr Ir • 10 mA, IR. IO.A - I - ns -
Diode Resistance Ro f • 1 kHz, If • I mA 25 30 45 n 7 

Diode Capacitance Co Vff •-2 V, If •O - 0.65 - pf 8 

Diode-to-Substrafe Capacitance Col v01 • +4 v, Ir • o - 3.2 - pf 9 

CA3039 

Fig. r - Sclrematic Diagram 101 C4.JOJ9 

ABSOLUTE MAXIMUM RATINGS ATTA - 25ac 

DISSIPATION: 
Any one diode unit . . 
Total for device . . . 
ForTA>ss0 c ... 

100mW 
. . . . . 600mW 
clerate linearly 5.7 mWt°C 

TEMPERATURE RANGE: 
Operating . . . . . 
Stonge. 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 
from case for 10 seconds max. • • • • . 

PEAK INVERSE VOLTAGE, PIV for: D1-D5. 
D5 •• 

PEAK DIODE-TO-SUBSTRATE VOLTAGE, VDI 
for D1-D5 lterm. 1,4,5,8 or 12 to term.10) . 

DC FORWARD CURRENT, If . . . . . 
PEAK RECURRENT FORWARD CURRENT, It 
PEAK FORWARD SURGE CURRENT, lf(sura.) 

-55 to +125°c 
-65 to +1SO°C 

+ 2ss0c 
sv 

0.5V 

+20,-1 v 
25mA 

100mA 

100mA 

TYPICAL CHARACTERISTICS 

l--+--+-+-tt--t~+-ir+-1~+--+,v+;2 ~ 
' ~ 

·~ ' 
4 &aw 4 sa 1 

DC FORWARD MILLIAMPERES llfl 
92CS-15268 

Fig. 2 • DC fo..,..,d voltage drop (any diode) and diode 
offset voltage vs DC forward cu"ent 

DC REVERSE VOLTAGE l'/.R!_ • 4V . 
L 

" ' IL ti '• i : z 
I ' 

0.1: 

~ 
. z 
' ...d . ·~ -~ : . 

...!lll!l!' 
-7!1 -so -2!1 

AMlllENT TEMPERATURE lf.Al--C 

Fig. 3 - DC reverse· (lealcapJ current (diodes 1,2,3,4,5} 
vs temperature 

This device is supplied in the hermetic 12-lcad 
T0-5 style package. 



CA3039 

AMBIENT TEMPERATURE (TAl-"C 

Fig. 4 - DC reverse (leakage) current between c/iocles 

(1,2,3,4,5) one/ substrate vs temperature 

l 
~ 1008+---+-+-+-++----+"°""+--r-t-t---t--H--H 
~ . 
~ •f--t--H-i 

i 
_] 

4 I> 801 ~ G 8 10 

OC fORWARO MILLIAMPERES U~I 

Fig. 7 - Diode resistance (any cliocle) v.s DC 
forward ct.rrent 

I o.s 

~ 
~ o• 
~ 
Q 0.4 

O.I 

'° " Ahi!BIENT TEMPERATUR£ !TAI- •c 

Fig. 5 - Diode ollset voltage (any Jiocle) vs temperature 

AMBIENT TEMPERATURE (TAl•Z5•C 
DC FORWARO CURRENT (lf')•O 

• 

0 

~ I 

I 2 3 
OC REVERSE VOLTS (VRI ACROSS DIODE 

Fi9. 8 ~ Diocle eapac:itane• (JioJes 1,2,3,4,SJ vs 
reverse voltage 

DC FORWARD CURRENT {If l •I 111A 

0.9 

,i"o.a 

~ 07 

il 
; 0.6 

~ 
g o.s 

0.4 
-75 -so -25 25 "' AMBIENT TEMPERATURE ITA l--C 

100 12' 

Fig. 6 - DC forward voltage drop (any c/iocle) Y!i 

temperature 

AMBIENT TEMPERATURE CTA,)•H•c 
OC FOAWARO CURRENT l:CFl•O 

• 

0 I 2 J 4 
DC REVERSE VOLTS IVR) BETWEEN TERMINALS I, 4, !5,1,()R ll 

AND $U8STRATE !TERMINAL 101 

Fig. 9 - DioJe-to0 substrote capacitance vs 
reverse voltage 



Video and Wideband 
Ampllfier 
For lnmslrial •d 
Clnmercial Equipment at 

Frequencies up tu 200 MHz 

The RCA CA3040 is a monolithic silicon integrated 
circuit designed. to meet the requirements of a wide 
variety of applicaiions requiring high gain and wide band
width. The cascade-connected differential amplifier 
achieves a double-ended gain oC37 dB with a typical 3 dB 
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 +125"C. Blas Mod• A yields 
a substantially constant voltage at the output t.enninals 
for app.ications using DC coupling to succeeding stages 
or requiring maximum dynamic range over the temperature 
range. DC output voltage varies less than 0.1 volt (typi
cally) over the entire temperature range while gain vmies 
±2 dB. Bias Mode B provides extremely stable gain 
over the temperature range. Gain variation is 0 dB (typi
cally) in this Bias Mode. DC variation is ±0.8 volt. 

Provisions are also made for stabilizing the operating 
point for either single or split power supplies. 

FEATURES 
•High Dlffer•nttol Push· Pull Voltog• Goin...... 37 clB typ. 

Singl•·Encl•d Yolto9• Goin.................... 31 clB tJP. 
e Wicl• (3dB) Bandwidth................................ SS MHz typ. 
• Balanced Input oncl Output 
• High Input R••lstonc• ••••.••••••••.• ,,.............. 150 kO typ. 
•Low Output R•sistonce ••••.••••••••••••••••••••••••• 125 0 typ. 
• Bias Options for Temperatu,. Comp•nsotion: 

Bio• Moel• A: "Constant" Voltage 
Bias Macie B: "Constant" Goin 

• Supplied in the hermetic 12-lead T0-5 style 
package 

APPLICATIONS 
• Vicl•o Amplifler •Modulator • Mhcer 
• Schmitt Trigger • IF Ampllfler e DC Amplifi•r 

•Sense Amplifier 

ABSOLUTE-MAXIMUM RATINGS 

DISSIPATION • . . . . • • . . . . . . . . . . . . . . 450 mW 
Derating factor for TA > ss0 c . . . . . . . . . 5 mW/°C 

TEMPERATURE RANGE: 
Operating . . . . . . . . . . . . . . . . . -55°C to + 125°C 
Storage ...•.......... · . · · . -65°C to +lso"C 

LEAD TEMPERATURE (During Soldering): 

At distance I/ 16 ± I /32 inch (l.59 ± 0.79mm) 
from case for I 0 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 tenninals 
listed vertically with respect to the t.enninals listed horizontally. For example, the 
voltage range of the vertical terminal 2 with respect to terminal 11 is 0 to + 14 volts. 

MAXIMUM 
CURRENT RATINGS 

TERM-
INAL 1 2 3 4 s• 6 7 8 
No. 

1 0 . . +14 . +10 . 
·14 0 -10 

2 . +14 +14 +14 . . 
0 0 0 

3 . •s 
-3 

. . . 
4 . +3 . . 

-3 

s• • . +10 
-3 

. 
6 . . 
7 . 
8 

9 

10 

11• 

12 

• Refcrenet~ 81.ll»ltrutc 

Note 1: Extcrnul connection required for sroper operation. 

11• 9 10 12 
TERM- ltN looT INAL 

No.· mA mA 

. . +14 . 
0 1 5 5 

. +14 +14 +14 
0 0 0 2 - -

. . +5 . 
-3 3 5 5 

. . . . 4 1 0.1 

+3 . 0 . 
-7 Note 

1 
5 - -

. . . . 6 l 0.1 

. . +10 
-<I 

. 7 5 5 

+3 . . 
-3 

. 8 5 5 

. +7 
-3 

. 9 l 0.1 

. . 10 - 10 

• . 11 - -
12 - 10 

* Voita1es are not normally applied between these terminals. 
Volta1es appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 

CA3040 

SUBSTRATE St.eSTltATE 

ALL RISISTANCE VALUES IN ICA 'S. 

Flp.1 • >•••matlc Olapram for CA3040 

STATIC CHARACTERISTICS TEST CIRCUITS 

Fip.2(a) - Bias Ma<i• A 

Fig.2(•1 • Blas Mod• B 



CA3040 
ELECTRICAL CHARACTERISTICS AT TA= 25°C Unless Otherwise Specif;ed 

Limit• 
Test 

Characteristics Symbols Circuits Special Test Conditions Units 

I--
Fig. Min. Typ. Mox. 

STATIC CHARACTERISTICS Vee = +6V, VEE ::: - GV 

Output Voltage VlO or V12 
21•1 Bias Mode Switch 1.4 2.7 3.7 v 2lbl Aor B: Closed 

21•1 
Bias Mode A - -1.7 - v 

Base Bias Voltage Vg 
Switch Closed 

2lbl Bias Mode B - -1.7 - v Switch Closed 

Input Bias Reference Voltage VJ 21•1 Bias Mode Switch -1 - +l v 2(b) A or B: Open 

Input Bias C:Unent 14, 15 21•1 Bias Mode Switch - 15 45 µA 
2lbl Aor B: Closed 

Input Unbalance Current I 16-14 I 21a) Bias Mode Switch - 6 µA 
2lbl A or B: Closed 

12 or 21•1 
Mode A 

Is +tu Switch open or closed 
Power Supply Current Drain 12 01 Mode B 4.7 8.5 15.5 mA 

I5+Ja+I11 2lbl Switch open or closed 

DYNAMIC CHARACTERlSTICS Vee= +12V, VEE= o, Split Voltage Supply (Optional)= +6v 

Differential Voltage Gain 

Single-Ended Input 
Differential Output ADlFF(DE) 31•1 R!: ~OM~z 34 37 - dB 

Single-Ended Input 
ADIFF(SE) 31•1 

f = 1 MHz 28 31 - dB and Output Rs = 50 0 
-3dB Baidwidth BW 31•1 Rs = 50 0 40 55 - MHz 

Differential Voltage Gain Balance 
AolFFISEllO 

31•1 f = 1 MHz -1 D +l dB 
-AolFF(SEl12 

Output Voltage Swing 
V8 01 VlO 

3(a) R! : ~OM~z - 0.5 - VRMS RMS 

Noise Figure NF 31a) 
{Note l)f = 30MHz - 7.5 9 dB 

Rs= 4000 

Parallel Input Resistaice R, 3(a) - 150 - "'1 
Parallel Input Capacitance c, 31•1 f = 1 MHz - 2.2 - pf 

Output Resi staice Ro 3(a) - 125 - (] 

TEMPERATURE DEPENDENT CHARACTERISTICS 
Temperature coefficients for ambient temperature: .55oc_sTA.$.+ 125oc 

Output Voltage 
6v10 or"lw12 31•1 Bias Mode A - 0 - mV/OC 

'C 3lbl Bias Mode B - 6.4 - mv;oc 

Power Supply Current Drain ll12flC 31al Bias Mode A - 5 - µAf>C 

Differential Voltage Gain Ao1 FF/°C 
31•1 Bias Mode A - 0.0166 -

dB/°C 
31bl Bias Mode B - 0 -

Note 1 · Replace 1-k.Q resistors between Term 1 and 4 and Term. 1 and 6 with suitable chok~s so that reactance at 
30 MHz exceeds 5kf°2 

Fig.4 - Differential Voltage Gain vs Frequency 

I
,- AMBIENT TEMPERATURE ITAl•2~°C 

SINGLE~ENOEO INPUT ANO OUTPUT t 

MOO. E A,SWITCli CLOSEO, FIG ~ (o) 

.;o!,~~.,.fl1 ,RL•IK1l f""TT 

i±+t:tmt' !'h 
-ill! ttt- + T~!mT -~n 

: ''ttji± : -

! tE r'! 
" ' OC SUPPLY VOLTS 

14 TERMtlAL Mo2 
1 TERMWAL No.I 

Fig.5 ·Differential Voltage Gain vs DC Supply Voltages 

DYNAMIC CHARACTERISTICS TEST CIRCUITS 

" o---j 
INPUT L" '",,,,,, ' 

-
0 

OUTPUT 

*vARIABLE CAPACITANCE 10'5 IOl'F) ADJUSTMENT FOR 
EQUAL 3d8 8ANOWIOTl1 AT AMPLIFIER OUTPUTS. 
TERMINALS 10 ANO 12 

ALL RESISTORS IN OHMS 
ALL CAPACITORS IN MICROFARAD$ (UNLESS OTHERWISE 

INDICATED I 
BIAS MODE A IS AS OE FINED IN FIG 2 (a) 

Fig.3(a} - Bias Mode A 

*SEE FIG ~(a) 
BIAS MODE B IS AS DEFINED IN FIG 2 (bl 
ALL RESISTORS IN OHMS 
ALL CAPACITORS IN MICROFARAD$ !UNLESS OTHERWISE 

INOICATEDI 

Fig.3(b} - Bias Mode B 

.. i~_ ... __ 
2."X3"Xl./f&at 
METAL BOX CHASSIS 

INPUT TERMINAL 
No. 4 

Fig.6 - Test Circuit Layout 



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 temperablre- compensated perfonnance. Mode A, 
which provides constant DC output voltage, is recom-
mended for most applications. Thi;! control of the oper&
ting point provided by this mode maintains the dynamic 
range of the device while gain variation over most of 
the range is less than ±I dB. Mode 8 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 duel 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 unaffect.ed by the 
choice of biasing scheme used so that in most cases 
direct connection of Tenninal No. I to the center point 
of the supply is not recp.iired. Where direct connection 
is not used, Tenninals No.4 and No.6 must be biased 
from Terminal No. I for proper operation. 

High-Frequency Considerations 

Stable high-frequency <?peration requires that proper 
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. Oscjllations 
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 MJ-1201, or equivalent, modified by drilling 
a 118" 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 grolind. 

3. In DC testing, 1 kfl, V 4 W carbon resistors should 
be soldered directly to the socket Tenninals No.4 
and No.6 to suwwess 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. 

,, 

0.4 0.5 
RMS OUTPUT \IOLTSl\1100RV12I 

Flg.7 -308 Bondwiihh vs Slnglo·Endod Output Vo/toge 

\IJ !SWITCH OPEN, MODES A OR Bl 

-50 -25 0 25 50 7S 100 125 
AMBIENT TEMPERATl.RE t'TAl--C 

Fig.9 - Output Volts or Input Bias Reference Volts 
vs Amh;ent Temperature 

COLLECTOR SUPPLY VOLTS (Y(;C)•+l2 

MOOE SWITCH CLOSED,FIG.31a> 

AMBIENT TEMPERATURE (TAl-'"C 

Fig.11 - Coffector Supply Current Drain (12J 
vs Ambient Temperature 

CA3040 

400 
SOURCE RESISTANCE (llt5J-OHMS 

Fig.8 -HoiH Figure (HF) vs Source /mpffance 

AMBIENT TEMPERATURE ITAi •2.5•c 
MODE A,swm:H oPEN,FIG.3lal 

8 9 10 11 12 I'S 14 
COLLECTOR SUPPl..Y VOl.TS (Vccl 

F;g.10 ·Collector Supply Current Drain (12) 
vs Collector Supp_ly Voltage (Vee> 

-!IC -25 0 25 !IC 1' IOO 125 
AMBIENT TEMPERATURE ITAl--C 

Fig.12 - Single-Entletl Diflerential Voltage Gain 
vs Ambient Temperature 



CA3045, CA3046 Types 

General-Purpose Transistor Arrays For Low-Power Applications al Frequencies 

THREE ISOLATED TRANSISTORS 
AND ONE DIFFERENTIALLY -CONNECTED 
TRANSISTOR PAIR 

from DC through the VHF Range 

The CA3045 and CA3046 each consist of five general-purpose The CA3045 is supplied in a 14-lead dual:in-line hermetic 
silicon n-p-n transistors on a common monolithic substrate. (welded-seal) ceramic package and the CA3045F in a 14-lead 
Two of the transistors are internally connected to form a 
differentially-connected pair. 

dual-in-line hermetic (frit·seal) ceramic package. 

The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems in the DC 
through VHF range. They may be used as discrete transistors 
in conventional circuits. However, in addition, they provide 
the very significant inherent integrated circuit advantages of 
close electrical and thermal matching. 

The 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. 

ABSOLUTE MAXIMUM RATINGS AT TA. 25°c CA3045 CA3045F, CA3046 

Each Total Each Total 

Power Dissipation: Transistor Package Transistor Package 

TA up to 55°c 

TA> 55°c 

TA up to 75°c 

TA> 75°c 

Collector-to-Emitter Voltage, Vceo ... 

Collector-to-Base Voltage, Vceo .. 

Collector·to·Substrate Voltage, Vc10" 

Emitter-to-Base Voltage, Veeo 

Temperature Range: 
Operating ............ . 
Storage 

Lead Temperature (During Soldering I: 
At distance 1/16 ±1/32" (1.59 ±0.79 mm) 
from case for 10 seconds max: 

*The collector of each transistor of the CA3045 and 
CA3046 is isolated from the substrate by an integral 
diode. The substrate (terminal I3J must be connected 

300 

Oerate at 8 

15 

20 

20 

-55 to +125 
-65 to +150 

+265 

750 

300 

Derate at 6.67 

15 

20 

20 

-55 to +125 
-65 to +150 

+265 

750 mW 

mWf"C 

mW 

mW/°C 

v 
v 
v 
v 

to the most ne/lalive point in the external circuit to 
maintain isolation between transistors and to provide 
for normal transistor aclion. 

ELECTRICAL CHARACTERISTICS, at TA= 25°C 

Characteristics apply lor each transistor in the CA3045 onJ CA3046 os specified 

LIMITS 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS Type CA3045 
Type CA3046 

UNITS 

MIN. TYP. MAX. 

STATIC CHARACTERISTICS 

Collector·to·Base Breakdown Voltage V1BRICBO .!.c. •10µAc!f.. 0 10 60 v 

Coltector·lo·Eriiitte1 Breakdown Voltage ~BR ICED le • l mA,_le_ • o 15 14 v 

Colteclm·lo·Subshale Breakdown Voltage V181llCIO ic • tOµA, ic1 • o 10 60 v 

Emitter-to·Base Breakdown Voltage ~BlllEJlQ_ IE• lOµA, le =O 5 7 v 
Collector-Cutoff Current m Vea= 10 v, IE • 0 O.C01 40 nA 

Collector·Cutolf Cu1rent irn VcE = 10 v. Is • 0 See curve 0.5 µA 

Static Fo1wa1d Current· Transfer Ratio fC • lOmA 100 

!Static Bela) °FE VcE•3V lc•lmA 40 100 
i· 10µA 54 

Input Offset Current for Matched Pa11 
VcE • 3 V, le • l mA 0.3 1 µA 

01 and o2. I 1101 • 11011 

Base·lo·Em11ter Voltage VBE V =3VfE•lmA 0.715 v 
CE _Ii_= 10 mA 0.800 

Magnitude of Input Offset Voltage for D1ffe1-
enloal Pa11 lv8E1• v8E21 VcE=JV,lc=lmA 0.45 5 mV 

Magnitude of Input Offset Voltage for ISO· 

lated T1ansisto1slV0E 3 · V9E 4ll VcE •JV,lc •lmA 0.45 5 mV 
lvaE4. VsE5 i. IVsE5. VBE3 

Temperature Coeff1c1ent of avee 
VcE=3V,lc=lmA -l.9 mV 0c 

Base-to·Em1tler Voltage liT 
Collect0t·lo-Emitter Saturation Voltage ':w.. !.a: l mA,~ = 10 mA 0.13 v 

Temperature Coef11c1ent: lt.V10 
VcE 3 v, ic l mA 1.1 µv•c Magnitude o! lnput·Olfset Voltage --xr-

114 

Vjdrlrl 
) 6 7 9 10 12 13 

sue~ 
STRATE 

92CS-·')206 

Fig. I · Schematic diagram. 

FEii TURES 

•Two matched pairs of transistors 

Vsematched t5mV 

Input offset current 2 tiA max. at le "' 1 mA 

• 5 general purpon monolithic transistors 

•Operation from DC to 120 MHz 

• Wide operating current range 

•Low noise figure - - 3.2 dB typ. at 1 kHz 

• Fullmilitarytemperature range for CA.3045 

-55 to + 12s0 c 

• The CA3045 is available in a sealed-junction 
Beam· Lead version (CA3045L). For further 
information see File No. 515, "Beam-Lead 

Devices for Hybrid Circuit Applications". 

llPPL/Cll TIOHS 

•General use in oll types of signal processing systems 
operating anywhere in the frequency range from 
DC to VHF 

•Custom designed differential amplifiers 

• Temperature compensated amp I ifiers 

•See RCA Application Note, ICAH-5296 "Applic:otion 
of the RCA-CA.3018 Integrated-Circuit Transistor 
Array" for suggested applications. 

STATIC CHARACTERISTICS 

102! EMITTER CURRENT (:I l•O 

25 50 100 

AMBIENT TEMPERATURE (TAl-°C 

12 

Fig. 2 - Typical collector·to·base cutoff current 
vs ambient temperature for each 
transistor. 



ELECTRICAL CHARACTERISTICS, at TA= 25°C 
Characteristics apply lot each trans/slot In tbe CA3045 anJ CA3046 as specllleJ 

CHARACTERISTICS 

DYNAMIC CHARACTERISTICS 

Low·Ftequency Noise F1gu1e 

Low·F1equency, Small-Signal 
Equ1valent-C1rcuit Charactei1stlcs: 

Forward Currenl-Translei Ratio 

Short-C1rcu1t Input Impedance 

Qpen-CircJMI Output Impedance 

~nReverse 
Vollaee-T1ansfe1 Ratio 

Admittance Characte11sl1cs: 

Forward Transfer Admtltance 

Input Admittance 

Outpul Adm1Uance 

Reverse Transfer Adm1llance 

Gain-Bandwtdlh Product 

Emitter-to-Base Capacitance 

Colleclor·lo-Base Capacitance 

CollectOf·fO·Substrate Capacitance 

120 COLLECTOR-TO-EMITTERVOLTSfVCEl•l 
AMtHENT TE~RATURE 1To,l•2S•c 

4 6 BO.I 4 6 BI 

EMITTER MILLIAMPERES (I[l 

SYMBOLS 

NF 

~ 
~ 
hoe 

h" 

Y.m_ 

Yie 

"'.M. 
~ 
Ir 

CEB 

Cce 

Cc1 

4 &BIO 

LIMITS 

SPElllAL TEST CONDITIONS Type CA3045 . 
Type CA3046 

UNITS 

MIN. TYP. MAX. 

f• 1 kHz, Vee· 3V, lc= lOOpA 
Soun:a Resistance= 1 kll 

3.15 dB 

I 110 

3.5 ~: 

I = l kHz. VeE • 3 V, le = l mA 15.6 11mho 

I l.8xlo·4 

I 31·11.5 

0.3•10.04 
I = l MHz, VCE = 3 V. le =I mA 

O.OOl •10.03 

! See curve 

VcE • 3 V. le = 3 mA 300 550 

VEB = 3 V. IE= 0 0.6 pf 

vc8 = 3 v. ic = o 0.58 pf 

Vcs = 3 v. le • o 1.8 pF 

IOa COLLECTOR-TO-EMITTER VOLTS(VCEl•.S 
6 AMBIENT TEMPERATURE (TAI' 25•c _,__1--4-H 

~ " 
~ l--+-t--1-+t--t- - -~ 

I ':t---rc· -- ...... t- ..c. .IL 

i 

00, 

001 2 " 6 8 0.I " f, 8 l 
COLLECTOR MILLIAMPERES IIcl 

Fig.4 - Typical static lorwarJ current-transfer ratio anJ 
beta ratio lot transistors Or anJ 02 vs emitter current. 

Fig.5 • Typical input offset current for matcl.eJ 
transistor pair 0102 vs collectOI" current. 

COLLECTOR-TO-DUTTER VOl.TS IVc£l 1 3 

025 

OA 
-75 -!50 -2$ .. "' 120 .. ,. 

CA3045, CA3046 Types 

STA TIC CHARACTERISTICS 

Fig.3 - Typical collecfor·fo-emitter cutoll current vs 
ambient temperature lor each transistor. 

4 6 lot 4 6 I I '•o 
'EMITTER MILLIAMPERES I IE I 

Fig.6 - Typical static base-to-emitter voltage character
istic anJ Input offset voltage for Jillerential pair anJ 

paired isolated transistors vs emitter current. 

-2502:1507'IOO 

AMBIENT TEMPERATURE ITA)--C 

Fig. 7 - Typical base-to-emitter voltage charm:
teristics vs ambient temperature for 
each transistor. 

Fig. 8 - Typical input offset voltage characteristics 
for differential pair and paired isolated 
transistors vs ambient temperature. 



CA3045, CA3046 Types 

COLLECTOR-TO-EMITTER VOLTS !IJt[!•l 
SOURCE RESISTANCE OHMS (AS)•SOO 
AM81ENT TEMPERATURE ITAl•2!1'C 20 

~ ~ 
I " ,# H 
~ .,. 
" bl 10 "'~~ k:l 

~ V' ~ b---
5 

v L_ i 
___, I-"'"" 

1 
' e "' 

COLLECTOR MILLIAMPERES llcl 

Fig.9(o) ·Typical noise figure vs collector current. 

4 6 SO.I 2 4 6 8 I 

COLLECTOR MILLIAMPERES (le) 

Fig. 10 • Typical normalized forward current-transfer 
ratio, short-circuit input impedance, open-circuit 
output impedance, and open-circuit reverse volt

age-transfer ratio vs collector current. 

~ 
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~~ 4f--+--+-+-1+---+~+-+-++~+--+-+++-'bo1•1-4 
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~ ~ 3,f--+--+-++t-+-++++--+-+++-HJLJ_'-+---1 
zz o• 
u~ 

~~ 2f--+--+~+--+~-+++~\-4ILl-j<++JL--rr-~ 
§~ L'1 ,.,. 

0.1 4 6 a I 10 
FREOUENCY(f)-MHz 

Fig.13 · Typical output admittance vs frequency. 

DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 

COLLECTOA-TO•EM1TTER-VOLTS (VC[l•3 
SOURCE RESISTANCE OHMS !A5)•IOOO 
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Fig.9(b) - Typical noise ligure vs collector current. 
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Fig.11 - Typical forward transler admittance 
vs lrequency. 

COMMON-EMITTER CIRCUIT,SASE INPUT 
AMBIENT TEMPERATURECT,A):25°C 
COLLECTOR-TO-EMITTER VO..TS (VCE)~5V 
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Fig.14 - Typical reverse transler admittance 
vs /,equency. 
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Fig.9(c) - Typical noise figure vs collector current. 
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Fig.15 • Typical gain-bandwidth product vs 
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Amplifier Array 
FOUR INDEPENDENT 
AC AMPLIFIERS 

For Low-Noise ud 
General AC Applications 
In lnoostrial Senice 

The RCA CA3048 is a silicon monolithic integrated 
circuit consisting of four independent identical AC 
amplifiers which can operate from a single--ended power 
supply. 

The amplifiers inclwfo internal DC bias and feMback 
to provide tempnrature-stabil izcd operation. They ma:v 
re used in a wide variety of AC' applications in which 
operational amplifiers havC' previously hl'Cn ust>d. 

F.ach high gain amplifier has a high impcdanC'e non
inverting input, and a lower im1wdancC' inverting input 
for the application of fc<.'<lback. Two llOWl'r-supply 
terminals and two ground tt•rminals arc prO\·ided to "-'"" 
duce internal and external coupling retwcen amplifiers 

Tht• C"A:Jt'J.t8 is supplied in a Ui-1<.•ad du11l-i11-1inl' 
plastk· pa<.·kagc. 

ABSOLUTE-MAXIMUM RATINGS at TA= 2S"C: 

DISSIPATION' 
At TA= 55°C ...••••••••..•••.•••••••••••••••••••••• 750 mW 
Above TA= ss0 c ....................... Derate linearly at 7.7 mW/°C 

TEMPERATURE RANGE' 
. Operating • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • .40°c to +ss0 c 
Storage ••••••••••••••• , • • • • • • • • • . • • • • • . • • • • • • -65°C to +t50°C 

LEAD TEMPERATURE (During Soldering) 
At distance 1/16 ± 1/32 inch (159 ±0.79mm) 
from case for 10 seconds max. • •••.•..••••••••.••••••...••••••• +26S0 c 

POWER SUPPLY VOLTAGE •.•.•••••.•••..••...•.••••••••••• +16 V 
AC INPUT VOLTAGE • • • • • • • • • • • • • • • • . . • • • . • • • . • • • • • • • 0.5 V nns 

MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltaaes which can be applied to the terminals 
listed vertically with respect to the terminals listed horiio11tally. For ex81T1ple, the 
voltage range between vertical tenninal 2 and horl•ontal terminal 4 ls +2to-3.6 volt•, 

TERM
INAL 
No. 

4 10 11 12 13 14 15 16 

10 

11 

12 

13 

14 

15 

16 

+16 
0 

+2 
·3.6 

+s 
·S 

+3.6 
·2 

0 
·16 

+2 
·3.6 

+2 
-3.6 

+S 
·S 

·3.6 

+2 
·3.6 

*Voltages ue not normally applied between these terminals. 
Voltaees appearina; between these terminal& will be safe if the 
specified limits between all other terminals are not exceeded. 

+S 
·S 

0 
·16 

+16 +2 
0 ·3.6 

+16 
0 

+2 
-3.6 

0 
·16 

0 
·16 

+S 
-s 

0 
·16 

+16 
0 

+16 
0 

0 
-16 

+16 
0 

CA3048 

Fig. 1 • Block diagram for CA3048. 

FEATURES 

• Four AC amplifiers on a common substrote 

• Independently accessible inputs ond outputs 

• Operates from slngle-andecl supply 

EACH AMPLIFIER 

• NoiH figure- at 1 kHz ......................... 2 dB typ. 

•High voltage gain .............................. 53 dB min . 

• High input resistance ......................... 90 lc~·i typ. 

•Undistorted output voltage ................... 2 Y rms min. 

• Output Impedance.................. 1 kC typ. 

• Open-1-p bonclwiclth .. .. ........ 300 lr:Hz typ. 

APPLICATIOHS 

•Multi-channel or ca1cade operation 

• Low-leve-1 preamplifier1 

• Equalizers 

• Linear 1igriol mixers 

• Tone generllfors 

• Multivibroton 

• AC integrators 

•CONNECT TO M"PllO"RIATE Tl!UIMM. TO lll!AO YCILTAGE 

Fig.2 - Test circuit for measurement ol collKtor 
supply voltage anJ currents. 



CA3048 

Not•1 All resisto1 values are in ohms 

Fig.3 - Schematic:·Jlagram lor CA3048. 

ELECTRICAL CHARACTERISTICS at TA= 25°C 

TEST 

CHARACTERISTICS SYMBOLS 
CIR· 

TEST CONOITIONS CUIT 

FIG. MIN. 

STATIC 
current dn•ln per amplifier pair 112 or I1s vcc = +12v 2 9.5 
DC Voltaae 

at 01,1tput Terminals 
Vt, vs. 
VU, V16 vcc=+12v 2 6.1 

DC Voltage V3, V7, vcc = +12v 2 1.7 at Feedback Terminals VlQ, Vl4 
DC Voltaae V4, vs. VCC::: +12V 2 2.2 at Input Terminals V9, V13 

DYNAMIC (Characleristics given are lor each amplifier wilh no AC feedback) 

Open-Loop Gain AoL vfi~ ~ ;~~v 
f = 10 kHz 

6 53 

Ouiput Voltage Swing Vo(rms) Ve~; ti~~ 6 2.0 
THO= 5% 

Open-Loop·-3dB Bandwidth BW vcc =+12v 
E1N = 2mV 6 250 

ToUI Harmonic Distortion THO Vee= +12v, f=TkHz 6 -Eour = 2v rms 
OPEN LOOP 

Input Resistance RrN 
Teiminals 3, 7, 10, 
and 14 are by-
passed to ground 

- -
f = 1 kHz 

Input Capacitance CrN f = lMHz - -
Terminals 3, 7, 10 

Output Resistance RouT and 14 are by-
passed to ground 

- -
Output Capacitance ~ f - lMHZ - -
Feedback Capacitance vcq ~ t~~vz (Output to non· CFB - -

inverting Input) 

Broad-Band Outp\Jt 
EN Noise Voltage 

v~~ ; ;01~~ 
A = 40 dB 11 . 

Equivalent 
Noise BW = 50 kHz 

Output Noise Voltage 
"Weishted'' ENIWT) 12 -

lOiiz - -
NF 

100 Hz . . 
Noise Figure (Rg=s~Q) f . l kHz . . 

lOkHz - -
100 kHz - -

lnter·Amplifie1 Audio vcc = +12v 
13 f = 1 kHz -Separation "Cross Talk" 0 dB = 0,78V 

Inter-Amplifier Capacitance vcc = + liv (Any amplifier output to c f = lMHz - -
a~other amplifier input) 

LIMITS 
CA3048 UNITS 

TYP. MAX. 

13.5 l7.5 mA 

6.9 8.1 v 

2,0 2.3 v 

2.5 2.8 v 

58 - dB 

2.4 - v 

300 - kHz 

0.65 - % 

90 - kfl 

9 - pF 

1 . kfl 

l8 . pF 

<0.1 - pF 

0.3 1 mv 

0.5 2.2 mv 

10 - dB 
5.8 . dB 

2 - dB 

1.1 - dB 

o.s - dB 

<.45 - dB 

<0.02 - pF 

TYPICAL 
CHAR AC· 

TERISTICS 
CURVES 

FIG. 

4,5 

7,8 

-
9 

10 

. 

. 

-
-
-

-

-

-

-
-

a ro 12 

oc SUPPLY VOLTS !Vee) 

Fig.4 - Typic:ol DC supply current vs supply voltage. 

COLLECTOR SUPPLY VOLTS '"ccl•+I 

i 
~ II 

~ 
~ oo 

·oo 
AMBIENT TEMPERATURE (TA)-•C 

Fig.S - Typical DC supply current vs ambient 
temperature. 

" ·sic. 

"" 

•Sig Gen should be a low distoftion type (0.2% THO Of less) 
HP206A Of equivalent, 

•Adjustment of Eg to 2 volts will make Es"' 2mVo 

Test Cifcuit shows Amplifief #1 under test, to test Amplifiers 2, 3, 
or 4; Connect terminals as shown in Table. 

AMPLIFIER 
TERMINALS 

OUTPUT INPUT BYPASS 
l 1 4 3 
2 6 8 7 
3 11 9 10 
4 16 13 14 

Fig.6 • Test circuit for measurement of c/istortion, open· 
loop gain am/ bantlwiclth characteristics. 



INPUT SIGNAL VOLTAGE IE1NI• ll'llV RMS 
Of'[RATING FREQUENCYltl• I ~Hi 
AMBIENT TEMPERATURE lTAl•2~'C 

DC SUF'PLY VOLTS (Vee' 

Fi9.7 · Typical amplifier 9ain vs DC supply voltage. 

, .. 
AMBIENT TEMPERATURE tTA~·'C 

Fig. JO - Typical total harmonic distortion 
vs ambient temperature. 

V.T.\l.M.• 

"'V.T.V.M. • Hewlett-Packacd Model 4000 or equivalent. 

Procedure: 

1. Adjust Sianal Generator tor 0 dB output at 1eference terminal, 

2. Read voltage at other output terminals {Figure shows terminal #1 
used as reference). 

Fig. 13 • Test circuit for measurement of inter-amplifier 
audio separation "cross talk" characteristic. 

AlllBIENT TEMPERATURE (T Al- •C 

Fig.8 - Typical open-loop gain vs ambient temperature. 

• RESISTORS ARE METALFILM T¥P£, l"lo 

To test Amplifiers 1, 2, 3, or 4, connect terminals as shown in 
Table. 

AMPLIFIER 
TERMINALS 

OUTPUT INPUT BYPASS 

1 1 4 3 
2 6 8 7 

3 11 9 10 

4 16 13 14 

Fig. '1 · Test circuit for measurement of broaclbancl 
noise characteristic. 

,.""'""'""'."'""' .. 1 }TT!Tl TIT 
OPERl.TIHG FR:!QUl!HCY Ill• 1 kH• OOS "F ' -·----.... ., r~ 

D 14 -

~ """ r· ,,,. GEN - "F 11-PTYPE 
f • I OH1 ~00 O 

~ RFS (OREQOIV.) 

0 "I--.. - = 
11 I 

0 

rtt l ~ 
0 

10.000 100.000 

RESISTANCE IN FEEDBACK CIRCUIT IRFsl 

Fig. 14 · Typical omp/i/;er gain vs feedback resistance. 

CA3048 

COLLECTOR 5UPPL y VOL TS lVccl •• 12 
AlllBIENT TEMPERATURE(TA). 2S°C 

-· 
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+-1 R" 
++-

+-1-

~ 
-

~ lIT . ti-

rr 
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- +-· +--
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~-F 
10.000 100,000 

Fi9.9 • Typical open-loop gain vs frequency. 

'" 

• Ll • 2.5 millihenry inductor, de resistance 0,3 ohms or less. 

* =~ii~~t: a~et:~0~i~~n ~:le.1%. To test a-nplifiers, connect 

AMPLIFIER 
TERMINALS 

OUTPUT INM BYPASS 
1 1 4 3 
2 6 8 7 

3 11 9 10 

4 16 13 14 

Fig.12 • Test circuit for measurement of "weightec/" 
output noise voltage characteristic. 

OPERATING CONSIDERATIONS 

Economical Go in Control 

The CA3048 is designed to permit flexibility in the 
methods by which amplifier gain can be controlled. 
Fig.14 shows a curve of the gain of an amplifier when 
the internal resistive feedback of the device is used in 
conjunction with an external resistor. Although meas
ured gain of various amplifiers will not be unifonn, 
because of tolerances of interrial 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 CA304B 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. 



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 (typ.) at 200 MHz 

• Two differential amplifiers on a common substrate 

• Independently accessible inputs and outputs 

Applications 

• VHF amplifiers 

•VHF mixers 
• Multifunction combinations - RF/Mixer/Oscillator; 

Converter /IF 
• IF amplifiers (differential and/or cascode) 

• Product detectors 

• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 

• Cascade limiters 

e Synchronous detectors 
• Full military-temperature-range capability- (-55°C to+ 125°C) 

for the CA3102E and for the CA3049T 
• Balanced mixers 

• Synthesizer! 

• 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". 

ACA-CA3049T and CA3102E consist of two independent 
differential amplifiers with associated constant-current tran· 
sisters on a common monolithic substrate. The six transistors 
which comprise the amplifiers are general-purpose devices 
which exhibit low l/f noise and a value of tr in excess of 1 
GHz. These features make the CA3049T and CA3102E use
ful from de 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 tlexibility. 
The CA3049T is supplied in the 12-lead T0-5 package; the 
CA3102E, in the 14-lead plastic dual-in-line package. 

'"' 

V- {-6Vl 

Fig.1-Static characteristics test circuit for CA3102E. 

Fig.2-AGC rang11 and voltage f18in test circuit for CA3102E. 

• Balanced (push-pull) cascade amplifiers 

• Sense amplifiers 

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, 
ATTA •25"C 

Power Dissipation, P: CA3049T CA3102E 

Any one transistor 

Total package .... 

300 

600 

JOO mW 

750 mW 

For TA> 55°C Derate at: 6.67mWf.c 

Temperature Range: 
Operating ............. -55to+ 125-55to+125 °C 

Storage . . . . . . . . . . . . . . -65 to + 150 -65 to + 150 °C 

Lead Temperature (During Soldering): 
At distance 1 /16 ± 1 /32 inch ( 1.59 ± 0. 79mm) 
from case for 1 O seconds max. . .... +265°C 

The following ratings apply for each transistor in the devices 

Collector-to-EmitterVoltage, Vceo . . . . . . . 15 

Collector-to-Base Voltage, V CBO . . • . • • . . . 20 

Collector-to-Substrate Voltage, Vc10 * ..... 20 

Emitter-to-Base Voltage, Veso . . . . . . . . . . 5 

Collector Current, le ................. 50 

v 
v 
v 
v 

mA 

•The collector of "ch tr•r19lstof of the CA3049T arld CA3102E ts 
itolated from the k!bstrate by •n lrltegral diode. The St.1bstr11te 
(terminal 9) must be connected to the most negative point In the 
•xternel circuit to maintain Isolation between transistors and to 
provide for normal tran91stor action. 

NOTE~. ~~E~Fs i~r::;..~;~ R~:~.~~o OTHER OOI J:. 
2. BRACKETED NUMBERS REFER TO CA3102E; UNBRACKETED 

NUMBERS REFER T0CA504!JT 
92cS·2079l 

L1, L2 - Approx. 1/2 Turn #18 Tinned Copper Wire, 5/8" Dia. 

C1, C2 - 15 pF Variable Capacitors (Hammarlund, MAC-15; or 
Equivalent) 

All Capacitors in µF Unless Otherwise Indicated 

All Resistors in Ohms Unless Otherwise Indicated 

Fig.3-200 MHz CB3COde power gain and noise figure test circuit. 

> 0.5 

1 
; 
~ 0.4 

~ g 

" ~ 0.3 

~ 

~ 
;;r;; 0.2 

SUBSTRATE 9 
AND CASE 

Schematic Diagram for CA3049T 

Schematic Diagram for CA3102E 

Typical Characteristics for CA3049T and CA3102E 

AM81ENT~EMPERAT~E (TJ.2Jc 

r-.... 
r--i-- v 

]/ 

6 8 l 2 6 6 10 
EMITTER CURRENT (I3,l9)-mA 

Fig. 4-fnput offslft voltage vs. emitter current 

o.•>f---+---4----+-- '4--+--C--1--+-j 

0.4 0.6 0.8 1.0 40 6.08.010 

EMITTER CURRENT(l3,l9l~mA 

Fig, 5-lnpur bias current vs. emitter current. 



ELECTRICAL CHARACTERISTICS ot TA• 21i"C 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

STATIC CHARACTERISTICS 
For Et1eh Dlft.,..,tl•I A'1!2Ilf._, 

I Input Off..t Vott.gll V10 

Input Offld Curr.rat )110 j_l3• l9•'2mA 

Input BIH Current =:I I 19 

T•m.-r•tur• Co9ffk:i9nt M..,. lf'\V1ol 
nlNdllof lnput-Oft•t VoltaQll .b.T 

f2!-~Tr.n11stor 
DC Forw•d •-to· Vee Vee-av 
EmltterVolt9g9 'c"' 1 mA 

TempwiltUre COeffkl8nt of AV9E 
VcE .. 6V, le•, mA 

B••to-Emltt• VolUgm AT 
Collector-Cutoff Current I vC_L• 1ov, 1e -o 
Collector·to-Emitnr 

VI BR) CEO le .. 1 mA. 18 .. o 
Br•kdoWn VolU1t9 

Coll..::tor-to-B•• 
Y(BRICBO •c .. 10 JoiA, •e'" o Bte11kdl>wn Volt ... 

Collec101-to-Sub1tr•te 
Y(BRICIO •c .. 101-1A. 18 = o. •e ,. o 

BrHkdown Volt ... 
Emin.r-10-a- Br .. kd-ra 
Vol~ VIBRIEBO ie ... io,.,.A. ic ~ o 

DYNAMIC 
CHARACTERISTICS 

f = 100 KH3. R5 = 500-----rf 1/f Nol• Flguffl (For NF 
Sin l•Tr•n9istor) le= 1 mA 

~•in-B•ndwld1.,--..;oduct 
(For Singl• Tr9n•inor) fT Vee• 6 V. lc = 5 mA 

Collec:tor·B•M e•PKl1•nu Cea ie = o Vee= sv 

eollec:tor-Substr•t• e_,•clt•nc• Cc1 le"' o Vc1 = 5V 

F:~~~.~iff•Hnti•I 
Common-Mod• A•i.c1ion Ratio CMR .!2._=lg•2mA 

~•ngm,On•S .... AGC Bias Volt.lg• .. -6V 
Vol1999 G•in, Singi.End9CI A 

BiH Volt•ll'I = -4.2V 
O~t f .. 10MH: 

lnMrtion Po-r Gain .. t= 200MH: C•ICOd• 

Noi•Flg1.1r• NF vcc = 12v Ca1eod• 

For Catcod• eascod• 
Input Admittllnc• v,, Configuration 

13 =lg= 2 mA Oiff.Amp . 

For Diff. 
Ampllfi., Catcod• 

Rev ... • Tr.nl'f•r A.dmittanc::• v,, Configuration 
13 = lg= 4mA Oiff.Amp. 

Forward Transf•r Admln•nc• Y21 
(each C•llCOd• collector 
•c=2mA) Diff. Amp. 

C•scod• Output Admitunc• Y22 Oiff.Amp. 

"T•minals 1a14, or 7 6 8. ICA3102EI 1 a 12 or 6 & 7 !CA3049T) 
••T•minels 13 6 4, or 6 6 11. tCA3102EI 10 & 11 or 4 & 5 (CA3049TI 

s 1.5 

i 1.4 

~1· 13 
12 . " 

3 I 

DC BIAS VOLTAGE (V9l-V 

Fi1- 8-CapecitlltlU w. de bi# ~ 

COLLECTOR QJRRENT (lcl-""' 

Fig. 11-Gllln-bllndwldthproduct11S. colteCrorcurrenr. 

TEST 
CIR-
CUIT 

FIG. 

.. 

001 

TYl'tCAL 
CHAllAC-CAJIMIT LllllTI n1111T1CS 

40 

MIN. TYP. MAX. UNITS 

0.20 ""'.. ... "" 13.5 33 "" 
1.1 11-v1•c 

774 

-o.• mV/°C 

0.0013 100 ..... .. 24 v 

20 60 v 

20 60 v 

v 

1.5 dB 

1.36 GH, 

0.28 pF 
0.28 pF 
1.65 pF 

100 dB ,. dB 

22 dB 

23 dB ... dB 

1.5 + j 2.46 

Q.878 + j 1.3 
mmho 

o- j 0.008 
mmho 

0- j 0.013 

17.9- j 30.7 mmho 

-10.6+ i 13 

-0.503-116 
0.071 + j 0.52 

"'mho 

MBENT TEW'ERATURE (TA)• 215-C 
POSITIVE DC Sl.PPl..Y VOLTIGE (V•)• +IV 
NEGATIVE DC SlM"PL'f' VOLTAGE (Y-)•-6Y 
FREQUENCY ln•lllHll 

DC BIAS VCL1AIE ON T'EMIJMl..S 2 AHO 10-V 

Fil- 9-Volr.,t gMn n. de bia vol,.,._ 

AMBIENT TEMP£RATURE (TA)= 25•C 
RsotJRCE •soon 

4 6 801 

COLLECTOR CUflflENT llcl-mA 

CUllVU 
FIG. 

-· 

12 

9. 10 

14, 16.18 

16, 17, 19 

28, 28. 30 

27. 29. 31 

20, 22, 24 

21. 23, 25 

Fig. t 2-1 h noise figure vs. collsctor current. 
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CA3049T, CA3102E 
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l!I 

~o~~~~~·~""~EN~T~T~E•~P~ER~~~u~RE~l~T;l·~-~+~~o~~c~~~l---l~f--1~ ~:r .a= 
0 

i: 
I 

COLLECTOR Cl.RRENT Ucl-111A 

-100 -7' -50 -2' 0 25 50 75 100 

AMBIENT TEMPERATURE n..,1-•c 9tCS·207'11 

Fig. 7-Collector-cutoff cummt 111. fM'IPMllD.1'9. 

AMBIENT TEMPERATURE (TAJ •25°C 

2 

20 b. 

" ~ 
10 f\ 
• t 
0 
0.01 2 4 6 IOJ 2 4 6 11 Z 4 6 110 2 4 6 llOO 

FREQUENCY (fl- MHz 

000 

Fig. 10-Volt:age gain 11.1. frequency. 
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CA3049T, CA3102E 
ELECTRICAL CHARACTERISTICS at TA• 25"C 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

TEST 
CIR· 
CUIT 

FIG. MIN. 

STATIC CHARACTERISTICS 
For tl]ijt •r9nttlll AmR.!I l•r 

Input Off•t Volug11 

Input Offt9t Curr.nt 

Input llu Current 

T•mper•tur• Coefflc19nt M .. -
nitude of Jnput·OffMt Volt.19• 

DC Forwerd a ... to· 
Emitter Voltete 

Temp•etur• Coeffk:lent of 
a ... to-EmitHr Voltqt 
Collect0r-Cutoff Cur ... nt 

Collector-to-Emitter 
8r .. kdown VO.!!!!!. 

Co11Ktor·to·8 ... 
ar .. kd..>wn Vo~ 

eoU9CtO• ·to·Subsirete 
Br••kdown Volt•ee 

Emluer·to-B .. Br••kdown 
VOi'.!!!. 

11f Nol• Fi9ur• IFor 
SI~• Tr•nslllor) 

eollector·Substr•te ~paelt•nc• 

eommon·MOcM Rejection R•tio 

~nee. On•:!!• .. 
Volt• G•ln, Slntl•·Ended 
Ou_tp~t 

V10 

110 

110 
T4V1ol 

AT 

Vee 

Avae 
AT 

I 

Y(BR)CEO 

VcaRICBO 

Y(BRlCIO 

ViBRIEBO 

NF 

'• 
Cea 

CMR 
A(l_C 

13• ,9 .. 2mA 

Vee .. 6 v 
•c• 1 mA 

Vee= &v,·•c= 1 mA 

Vee= 1ov.1e=o 

tc = t mA, 18 = o 

•c = 10 ,..A. •e = o 

1c = 101oLA, 18 = o. ie .. o 

ie • to,..A. 'c = o 

t = 100 KH3. R5 = 500 0 
•e .. 1 mA 

Vee = 6 v. le= 5 mA 

:r 1 
_l 1 :r 1 

•e~o "ee=5v 
'c = o vc1 = 5V 

I "'_!.i_=2mA 
Bl•• Volt•ll• = -6V 
Bi .. Volt1119 .. -.t.2V 
t., 10MHz 

lnurtlon fl'o~r G•ln 9B-------! t = 200 MHz C•sc:Ode 
C•tcOde 

874 

" 
20 

20 

.. 

18 

CA3102E LIMITS 

TYP. MAX. UNITS 

0.25 

0.3 •A 
13.5 33 •A 

1.1 µVl°C 

774 874 mV 

-0.9 mV!0 e 

0.0013 100 nA 

24 v 

80 

80 v 

v 

1.5 .. 
1.36 GH, 

0.28 .. 
015 pF 

1.65 pF 

100 •• 
" •• 
22 •• 
23 •• 

4.8 •• 

TYPICAL 
CHARM:· 

TERllTICS 
CURVES 

FIG. 
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TypiCll Output Admittance Chor-ristlcl for CA304IT end CA3102E 
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CA3050, CA3051 
Dual Differential Amplifiers 

TWO DARLINGTON· CONNECTED DIFFERENTIAL AMPLIFIERS WITH DIODE BIAS STRING 

Far Ln·Pawer AlllllicaliDls at Freq1eacies fra1 DC ta 20 MHz 

The CA3050 and CA3051 each consists of two differ~ 
ential amplifiers with assodated constant current tran· 
sistors on a common substrate. Each amplifier is driven 
by Darlington<onnected emitter follower inputs to pro
vide. hiJh input impedance, low bias current, and low 
offset cbrreRt. A string of diodes is ~ncluded 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. 

APPLICATIONS 

•Matched dual amplifiers 

•Dua I SHH amplifi•rs 

•Dual Schmitt triggers 

~Dual multivibrators 

•Doubly balanced detectors and modulators 

•Balanced quadrature detectors 

•Synthesizer mixers 

• Product detectors 

MAXIMUM RATINGS, AISOLUTE·MAXIMUM VALUES, AT TA c 25°C 

CA3050 CA3051 
P'>w,r Dissipation, P: 

Any one transistor , • , , , , , ISO 150 

Total packa.1e , •••.• , . • • 900 750 
For TA > 55°c, "Derate at 6.67 

Temperature Range: 

Operating , •••• , ••. , . • • •• , • ·55 to +1251 
Storage ••• , , •• , , • • • • • • • • • • ·65 to +150 

LEAD TEMPERATU~E lDuring Solderingt. 
At dislance 1/16 :!: l/J:! inch (1.S<J :!: 0.7<Jmm) 

mW 
mW 

mW/°C 

oc 
•c 

from case for 10 seconds max .•• , , •. , ••••• , • , , • +:!C1S"c 

The followin1 ,.tlnp applJ' for each tranaistor in the device: 

Collecto,...to .. Emitter Voltap, V CEO •• , •• , , . , • , 15 V 

Collecto .... to·Baae Voltage, Vceo • ·; • • • . • • • • • 20 V 
Collectol'*to-Substrate Voltap, V CIO • • • • . . . • • . 20 V 

Emlt~r-to·Baae Voltage, V EBO. • • . . • • . • . • • • . 5 V 
Collector Current, 1c, , ... , . . . . . . . . . . . . . . . SO mltr. 

• The collector of each tranaiator of the CA.3050. and CA.3051 
is isolated from the substrate by an integraf diode. Tiie 
substrate (tenn,nal 14) must be mwe neQatlve than all cOI· 
lectcws to maintain isolation between tfansistors and to 
fJ'OVide far nonn.al transistor action, 

MAXIMUM VOLTAGE RATINGS 
The following chart gives the range of vol1B911 which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example. the 
voltage range between vertical terminal 2 and horizontal terminal 3 is +5 to -2 volts. 

MAXIMUM 
CURRENT RATINGS 

TERM-
INAL 1 
No. 

"' .. 

+2.6 +2.5 +10 
-14 ·14 

Note 1 Note I 
-10 

+14 
·2.5 
Note2 

+14 
·2.5 

Note2 

10 

II 

12 

13 

14 

NOTE 1: This rating Is importlnt only when ter"1inal 6 is more 
positive than terminal 8. 

NOTE 2: This rating is Important only when tenninlll 8 ls mora 
positive than terminal 5. 

NOTE 3: This rating is importlnt only when terminal 10 is more 
positive than terminal 11. ' 

TEAM· 
10 ,, 12 13 14 INAL l1N •ouT 

No. mA mA 

+1 .. I 5 0.1 

+1 
·1 

2 50 50 

+3 
-1 

:i 50 I 

+14 +14 +20 
·2.5 -2.5 

·1 
Note3 Note4 

4 50 1 

+1 +16 
-20 ·1 • 5 0.1 

+20 
·1 6 50 1 

+20 
·1 

7 50 1 

+1 +16 
20 ·1 8 5 0.1 

+20 +20 +20 
·1 -1 ·1 • 50 1 

+10 +2.5 
+16 -14 

·10 Note3 ·1 
10 • 0.1 

+2.6 
+16 -14 . 

Note4 ·1 
II • 0.1 

+20 
·1 

12 60 I 

+1 .. 13 5 0.1 

Ref. 
Sub· 14 100 5 

strllte 

NOTE 4: This rating is imf)ortantonlywhen terminal 11 is more 
positive than terminal 10. 

*voltages 11e not normally applied betw11.:n th•a terminals. Voltages appearing 
between these terminals will be safe If the specified limits between all other 
terminah are not exceeded. 

Ff9.1 ·Schematic Jiogrom. 

FEATURES 

•Input offset current • • • • • . . • • • • • • • 70 nA max. 

• ln,ut bias current • • • • • • • • . • • • . • 500 nA max. 

•Input offset voltage . . . . . . . . . . . . . . 5 mV max. 

• Input impedance , . . • . . . • • . • • • • . 460 IQ typ. 

• lnclepenclently accessible inputs and outputs 

The CA3050 is supplied in the 14-lead dual-in
line ceramic package and the CA3051 is supplied 
in the 14-lead dual-in-line plastic package. 

I 
0 
~ 

i 
~ 
i 

0 

TYPICAL STA TIC CHARACTl!RISTICS 

S COLLECTOR SUPPl.Y VOLTS tvccJ•H 
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Fig.2(a). Typicol input offset voltage vs 
quiescent bias current. 
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ELECTRICAL CHARACTERISTICS ot TA = 25°C 

TEST TYPICAL 

CIR- LIMITS CHARAC-

CHARACTERISTICS SYMBOLS TEST CONDITIONS CUIT CA3050/CA3051 UNITS TERISTICS 
CURVES 

FIG. MIN. TYP. MAX. FIG. 

STATIC 
Amplifier Choroct•ristics 

Input Oflset Voltage V10 - - 1.5 5 mV 2a,b 
Input Offset CuRent 110 - - 7 70 nA 3a,b 
Input Bias Current l11l - - 200 500 nA 4a,b 
Quiescent Operating C11rent Ratio I (14~12> - 0.9 1.00 1.13 - 5a,b 

(15+17) 
Vee=+ sv,13=2mA 

·-,3- t = 50~A - - 0.645 0.700 
DC Forward Base-to-Emitter Vqltage VBE VcE • 3V ~= - - 0.725 0.800 v 6 

- - 0.760 O.B50 
10 mlli - - O.llOS 0.900 

Temperature Coefficient of Base-to- t.VBE 
VcE = 3 V, le= I mA - -1.9 - mvl"C 7 Emitter Voltage "Tr"'" -

Transistor Characteristics 

CollectM-Cutoff C11rent le Bo ~·IOV,IE=O - - 0.002 100 nA 8 

Colleclo<·to-Emitter Breakdown Voltage lirBRlCEO .J;_ =I mA,la_ = D - 15 24 - v -
Collector-to-Base Breakdown Voltage ~!!Jg!O 2k_= 10,.A,!f_= D - 2D 60 - v -
Collector-to-Substrate Breakdown Vottaee ~~o 2k_= ID µA, !.c!_= 0 - 20 00 - v -
Emitter·tci-Base Breakdown Voltage ~lllfil!O .!E_= 10,.A,.!i;_= D - 5 7 - v -

DYNAMIC 
Transistor Characteristics 

Emitter-to-Base Capacitance ~ ~·3V,.!E_=D - - 0.78 - pf 9 
CollectM·to-Base Capacitance CcR ~·3V,.!1;_=0 - - D.47 - pf 9 
Collector-to-Substrale Capacitance ~ ~·3V,..!&_=0 - -11.92 - pf 9 
,..plifier Characteristics 

Gain-Bandwidth Product IT VcE = 5 v, le= 3 mA - - 000 - MHz ID 
(FM Single Transistor) 

Forward Transadmittance 
IY21 I (With single-ended input and output) 

Vee= 10 v. 13 = 2 mA 
f =I MHz 

II 7 9 II mmho II 

Bandwidth at ·3 dB Point BW ~ = 10 V, '3_= 2 mA II - 4.3 . - MHz II 

Input Impedance Zt Vee= 10v,13 = 2 mA 
f = l KHz 

12 ·- 460 - kO 12 

Output Impedance ~ _'3_= 2 mA, I= I KHz 13 - 170 - kO 13 
Common-Mode Rejection Ratio CMR la_= 2mA, I= l KHz - - 65 - dB -
AGC Range AGC ~e~:O.~N!.i ~~ II - 00 - dB -

I. AMBIENT TEMPERATURE ITA)•2!5•C 
..., COLLECTOR SUPPLY VOLTS (Vccl•+I 

.1!--+--1-++-1--+--1-+++-+--+-+YI*' 

I ~ 
~ ?1· 
a f-+-1-i +-I o• 

j 0.8'>--+----i-+++-+--+--+-++-+---+--+-H 

IDO 125 
§ _QJ' 

O.Ot 4 6 O.I 4 6 8 I .. 5 810 

QUIESC~T BIAS MILLIAMPERES (I3l 

Fig.4(61 • Typical normallzeJ Input bias current vs 
amhlenr tem,.rofure. 

Fig.S(o) • Typicol quiescent operating cu"enr 
rof/o vs quiescent hias current. 
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CA3050, CA3051 
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Flg.6 • Typical static base-to-emitter voltage 
chorocterisfic vs emitter current/or all tran· 

sis tors anJ lorworJ JioJe voltage drops. 
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Fig.9 • Typical capacitance for each transistor. 
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Fig.11(b}. Typical Jifferentlal ampllller lorworJ trans· 
aJmiffan.c:e with slngte .. ncleJ output vs frequency. 
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Fig.13(a} ·Test circuit lor output impedance. 
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Fig.7 • Typical base-to-emitter voltage characteristic 
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Fig.13(b) • Typical ovtput impedance vs frequency 
with input sltort·circuiteJ. 
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Fig.8 • Typical col/ectoi.to-bose cutolf current vs 
ambient temperotur• lor •aclt transistor. 
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Fig. ll(a). Test circuit for forward transaJmittance, 
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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 mono I ithic 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 z~ro-voltage switches 
incorporates 4 functional blocks (see Fig. 1 J 
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-Synchr~nizes the 
output pulses of the circuit at the time 
when the AC cycle is at zero voltage point; 
thereby eliminating radio-frequency inter
ference (RF I J 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
n~cted to Terminal 1. 

3. High-power de 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 
Applicatioos of RCA Integrated-Circuit Zero
Voltage Switches (CA3058, CA3059, and 
CA3079)". 
The CA3058 is supplied in a hermetic 14-lead 
di.Jal-in-line ceramic package. Types CA3059 
and C.A3079 are supplied in 14-lead dual-in
line plastic packages. 

Applications: 
• Relay control • Heeter control 
• Valve control • Lamp control 
• Synchronous switching of flashing lighU 
• On-off motor switching 
• Differential comparator with self-contained 

power supply for industrial applications 
• Photosenlitiwe control 
• Power one-shot control 

IEU.TIVI T!lllHlllATUM C0£FFICllNT 

AC Input Voltage Input Series Dissipation Rating NOTE: 

(50l60or 400 Hzl Resistor IRsl for Rs Circuitry, within shaded areas, not included in 
CA3079 VAC 

24 
120 
2081230 
277 

k!l 

2 
10 
20 
25 

w 

0.5 
2 
4 
5 

•See chart 

• IC= Internal Connection • - DO NOT USE 
(Terminal Restriction applies only 

to CA30791. 

Fig. 1-Functional bloc/c diagram of CA3058, CA3059, and CA3019. 

Features CA3058 CA3059 ~ 
• 24V, 120v, 208/230V, 2nv at 50 60,or 

400 ttz operation ................... .. 

• Differential Input •••••.••••••..•••••• 
• Low Balance Input Current (max.1-µA ••••• 
• Built-in Protection Circuit for 

opened or shorted sensor ITerm. 14) •.••• 
• Sensor Range (Rxl - k!l ............ .. 
• DC Mode (Term 12) ••••••••••••.•.•••• 
• External Trigger (Term. 61 •.••••••••.••. 

• External Inhibit ITerm. 11 ............•• 
• DC Supply Volts (max.I ............. .. 
• Operating Temperature Range - oc ••••••• 

MAXIMUM RATINGS, 
Absolute-Maximum Values st TA = 25oc 

DC SUPPLY VOLTAGE !BETWEEN TERMS. 2 
AND7l: 
CA3058,CA3059 ................... 14V 
CA3079 •..••.•••••••••••••••..•... 10 V 

DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 
ANDBI; 

CA3058, CA3059 ............... '. • . . 14 V 
CA3079 ••••....••.•••.•••••••••••. 10V 

PEAK SUPPLY CURRENT !TERMS. 5 AND 7) 
........................ :!50mA 

OUTPUT PULSE CURRENT (TERM. 41 
150mA 

PULSE IOk 

•• ... 
"'"' ! 

Fig. 2(a)-DC supply voltage test circuit for 

CA3058, CA3059, and CA3079. 

..; ..; ..; 
..; ..; ..; 

2 

..; ..; 
2to 100 2to 100 2to60 

..; 

..; 

..; 
14 

..; 

..; 

..; 
14 10 

--66 to +125 

POWER DISSIPATION: " 
Up to TA=75°C-CA3058 •••. · •••••• 700 mW 
Up to TA =55°C - CA3059,CA3079 ••. 700 mW 
Above TA =75°C - CA3058 

. • • • • • • • . • • Derata Lineerly 8 mW!°C 
Above TA =55°C - CA3059,CA3079 

• • • • . • . • • Cerate linearly 6.67 mw1°c 
AMBIENT TEMPERATURE RANGE: 

Operating •••.•••...••••••••. -55 to +125°c 
Storage .................... -66 to +15o0 c 

LEAD TEMPERATURE (DURING SOLDERING): 
Ata distance 1116" ± 1/32" 11.59 ± 0.79 mm) 
from case for 10 seconds max ...••.• +266°C 

·' 

IZO·V IUils,!IOI'°'"' onMTIPN 
INll'UT RUllTANCEtflsl•IOllA 
NO EXTERNAL LOAD 

-1' ·50 ·25 O 25 SO 7' 100 1'5 
AMllllENT Tl:MP!RATURE ITA 1-'"C 

Fig. 2(b)-DC supply voltage vs. ambient 

temperature for CA3058, CA3059 

andCA3079. 



CA3058, CA3059, CA3079 

.. 

MAXIMUM VOLTAGE RATINGS atTA = 25°C 

TERM- . 
INAL 1 2 3 4 5 6 7 8 9 
NO. ~at• N~te N~to 

1 . . . . 15 10 . . 
Note 3 0 -2 

2 0 0 2 0 0. 0. 0 
-15 -15 -14 -14 -14 -14 -14 

3 0 . . . . . 
-15 

4 
. 2 . . . 

-10 

5 
. 1 . . 

Note 1 -1 

6 14 . . 
Note3 0 

7 
. 14 

0 

8 IO 
0 

9 

10 

11 

12 
Note 3 

13 

14 
Note3 

10 11 12 13 
Note 

3 . . • . 
0 0 . 0 
-14 -14 -14 . . . . 
. . . . 
. . . . 
. . . . 
. 20 2.5 14 

0 2.5 0 . . . 
. . . . 
. . . 

. . 
. 

N~•I 
2,3 . 
0 
-14 . 
. 
. 
. 
6 

-6 . 
. 
. 
. 
. 
. 

MAXIMUM 
CURRENT 
RATINGS 

l1N 'our 
mA mA 

10 0.1 

150 10 

. . 
0.1 150 

50 IO 

. . 

. . 
0.1 1 

. . 

. . 

. . 
50 50 

. . 
1· 2 

This 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 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 ere not normally applied between these terminals; however, voltages appearing 
between these terminals are safe, if the specified voltage limits between aJI other terminals 
are not exceeded. 

., 

.. 
4THTlllSlQll 

'"' 
L-------------

ALL llESISTANCE VII.LUU ARE IN OHMS FAl~wt-r: . INHIBIT llC"' , ... , 
Fig. 4- Schematic diagram of CA3058, CA3059, and CA3079. 

120 Y RlilS, 50/6HI& OPERA.TION 
AMllEMT TEMPERATURE IT.._) • 2P C 

~. 

., 

5it s.o 
~ • ~ 4.S 

i 

... 
0 

EXTERHAL LOAD CURR£HT !IL) - mA. 

Fig. 2(c)-DC supply voltage vs. external load 

-current for CA3058, CA3059, and 

CA3079. 

Fig. 3-Gate trigger current vs. gate trigger 
voltage for CA3058, CA3059, and CA3079. 

ALL RESISTANCE VALUES ARE IM OHMS 

Fig. 5/a)-Peak output (pulsed) and gate trigger 
current with internal power $Upply 
test circuit for CA3058, CA3059, 
andCA3079. 

~ 120-\1 RMS, !I0/60oH1 OP£RATIOfrt .l GATE TRIGGER VOLTS IYGtl•O 

~ 
! 

3•2' 
i 

•'"° ~ 
~ 
c 7' 

~ 
~"' 

-75 -!SO -r.s o 25 50 75 100 125 
AM91[NT TEMPERATURE. ITAl-•C 

HC1-1tol8 

Fig. 5/b)-Peak output current (pulsed)"'· 
ambient temperature for CA3058, 
CA3059, and CA3079. 



ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise I 
All voltages are measured with respect to Terminal 7. 

TEST CONDITIONS 
TAs25°C 

CHARACTERISTIC (Unless Indicated Otherwise) LIMITS 

Min. Typ. 

For Operating at 120 V rms, 50-60 Hz (AC Una Voltage)• 

DC Supply Voltage, Vs 
Inhibit Mode 

At 50/60 Hz Rs= 8 kn. IL= 0 6.1 6.5 

At400 Hz f!.s_= 10kn, !J. =O - 6.8 
At 50/60 Hz Rs= 5 kn, IL= 2 mA - -sA 

Pulse Mode 
At 50/60 Hz R...s_=8kn, !J. =O 6 6.4 
At400 Hz R...s_ - 10 kn, !J. - 0 - 6.7 
At 50/60 Hz R_s_ = 5 kg. !J. = 2 mA - 6.3 
At 50/60 Hz (CA30581 Rs=8fil. IL =O 5.5 -See Fig. 2 TA= -55 to +125oc 

Gate Trigger Current, IGTl41 Terms. 3 and 2 connected, 

See Figs. 3, 5 (a) VGT= 1 V 
- 105 

Peak Output Current (Pulsed I, Term. 3 open, Gate Trigger 
50 84 

loM(41 Voltage (~ = 0 
With Internal Power Supply Terms. 3 and 2 connected, 

90 124 
Gate Trigger Voltage (VGTl=O 

Term. 3 open, v+=12 V, VGT=O - 170 
With External Power Supply Terms. 3 and 2 connected, 

v+=12 V, VGT = 0 - 240 
See Figs. 5, 6 

Inhibit Input Ratio, V9N2 
All Types Voltage Ratio of Term. 9 to 2 0.465 0.485 
CA3058 TA = -55 to +125oc 0.450 -
See Fig. 7 

Total Gate Pulse Duration:* 
For positive dv/dt, tp 

50·60 Hz CexT =O 70 100 
400 Hz CexT- o. RexT = 00 - 12 

For negative dVldt, tN 
50-60 Hz Cr;xT=O 70 100 
400 Hz CexT - o, RexT- 00 - 10 
See Fig. 8 

Pulse Duration After Zero 
Crossing (50·60 Hzl: 

For positive dv/dt, tp1 CexT= o - 50 
For negative dv/dt, tN1 RexT = 00 - 60 

See Fig. 8 
Output Leakage Current, 14 

Inhibit Mode: 
All Types - 0.001 
CA3058 TA= -55 to +1250C - -
See Fig. 9 

Input Bias Current, I 1 
CA3058, CA3059 - 220 
CA3079 - 220 
See Fig. 10 

Max. 

7 

-
-

7 
-
-

7.5 

-

-

-
-

-

0.520 
0.520 

140 
-

140 
-

-
-

10 
20 

1000 
2000 

CA3058, CA3059, CA3079 

UNITS 

v 
v 

-v 

v 
v 
v 
v 

mA 

mA 

mA 

mA 

mA 

-
-

/JS 
µs 

µs 
/JS 

µs 
/JS 

µA 
µA 

nA 
nA 

M..Lll!SISTMC! 
YALUl!SAll! ...... 

v+ 

Fig. 6(a)-l'tHJk output currBnt (pulMJd) with-· 
external power supply mt circuit for 
CA3058 and CA3059. 

1211YRMS,50/tlHlaDP!ltATIOtl 
AMllEMTTElll'PATtlltllTA)• ZJ'C 
GATI TltlGGH YOL TAG( (Y ti• 0 V 

5 ID IS 

EXTUtW. P01t!11 SUPl"LY VOl..TS(Y+) 

Fig. 6(b)-Peak output current (pul1ad) vs. 
external power supply voltage 
for CA3068 and CA3069. 

ZOV RMS, 50/&0~H1 OPERATION 
GATE TRIGGER VOLTS tvarl•O 
-TERMINALS 2. MO 5 CONNECTED 

-TERMINAl. 5 OPEN 
·50 -20 10 40 10 roo 130 

AMBIENT TEMPERATURE 1r.1-•c 
9l!CM•l8064 

Fig. 6(c)-Peak output current (pull8d) vs. 
ambient temperature for CA3058 
andCA3059. 



CA3058,CA3059, CA3079 
ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) 
All voltages are measured with respect to Terminal 7. 

TEST CONDITIONS 
TA• 25°c 

(Cont'd) 

CHARACTERISTIC (Unless Indicated Otherwise) LIMITS UNITS 

Min. Typ. Max. 

For Operating at 120 V rms, 50-60 Hz (AC Line Voltage)• 
Common-Mode Input 
Voltage Range, "cMB_ Terms. 9 and 13 connected - 1.5 to 5 - v 
Sensitivity, !:N1J°1= 

(Pulse Mode) Term. 12 open - 6 - mV 
See Figs. 5(a), 12 

=/=.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. S(b). 
•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. 

120-V RMS, 50·60 Hz OPERATION 

~0.50 

~ 
g0.45 

~0.40 

~O.JS 

-50 -25 0 25 $0 75 100 125 
AMBIENT TEMPERATURE (TAJ-•C 

Fig. l(b)-lnput inhibit voltage ratio vs. ambient 
temperature for CA3058, CA3059, 
and CA3079. 

120 Y RltS 50160-Hi OPERATIOH 
AMBl&IT TEMPERAl\IRE (TA) • 2So C 

0.02 0.oJ 0.04 0.05 0.06 0.07 D.08 

EXTERNAL CAPACIT.+.MCE ( C{Exri)- "F 

Fig. 8(c)-Pulse duration after zero crossing vs. 
external capacitance for CA3058, 
CA3059, and CA3079. 

lCRO 
VOLTAGE 

I I I 

:•p\~ ~ 
~-'P--1 ., 

IOI 

I 
I 
lo 

ALLREll\TANCEVALUE\ NOTECIRCUITRYWITlml\HADEDAREA 

NOT INCLUDED IN CAJ079 

Fig. B(a)-Gate pulse duration test circuit with 
associated waveform for CA3058, 
CA3059, and CA3079. 

4ll [--------jl20Y RMS, 400-H10PERATION 
ts._ J..MBIENTTEMPERATUll:E(TA)•Z5o~ .. t--+--+-

_-". -t-

' " ::s: 

5 r--t-1 ·· 

~ lO C----f--+--+-----+-------1 IM (NE71YE d. dt) 

f---+----+--+----===+::-~:- t---t-£ 
6 1G 2 • ' 8 100 

EXTERNAL RESISTANCEIR(EXTJI- k['I 

Fig. B(d}-Total gate pulse duration vs. external 
resistance for CA3058 and CA3059. 

ALL RESISTANCE VALUES ~--~t---~ 
ARE IN OHMS 100 1.1 F 92SS·426B 

~ . . 
0 

~ 
w . . 

Fig. l(a)-lnput inhibit voltage ratio test 
circuit for CA3058, CA3059, and 
CA3079. 

120 V RMS, S0/60-th OPERATION 
AMBIENT TEMPERATURE (TA): w> C 

0.05 0.06 0.07 

EXTERNAL CAPACITANCE lt(EXT)j -"F 

flg_ 8(b)-Total gate pulse duration vs. external 
capacitance for CA3058, CA3059, 
andCA3079. 

10 . 
J. 

I 1 . 
~ 4 z 
0 
0 

-eo -oo -40 -20 o 20 40 so eo 100 120 140 

AMBIENT TEMPERATURE (TA)-• C: 

Fig. 9-0utput leakage current (inhibit mode) vs. 
ambient temperature for CA3058, CA3059, 
andCA3079. 



y+. 6V 

"""'' Fig~ 10-lnput bias current ten circuit far CA3058, 
CA3059, and CA3019. 

SC:NSOR RESISTANCE~ 5 llA 

18 Q 30 

~ ~ 
1 ~ 11T1 .. 1·i·1·'1·1··1"1CON~~i<iT1··~~ .... ~~~1·'~~ "' ac DC GATE CURMNT i.IODE\~ 
; 12~ 20 

~ ! 
i -~ 10 11~' _ - TEIQll.IZOPl.N MT~ \~\..lffi I PULSED GATE cu-

~ ~ ~ 0 H ~ ~ ~ ~ 
AMllENT TE:lllHIUTUlllE ITAJ-•c 

HCl-llOTt 

Fig. 12-Ssnsitivity vs. ambient tamparatUIB 
for CA3058, CA3059, and CA3079. 

Mllll!MT TPPl!ltATUll:E-< 

Fig. 13-0pSIBting 1Bgions for built-in protection 
circuit for CA3058 and CA3059. 

CA3058, CA3059, CA3079 

~ 
E 

~ 

220V RMS 
50160-Hz OPERATION 

300 INPUT RESISTANCE IRs)•IOk0 

i~i----t~---t-~"j:::::::::::j=--) 

0.02 0,04 

EXTERNAL CAPACITANCE-~F 

fa) 

UO V RMS, 50160-Hz OP[RATIOM 
INPUT RESISTANCE tR5l • 10 11.i'I 

E>ITERNAL CAPACITANCE-~f' 

(c) 

MO •.. 
INCS-llOll 

.. .. 
I~ 

220 V RMS, 50160-Hz OPERATION 
INPUT RESISTANCE lR51•20 kll 

0.02 004 
EXTERNAi.. CAPAC\iANCE-,11F 

220VRMS 
50~60·H1 OPERATION 

600 INPUT RESISTANCE 
IA5)•20k'1 

(b) 

• •oo 
;;~ 
~~ 

EXTERNALCAPACITANCE-,11f' 

(d) 

Fig. 11-Relative pulse width and location of zero crossing for 220-vo/t oparation for CA3058, CA3059, 
and CA3079. 

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 kn 
dropping resistor. 

2. Set the value of Rp and sensor resistance 
(Rxl 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 e.ntire 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 µA 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. 



CA3060, CA3060A Types 

Operational Transconductance 
Amplifier Arrays 

APPL/CATIONS 
• For low power conventional operational amplifier 

applications 

• Active filters • Multiplexers 

• Comparators • Multipliers 

• Gyrators • Strobing and gating functions 

• Mixers • Sample and hold functions 

• Modulators 

FEATURES 
• Low power consumption - as low as 100 µW per amplifier 

• Independent biasing for each amplifier 

• High forward transconductance 

Generic applications of the OTA are described in tCAN-
6668, Applications of the CA3080 and CA3080A High
Performance Operational Transconductance Amplifiers. 

The CA3060AD, CA3060BD, and CA30600 are supplied in 
a hermetic 16-lead dual-in-line ceramic 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 -400C to +as0c. 

MAXIMUM RATINGS. Absolute MaKimum Valutts at TA .. 2SoC 

DC Supply Voltage (between v+ and v- terminals): 
CA3060AD, CA30608D, CA3060E . . . 36V (±18Vl 
CA3060D . . ..... 14 V (±7Vl 

Fig. I-Functional block diagram for each type in the 
CA3060 family. 

Otlvice Dissipation· 
Total Package of each type up to TA"' 75oc ....... 490 mW 
Above TA"' 75°c .......... Derate linearly 6.67 mW/OC 

• Programmable range of input characteristics 

• Low input bias and i"nput offset current 
Differential Input Voltage (each amplifier): Temperature Range: 

• High input and outp\lt impedance 

• No effect on device under output short-circuit conditions 

• Zener 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, 9mR Ll· 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 (I Aecl. 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 de 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. 

468 468 4611 
10 100 IQOO 

AMPLIFIER BIAS CURRENT (!11,ecl-~A 
92CS·l9618 

Fig.4-lnput offset current vs. amplifier bias current. 

CA3060A0, CA3060BD, CA3060E. . ±5V 
CA30600 . . . . . . . . . . . . . . . . . . ±5V 

DC Input Voltage . v+ to v-
lnput Signal Current ieach amplifier of each type): .. ±1 mA 

Amplifier Bias Current (each amplifier of each type) . 

Bias Regulator Input Current .. 

. . 2mA 

.·5mA 

Output Short-Circuit Duration• ......... No limitation 

•short circuit may be applied to ground or to either supply. 

d. INVERTING INPUT OF AMPLIFIERS 1, 2, AND 3 lS ON TERMINAL 
Nos. 13, 12 AND 4, RESPECT! VELY 

0 NON-INVERTING INPUT OF AMPLIFIERS 1, 2, ANO 3 IS 
TERMINAL Nos. 14, 11, AND 5,-RESPECTIVELY 

• OUTPUT OF AMPLIFIERS 1, 2, AND 3 IS ON TERMINAL Nos. 16, 9, 
AND7, RESPECTIVELY 

D AMPLIFIER BIAS CURRENT OF AMPLIFIERS 1, 2, ANO 3 IS ON 
TERMINAL Nos. 15, 10, AND 6, RESPECTIVELY 

92CS-15660RI 

Fig.2-SimpUfied schematic diagram showing bias regulator and 
one operational transconductance amplifier for 
each type of the CA3060 family. 

109 AMBIENT TEMPERATURE ITAl•25"C 
6 SUPPLY VOLTAGE: v+•6v,v-·-6V 

V"°•l5 V v-•-15V 

0.01 
4 6 6 4 6 II 

LO 100 IOOO 
AMPLIFIER Bl AS CURRENT lrABcl-~A 92CS-19&14 

Fig.5a-Jnput bias current vs. amplifier 
bias current 

Operating -
CA3060AO, CA3060BD, CA3060D. 
CA3060E .. 

Storage -
CA3060AO, CA3060BD, CA3060D. 
CA3060E . 

Lead Temperature (During Soldering)· 
At distance 1/16 ±1 /32 in. (1.59 to.79 mml 

from case for 10s max . 

2 SUPPLY VOLTAGE v+ 0 sv,v-·-6V 
v+•15v,v-·-15v 

-55 to +12soc 
. AD to +asoc 

-65 to +1500C 

.. +JOOOC 

4 ' '10o 4 ' iooo 

u 

~ 
5 
~ 

AMPLIFIER BIAS CURRENT (:lAecl- ~A '2CS-19612: 

Fig.3-/nput offset voltage vs. amplifier bias current. 

10 SUPPLY VOLTAGE:v+ •6V,Y-•-6V 
r--;-----+ v+•15v,v-·-1v--+--+--t----< 

O.< 

AMBIENT TEMPERATURE{TA)-•C92CS-IH04 

Fig.Sb-Input bias current vs. ambient 
temperature. 



ELECTRICAL CHARACTERISTICS (CA3060D) 
For each amplifier at TA• 250C, v+ • 6 V, v- • -6 V 

CHARACTERISTIC SYMBOL 

STATIC CHARACTERISTICS 

Input Offset Voltege Voo 

ll'lput Offset Current •10 

Input Bias Current '•• 
Puk Output Current l<JM 

Puk Output Voltage: 
Positive Vo.,+ 

Negative VQM" 

Amplifier Suppty 
Current (eech amplifier! IA 

Power Consumption 

leech amplifier! 

Input Offset-Voltage 
Sensitivity•; 

il.V1oJAV+ Positive 

Negative AVooJAV' 

Amplifier Bias Voltage• VABC 

TYPICAL 

CHARACTER-
ISTICB 

CURVES ... 

So,b 

&o,b 

Ba,b 

9 

LIMITS 

Ampllt• BimCurrent 
1-~~~~~-,..--'~~~~~~~~~~-luNITS 

•A-.:., µA •Aac. 10 µA •Aac. 100 µA 

5 mV 

14 3ll 100 250 1000 nA 

33 70 3llO 550 - 2500 5000 nA 

1.3 2.3 15 25 150 240 IJA 

4.6 4.5 ... 4.5 4.7 

5.B 5.95 5.8 5.95 5.7 5.9 
v 

8,5 14 85 120 850 1200 IJA 

0.10 0.17 1.45 10 14.5 mW 

1.5 120 120 120 
µVIV 

20 120 20 120 3ll 120 

0.54 0.50 - 0.66 v 

DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise) 

Forward Transconductance 
llat"9Bsignall '21 10a,b 0.3 1.55 18 30 102 

Common·Mode Rejection 
Ratio CMRR 10 110 10 110 10 90 

Common-Mode Input- 4.4 to -5.1 min. 4.3 to -5 min. 4,3 to -5 min. 

Voltage Range V10R 4. 7 to -5.3 typ. 4.6 10 -5,2 typ. 4.6 to -5.2 typ, 

S1ewRa1elTestckt., 
Fig. 13 SR 0.1 

()pen-Loop 1921) 
Bandwidth BWQL 11 20 45 110 

Input Impedance 
Components: 

Resistance R1 12 BOO 1500 90 170 10 20 

Capacitance at 1 MHz c, 2.7 2.7 2.1 

Output Impedance 
Components: 

Resistance Ro 14 200 20 

Capacitance at 1 MHz Co 4.5 4.5 4.5 

ZENER BIAS REGULATOR CHARACTERlsTICS lot TA• 25DC, l2 • 0.1 mA) 

Voltage Vz 15 

Impedance Zz 

L MoN.lrv•.lMAx. 

Temp. Coetf."' 3 mV/oC 6.2 6.1 7.9 

200 3llO 

v+ is reduced to 5 volts for v+ sensitivity 
V" is reduced to ·5 \IOlts for V" Mnsitivity 

mmt.o 

dB 

v 

VIµ, 

kH< 

.n 
pF 

Mil 

pF 

_l 
v 

n 
TemperatureoCoefficient; -2.2 mV/OC lat VABC., 0.54 V. IABC • 
1 µA; ·2.1 mV/oC lat VAac .. 0.060 v, 'ABC - 10 µAl; -1.9 
mV/oC (at VAec = 0.68 V, •ABC"' 100 µA) 

• Conditions for Input Off_. Voltage and Supply Sensitivity: 
(b) ~sensitivity in µ.VIV= Voffsat · Voffset •:::.~ V and-6 V supplies 

la• Bias current derl\18d hom -,he regulator with an appropriate 
resistor connected from terminal No. 1 to the bias terminal on 
the amplifier under ten -

• SUPPLY VOLTAGE v••&V. v-·-6V 
v•• 15 v.v-•-15V 

2 4 •• 
10 100 

AMPLIFIER BIAS CURRENT IIABcl-J"oA 

Fig.Ba-Amplifier supply current (BBCh 

amp/ifief'J K amplifi'er bi111 cur· 
rent. 

... 
1000 

v· sensitivity in p.VfV = Voffset · Voffsirt •:~~t V and +6 V supplies 

-15 -!50 ·25 0 215 !50 75 tOO 

AMBIENT TEMPERATURE IT1il--C •tCS-IHOfi 

Fig.8b-Ampllflllf' wpply current (each 
amplifier} K ambient tempera
ture. 

, .. 

CA3060, CA3060A Types 

4 68 4 6 I 
10 100 1000 

AMPLIFIER StAS CURRENT IIAeci-,.. .. 

Fig.Ga-Peak output cu"ent vs. ampli
fier bias cu"ent. 

clOOO SUPf'\.Y VOLTAGE·V••6V,v-·-6V 

" " 
Flg.6b-Peak output current vs. ambient 

temperature. 

... 
10 100 

AMPLIFIER BIAS CURRENT II.ucJ-... A 

Fig.7-Peak output voltage vs. amplifier 
bin current. 

SUPPLY VOLTAGE:v+•GV,V"•-GV 
v+•15v,v-•-15v 

t--

'" 

. I 7501--+--iH-+-l--+--l-i-+t--+-l-il-H 

1: 
>' 
~ 7ool---t--1t--t-t-l---t--t--t-t-t--t--;;;rt--tl-H 
~ v 
~ 
:> G5of--+--iH-+-f-+-!71"-t-t---t--HH-I 

~ k-Y 
~ sool-~f--+-b"""'-1--+-+++~+--+-+-H 

~ v 
: 5~ ..... .£.'-t---1H-+l--+-H-+t---t--HH-I 

4 6 8 4 88 
ro 100 1000 

AMPLIFIER BIAS CURRENT IIABcl-,.A HCS·l9Gl 7 

Fig.9-Amplifier bias voltage K amp/I· 
fler bias current 
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ELECTRICAL CHARACTERISTICS (CA3060AD, CA3060BD, CA3060EI 
For each amplifier at TA= 250C, v+= 15 V, V· = -15 V 

LIMITS 
Amplifier Bias Current 

TYPICAL •Aec'"' 1 µA I 1Aec -1oµA 

CHARACTER· MIN. TYPIMAX. IM•NITVP. MAX. 
CHARACTERISTIC SYMBOL ISTICS 

CURVE 

Fig. 

STATIC CHARACTERISTICS 

Input Ollst!t Voltage V10 

Input Offset Current '10 

Input Bias Current ,,. r------ Sa,b f-::----c:------- ~---
Peak Output Current IQM 6',b 

Peak Output Voltage 

Posit•ve VoM+ 

Negative VQM· 

Amplof1er Supply 

Curr~nt (each amplrl1er) IA 8a,b 

Power Consumption 

leach ampld1er) 

Input Offset-Voltage 

Sens1t1v1ty•' 

Positive .lV10 1.lV+ 

Nega11ve ..1V10/J.V 

Ampl1her Bias Voltage" VABC 

1.3 

12 

12 

CA3060BO 

3 14 30 100 
t-

33 70 300 550 

2.3 15 26 

13 6 - 12 13.6 

14.7 12 14.7 

B.5 14 85 120 

0'26 0 42 2.6 3.6 

1.5 150 150 

20 150 20 150 

0 54 0.60 

DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise) 

Forward Transconductance 
(large signal I 921 10a.b 03 1-55 18 

·----t------
Common·Mode AeJi:!CT>on 

Ratio CMRR 70 110 70 110 
--+--------

Common·Mode I npu1 
•12 to -12 m•n +12 to -12 mm 

Voltage Range V1CR +13 to -14 typ +13 m -14 typ 
----( 

Slew Rate (Test ckc. 
Fog. 13) 5R 0.1 

Open·loop (921 l 

Bandw•dth BWoL 11 20 45 

Input Impedance 

Components 

Resistance R1 12 BOO 1600 90 170 

Capacitance at 1 MHz c, 2.7 2.7 

Output Impedance 
Components 

Resistance Ro 14 200 20 

Capacitance at 1 MHz Co 4.5 4.5 

ZENER BIAS REGULATOR CHARACTERISTICS (at T A=250C, 12 = 0.1 mA) 

L M1Nj_ rv•J_ MAX. 

Vollage Vz 15 Temp_Coeff ~3mV/OC 6.2 6.7 7.9 

Impedance 200 300 

IABC"" 100µA 
MIN, TVP. MAX. 

CA3060AO UNITS 

CA3060BD 

CA3060E 

mV 

250 lOOO oA 

2500 5000 oA 

150 240 - µA 

12 13.6 

12 14.7 

850 1200 µA 

26 36 mW 

150 

30 150 
µVIV 

0.66 - v 

30 102 - mm ho 

70 90 - dB 

+12 to -12 min 
+13 to -14 typ 

- VIµ, 

110 - kf:!z 

10 20 - kll 

2.7 - pF 

4.5 pF 

v 

Temperature-Coethcient: -2.2 mV/OC (at VABC - 0-54 V, IABC = 
1 µA, ·2.1 mV/OC (a1 VABC = 0.060 V. IABC " 10 J..IA): ·1 9 

mV/°C (at VAec = 0.66 v. lABC ~ 100 µA) 

v+ 1s reduced to 13 volts for v+ sens1tiv1ty 
v- 1s reduced to -13 volts for v- sens111vity 

• Cond1t1ons for Input Offset Voltage and Supply Sens1t1vity 
(al Bias current derived from the regulator with an appropriate 

resistor connected from terminal No 1 to the boas terminal on 

the amplifier under test · 

6 SUPPLY VOLTAGE: v+•6Y, v··-6V 
v+•l!5 V v-·-15V 

4 FREQUENCY (l) •I kHz ' 

z 4~ 468 
IQ 100 IOOO 

AMPLIFIER BIAS CURRENT IIAec>-~A 92CS-19616 

~b~ y+ sensitivity m µViV _ Voffset · Voflset f~~: 1:3 V and -15 V supplies 

v- sensitivity in µViv= Voffset · Vofhet 1~~0~ 113 V and +15 V supphes 

OUTPUT EXTERNAL 

tfLn 
!' y_ 

Vz is measured between terminals 1 and 8. 

V ABC is measured between terminals 15 and 8. 

.. '. .. 61 
10 100 1000 

AMPLIFIER BIAS CURRENT (fAecl-~A 

Fig.10a-Forward transconductance vs. 
amplifier bias current. 

OIOOOe SUPPLY VOLTAGE: v+•6V, v-·-6V 

-50 -2!5 0 25 50 75 100 125 
AMBIENT TEMPEFIATURE ITAJ-•c gzcs- 19603 

Fig.10b-Forward transconductance vs. 
ambient temperature. 

IO~A ~ I~ 1 +-._J ;c.,4 

1 :il=t::t:=W=tLJli~~!;:il'~ci:li!:i:tttl 

i".~; .;~Hc:j:tt-r-~J~·:::~H~t-~~-~+~t-~H-=~l-:j-+NJHitn.t-:j~)!;J~-~t-=1H~1-::o ! 
• 'ett.SE •NGLE----'1 2'° J. 

2 FORWARD f'<-i-ttif-+_,..;++--t--++H-lOO ~ 
0.1~ TRANSCONOUCTANCE _ :;; 

4 SUPPLY VOLTAGE=V •6v,v-· 6V 
2 v+•1sv,v-•-15v-t--1-tt+-t-Ttt1 

0.01 AMBIENT TEMPERATURE (TA) •2!5°C 

o.0012 4 'o.oi 2 4 68c.i z 4-!ni 1 2 

FREQUENCY (f )-MHz 
. ' 10 

Fig. '1 -Forward transconductance vs. 
frequency. 

R - uv•1 -tv·1 ·0.7] z-
12 

Supply Voltage: for both ±6 V and ±15 V. 

TYPICAL SLEW RATE TEST CIRCUIT PARAMETERS 

1ABC 
SLEW 

RATE •2 "ABC l Rs 1"· 1"· l Re Cc 

µA VIµ, µA ohms µF 

100 B 200 62 k } 1ook}ook} 51~00 0.02 

10 1 200 620k l 1Ml 1MJ.:'10~ 1k 0.005 

1 0.1 2 6.2M j 10M110M_f;.1Ml"° 0 

Fig.12~fnput resistance vs. amplifier bias 
current. Fig.13-Slewrate test circuit for amplifier No. I of CA3060. 



4 6. 4 6. 2 4 1• 
JO 100 1000 

AMPLIFIER BIAS CURRENT IIAacl-.-A 
9l!CS-IH20 '""' BIAS RE<Hl.ATOR CURRENTUzl.-A 

Fig.14-0utput resistance 11.s. amplifier bias current. Fig.15-Bias regulator voltage vs. bias regulator current. 

.. 
COMPLETE OTA CIRCUIT 

Fig. 16 - Complete schematic diagram showing one of the three operational transconductance amplifiers. 

OPERATING CONSIDERATIONS 

The CA3060 consists of three operational amplifiers similar 
in form and application to conventional operational ampli
fiers but sufficiently different from the standard operational 
amplifier (op-amp) to justify some eXplanati~n of their 
characteristics. The amplifiers incorporated in the CA3060 
are best described by the term Operational Transconductance 
Amplifier (OTA). The characteristics of an ideal OTA are 
similar to those of an ideal op-amp except that the OT A has 
an extremely h1gh output irr.;:-edance. 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. 

Bias Considerations for Op-Amp Applications 

The operational transconductance amplifiers allow the circuit 
designer to select and control the operating conditions of the 
circuit merely by the adjustment of the input bias current 
IABC· This enables the designer to have complete control 
over transconductance, peak output current and total power 
consumption independent of supply voltage. 

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: 

Fig. 17-20-dB amplifier using the CA3060. 

Circuit Requirements 
Closed loop voltage gain= 10 (20 dBi 
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 kSl 
Device: CA3060 

Calculation 
1. Required transconductance 921-

Assume that the open loop gain AoL must be at least ten 
times the closed loop gain. Therefore, the forward 
transconductance required is given by 

CA3060, CA3060A Types 

921 = AoL/RL 

= 100/18 k!1 

~ 5.5 mmho 

( R L = 20 kO in parallel with 200 kO 

"'18k!l) 

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 wilt provide sufficient gain. For the required 
921 of 5.5 mmho an amplifier bias current !ABC 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 k!l than Rf= 200 kil if AoL = 
10. Therefore, the feedback loading= 0.5/200 kS'l = 2.5µA. 

The total amplifier current output requirements are, 
therefore, ±27 .6 µA. Referring to the data given in Fig. 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 amp I ifier 
bias current IABC· 

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 AABC 
may be directly calculated using Ohm's law. 

R - VsuP. VABC 
ABC - IABC 

= 568.5 k!l or= 560 kfl 

5. Calculation of offset adjustment circuit. 
In order to reduce the loading effect of the offset 
&djustment 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. 

i.e. 20 x 200 x 1o6 ohms= 18 kfl 
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 i.e. 200 x io-9 x 18 x 103 volts).therefore, 

the Offset Voltage Range= 5 mV + 3.6 mV = ±8.6 mV 

The current necessary to provide this offset is 

8·6 x 1 ~~3 or 0.48 µA 
1Bx 1lr"' 

With a supply voltage of ±6 V, this current can be provided 
by a 10 Mfl resistor. However, the stability of such a resistor 
is often questionable and a more realistic value of 2.2 M!l 
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 
.:apacitance must always be considered because of its adverse 
effect on frequency response and stability. For example a 
10-kfl load with a stray capacitance of 15 pf has a time 
constant of 1 MHz. Fig. 18 illustrates how a 10-kfl 15-pF 
load modifies the frequency characteristic. 
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~ -401----t---t---\-~'k---l 

~ 

-oo 
0, ' 

FREQUENCY!f)-MHi 

Fig.18-Effect of capacitive loading on frequency response. 

Capacitive loading also has an effect on slew rate; because the 
peak output current is established by the amplifier bias 
current, IABC (see Fig. 6a). the maximum slew rate is limited 
to the maximum rate at which the capacitance can be 
charged by the loM· Therefori, 

S!I • dV/dt • loM/CL 

where CL is the total load capacitance including strays. This 
relationship is shown graphically in Fig. 19. When measuring 
slew rate for this data bulletin, care was taken to keep the 
total capacitive loading to 13 pf. 

Phase Compensation 

In many applications phase compensation will not be 
required for the amplifiers of the CA3060. When needed, 
compensation may 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 
accpmplished 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 ~11 suited for most 
op-amp applications. including inverting and non-inverting 
amplifiers, integrators, differentiators, summing amplifiers 
etc. 

TRl·LEVEL COMPARATOR 

Tri-level comparator circuits are an ideal application for the 
CA3060 since it contains tlie requisite three 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. 

4z 
12".l 

'.JL JLl VI JLl 
o.oi 2 4 i •c.1 2 4 i a 2 4 & 'ib 2 4 s 1100 

SLEW RATE {111,.•I 

Fig. 19-Effect of load capacitance on slew 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-

v• 

v-

Fig.20-Functional block diagram of a tri·leve/ 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 m~y 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 llnter
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'' arld "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 UAecl to the three amplifiers via 
terminal 1. Lower-limit and upper-limit reference voltages are 
selected by appropriate adjustment of potentiometers R 1 
and R2, resJ)ectively. 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 varial:ion of 
resistors R3 and R4 permits selection of other values of 
intermediate-limit voltages. Input signal IE5) 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. 

,, 
LOWEfi"UMlT 
REFERENCE 
VOLTAGE 

WHEN LOWER LIMIT 
IS EXCEEDED 

Active Filters - Using the CA3060 as a Gyrator 

The high output impedance of the OT As 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-µF capacitor function as a floating 10-kilohenry 
inductor across Terminals A and B. The measured Q of 13 lat 
a frequency of 1 Hz) of this inductor compares favorably 
with a calculated Q of 16. The 20-kilohm to 2-megohm 
attenuators in this circuit 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 OT As, thereby chan9ing the gyration resistance. 

Fig.22-Two operational transconductance amplifiers of the 
CA3060 connected as a gyrator in an active filter 
circuit. 

v•=6V 

NOTE I :tTEMS tN SHADED AREAS ARE EXTERNAL 
TO THE CA.3086 

RESISTANCE VALUES ARE IN OHMS 

Fig.21-Tri·fevel comparator circuit. 



Fig.23-Thf'fJfrchannel muftipfexer. 

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 (I Aecl terminal of each amplifier should be 
decreased to maintain 100 µA of strobe-"ON" current at 
this lower supply voltage. Second, the drain resistance for the 
MOS/FET should be decreased to maintain the same value of 
source current. The low cost dual-gate protected MOS/F ET, 
RCA·40841, may be used when operating at the low supply 
voltage. 

The phase compensation network consists of a single 3900 
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/µsec. 
The syste.m slew rate is directly proportional to the value of 
the phase compensation capacitor. Thus, with higher gain 
settings where lower values of phase compensation capacitors 
are possible, the slew rate is proportionally increased. 

NON LINEAR APPLICATIONS 

AM Modulator (Two.Quadrant Multiplier) 

Fig. 24 shows Amplifier No. 3 of the CA3060 used in an AM 

Fig.24-Two·quadrant multiplier circuit using the CA3060 
with associated waveforms. 

Four·Ouadrant Multiplier 

The CA3060 is also useful as a four·quadrant multiplier. A 
block diagram of such a multiplier, utilizing Amplifier Nos. 
1, 2, and 3, is shown in Fig. 25 and a typical circuit is shown 
in Fig. 26. The multiplier consists of a single CA3060 and, as 
in the two-quadrant multiplier, exhibits no level shift 

between input and output. In Fig. 25, Amplifier No. l is 
connected as an inverting amplifier for the X·input signal. 
The output current of Amplifier No. l is calculated as 
follows: 

IEq.3) 

Ampl. No. 2 is a non-inverting amplifier so that 

10 121 = l+Vxl 1.21 1211 IEq. 41 

Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, for an output 
voltage 

Vo=VxRLl•21121·921lll] (Eq.5) 

The transconductance is approximately proportional to the 
amplifier bias current; therefore, by varying the bias current 
the g2l is also controlled. Amplifier No. 2 bias current is 
proportional to the Y-input signal and is expressed as 

IV·I +Vy 
IABCl21 ~ --R-1· - IEq. 61 

modulator or 2·quadrant multiplier circuit. When modulation Hence, 
is applied to the amplifier bias input, Terminal B, and the 
carrier frequency to the differential input, Terminal A, the 
waveform, shown in Fig. 24, is obtained. Fig. 24 is a result of 
adjusting the input offset control to balance the circuit so 
that no modulation can occur at the output without a carrier 
input. The linearity of the modulator is indicated by the 
solid trace of the superimposed modulating frequency. The 
maximum 'depth of modulation is determined by the ratio of 
the peak input modulating voltage to v: 
The two-quadrant multiplier characteristic of this modulator 
is easily seen if modulation and carrier are reversed as shown 
in Fig. 24. The polarity of the output must follow that of the 
differential input; therefore, the output is positive only 
during, the positive half cycle of the modulation and negative 
only in the second half cycle. Note, that both the input and 
output signals are referenced to ground. The output signal is 
zero when either the differential input or I ABC are zero. 

921 121 ~ k I IV·) +Vy I. IEq. 7) 

Bias for Amplifier No. 1 is derived from the output of 
Amplifier No. 3 which is connected as a unity-gain inverting 
amplifier. IABC(l)• therefore, varies inversely with Vy. 
And by the same reasoning as above 

921111 ~ k llV·I ·Vy]. IEq. 8) 

Combining equation 5, 7, and 8 yields: 

va~vx · k • RL j11v.1 + Vyl [IV-I Vyl\ or 

va~2k RL VxVy 

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 

CA3060, CA3060A Types 
output waveform with the multiplier adjusted. The voltage 
waveform in Fig. 27a shows suppressed carrier modulation of 
l·kHz carrier with a triangular wave. 

Flg.25-Four-quadrant multiplier using the CA3060. 

Figures 27b and 27c, respectively, show the squaring of a 
triangular wave and a sine wave. Notice that in both cases the 
outputs are always positive and return to zero after each f 
cycle. 

= 270 

Fia.26- Tvoical four-Quadrant multiplier circuit. 

~· 
' -

b. 

•. ' T ~ /\ ' ', 

, L.L::. ~v \li~1/ I) 

Fig.27-Voltage waveforms of four·quadrant multiplier 

circuit. 
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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 

Feature~: 
•Good sensitivity: Input limiting voltage(knee) =250f.1.V typ. at 10.7MHz 

•Excellent AM rejection: SS dB typ. at 10.7MHz 
•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 providPs, 
in a single monolithic chip, an FM IF suhs.vstrn1 for 

Communications and High-Fidelit.v RPt:eiwrs This de
vice, shown in the schematic diagrmn (Fig. 2), con
sists of a multistage IF' amplifiC'r-limitc>r st>ction with 

a Zener regulated power supply, an FM detector stage, 
and an AF preamplifier section. A t_vpical application 

of the CA3075, in FM rC'ceiver ein·ults, is shown in thP 
block diagram (fig. ll. 

The three-stage, emitter-followrr-(_'Ouplt>d IF amplifier 

section provides a 00-dB typ. voltagl' gain at an op('rat
ing frequency of 10.7 ~Hz and f(,>atures, lw('ausp of its 
·transistor ('onstant-eurrent sink, im output. stag(• with 

exceptionally good limiting characteristics. 

The F'~ dctC'dor SC'ction, which utiliws a diffon•ntial
pPak-detection circuit, rcquirPs only a sing!<.> coil in the 

associated outboard dPtt.•ctor circuit; hencC', tUning th(_• 
detector circuit is a simpl(' proc(•durc. 

The audio premnplificr circuit provides a 21-dB voltage 
gain with low imped.ancP output for driving suhspq1wnt 
audio amplifier stages. 

The CA3075utilizes a 14-lead dual-in-line plastic pack
age with IPads in a special quad-formc>d arrangC'ment. 

"L•ILLl!l0050lll!OUIYALl!NT 
"IS IHO Oii jUC" ULUI! TO 

AO JUST Q Of' C?IL TO JS 

Fig. 2 • Test Circuit for input limiting voltage, recovered 
AF voltage, and total harmonic distortion 

Fig. 1 ·Block Jiagram of typical FM rec:-eiver utilizing the CA3075 

MAXIMUM RATINGS, Absolut•·Maximum ValuH at TA= 25°C 

DC Supply Voltage [between Terminals 5 (V+) and 3 <v-•J 
DC CWTent (into Terminal 5) , , ••• , • , • , , , , ••• , • , 

Device Dissipation: 

12.5 

30 

760 

v 
mA 

mW Up to TA 00 50° C , • , •• , , • , •. , , •• , •••• , , , .. 

Above TA 00 50°c ...............•••.•..•.• derate linearly 7 .6 mw.ioc 

Ambient Temperature Range: 

Operating .•••••.•.. , , ..•••.•••••••.••.. 

Storage .•• , ••.• , , , ..•..••. , •••••• , , • , .. 

Lead Temperature (During soldering for 10 s max.) .••.. 

-55 to+ 125 

-65 to+ 150 

+265 

ALL RESISTANCE VALUES ARE IN OHMS 
ALL CAPACITANCE VALUES ARE IN pF 

Fig.3 - Schematic diagram of CA3075 

oc 
oc 
oc 



ELECTRICAL CHARACTERISTICS at TA= 25°C 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Static Cltaracte1istics 

DC Voltage: 
At Termlnal 7 V7 
At Terminal 8 Ve V' = ll.2V 

At Terminal 12 V12 

DC Cunent (into Terminal 5): 
AtV'=8.5V 
At V' = ll.2V 15 -
At V' = 12.5V 

Dynamic Characteristics at y+ = 11.2 

~ 'o = 10.7MHz 

Input Limiting Voltage V1(lim) !(Modulation)= 400Hz 
(knee, - 3dB point) Deviation= ±75kHz 

fo = 10.7MHz 

AM Rejection AMR 
f(Modulatioo) = 400Hz 
FM: Deviation = ±75 kHz 
AM: Modulatioo = 30% 

Input Impedance Components: 
Parallel Resistance Rt fo = 10.lMHz -
Parallel Capacitance C1 V1N = IOmV RMS 

DETECTOR 
~F Voltage (at to= 10.7 MHz 

Terminal 12) Vo(AF) l(Modulation) = 400Hz 
Total Harmonic Distortion THO Deviation=± 75kHz 

AUDIO PREAMPLIFIER 

Voltage Gain A(AF) V1N = IOOmV, fo = 400Hz 

Total Harmonic Distortion THO Vour = 2V,fo =400Hz 

Li-

LIMITS TEST 
UNITS CIRCUIT 

MIN. TYP. MAX. FIG. NO. 

- 6.1 - v 
- 5.4 - v 6 

- 5.2 - v 

8.5 15 - mA 
- 17.5 - mA 6 

- 19 29 mA 

- 250 600 µV 3 

- 55 - dB 5 

- 4.5 - kfl -- 4.5 - pF 

- 1.5 - v 3 
- 1 2 % 

- 21 - dB 4 

- 1.5 5 % 4 

Z.~TI • Hl.llMh.Yt • \M .. Y. 
1CMOIJUL4TIONl•4f»H1.UOl!YIATI00•!7BHo 

J.TUNl!WAVEAMAL'l'll:llFOllPl!AKllE.llDlllG.t.T.OOH• 
4.llECOROFMVoU•Fl 
5.DIKONHECTF•GEHl!RATOR 
6.CONNECTUGENEll"TQllTOINPUTOFCA)07S 
J.UTl•IO.hlb,V1•IOO .. V, 

llllODULATIOll!•.OOHoWITHJQ'OoKJDULATION 
8.TUNEWAVEN4ALYZEllFORPl!AKllEo\OIHCAT«MIH1 
9. IH!CORO AM YQ fll.F~ 

""llEJECTtelt•l'DLOG10~ 

Fig.& - Test circuit for AM rejection 

l.S!TAUDIOGEHEJU.TOllFORV1•IOD .. v1111s 
J.110,DVQ 
l.GA1H•KILOG10Vo/"1 

CA3075 

l.SET.WDl0GENHATORF0RVo•2VR•S 
2.RUOOISTORTIONIN'• 

Fig.4 - Tnt circuit for audio preamplifier voltaga gain 
and total harmonic distortion 

Fig. 6- Test circuit for static characteristics 



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. !). 

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-current sink. The voltage re
gulator section provides 7.ener-regulated, decoupled volt
ages for the IF amplifier. 

The CA3076 utilizes an hennetically-sealed 8-lead T0-5 
package. 

MAXIMUM RATINGS, Absolute Maximum-Values at TA = zs•c 
DC Supply ~oltage [between Terminals 7 <V+> and 3 cv->] 
DC Current (into Terminal 7) •••• , •••••••••• , ••• 

Device Dissipation: 

UptoTA=5o0 c •••••••••••••••••••••••• 

Above TA= 50°C •••••••••••••••••••••••• 

Ambient Temperature Range: 

Operating .•.•.•••..••••••.•••• 

Storage , , •••••••••••••••••••••••••••• 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) from seating plane 
for 10s max •••••• , ••••••••••••••••••••• 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

TEST LIMITS 
CHARACTERISTIC SYMBOL CONDITIONS 

MIN. TYP. 

Static Characteristics - y+ = 8.5 V 

DC Current (into Term. 7) 17 - 10 15 

Quiescent Operating Current 14 - - 0.65 (into Term. 4) 

Dynamic Characteristics - v+ = 8.5 V, lo = 10.7MHz 

Input Limiting Voltage (knee, V1 (lim.) - - 50 -3dB point) 

Output Voltage Vo V1·20µ.V 4 12 

Output Noise Voltage VN V1 •O - I 

Forward Tr;risfer Admittance: 
Magnitude IY21I V1 • - 6 
Phase e21 10µ.V - 80 

Reverse Transfer Admittance: 
Magnitude IY1ii - 0.1 -
Phase 812 - - 90 

Input-Impedance Components: 
Parallel Resistance R1 - 7.5 -
Parallel Capacitance C1 - 4 

Output-Impedance Components: 
Parallel Resistance Ro 50 -
Parallel Capacitance Co 

- - 1.7 

v• 

I,OJµF 

.,. 

IF AMPLIFIER
LIMITER, 
DETECTOR;"' 
PREAMPLIFIER AUDIO 

OUTPUT 

'R1. R2 SELECTED FOR PROPER FILTER MATCHING 

•RECOMMENDED IC IF AMPLIFIER-LIMITER, 
DETECTOR, PREAMPLIFIER IS THE RCA CAl07S 

Fig. J. Block diagram of typical FM receiver utilizing the CA3076. 

15 v 
35 mA 

500 mW 

derate linearly 5 mW/ 0c 

- 55 to + 125 oc 

-65 to + 150 oc 

+ 265 oc 

UNITS 
MAX. 

24 mA 

- mA 

200 µ.V 

- mV 

- mV 

- mho 
- degrees 

- µrnho 
- degrees 

- kO 

- pf 

- kO 
- pF 

Features: 

•exceptionally good sensitivity: input limiting voltage (knee) =50µ.V 
typ. at ~0.7MHz 

• h .. iQh gain: 80dB with 2~kilohm load 
• internal voltage supply regulator 
•wide frequency capability: > 20MHz 

RF GEMERATOR 
l!O.IJtHtl 
HEWLETT· 
Pl.CURO 
&oac oit 
EOUIYl.LEMT 

ATTEMUATOR 
(40dB) 
OYlO·O 
432C OR 
EOUIYl.LEMT 

YECTOfl 
YOl.T•ETER 
HEWLETT· 
Pl.CURO 
HOSl.OR 

.OlµFl EQUIYliLEMT 

Fig. 2- Forward transfer admittance (Y21) 
test circuit 

.OlµF 

Fig. 3 ·Test circuit for DC current (Terminal 7) 
onJ operating current (Terminal 4). 



OUTl'UTYOLTAGE: 
I. SET ATTIEMUATOR TO Gdl 
Z.S!T RfGl!!NEftATOR T0l011Y CW 
l.tt!ADYQIN.,V 

OUTPUT MOISE VOLTAGE· 
I. SET ATTEMUATOfll T06U8 
l.llfAOYolM•Y 

... 

V• 

NotH: 
Terminal No. S wire·connectff to the case. 

Terminals No. 3 and' which ore c..-nectH to the substrate 
should ile cGMected to the most n•t••ive point in the circuit. 

The rHistanc:e ulues iRcludeit on the sch9fftatic dia9roni 
ha.,e be9ft supplied as a conve11ience to assist Equipment 
Manufacturer's in optimi1in9 the sel•ction of "outboonl" 
components of e .. ipment dHigns. The .alues shown mo7 
vary os much as .!. ]()%, 

RCA reserves the ri9ht to mo~e onr chon9es in the Resist· 
once Values provided such chan9es do not adverselr affect 
the published performance charocteristiu of the dHice. 

CASE 

Fig. 4 -Schematic Jiogram ol CA.3076. 

MUllATAFILTl:A 
TYPICAlYM.UES 

ll1N • RolJT • 3300 
INSERTIOH LOSS• 6~B TYP. 
BANDWIOTHCAT-3dl)•210kH• 

Fig. 5 -10.7 MHz voltage 9ain anJ noise test circuit 

CA3076 



CA3078, CA3078A Types 

Micropower Operational Amplifier 
The RCA CA3078T and CA3078AT are high-gain 
monolithic operational amplifiers which can deliver milli· 
amperes of current yet only consume microwatts of standby 
power. Their operating points are externally adjustable and 
frequency compensation may be accomplished with one 
external capacitor. The CA3078T and CA3078AT provide 
the designe~ 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 CA3078~T is a premium ~evice having a supply volt~ge 
range of V- 0.75V to V- "' 15V and an operating 
temperature range of -~5°c to +125oc. The CA3078T has 
the same lower supply voltage llmit but the upper limit is v+ 

+6V and v- -6V. The operating temperature range is from 
ooc to + 7ooc 

ELECTRICAL CHARACTERISTICS 
For Equipment Design 

The CA3078 and CA3078A are supplied in either the 
standard 8-lead T0·5 package ("T" suffix). or in the 
8-lead dual·in·line formed-lead "DIL·CAN" package !"$" 
suffix) 

Features: Applications: 

• Low standby power: as low as 700 nW •Portable electronics 
•Wide supply voltage range: ±0.75 to ±15 v ,•Medical electronics 
• High peak output current: 6.5 mA min. • Instrumentation 
•Adjustable quiescent current •Telemetry 
• Output short-·<:ircuit protectio11 

MAXIMUM RATINGS, Absolute Maximum Values at TA = 2s°C 

DC Supply Voltage (between v+ and v· terminal . 

CA3078AT CA3078T 

36V 14V 
Differential Input Voltage . , 
DC Input Voltage 
Input Signal Current 
Outpuf Short·C1rcu1t Duration• 

· Device Dissipation 
Temperature Range 

Operating. 
Storage 

Lead Temperature (Ourmg Soldering) 
At distance 1/16 ±1132 in. 11.59 ±o.79 mm) 

from case for 10s max 

"Short circul! may be applied to ground or to either supply 

±6V ±6V 
v+ to v· v+ to v· 
0.1 mA 0.1 mA 

No Limitation No Limitation 
50 mW (up to 12s0 c1 soo mW (up to 10°c) 

-55 to +12s0c 
·65 to + 1 so0 c 

+Joo0 c 

Oto+7D°C 6 

-65 to + 1 so0c 

4 Types CA3078S and T can be operated over the temperature range of -55 to +125u C, although 
the published limits for certain electrical specifications apply only over the temperature range of 
O to 70° C 

TEST CA3078T LIMITS CA3078AT LIMITS 

CHARACTERISTICS SYMBOLS CONDITIONS RsET = 1 MSl.~ = 100µA RSET = 5.1 MH.1 0 = 20 µA u 
v+ 
& 
v· 

Input Offset Voltage V10 

1 

lnputOTiset Current 110 
Input Bias Current 110 
Open·Loop Odf. Voltage Gain AOL 
Total Quiescent Current lo 
Device Dissipation Po 
Maximum Output Voltage VoM 6 

Common·Mode I nµut Volt aye V1cR 
Range 

Common.Mode Re1er.t1on Ratio CMRR 

Maximum Output Current 10M or IOM 
Input Offset Voltage Sens1t1vl!y 

Pos1t1ve ..J.V101..J.V 1 

Negative -1v 101..lv 

Input Offset Voltage VIO i Open-Loop Dill Voli.igf' Gdo<1 AOL 
Total Quiescent Current lo 15 
Device Diss1pat1on Po 

j 
Maximum Output Voltage VOM 
Common·Mode Re1ect1on Rt.1t10 CMRR 

Input Bias Current 11s 
Input Offset Current 110 

OPERATING CONSIDERATIONS 

Compensation Techniques 

The CA3078AT and CA3078T can be phase-compensated 
with one or two external components depending upon the 
closecHoop 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 dosed loop gain are shown in Figs. 24 and 25. 
These curves represent the compensation necessary at 
quiescent currents of 20 µA and 100 µA, 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. 

TA"" Oto TA =-55 to N 
I 

Rs RL TA= 2s0 c 10°c TA= 2s0 c 12s0 c T 
KS! K!I MIN TYP MAX MIN MAX MIN TYP MAX MIN MAX s 

<;;10 1.3 4.5 5 0.70 3.5 - 4.5 mV 

- 6 32 40 0.50 2.5 - 5.0 nA 

60 170 - 200 7 12 - 50 nA 

~10 88 92 - 86 - 92 100 - 90 - dB 

100 130 150 - 20 25 - 45 µA 

1200 1560 1800 .. 240 300 - 540 µW 

10 '5 1 '5 3 ±5 - :f5. 1 t5.3 - ±5 - v 
-5.5 -5 -5.5 -5 

10 to to to to - v 
,5 8 ,5 •5 8 ,5 

<10 80 110 80 115 - - - dB 

12 - 6.5 30 12 - 65 30 mA 

22 150 - 6 150 -
VIV 

10 
22 150 - 6 150 

RsET"' 13 Mr!. la:= 20 µA 

10 - 14 
10 92 100 

- - 20 

- 600 
10 - ±13.7 ±14.1 

"10 - - 80 106 
- 7 

- - - 050 

Compensatiori can also be accomplished with a single 
capacitor connected from terminal 1 to terminal 8, with 
speed being sacrificed for simpHcity. Table 1 gives an 
indication of slew rates that can be obtained with various 
compensation techniques at quiescent currents of 20 µA and 
100µA. 

Single Supply Operation 

The CA3078AT and CA3078T can operate from a single 
supply with a minimum total supply voltage of 1.5 volts. 
Figs. 27 and 28 show the CA3078AT or CA3078T in 
inverting and non-inverting 20-dB amplifier configurations 
utilizing a 1.5·volt type "AA" cell for a supply. The total 
power consumption for either circuit is approximately 675 
nanowatts. The output voltage swing in this configuration is 
300 mV p-p with a 20 kfl load. 

3.5 
-

30 
750 

14 

27 

~ mV 

88 - dB 

50 µA 
- 1350 µw 

± 13.5 - v 
- - dB 

- 55 nA 

- 5.5 nA 

"su 

Fig. I~ Functional diagram of the CA3018T 
and CA3078A T. 



Fig.2-Schematic diagram of the CA3078T and CA3078A T. 

Typie1I V•lues Intended Only for Design Guid•nce •t TA .. 25oC and v+ • +6 V, v- = 6 V 

TEST 
CHARACTERISTICS SYMBOLS CONDITIONS 

I~ Offset Voltage Drift <l.VJ_Qlil.'AJ Rs_ '-.10 K!1 
Input Offset Current Drift I il.v101il.rA ~«10 K •• 
~n-Loop ~ndw1dth BWQL 3d8 UI 
I Slew Rate: 

Unity Gain SR Sec Figs. 

Comparator 20. 21 
10"., to 90"~ 

TranStent Response Rise Time 
Input Resistance R 
Output Resistance '!.ll. 
Equiv. Input Noise Voltage eN(10Hzl Rs 0 

Equiv. Input Noise Current 1N(10Hzl Rs 1 M~! 

ELECTRICAL CHARACTERISTICS, 1t TA= 25"C 
Typical Values Intended Only for Design Guidance 

CA3078AT 

RSET"' 5.1 Mf? Rsn =I MS"! 
10 • 2oµA la• IOOµA 

5 6 
63 70 

...£2. 2 

0 027 0.04 
05 1 5 

3 25 
1.4 1.7 

1 08 
40 -

0 25 -

TYPICAL VALUES 

CA3078T 

Rsn • 1 MS"! 
la= IOOµA 

6 
70 

2-
0.04 

1.5 

2.5 
0.81 

0.8 
25 

1 

C:::4301a1 
v• = •1.JV, v• = +o.1sv. v• =•1.Jv. v• =o.1sv. 

UNITS 

pt0 c 
pAt°C 

kH' 

VIµ. 

~ 
Ml! 
~ 
nV~ 
pA~ 

CHARACTERISTICS 
SYMBOLS v-=-1.JV y- .. -0.75V v-=-1.JV v-=-0.75V UNITS 

RseT. 2 Mfl Rsn. 10 Mfl RsET = 2 M!1 RseT "' 10 M!1 
10 • 10 µA 10 • 1 µA 10 • 10 µA 10 • 1 µA 

VJQ_ 0.7 0.9 1.3 1.5 inV 

10 ~ U.U>• 0.5 nA 

18 3. 0 45 " 1.3 nA 

~ 84 65 80 GO dR 

'a 10 10 T µA 

To "' 1.5 7G TO µW 

Vopp 1. 0.3 I 4 0.3 v 

-0.8 -0.2 -0.8 -0.2 
VICR 10 to to 10 v 

+1.1 +0.5 +1.1 +0.5 

CMRR 1l!lL 90 100 90 d8 
10M± 12 05 12 0.5 mA 

il.V1oJil.V! 20 50 20 50 µV:v 

CA3078, CA3078A Types 

SUPPLY VOLTS v••+&,v-·-6 
AMBIENT TEMPERATURE t TA ) • 25•c H--1--+--+--H 
SOURCE RESISTANCE tR5I ~ 10 l<A 

~ 
i 
j 
i 

~ VI t--t--Hr+t-r+-t-1-++--+-+-++1 

~ l.B~l=8l8C~A3~0~7e~Tlltt=t:ll!l ! 12~ 

o.•F=t==F19==¥'~·~·or"~·:;.' +-H-t--t-+-J-1..l 
. '. 10 100 

TOTAL QUIESCENT MICROAMPERES CIQ) 

. .. 
,000 

Fig.3 - Input offset voltage vs. total quiescent current. 

SUPPLY VOLTS v+•+6,v-·-6 T 
AMBIENT TEMPERATUREtTAl•2~i,.of++-t--t-f+HH 

~·=~::::ir=i::i:i=:i-=IJ=e~:=;;~t::l=tl:U==!::1 
C • H---,-+-ft-+, '.\....., t-::o.P.;1._,••.,.'-++t--1-1-+++--+-1 
• ~I o>!i" I 'f-+H !>1'~•;<'-lr+j.yo<+-++++-+-+-1+1--+-1 

Zi ··~~~r!=$*1=1=$=$=$:U1=1=1:lt:I=~ :~ 7 

•1--1--1,_,..,rt-+-+;-++--+---+-+++--l--t-+++--+-1 
...0.0' 

I 4 ll 2 4 aa 2 
10 100 1000 10000 

TOTAL QUIESCENT MICROAMPERES tlgl 

Fig.4 - Input offset curnmt vs. total qui11se11nt curr11nt. 

•f--i- ~J
•f- -1- • t 

0' ' 
2 468 

,0 100 1000 10000 

TOTAL QUIESCENT MICROAMPERES Ugl 

F19.5 - Input bias current vs. total quiescent current. 

. ' 
~t-+--++-K--+-t-+-++-t-+-++l~ 
3 a 

126r- t+t-+--J-+ H-+--+--+-1-t'26 
IOB LOAO RESISTANCE IR )•I MA 

~a ~ .=:=~=:~:=~~=~=:::: 
2 4 68 

10 100 
TOTAL QUIESCENT MICROAMPERES !Igl 

... ,.00 

Fig.6 - Open·loop volt•!lfl gain v.s. total quincent current. 



CA3078, CA3078A Types 

66 4 2 
>OO 

TOTAL QUIESCENT MICROAMPERES (Io) 

Fig. 7 - Bias-setting resistance vs. total qr.nescent current. 

~msor-~r---;--...,,.c->,~~"'" 

~I40f=-~i...-~~~_.._-~ 

~ 
~ 15 

1 12.5 

~ 
~ !O 

I 
~ 2.5 

FREQUENCY lfl-Hz 

Fig. 10 "- Open-loop voltage gain vs. frequency 
for la 100 µA - CA3078T. 

AM81ENT TEMPERATURE I TA I - °C 

Fig.13 - Input offset voltage vs. temperature. 

SUPPLY VOLTS:\d •+6, v-· 6 

-75 0 25 >00 
AM61ENT TEMPERATURE (TAl- °C 

Fig. 75 - Input bias current vs. temperature. 

"' 

~ 2 

SUPPLY VOLTS v+•+6,v-,-6 TQ v••+l5,v 
AMBIENT TEMPERATUR[(T11.»25°C 

~ I Br--+-Ttt-+--++++--+--++++--t--+-1 . ' . 
; 

" >O 
TOTAL QUIESCENT MICR:JAMPERES tlal 

Fig.8 - Ma1imum output currenr vs. total qu1escenr currenr 

'.r=1=:1~2l;lf=IZ'::::j:::j:::j:j:::::::j:::::j=i:tl=::t=J::ttl 
•l--+~+-++h~----l--l-++---1---+--Hf+--~--+-+++ 

2~ 4 

~~ 2f-l~t-+++--+---1-+H--+-+-+4-t---l--+-++l 

~ ~O.l f-*-,__,_-!-'-_,,,____.,,,--;-, .;.., ~ .... , __,,,~,,_,,,_.____.,..__,,___,__,., 
§!~+01 +I +10 +100 

~ ~-O.!,_, SUPP~~ VOLTS(~~) -IO 

g~O.I h-~~~-'f,-~~~-l~-~~rN 
~~ f-+--+--+++-+~l-+-++--+--+--H-+--1---+-l 

"i H- ..--- -- l} - - 1++1 +--+ +-+-+-+ 

z ~+=" 1-> 

H-

~'o• 
-VICR ~ 

Fig.11 ' - Ourput and common-mode voltage vs. supply voltage. 
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Fig.16 - Open-loop voltage gain vs. temperature. 
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Fig.12·- Open-loop voltage gain vs. frequency 
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Fig.18 - Equivalenr input noise voltage vs. frequancy. 
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CA3078, CA3078A Types 
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Fig.22 - Transient response and slew·rate. 
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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 i fie r( OT A) 
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 (gml is directly proportional to the 
amplifier bias current (IABC). 
The CA3080 and CA3080A types are not
able for their excellent slew rate (50 V/µs), 
which makes them especially useful for 
multiplex arid 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, CA3094B). 
These types are supplied in the 8-lead T0-5 
style package (CA3080, CA3080A). and in 
the 8-lead T0-5 style package with dual-in
line formed leads ("DI L-C:AN", 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 SUPPL¥ VOLTAGE (Between v+ and v- terminals) . 
DIFFERENTIAL INPUT VOLTAGE . 
DC INPUT VOLTAGE . 
INPUT SIGNAL CURRENT . 
AMPLIFIER BIAS CURRENT. • 
OUTPUT SHORT-CIRCUIT DURATION* 
DEVICE DISSIPATION 
TEMPERATURE RANGE: 

Operating 
CA3080, CA3080E, CA3080S 
CA3080A, CA3080AS . 

Storage • 
LEAD TEMPERATURE (During Soldering): 

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

* Short circuit may be applied to ground or to either supply. 

36V 
±sv 

v+tov-
1 mA 
2mA 

Indefinite 
125mW 

Oto+10°c 
-55·10 + 125 °c 
-65 to+ 150 °c 

+ 265 °c 

Features: 

• Slew rate (unity gain, compensated): 50V/µs 

• Adjustable power consumption: 10µW to 30 mW 

• Flexible supply voltage range: ± 2 V to ± 15 V 

• Fully adjustable gain: 0 to UmR L limit 
• Tight gm spread: CA3080 (2:1), CA3080A (1.6:1) 

• Extended Sm linearity: 3 decades 

Applications: 

• Sample and hold 

• Multiplex 

• Voltage follower 

• Multiplier 

• Comparator 

v-
NOTE · PIN 4 IS CONNECTED TO CASE 

TOP VIEW 

T0-5 Style Package 

TOP VIEW 

Plastic Package (CA3080EI 

Fig.1 - Functional diagrams. 

TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS FOR THE CA3080 AND CA3080A 

Fig.2 - Schematic diagram for CA3080 
and CA3080A. 
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Fig.3 - Input offset voltage a1 a function of 
amplifier bias current. 
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Fig.4 - Input offset current ass function of 
amplifier bias current 



ELECTRICAL CHARACTERISTICS 
For Equipment Design 

CHARACTERISTIC 

Input Offset Voltage V10 

Input Offset Current 110 

Input Bias Current 11 

Forward Transconductance 
Oarge signal) gm 

Peak Output Current l10MI 

Peak Output Voltage: 
Positive v+oM 

Negative v-oM 

Amplifier Supply Current IA 

Device Dissipation Po 
Input Offset Voltage Sensitivity: 

Positive 1'.V10/1'.V+ 

Negative 1'.V10/1'.V-

Common-Mode Rejection Ratio CMRR 

Common-Mode Input-Voltage 
V1CR Range 

Input Resistance R1 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
v+ = 15 v. v-. -15 v 
1Aac=500µ.A 
TAa25oc 
(unless indicated 

otherwise I 

TA= Oto 700C 

TA= Oto 700C 

TA = 0 to 700C 

RL = 0 
RL = o. TA= o to 1ooc 

RL =~ 

Typical Values Intended Only for Design Guidance 

Input Offset Voltage V10 'Ase= 5µ.A 

Input Offset Voltage Change l1'.V1ol 
IABC = 500µ.A to 
IABC = 5µ.A 

Peak Output Current IOM IABC = 5µ.A 

Peak Out'put Voltage: 
Positive v+oM 

1Aec=5µA 
Negative v-oM 

IABC = 0, VTP = 0 
Magnitude of Leakage Current 

IABC = 0, VTP = 36 V 

Differential Input Current IABC = 0, VOIFF = 4 V 

Amplifier Bias Voltage VABC 
Slew Rate: 

Maximum luncompensatedl 
SR 

Unity Gain lcompensatedl 

Open-Loop Bandwidth BWOL 

Input Capacitance c, f = 1 MHz 

Output Capacitance Co f = 1 MHz 

Output Resistance Ro 

Input-to-Output Capacitance C1-0 f = 1 MHz 

Min. 

-
-
-
-
-

6700 
5400 

350 
300 

12 

-12 

0.8 

24 

-
-
80 

12 to 
-12 

10 

CA3080 
CA3080E 
CA3080S 
LIMITS 

Typ. Max. 

0.4 5 
- 6 

0.12 0.6 

2 5 
- 7 

9600 13000 
-

500 
-

13.5 

-14.4 

1 

30 

-
-

110 
13.6 to 
-14.6 

26 

CA3080 
CA3080E 
CA3080S 

0.3 

0.2 

5 

13.8 
-14.5 

0.08 

0.3 

0.008 

0.71 

75 
50 

2 

3.6 

5.6 

15 

0.024 

-
650 
-

-
-
1.2 

36 

150 

150 

-

-

-

UNITS 

mV 

µA 

µA 

µ.mho 

µ.A 

v 

mA 

mW 

µ.VIV 

dB 

v 

kn 

mV 

mV 

µ.A 

v 

nA 

nA 

v 

V/µ.s 

MHz 

pF 

pF 

Mn 

pF 

CA3080, CA3080A Types 

TYPICAL CHARACTERISTICS CURVES AND 
TEST CIRCUITS ICont'dl 

'°l SUPPLY VOLTs:v+•+ls,v-=-15 

2 4 •• 4 69 
0.1 I 10 100 1000 

AMPLIFIER 81AS tillCROAMPERES t.IAacl 
92CS·l7HO 

Fig.5 - Input bias current as a function of 
amplifier bias current. 
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Fig.6- Peak output current as a function of 
amplifier bias current. 
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Fig.7 - Peak output voltage as a function of 
amplifier bias current. 
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Fig.8 - Amplifier supply current as a function of 
amplifier bias current. 



CA3080, CA3080A Types 

ELECTRICAL CHARACTERISTICS TYPICAL CHARACTERISTICS CURVES AND 
For Equipment Design TEST CIRCUITS (Cont'd) 

TEST CONDITIONS 
v+ = 15 v. v- = -15 v 

CHARACTERISTIC 1Aac=500µA 
TA=25oC 
(unless indicated 

otherwise) Min. 

IABc-5µA -
Input Offset Voltage V10 -

TA= -55to+125oc -

Input Offset Voltage Change IL'>.v1ol 
IABC = 500 µA to 
IABC = 5µA -

Input Offset Current 110 -
-

Input Bias Current 11 TA= -55 to+ 12s0 c -
Forward Transconductance 7700 

(large signal) gm TA = -55 to + 125oc 4000 

IABC = 5 µA, RL = 0 3 
Peak Output Current l10MI AL= 0 350 

RL - O,T A - -55 to +125°C 300 

Peak Output Voltage: 
Positive v+oM IABC = 5µA 12 

Negative v-oM AL=~ -12 

Positive v+oM 
RL =~ 

12 

Negative v OM -12 

Amplifier Supply Current IA 0.8 

Device Dissipation Po 24 
Input Offset Voltage Sensitivity: I 

Positive /W10/6V+ :_ 

Negative 6V10/6V- -
Magnitude of Leakage Current 

IABC = 0, VTP = 0 -
IABC = 0, VTP = 36 V -

Differential Input Current IABC = 0, Vo1FF = 4 V -

Common-Mode Rejection Ratio CMRR 80 
Common-Mode Input-Voltage 

V1CR 
12 to 

Range -12 

Input Resistance R1 10 

ELECTRICAL CHARACTERISTICS 
Typical Values Intended Only for Design Guidance 

Amplifier Bias Voltage VABC 
Slew Rate: 

Maximum (uncompensated) 
SR Unity Gain (compensated) 

Open-Loop Bandwidth BWOL -
Input Capacitance C1 f = 1 MHz 

Output Capacitance Co f = 1 MHz 

Output Resistance Ro 
Input-to-Output Capacitance C1-0 f = 1 MHz 

Input Offset Voltage IABC = 100µA, 
Temperature Drift 6V10/6T TA= -55 to +1250C 

CA3080A 
CA3080AS 

LIMITS 

Typ. Mex. 
0.3 2 
0.4 2 
- 5 

0.1 3 

0.12 0.6 

2 5 
- 8 

9600 12000 

-
5 

500 

-

13.8 

-14.5 

13.5 

-14.4 

1 

30 

-

-

0.08 

0.3 

0.008 

110 
13.6 to 
-14.6 

26 

CA3080A 
CA3080AS 

0.71 

75 
50 
2 

3.6 

5.6 

15 

0.024 

3 

-
7 

650 

-

-
-

-
-
1.2 

36 

150 

150 
5 

5 

5 

--
-
-

UNITS 

mV 

mV 

µA 

µA 

µmho 

µA 

v 

mA 

mW 

µVIV 

nA 

nA 

dB 

v 

kn 

v 

V/µs 

MHz 
pf 

pf 

Mn 

pf 

µV/°C 

... 
f 10 100 

... 
1000 

AMPLIFIER BIAS MICROAMPERES (IA eel 

9ZCS-17594 

Fig.9 - Total power dissipation as a function of 
amplifier bias current. 

Fig.10 - Leakage current test circuit. 
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~ZL 
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AMBtENT TEMPERATURE (TA)-C" "' 
Fig.11 - Leakage current as a function of temperature. 

Fig.12 - Differential input current test circuit. 



CA3080, CA3080A Types 

TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS (Cont'dl 

SUPPLY VOLTS: V •+15,v·•-15 

•r--t----+---+---t--1----+--~ 

I 2 3 4 
INPUT OtFf'ERE:lilTIAL llOLTS 

'2CS-17!l18 

Fig.13- lnputcurrentasa 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.14 - Transconductance as a function of 
amplifier bias current. 
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Fig.17- lnputand output capacitance asa 
function of amplifier bias current 
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Fig.15 - Input resistance as a function of 
amplifier bias current. 
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Fig.18 - Output resistance as a function of 
amplifier bias current. 

1000 

AMBIENT TEMPERATURE (TAl•Z!5•C 
a. FREQUENCY(f)•IMHi 

~Ml 
::; 
; ODS 

6 OD4 

§ 
• 0.03 

~ O.o2 

~ i 0.01 

IO 12 
SUPPLY VOt.TS-IV~V-1 

Fig.19 - lnput-to--output capacitance test circuit. Fig.20 - Input-to-output capacitance as a 
function of supply voltage. 

v+•t5v APPLICATIONS 
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Tllv.E-Ci.lµ.s/!ilV • 

. OOt~F 'OIZCS-24034 

Fig.21 - Schematic diagram of the CA3080 and CA3080A in a unity-gain voltage follower 
configuration and associated waveform. 



CA3080, CA3080A 

SAWLE OV1I 
HOt..D -l?lV 

2:.0 K 

Types 

v+•l5V 

SLEW RATEUN SAMPLE MOOEl• 1.3 V/l's 
ACQUISITION TIME*•!Jl.s 

•TIME REQUIRED FOR OUTPUT TO SETTLE 
WITHIN .:!;l111V OF A 4- VOLT STEP 

Fig.22 - Schematic diagram of the CA30BOA in a sample-hold con figuration. 

20pF 

+7.!5V 
BUFFER 

VOLTAGE FOLLOWER 
CENTERING 

IOOKA 

THRESHOLD 
DETECTOR 

Fig.23 - 1,000,000/1 single-control function generator - 1 MHz to 1 Hz. 

01 n rSAMPLE 

-15 LJ u HOLD 
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3.6 .. 

0.1µ.F +-----:---~! 

SIMULATED LOAD_..-: 30 pF 
NOT REQUIRED -~--

Fig.25 - Sample- and hold circuit. 

150 

LA AGE-SIGNAL RESPONSE ANO 
SETTLING TIME 

TOP TRACE: OUTPUT SIGN AL 

( 5 V/DIV- AND 21As/OIV-l 

BOTTOM TRACE: INPUT SIGNAL 
(5V/01V. AND 2,..s101v.) 

CENTER TRACE: DIFFERENCE OF INPUT ANO OUTPUT 
SIGNALS THROUGH TEl<TRONIX 
AMPLIFIER 7Al3 

(5mV/DIV.ANO 2"'s/OIV.) 

92CS- <'7884 

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. 

92CS -28 588 

(b) - Triple-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
ing of the upper swept output signal. 

Fig.24 - Function generator dynamic characteristics 
waveforms. 

SAMPLING RESPONSE 

TOP TRACE: SYSTEM OUTPUT 
( 100 mV/DIV. AND 500 ns/DIV-l 

BOTTOM TRACE: SAMPLING SIGNAL 
( 20 VI DIV. AND 500 ns/ DIV. l 

92CS-2789~ 

Fig.27 - Sampling response for circuit 
shown in Fig. 25. 



TOP TRACE ; OUTPUT 

(50 mV/OIV. ANO 200ns/DJV.) 
BOTTOM TRAC£·. INPUT 

150 mY/OIV. ANO 200 ns/DIV.) 

92CS-27883 

CA3080, CA3080A Types 

ALL RESISTORS 112 WATT 
UNLESS OTHERWISE SPECIFIED 

92CS·226!9RI 

Fig.28 - Input and output response for 
circuit shown in Fig. 25. 

Fig.29 - Thermocouple temperature control with CA3079 zero voltage switch as 
the output amplifier. 

INPUT 

l 

OJ,..F 

SAMPLE OV lf__. R2 

STROBE l5 K 
HOLD -7,5 

+7.5 

+7.5 

OU~PUT CL R7 
2K =- =- 1.9. 30pF(TVPl 

Fig.30 - Schematic diagram of the CA3080A in a sample· 
hold circuit with BiMos output amplifier. 

TOP TRACE: OUTPUT-5V/DIV. a 2µ.s/OlV. 

CENTER TRACE: DIFFERENTIAL COMPARISON OF 
INPUT a OUTPUT-2 mV/DIV. a 2 p.1/DIV. 

BOTTOM TRACE: INPUT-5 V/DIV, a 2 p.s/DIV. 

Fig.31 - Large-signal response for circuit shown 
in Fig. 30. 

TOP TRACE: OUTPUT-20mV/OIV. 8 IOOns/DIV. 
BOTTOM TRACE: INPUT-200 mV/OIV. 8 IOOna/DIV. 

Fig.32 - Small·signal response for circuit shown 
in Fig. 30. 



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 (LED) Displays 
Features 
• 7 transistors permit a wide range of applications in either a common-emitter 

(CA3081) or common-eollector (CA3082) configuration 
• High le: 100 mA max. • Low Vee sat (at 50 mA): 0.4 V typ. 

Applications 
• Drivers for: 

- Incandescent display devices (e.g. RCA NUMITRON DR2000Seriesand lamps) 
- LED (e.g. RCA-SG1002 GaAs High-Efficiency Emitting Diode) 

Relay control - Thyristor firing 

RCA-CA3081 * ,and CA3082• consist of seven high-current 
(to 100 mA) silicon n-p-n transistors on a common mono
lithic substrate. The CA3081 is co'nnected in a common
eminer configuration and the CA3082 is connected in a 
common-collector configuration. 

,,, 
COMMON-EMITTER CONFIGURATION '" COMMON-COLLECTOR CONFIGURATION 

The CA3081 and CA3082 are capable of directly driving 
seven-segment displays, such as the RCA NUMITRON 
devices (OR2000 and DR2010), and light-emitting diode 

Fig. 1-Functional diagrams of types CA3081 and CA3082. 

(LED) displays. These types are also well-suited for a variety 
of other driver applications, including relay control and 
thyristor firing. 
The CAJOB1 and CA3082 are supplied in a 16-lead dual-in
line plastic package, and the CA3081 F and CA3082F in a 
16-lead dual-in-line frit-seal ceramic package, which includes 
a separate substrate connection for maximum flexibility in 
circuit design. 

TYPICAL STATIC CHARACTERISTICS FOR EACH 

TRANSISTOR OF TYPES CA3081 ANO CA3082 

" 6 e 1 " 6 e 10 
COLLECTOR MILLIAMPERES Ile l1 

Fig.2-hFE vs. tc 

LO SET OC FORWARO·CURRENT TRANSFER RATIO lhFEl•IO 
AMBlENT TEMPERATURE ITA)> 25°C 

0.6 

,0 
COLLECTOR MILLIAMPERES !lcl 

Fig.3- V BEsat vs. t C 

6 a 100 

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

Power Dissipation: 

Any one transistor . 500 
750 Total package .. 

Above 55oc ........ Cerate linearly 6.67 

mW 
mW 

mwf'c 

Ambient Temperature Range: 

Operating 
Storage . 

............ -55 to +125 
. ... -65to+150 

Lead Temperature (During Soldering): 

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

from case for 10 seconds max. 
The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage (VCEO) . 

Collector-to-Base Voltage IVcBol. • 

Col1ectoHo·Substrate Voltage (V CIO) .. 

Emitter-to-Base Voltage (VEBO). 

Collector Current (Id . 

Base Current 11 81 .. 

• The collector of tiach transistor of the CA3081 and CA3082 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to a voltage which is more negative than any collector 
voltage in order to maintain isolation between transistors and 

s 

I SET DC FOAWARO-CURRENT TflANSfER RATIO I hfE I• 10 
AM81ENT TEMPERATURE !TA)•25"C 

~ o.ai---+---+--t--+-+----+--t--+-+-j 

~-
~ ! 0.6t--+---l--<--t-I--· 

i~ 
~-p O.' 

8 t--+--

" 6 8 10 6 a too 
COLLECTOR MILLIAMPERES llcl 

Fig.4-VcEsat vs. teat TA= 25°C. 

265 

16 

20 

20 

100 

20 

v 
v 

v 

v 
mA 

mA 

provide normal transistor action. To avoid undesired coupling 
between transistors. the substrate terminal (5) should be maintained 
at eithl!f DC or signal (ACI ground. A suitable bypass capacitor can 
be used to establish a signal ground. 

!.2 SET DC F'OAWAAO·CURRENT TRANSFER RATIO lhFEl•IO 
AMe1ENT TEMPERATURE nA1·1o•c I/ 

~ ' lZJ 
~ 
~; o.et---+---+--+-++--+---t 111-+-v-+-I 

~~ 06 >--+----+--+-r-+--+l7~.LJ~T71--+-l 
~g 0.4t---+----+--+-++-,.Lt---,<tv-+-IH 

8ej ... ~ ~ 
0.2 i-- ] ~ 
o~r:::_--1--'-',-'''-~T' 

2 " 6 a 10 2 
COLLECTOR MILLIAMPERES lle l 

Fig.5-VcEsat vs. teat TA= lel'C. 



ELECTRICAL CHARACTERISTICS at TA. 25•c 
For Equipment Design 

TEST CONDITIONS LIMITS 

Typ_ 

CHARACTERISTIC SYMBOL Char. UNITS 
I C..rve 

Fig. No. Min. Typ. Max. 

Collector-to-Base Breakdown Voltage VIBRJCES ic • soo µA, ie • o - 20 60 - v 

Collector-to-Substrate Breakdown Voltage V(BR)CIO 1c1 • sooµA, ie • o, le· o - 20 60 - v 

Collector-to-Emitter Breakdown Voltage \/iB~CEO IC• 1 mA, le• 0 - 16 24 - v 

Emitter·to-Base Breakdown Voltage \/i_BRIEBO IC• SOOµA - 5 6,9 - v 

DC Forward-Current Transfer Ratio 
Vee =0.5 v. lc= 30mA - 30 68 -

hfE 
vce • 0.8 v. le· SOmA - 40 70 -

Base-to-Emitter Saturation Voltage Vee sat _!l;__•30mA,_lj!_• 1 mA 3 - 0.87 1.0 v 

Collector-to-Emitter Saturation Voltage: 

CA3081, CA3082 
Vee sat 

le"' 30 mA, le"" 1 mA - - 0.27 0.5 
v 

CA3081 _!!;__• 50mA,_lj!_• 5mA 4 - 0,4 0,7 
CA3082 

Collector-Cutoff-Current iceo 

Collector-Cutoff Current lceo 

TYPICAL READ-OUT DRIVER APPLICATIONS 

·~"'"'""" INCANOIESCENT DtSPLAY 
!RCA·DR2000 SERIES 
OA EQUIVALENT I 

FROM /7 CA3081 
DECODER COMMON EMITTER) 

92CS·ITHl 

flg.6-Schematic dillfTam showing one tramistor of 
the CA3081 driving one segment of an incan
descent display. 

IC• 50 mA, le • 5 mA 4 - 0.4 0,8 

vce • 10 v. 18 • o - - - 10 µA 

Vee -1ov, ie ·O - - - 1 µA 

•rHE RESISTANCE FOR A IS DETERMINED 8Y THE RELATIONSHIP 

A. Vp-:a~l-Ev~:LEDI WHERE: Vp·~~~~~LSE 

R•O F'OR Vp~ VaE +VrlLEOl Vr·~grrf.J~T,.,EE 

Fig.7-Schematic dia,am showing one trlln8istor of 
the CA3082 dr;v;nq a Hght-em;n;ng d;ods 

(LEDi. 

CA3081, CA3082 Types 



CA3083 

General-Purpose High-Current 
N·P·N Transistor Array 

RCA-CA3083 is a versatile array of five high-current (to 
lOOmA) n-p-n transistors on a common monolithic substrate. 
In addition, two of these transistors (01 and 02) are 
matched at low currents (i.e. lmA) for applications in which 
offset parameters are of special importance. 

Independent connections tor each transistor plus a separate 
terminal for the substrate permit maximum flexibility in 
circuit design. The CA3083 is supplied in a 16-lead dual-in
line plastic package, and the CA3083F in a 16-lead dual-in
line frit-seat ceramic package. 

Applications 

Features 

• High le: 100mA max. 

• Low VcEsat (at 50mA): 0.7V max. 

• Matched pair (01 and 02)-

v10 (V8e matched): ± 5 mV max. 

110 (at 1 mA): 2.5 µA max. 

• 5 independent transistors plus separate substrate connection 

• The CA3083 is available in a sealed-junction 
Beam-Lead version (CA3083L). For further 
information see File No. 515. "Beam-Lead 
Devices for Hybrid Circuit Applications". 

• Signal processing and switching systems operating from DC to VHF 

• Lamp and relay driver 

• Differential amplifier 

Fig.1-Functional diagram of the CA3083. 

• Temperature-compensated amplifier 

• Thyristor firing 

ELECTRICAL CHARACTERISTICS at TA= 25°C 
For Equipment Design 

• See RCA Application Note, ICAN-5296 "Application of the RCA-CA3018 
Circuit Transistor Array" for suggested applications 

MAXIMUM RATINGS, Absolute-Ma><imum Values at TA"' 25°C 

Power Dissipation 

Any one transistor 
Total package 
Above 55oc 

Ambient Temperature Range: 

Operating 
Storage . 

Lead Temperature (Durmg Soldering)· 

At distance 1/16" '1/32" (1.59 mm •0.79 mml 

from case lat 10 seconds max. 

The following ratings apply for each transistor in the device 

Collector-to-Base Voltage {V CBO) 

Cotlector-to-Substrate Voltage (V ciol • . 

Emitter-to-Base Voltage IVEBO) 

500 
750 

Derate linearly 6.67 

- 55 to +-125 
65to+150 

265 

15 

20 

20 

mW 
mW 

mWi°C 

"C 

v 

CollP.ctor Current (lcl 100 mA 

Base Current (I 8 ) 20 mA 

•The collector of each transistor of the CA3083 1s isolated from the substrate by an m!egral diode The >llbstratr 
must be connec:ted to a voltage which 1s more negative than any collector voltage on order to mamwm iso!at•on 
between trans1s1ors and provide normal transistor action. To avo•d undesired couplong between tram1stors. the 
substrate terminal (51 should be mamtained at e•ther DC or signal (AC) ground A suitable bypas~ capac11nr can 
be used 10 establ1sh ~~·gnat ground 

TYPICAL STATIC CHARACTERISTICS 

FOR EACH TRANSISTOR 

100 COLLECTOR TO· EMITTER VOLTS lVcEl•3V 

k I 1 

J f 

I 

6 e I 4 6 o IO " 6 01()0 

TEST CONDITIONS LIMITS 

CHARACTERISTICS SYMBOL 
Typ. 
Char. 
Curve Min. Typ. Ma><. 

Fig. No. 

For Each Transistor: 

Collector-to-Base 
VrnR)CBO le" 100µA, !E" 0 20 60 

Breakdown Voltage 

Collector-to-Emitter 
V(BRJCEO le= lmA, 18 "' o 15 24 

Breakdown Voltage 

Col lector-to·Substrate 
VIBR)CIO 

1c1 = 1OOµA,1 8 = 0, 
Breakdown Voltage 20 60 

IE= 0 

Emitter-to-Base 
V(BRJEBO IE= 500µA,lc= a 6.9 

Breakdown Voltage 

Collector-Cutoff ·Current .1CEO VCE = 10V,1 8 =0 - 10 

Collector-Cutoff.Current 1cso vcs"' 10V,IE=O - 1 

DC Forward-Current ic 10mA 40 76 
hFE VcE"' 3V 

Transfer Ratio le= 50mA 40 75 

Base-to-Emitter Vo!tage VBE VcE= 3V, le"' 10mA 0.65 0.74 0.85 

Collector-to- Emitter I VcEsat le"' 50mA, 18 "' 5mA 0.40 0.70 
Saturation Voltage 

For Transistors 01 and 02 (As a Differential Amplifier): 

Absolute Input Offset 
]viol 

Voltage 

Absolute Input Offset 11101 Current 

' ,0 '.' ,00 

1.2 5 
VcE = 3V, le= lmA 

0.7 2 5 

I SET DC FORWARD~CURRENT TRANSFER RATIO !hFEl•IO 
AMBIENT TEMPERATURE ITAi • 25 °C 

r; e io 
COLLECTOR MILLIAMPERES 1 Ic I COLLECTOR MILLIAMPERES l1cl COLLECTOR MILLIAMPERES nc1 

Fig.2-hFE vs le Fig.3- VBEvslc Fig.4 - V CE sat vs IC at 25°C 

UNITS 

v 

v 

µA 

µA 

v 

v 

mV 

µA 



I. SET CC FORWARD-CURRENT TAANSFEl'r l'rATIO (llF[I' 10 

1 
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Fig.6- vBEsatvslc 

TYPICAL STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER 

'o I ' • 10 
COLLECTOR MILLIAMPERES !Icl 

Fig.7- V 10 vs le (transistors 01and02asa differential 
amplil;t1r}. 

~ l·~--+---+---+-+--b~~~+---+---+--+-1 
,; • V1 
~ .. v..d 
·v 
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COLLECTOR MILLIAMPERES llcl gzc 5_ 17769 

Fig.B- t 10 vs le (transistors 01 and Q2as a differential 
amplifier). 
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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. 

MAXIMUM RATINGS, Absolute-Maximum Values at TA"' 25°c 

Dissipation: 
Any one transistor . 

Total package . 

Above TA= 55°c . 

Ambient Temperature Range: 

Operating . 

Storage 

Lead Temperature (During Soldering)~ 

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

The following ratings apply for each transistor in the device: 

Cotlector-to-Emitter Voltage (VcEol . 

Collector· to-Base Voltage (V CBO) 

Base-to-Substrate Voltage (V81ol ~ . 

Emitter-to·Base Voltage (V EBO) . 

Collector Current HcJ 

FEATURES 

• Matched transistor pair (01 and 02) 

v10 (Vee matched): ± 6mV max. 

110 (at 100 µA): ± 0.6 µ.A 

• 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 (CA3084L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

APPL/CA T/ONS 

• 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 

200 mW" 

750 mW 

derate linearly6.67 mW/°C 

~55 to +125 De 

-65 to +150 De 

+265 De 

-40 

-40 v 
40 v 

-40 

-10 mA 

"The base of each transistor of the CA3084 is isolated from the substrate by an integral cl1odr. The substrate must be connectecl to <1 voltage 
Which is more negative than any base voltage in order to maintain isolation between trans1~tors dnd provide normal transistor <iction To dvoid 
undesired coupling between transistors, the substrate terminal (4) should be maintained di either DC or signal {AC) ground. A suitable bypass 
capacitor can be used to establish a signal ground. 

AMBIENT TEMPERATURE (TA)~Z5°C 

~ -Q5l---,...-.-,,-,--,...-.-t-+t---t---t-t-itt 

~ 
~ -0.41--+--+--f-+-+----t--+--+-++---+-+--HH •-:. 
::i ~ 1 
~ ~ -Q31---t--+--t-t-+--~-~~~-.;~_,._,.T1 
- _, oc FORWARD-CURRENT I I 
~ ~ -0.2 t----t--i---H-+--T-AArN-"-",'-",'D0 (Thr_El-,·9..-r4 "11jt_'--1"-i-1 

~ ~ 
g -+:: +--

. ' . D., 
EMITTER MILLIAMPERES (IE) 

Flg.4- V CE sat vs IE• 

. . . 
'D 

_ -0.91--,-..-m-.-r-r,,-c-1--t-t+---t--t-H1 

l lil 
~-o.a~~~-+"""""';:i 

g COLLECTOR-TO-EMITTER VOLTS !VcEl •-I~~~ 

~-0.1 J....i FI'\. .,ov 

a ~ I "-2ov 
b -o.sf--f--+++1-l-t:!;;l;ll;ii"!""iH-lt-H--..,.Trl 
~ ~ 
:i -0.5 f-1-----±. ""'1"'ftt--+-t-Ht--t--t-tt1t-t--t-H1 

=2,4 

'~.01 1! 4 6 ~-1 2 4 6 •, 

EMITTER MILLIAMPERES !IE) 

Fig.5-VsEvslE. 

2 4 6 8 
,0 

SUBSTRATE 

Fig. 1- Functional diagram of the CA3084. 

STATIC CHARACTERISTICS FOR EACM TRANSISTOR 
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ELECTRICAL CHARACTERISTICS at TA• 26"c 

For Equipment Design 

CHARACTERISTICS SYMBOL 

For Each Transistor: 

Collector-Cutoff Current 1cao 

Collector-Cutoff Current 1ceo 

CoUector-to-Emitter Breakdown Voltage VIBRJCEO 

Collector-to-Base Breakdown Voltage VIBRJCBO 

Emitter-to-Base Breakdown Voltage VIBRJeeo 

Eniitter·to-Substrate Breakdown Voltage VIBRIEIO 

Collector-to-Emitter Saturation Voltage VcEsat 

Base-to-Emitter Voltage Vee 

DC Forward-Current Transfer Ratio hFe 

For Transistors 01 and 02 (Asa Differential Amplifier): 

Magnitude of Input Offset Voltage I Viol 

Input Offset Current 110 

For Transistors 03 and 04 (Current-Mirror Configuration): 

Collector Current (Normalized) lc/15 

Magnitude of Collector Current Ratio ! •cl03111cia4J! 

f:or Transistors 05 and 06 (Darlington Configuration): 

Collector-Cutoff Current 1ceo 

Base-to-Emitter Voltage Vee 

DC Forward-Current Transfer Ratio hFE 

ELECTRICAL CHARACTERISTICS at TA • 26°C 
Typicll Yalu• Intended Only For Design Guid1nce 

Magnitude of Temperature Coefficient: 

Vee (for each trmisistorl 

V 10 (as a differential amplifier) 

Vee (0ar1ington configuration) 

For Each Transistor: 

Input Resistance 

Output Resistance 

Forward Transconductance 

Collector-to-Base Capacitance 

Collector-to-Emltts Capacitance 

-Su-CopociUnc:e 

0.9 

I5•3,,_A, I12•3.151£A 
I5 •I011A1 I12sl0.!511A 
15•\00pA. I12•100pA 

l4Veel4TI 

14v10 14T! 

j4Veel4T! 

R1 

Ro 

11,n 

Cceo 

.Cceo 

1Ca10 

,H+H! 

- - - o u ~ n ~ ~ 
AMBIENT TEMPERATURE lTAl_..C H1.:S-l7t86 

Fig.10-Normalized le vs TA (transis
"9" Q3 and 04 in a current

:sor configuration. 

TEST CONDITIONS 

Typ. 
Charac- LIMITS 
teristics 

1curve I Min. Typ. Ma)f. 

Fig.No. 

Vee"' -10V, IE"' 0 -0.055 -100 

VcE= -10V,le= 0 -0.12 -100 

•ce = -100,.A, 18 = o -40 -70 

•cs= -100,.A, •e = o -40 -80 

'ee = -1oo,.A. 'c= o -40 -100 

IEI = 100µA 40 100 

le= 1mA, 18 = 100µA -0.125 -0.25 

-0.50 -0.59 -0.68 
•e = 100,.A. Vee= -1ov 

15 40 

le= 100µA, Vee= -1ov 0.422 6 

-0.6 0.6 

Vee= -5V, Vc10 = -5V, 10 0.85 1.00 1.15 

Term. 13"' Gnd. 11 0.90 1.00 1.10 
15 "' -100µA, 

Vee"' -1ov, 18 "' o -1.0 

13 0.92 1.07 1.20 
•e = 1oo,.A. Vee= -1ov 

15 100 1230 

le= 100,.A, 6 -1.78 

Vee= -1ov 9 0.54 

14 -3.7 

t = tkHz, Vee"' -1ov, 19 9 

lc=-100µA 20 - 600 -
22 - 3 -

-
Ice= 0 23 - 3.3 -

-··· 

'ce· o 23 - 2.5 -
i 

1cm· 0 l 23 - 4.6 -

UNITS 

nA 

nA 

v 

v 

v 

v 

v 

v 

mV 

µA 

µA 

v 

mvf'c 

µvf'c 

mvf'c 

kn 

•n 

mmho 

pF 

pF 

pF 

CA3084 
STATIC CHARACTERISTICS FQR EACH TRANSISTOR 

; SUBSTRATE AT SAME POTENTIAL AS COLLECTOR 
AMBIENT TEMPERATURE (TA) • 2s•c 
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Fig .. 7-hFE vs IE• 

STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER 

COLLECTOR-TO-EMITTER VOLTS (VCf:J~-IOV 
AMBIENT TEMPERATURE ITAl•25°C 

~ 1.0 

~ I 
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t'b, 
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10 100 
COLLECTOR MICROAMPERES (Icl 
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Ftg.8-V10 vs ic. (transistors a1 and 
02 as a differential amplifier,. 

VCE" IOY 

... 
-715 -50 -25 H 50 75 100 1215 

AMBIENT TEMPERATURE ITAt-•c 
92CS·l798!5 

Fig.9-V10 vs TA (transistors 01 and 
02 as a differential amplifier,. 

STATIC CHARACTERISTICS FOR CURRENT-MIRROR CONFIGURATION 
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Fig.11-lc ratio vs 15 (transistors 03 
and 04 in a current-mirror con
figuration. 
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Fig.12- lc vs 15 (transistors 03 and 04 in a 
current-mirror configuration). 



CA3084 
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STATIC CHARACTERISTICS FOR DARLINGTON CONFIGURATION 

0 100 12!5 
AMBl£NT TEMPERATURE (TA,) -•c 

l400 AMBIENT TEMPERATURE 
!TAl•25"C ~ 

COLLECTOR MILLIAMPERES (lE) 

2 4 I I 
10 

Fig.13 - VsE vs IE (transistors 05 and 06 in a 
darliniJtron configuration). 

Fig.14 - V BE vs TA (transistors 05 and 06 in a 
darJington configuration). 

Fig.15 - hFE vs. IE (transistors 05 and 06 in a 
darlington configuration). 
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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 1 OOmA 

R CA·CA3085, CA3085A, and CA3085B 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. 

V1N VQUT MaJC 
rv., Range Range IQUT 

V V mA 

CA3085 7.51030 l.8to26 12· 

Max. Load 
Re9ul1tion 

%VQUT 

0.1 

CA3085A 75to40 1.7to36 100 0.15 

CA30858 7.5to50 1.7to46 100 0.15 

·Thi' value may be e1ttended to lOOmA; however, 
regulat1on is not spec1hed beyond 12mA. 

These types are supplied in the S.lead T0·5 style package 
(CA3085, CA3085A. CA3085B, and the B-lead T0·5 with 
dual-in·line formed leads (''DJ L·CAN'', CA3085S, CA3085AS, 
CA3085BS). The CA3085 is also supplied in the 8-lead dual
in-line plastic package ("MINI-DIP", CA3085E), and in chip 
form (CA3085H). 

COMPfHSATIOHAHD 
EXTfRNALIHHlllT 

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
gulaton provide important features such as: frequency 
compensation, short-circuit protection, temperature· 
compensated reference voltage, current limiting, and booster 
input. These devices are useful in a wide range of applications 
for regulating high-current, switching, shunt, and positive and 
negative voltages. They are also applicable for current and 
dual·tracking regulation. 

Featun11 
Fig.1-8/ock diagram of CA3085 Serie1. 

• Up to 100mA output current 

• Input and output short-circuit protection 

• Load and line regulation: 0.025% 

The CA3085A and CA3085B have output currerit 
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 
transistors. The CA3085 Series has an unregulated input 
voltage ranging from 7 .5 to 30 V (CA30B5). 7 .5 to 40 V 
(CA3085AI. and 7.5 to 50 V (CA30858) and a minimum re
gulated output voltage of 26 V (CA3085). 36 V tCA3085AI. 
and 46 V ICA3085BJ. 

• Pin compatible with LM100 Serin 
• Adjustable output voltage 

• Low noise 

Applications 

• Shunt volUge regulator 

• Current regulator 

• SWitching voltlge reguldOr 

• High-current wott191 regulltOr 

The CA3085A is unilaterally interchangeable with the 
CA3055. 

• Combination positive and nepthra 

.oltogor ......... 

• Dual tracking regulator 

The CA3085 is available in a sealed·junction Seam-Lead 
version (CA3085L). For further information see File No. 515, 
"Beam·Lead Devices for Hybrid Circuit Applications". 

• See Application Note ICAN-6157 "Applications 
of the CA3085·Series Monolithic IC Voltage 
Regulators". 

Ma1t1mum Voltage Ra11ngi 
The following chart gives the range al voltage5 which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For e:o:ample, the 

voltage range between vertical Term•nal No. 7 and horizontal Terminal No, 1 1s +3 to -10 volts. 

MAXIMUM VOLTAGE RATINGS 

TERM
INAL 
No. 

+5 • 10 "Voltages are not normally 

-5 O applied between these 
I--+--+--+--+--+--<---+--+---< termin<1l1, however, voltages 

appearongbetween these 
l--+--+--+--+--+--1--+--+-----< term11'\ah are ~ate, 1f the 

+t 

Substrate 
& Case 

ipec•hed volta9el1m1ts 
between all other terminals 

iJo V for CA3085 
40V for CA3085A. 
SOV for CA3085B 

MAXIMUM 
CURRENT RATINGS 

[~:~ llN •our 
No. mA mA 

10 1.0 

1.0 -0.1 

1.0 -1.0 

0.1 10 

20 150 

150 60 

150 60 

Fig.2-Schematic diagram of CA3085 Series. 

MAXIMUM RATINGS. ABSOLUTE-MAXIMUM VALUES 11 TA• n°C 

POWER DISSIPATION: WITHOUT HEAT SINK WITH HEAT SINK IT0-6 ONLY) 

uptoTA• &&°C. . ...... 630mW uptoTc- 55°c ... 1.6W 

lbov•TA • 55°c det .. •linurly 116.67 mw/lc 1bove Tc .. 55°c ... -~;;1~~,,:~lv•t 

TEMPERATURE RANGE: 
Qpet1ting . -55 to +t25°C 

Storage . -65 to +1500C 

UNREGULATED INPUT VOLTAGE: 
CA.3085 . 

CA3085A .. 

CA3085B 

JOV 
. . 40V 
... sov 

LEAD TEMPERATURE (DURING SOLDERING): 
A1dts11nce.1/16 ! 1132onch (1.!>9• 0.79mml 
1.....,easelor IO•econd1ma~ .. •lfilioC 

~ 
! 
~ 
g 

~ g 
i 
j 

; 

" 
20 

00 

406080IOO 
OUTPUT MILLIAMPERES llOUTI 

Fig.3-Dissipation limitation fV1N-VouT vs. iourJ. 

: I UT VOLTS C lfflol!I 
:.OUTPUT VOLTS cv+our>•IO 
::AMBIENT TEMPEAATU!!~.1!.":!' 2!i•t • 

•o 
LOAO CURRENT CI.LI- mA 

Fig.4- Load regulation charactsristics. 



CA3085, CA3085A, CA3085B Types 
ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS 

Reference Voltage 

Quiescent Regulator 
Current 

Input Voltage Range 

Maximum Output 
Voltage 

Minimum Output 
Voll age 

Input-Output Voltage 
Differential 

L•m•tingCurrent 

Line Regulation6 

Tm 
SYMBOL Circ:llit 

t;;;N;1 
VREF 

Vo!mu.l 

Vo(min.l 

T£ST CONDITIONS 

TA•26°C 

(Uni- indicated otti.wi .. J 

v+IN" '5V 

V+tN = >JV 

v+IN = 40V 

V+1N = 50V 

V+1N = 30,40,50V#;RL = 365r!; 

Term. No. 6 to Gnd 

V+IN = 30V 

v+1N= 16V,V+OuT= 

Rscp· = 611 

IL= 1 to 100mA, RscP = 0 

IL= 1to100mA,RSCP 0 

TA= o0 cto+7a°C 

IL- 1to12mA.Rscp= o 
IL- lmA;Rscp= 0 

IL- lmA,RscP- 0 

TA= 0°Cto+70°C 

CA3085 

MIN. TVP. MAX. 

16 18 

3.3 4.5 

7.5 ., 
26 27 

16 18 

96 120 

0.003 0.1 

0025 

0.5 

LIMITS 

c..-.. CA30ISll 

MIN. TVP. MAX. MIN. TTP. MAX. 
UNITS 

15 1.6 11 1.0 16 1.7 

3.66 

400 

7.5 40 7.0 50 

36 37 46 47 

35 

96 120 96 120 

0.02!"> 0.15 0.025 

O.OY.> 0.6 0.035 o.6 %VouT 

0025 0.075 0.025 004 

o.• Equivalent Noise 
Output Voltage• 

VNQISE 12 
0.3 

mV p-p 
0.3 0.3 

+ 1CREF = 0 
V IN= 25V 1,__C_RE_F-.-0-2-2,-,-+--+--+--+--+--t---+--+-~+---< 

Ripple Reject•on 

Output Res•s!ance 

Temperature Coef· 
ficienl of Reference 
and Output Voltages 

Load Trans1em 
Recove•v Tome 

Turn On 

Turn Off 

Line Transient 
ReeovervTime 

1QN 

v• 1N • ?5V, -50mA S1~p 

Turn On ION \ -----+---+---< v•1N~ 25V,f= 1k~l.2VS1ep 
Turn Off !QfF 

# JOV (CA3085). 40V(CA3085A), 50VICA3085BI 
• RSCP. Sllort·c.rcuit prote<;t•on resistance 

•Bandwidth DC to 10 MHz. 

AMBIENT TEMPERATURE (TA)-°C 

Fig.7-Une regulation temperature characteristics. 

AM81UH TEMPERATURE" ITAl-'C 

Fig, 10-ILJM l.'S. TA. 

50 50 
dB 

56 56 

0.075 0.3 0.075 0 3 

00035 0.0035 0.0035 %1"C 

0.8 08 

0.4 0.4 OA 

A Line Regulation= 
ltiVQ!.II) 

lVouT!•nitial!l t6V1Nl ""'"' 

IOe INPUT \IOLTS 1v+1Nl•27Y 

: AMBIENT TEMPERATURE (TA l•25°C-+----+-+.<+--+--+.A-+.< 

~ 
> 1-0.3 

'B ,, w, 
~I 0.2 

~~ 
"'~ Q,I 

~: 

2 46810 2. 468100 

FREQUENCY m- kiolz 

Fig.8-r0 vs. f. 

REFERENCE VOLTS lVREFl •+l.6V (AT TA•25•C) 
LOAD CURRENT ll.L) •O 

25 75 
AMBIENT TEMPERATURE (TA )-'C 

2 4 68 
1000 

Fig.11-Temperature coefficient of VREF and VQUT 

ze 
wz 
~ .. 
W< 

5il ' 
~~ 

~~ 
i~0.9 

08 _,, 

Fig.5-lquiescent vs. VjN. 

NORMALIZED CURVE GENERATED FROM 
IQUIESCENT vs v+-1NCUR\IE WITH TA•25°C•I 

-50 -25 0 50 75 100 125 
AMBIENT TEMPERATURE '1Al-°C 

Fig.6-NormaHzed lquiescent vs. TA· 

INPUT VOLTS tv+INl•27V 
FREOUENCV lf)• IO+lz 
OUTPUT RESISTANCE !•o;ol•O 015 n 

lAT 1A •25°CI 

-25 0 25 50 75 
AMBIENT TEMPERATURE CTAl-"C 

Fig.9-Normalizedr0 !I'S'. TA. 

lOOpF 

Fig. 12- Test circuit for noise voltage. 
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Fig. 13- Test circuit for ripple rwjection and output re#stai1ce. 

,, 

IOJll!SCENT ID OPEN 

¥out IHI.I 3'5Q • 40 GIOUND CLOSED 

Vout llllN.) !Ok • '° TOM. MO. 1 ~ 

Fig.15-T•t circuit for VRE~ lquiescsnt, Vourtmax.J, 
Vourfmin.J. 

CA3085, CA3085A, CA3085B Types 
TEST l'ROCEDVRH FOR TEST CIRCUIT FOR 
RIPPLE REJECTION AND OUTPUT RESllTNICE ..._ .. .._ 

1. V11Q• +2SV,CAEF • O,ShonE1 

2. S.tEs2•l1kHl10lllHEt• 4Vrll'll 

3. Rftd Vouro". YTVM, -" ... H-IRl.PKk•rd. 
Hl'4000«_1,,.ltnl 

4. c.l'f.ui.wAoutffDfflAQUT~ YOlJTl1ALIEtJ 

Ri ...... R.;.ction-1 

I. V1~· +25V,CffEF • O.Sllor1E2 

2. SetE51HlkHz1e11t1atE1 • 3\l<mr. 

3. AUd VQUT on 1 VTVM. -11M1 Hlwlen-P.:k.-d, HP4000 
O•lqu•~ ... 1 

4 C1lc11i.1t1 A•pplt Atje.;11on lrom 20t09 lE11Voutl 

Aippl•Rljeclion-11 

I. Af11ntA1ppl1A .. K11onlw1hCAEF •tiif 

'TIIELl•ITINGCURllENTIS 
INVERSELY PROf'OltTIONAL TO 
RscpfSHOlrT·CHtCUITPROTECTIONRESISTANCE) 

•sc• 

VO\lT" HIY 

--1 

F;g.16-T•t circuit for limiting cumtnt 

lOOl'F 

Your 

VPULSE 
GEN. 

I--
I 111,(off) 

-- t 1µs/cm 92CS·l9001 

Fig.14-Tum-on and tum-off recovery time test circuit with 
associated waveforms. 

TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES 

" STANCORTPl 

'""" I 
~.tlu~''" 
~lJ 

BLACKREfl 

Your•lSY .. ZGYIOTO'IG ... ) 
REGULATION• 0 ftfLIHE AHD LOAD) 
IUPf'LE ~o.s .. v •T FUlL LOAD 

" '" 
w 
'". 

Fig.17-App/ication of the CA3085 Seri11s in a typical power 
IUpply. 

Fig.19- Typical high-cummt voltage regulator circuit. 

'"' '" 

o, 

v,. 

O.OOl~F 

All.ltESl!UHCEVALUESAltEINoit.S -

DI. llCA-lttl76lAOREOUtu.u.:NT 
Dl·llCA-2"SJlZOll'EQUJVALENT 

•1tl•G.711.C••O[.) 

Fig.18-Typiclll switching regulator circuit. 
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QI ANTN·P.HSlllCOHTR.t.NSISTOR 
TN4TCANHAHDLEA2A 
LOADCUllll'EHTSUCHAS 
ll(A2NJ1120REOUf0.LfNT 

Fig.20- Typical current regulator circuit. 
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Fig.21- Comb;nation pos;r;ve and negative llOltage regulator 
circuit. 



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. 

transistors in conventional circuits. However, they also 
provide the very significant nmerent adyantages unique to 
integrated circuits, such as compactness, ease of physical 
handling and thermal matching. 

The transistors of the CA3086 are well suited to a wide 
variety of applications in low-power systems at frequencies 
from DC to 120 MHz. They may be used as discrete 

The CA3086 is supplied in a 14-lead dual-in line plastic 
package. The CA3086F is supplied in a 14-lead dual-in-line 
hermetic (frit·seal) ceramic package. 

MAXIMUM RATINGS, Absolute-Mudmum Values at TA= zs0 c 

DISSIPATION: 

Any one transistor 

Total package up to TA= ss0 c 

Above TA = ss0 c 

AMBIENT TEMPERATURE RANGE: 

Operating . 

Storage 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 ± 1/32 inch j1.59±0.79mm) 
From case for 10 seconds ma)( .. 

The following ratings apply for each transistor in the device: 

COLLECTOR-TO-EMITTER VOLTAGE, VcEO . 

COLLECTOR-TO-BASE VOLTAGE, Vceo 

COLLECTOR-TO-SUBSTRATE VOLTAGE, Vc10*. 

EMITTER-TO-BASE VOLTAGE, VEBO 

COLLECTOR CURA ENT, le . 

300 

750 

derate linearly 6.67 

-55 to+ 125 
-65 to+ 150 

+ 265 

15 

20 

20 

50 

mW 
mW 

mW/°C 

oc 
QC 

QC 

v 
v 
v 
v 

mA 

• The collector of each transiSt,or in the CA3086 is isolated from the substrate by an integral diocte. The substrate 
(terminal 13) must be connected to the most negative point in the e)(ternal circuit to maintain isolation between 
transistors and to provide for normal transistor action. To avoid undesirable coupling between transistol'5, the sub
strate !terminal 13) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 

ELECTRICAL CHARACTERISTICS at TA= 25°C 
For Equipment Design 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 

Collector-to-Emitter Breakdown Voltage 

Collector-to-Substrate Breakdown Voltage 

Emitter-to-Base Breakdown Voltage 

Collector-Cutoff Current 

Collector-Cutoff Current 

DC Forward-Current Transfer Ratio 

·-

120 COLLECTOR-TO-EMITTER l/OLTS\VCEl•3 
AMBIENT TEMPERATURE (TAJ•2!5°C 

~k 90 

SYMBOLS 

VIBR)CBO 

VIBRJCEO 

VIBRJCIO 

VIBRJEBO 

1ceo 

1CEO 

hFE 

yQ 
;:oo,1----1----1-+++.v~l---+-+++--+-t-+-H---t 

~ ro<-+--hA.t'.1-++-l---+-++l---+---+-+-t-r-< 

v 

~~ 
50 

TEST CONDITIONS 

Typ. 
Charac- LIMITS 
teristic 
Curves Min. Typ. 
Fig.No, 

lc=10µA,IE=O - 20 60 

le= lmA,18 = a ,_ 15 24 

le= 10µA, lc1 = 0 - 20 60 

IE= 10µA, le= 0 - 5 7 

Vea= 10V,IE= 0 2 - 0.002 

VcE = 10V, le= 0 3 - See 
Curve 

VcE= JV, le= lmA 4 40 100 

0.8 COLLECTOR-TO-EMITTER VOLTS\VcEl•3 
AMBIENT TEMPERATURE \TAl•2!5°C 

Max. 

-

-

-
-

100 

5 

-

UNITS 

v 

v 

v 

v 

nA 

µA 

4 6 sO,I 4 6 8 I 4 68IO -°Q'I, '"o'' '"' 4 &BIO 

EMITTER MILLIAMPERES (IE) EMITTER MILLIAMPERES (lf) 

Fig.3-hFEvsJE. Fig.4 VsE"''E" 

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. 

SUBSTRATE 

Fig.1 - Functional diagram of the CA3086. 

TYPICAL STATIC CHARACTERISTICS 

FOR EACH TRANSISTOR 

AMBIENT TEMPERATURE lTA )-°C 

Fig.2- I CBO vs TA. 

103 BASE CURRENT Clg)•O 

0 25 
AMBIENT TEMPERATURE ITAl-°C 

Fig.5- 'CEO vs TA. 



CA3086 
ELECTRICAL CHARACTERISTICS at TA• 25°C Typical Values Intended Only for Dotign Guidance TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOI' 

CHARACTERISTICS SYMBOL 

DC Forward-Current 
Transfer Ratio 

hFe 

Base-to-Emitter Voltage Yae 

VSE Temperature Coefficient A Yael AT 

Collector-to· Emitter 
Ycesat Saturation Voltage 

Noise Figure (low frequency) NF 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 

Forward Current-Transfer Ratio hie 

Short-Circuit Input Impedance hie 

Open-Circuit Output Impedance hoe 

Open-Circuit Reverse-Voltage 
h,. 

Transfer Ratio 

Admittance Characteristics: 

Forward Transfer Admittance Yfe 

Input Admittance Yie 

Output Admittance Yoe 

Reverse Transfer Admittance v,. 
Gain-Bandwidth Product 'T 

Emitter-to-Base Capacitance Ceao 

Collector-to-Base Capacitance Cceo 

Collector-to-Substrate Capacitance CCIO 

~=~~u:::A~1rrA~~T 
COLLECTOR-TO-EMITTER VOLTS(VCEl•3 
COLLECTOR MILUAMPERES{Ic)•I 

4 

li 30 
[]h" 

p :::,cs 
I z .D z-· a:e 10 

n 0 ~ 
t--'-!r. 

1~ -10 
~ 

1'-- i-..-

QI 
... ' ... 

I K> 
FREOUENCY (f)-MHr ' 

... 
100 

Fig.8- Yfe w f. 
CMllON-EMITTER 

AMBlENT TEMPER 
COLLECTOR-TO-
eot..LECTOR MLL 

I' 
if _, 
11~. 

2 . 

TEST CONDITIONS 

Typ. 
Chara- TYPICAL 
teristics VALUES UNITS 
Curves 
Fig. No. 

Yee= 3 v le= lOmA 4 100 

le= lOµA 4 54 

Yee= 3v IE= lmA 5 0.715 v 
le= lOmA 5 O.BOO v 

Vee= 3V, lc = lmA 6 -1.9 mvf'c 

18 = 1mA, le= lOmA - 0.23 v 

t= lkHz,Vce= 3V, - 3.25 dB 
le= 100µA, Rs = 1 k n 

7 100 -
f = lkHz, Vee= 3V, le= lmA 7 3.5 kf! 

7 15.6 µmho 

7 1.8 x 10-4 -

8 31 -jl.5 mm ho 

f = 1MHz, Yee= 3V, le= lmA 9 0.3 + j0.04 mm ho 

10 0.001 + j0.03 mmho 

11 See Curve -
Vee= 3V, le= 3mA 12 550 MHz 

Vee= 3V, le= o - 0.6 pf 

Vce·3V,lc=O - 0.58 pf 

vc1 = 3V, le= o - 2.8 pf 
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CA3091D 

Analog Multiplier 
ACA-CA3091 D, a monolithic silicon integrated circuit, is a 
four-quadrant multiplier that provides an output voltage that 
is the product of two input (x and y) voltages. 

This device functions as a multiplier, divider, squarer, square 
rooter, and power-series approximator. In addition, this 
device is useful in applications such as ideal full-wave 
rectifiers, automatic level controllers, RMS converters, fre· 
quency discriminators, and voltage--controlled filters and 
oscillators. 

The CA30910 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 sectio(I on "Symbols, Terms, and Definitions" that 
defines the terms and symbols used throughout the data 
bulletin. 

*FROM 15-VOLT 
REGULATED SUPPLY 

• FROM-15-VOLT 
REGULATED SUPPLY 

• k ADJUST IS PERFORMED IY 
VARYING THIS RESISTOR 

RESISTANCE VALUES ARE 
IN OHMS 

The CA3091D is supplied in 14-lead dual·in·line ceramic 
package and operates over the full military temperature range 
of-550C to +1250C. Fig.1-Functional block diagram of CA3091D with typical multiplier outboard(peripheral}:ircuitry. 

MAXIMUM RATINGS:Absolute·Maximum Values at TA =25oc 
DC Supply Voltages: 

Between Terms. 12 and 1 . 
Between Terms. 4 and 1 

DC Supply Currents: 
At Term. 12 with DC Supl>ly Voltage= +15 V. 
At Term. 4 with DC Supply Voltage "' -15 V .. 

Bias Current (At Term. 3) .. 
Input Current 
Output Short·Circuit Duration 
Voltage Reference Current . , . 
Linearity Correction Currents: 

At Terminals 7 and 8 . 
Device Dissipation (Up to 1250C) .. 
Ambient Temperature Range: 

Operating . 
Storage 

Lead Temperature (during soldering): 
At distance not less than 1'132 inch (0.79 mm.) from case for 10 seconds max. 

•External resistance is required to limit the current to the indicated ±1 mA value. 

RESISTANCE VALUE<;;>..lfE IN OHMS 

Fig.2-Schematic diagram of the CA3091D. 

+18 
-18 

16 

±1 

v 
v 

mA 
mA 
mA 
mA 

No limitation 
10 

10 
200 

-55 to +125 
-65 to +150 

+265 

mA 

mA 
mW 

oC 
oc 

oc 

Features:• 
• "Accuracy": ±4% (max.) 

• "Linearity": 3.0% (max.> 

• Feedthrough: 9 mV p-p (typ.) 

• 3·db bandwidth: 4.4 MHz 

• Low power operation capability: ±6.0 V, 4 mW drain 

• Low power·supply sensitivity: 36 mV/V typ. 

• Smooth overload cheracteristict - no foldback if full
scale input signal is exceeded 

• Negligible werm-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 tow
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 thet is within the multiplie" bandwidth 

• High immunity to parasitic oscillation 

• Essentially free from excess peaking - provides improved 
frequancy response 

• Requires no level shifting at the output - current-source 
operation at the output permits output signal to be refer
enced to ground or other levels within the output voltage 
swing e1pabilities of the multiplier 

• Internal bias regulator 

Applications: 
• Multiplier • Divider • Squarer • Square Rooter 

• Power-series approxirnator 

• Full·wave rectifier 

• Automatic level controller 

• RMS converter 

• Frequency discriminator 

• Voltage.controlled filters and oscillators 



ELECTRICAL CHARACTERISTICS, For Equipment Design 

CHARACTERlmCS 

STATIC CHARACTERISTICS 

INPUT CIRCUIT 

Input B•l•nce ICorrectionl Currents: 

At x Input 

Aty Input 

Feedthrouth Linearity Balan« 

!Correction) Current 

OUTPUT CIRCUIT 

Otltput Offset Current 

Output Offset Voltage 

Ch.ttput Peak Current Swing 

Output Peak Voltage Swing 

DC SUPPLIES 8t BIASING 

Current Orain (Idling): 

At Term.4 

AtTerm.12 

DYNAMIC CHARACTERISTICS 

Output Current 

Accuracy 

Linurity 

Feedthrough Voltage: 

Aty ... 20Vp-p,X'"'0 

Atx • 20V p-p,y • 0 

t TEST CONDITIONS 

SYMBOL . TA• HOC, 111 •0.6 mA 

v+-11v.v---11v 

•1c 
x= 0 

y. 0 

•oc 

•oo xav=O, 

Voo •oo 1hru AL= 33kn 
l•ol Thru AL .. 24kn 

lvol Across AL ,. 33kn 

v- •-16V 

v+ .. +15 v 
v,., Measured across Terms. 

68t4atl= 1mA 

•o With I = 0.2mA at each 

input 

Wont case at 25oC 

1 I~ ,t50Ul.Hvb.-vn. 
_._~~~_._-~_.., b v.~v11a 

"1r•IM>~~::-"9,I 

:~':'~!:~:T 
OFv.MDVt ..... D 

...,._~-~-.--~~--r-'~\~~::ASURE-

v., va.,s2vor 
.Je.Vr_•!IOVdo 

8 l1c 

Circui• 
tmd/or 
Chw. 
cu ... 

11 

J_ LIMITS 

Min. Typ. 

-20 -2.1 

-20 -8.7 

-34 -2.9 

-10 -0.23 

-0.330 -0.0076 

0.41 0.45 

12 12.9 

2.9 
2.0 

5,5 6.1 

0.21 

0.69 1.0 

2.6 

9.1U1 

Mu. 

+20 

+20 

+34 

+10 

+o.330 

... 
3.0 

6.7 

0.32 

1.7 

4.0 

3.0 

20 

20 

J 

l '""'"' 
uA 

uA 

uA 

uA 

v 
mA 

v 

mA 

mA 

v 

mA 

.... 
10V 

mV ... 

TUTPROC:EriuRE 
.-'--'~-'-"-'--'--~__....,1.0PEfll'l~ADNST VI 

TOSn"o-4V 

l Cl.Ost 'S' NINSl"' 
TOl(T VQ•IY· 
JIECOltD Rt 

...... -~...,.--,--~...,.-~_,'DERIVE Ro FROM 

RotlllGl•~D 

Fig.5- Test circuit for measurement of inpur resistance. Fig.6-Test circuit for tnHsu~ment of ourpur ~1istance . 

...... , ......... '""""•'""1.IJJ. ~ I I \fl\.\'1"" TOTAL LOAD R£SISTANCE. 
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~ _., 
~ 
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= IOK 2 4 I llC>Ot' 2 4 I ... 4 lllOM 

FREQUENCY !I I - Hz 

CA3091D 

Fig.3-Test circuit for mnsuref1111f1t of output current swing 
capabilitv. 

+•IS\I 

Fig.4-Test circuit for measurement of output voltage swing 
capability. 

... 

r 
Fig. 7-Tm circuit for measurement of maximum slllw rate. 

Fig.8-Test circuit for measurement of frequency response. Fig.9- y-input frequency resPonse characteristic curve with associated test circuit. 



CA3091D 
ELECTRICAL CHARACTERISTICS. Typical Values Intended Only for Design Guidance 

CHARACTERISTICS 

STA TIC CHARACTERISTICS 

INPUT CIRCUIT 

Input Resistance: 

At x Input 

At y Input 

Input Capacitance: 

At x Input 

At y Input 

OUTPUT CIRCUIT 

Output Resistance 

Output Capacitance: 

DC Supply Voltage Sensitivity: 

At Term. 4 

AtTerm.12 

DYNAMIC CHARACTERISTICS 

Bandwidth (At -3dB point): 

Through x Input 

Through y Input 

JO Error Frequency: 

Through x Input 

Through y Input 

Maximum Slew Rate 

Temperature Coefficients: 

Output Offset Current 

x-lnput Balance Current 

y-lnput Balance Current 

Normalized k Factor(kN = ~ l 
Accuracy 

Linearity 

Feedthrough: 

Atx=O 

Aty=O 

5011n 

y-BALANCE 

50kn 
OUTPUT 
ZERO 
BALANCE 

SYMBOL 

R1 

C1 

Ro 

Co 

tNo 
1::.v-

!::.Vo 
t:.v+ 

BW 

SR 

t:.100/t:.T 

l::.l1c/t:.T 

kN 

LOW-LEVEL 
L\NEARITY 
BALANCE 

TEST CONDITIONS 

TA m25oC.11e = 0.5 mA Circuit 
and/or 

v+= 1s v, v-=-15 v Char. 
Curve 

lixl:;;o.2mA 

!iv!:;; 0.2 mA 
5 

at 1 MHz -

6 

at 1 MHz 

11 

8, 10 

B, 9 

-

7pF in parallel with 10 Mn load 7 

x& y = 0 -
x=O 

yoO 

Vo 

-

-

-

-
-

-

TEST PROCEDURES FOR MEASUREMHIT 
OF POWER-SUPPLY SENSITIVITY 

I AT v+•15v,v-,-15V, MEASURE Vo 
RECORD AS Vo1 • 

2 AT vt 0 1ov,v-·-15V,MEASURE Vo 
RECORD AS Voz • 
POS POWER SUPPLY SENSITIVITY• 
v02 -v0 1 
~~· 

3 AT v+-15v,v---1ov,MEASURE Vo 
RECORD AS vo3 
NEG_ POWER SUPPLY SENSITIVITY• 
Vo3-Vo1 -,-,-. 

RESISTORS t-IAVE A TOLERANCE OF 
5~. UNLESS' OTtiERWlSE INDICATED 

Fig.11-Test circuit for measurement of current gain and power·supply sensitivity. 

TYPICAL 
VALUES· 

UNITS 

1.3 ...lLl1_ 

0.5 k il 

5.8 pf 

5.8 pf 

1.0 Mil 

4:0 pf 

26 mVN 

36 mV/V 

4.8 MHz 

4.4 MHz 

360 kHz 

310 kHz 

27 V/µs 

-0.021 µA/OC 

-0.063 µA/OC 

-0.063 µA/OC 

-0.76 %/%/OC 

0.11 %/OC 

0.06 %/OC 

5.6 mV/OC 

5.7 mV/OC 

kS k FACTOR 
kr S 0.1 •REFERENCE OR 

ADJUSTED k FACTOR 
kN•klk,•0.IVo• 

NORMALIZED k FACTOR 
li.e. kN• 1,IF V:o. •Vy•Vo•!O) 

OUTPUT CURRENT lmAl [AT 
A CURRENT OF 0·2 mA AT 
BOTH INPUTS]•Vol33k0 

OUAT:EUDT F~Ar}-~E~o~:fN!~fo~s 

OF INPUTS(k!' ~~/tyL ' 

Vol33k.0. 

C0-2 ~ 10-312 

6 AMB".r TEMPERATOR£ (;A I 2'"j .LLl, ·5 
TOTA~ LOAD R£5\SlA1'":;.;I"\.. 

0 ~''"~ _, ..J""''°~-i\ 
~ _,, 

\ 
-18 

-2' 

-30 
6 8100K 2 4 6 B !M 4 6 BiOM 

FREQUENCY (l)~t-11 

Fig.10- x-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. Ot is implied that all other zeroing 
adjustments have been effected.) 

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 0 and 10 for the equations 
associated with these properties. 

Regulator Diode 
A temperature compensated Zener diode, included in the 
multiplier circuit, to provide a stable 118. 

Scale Factor or k factor (kl 
Represents the basic gain of the multiplier as expressed in the 
equation V0 "'kVxVy 

The equation indicates the ideal transfer function for the 
multiplier. The normalized k factor is expressed bykN "'k/kref 
where kref is the ideal or reference k factor. The ideal factor, 
kref is the value at which the k factor is set when the k-factor 
adjust control is trimmed. Optimum operation of the 
CA30910 ls achieved when the k·factor is 0.1. 

V1M 
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-kilohm input 
resistors. 

VMID 
An ac or de voltage that approximately satisfies the equation 

VMID = V1M/ n 
Vo 

The output product voltage .derived from the expression 

(kVxVy = V0 ) 



Vref. 
Temperature compensated zener connected to the -15 volt 
supply to provide a reference volt.age as an aid in setting up a 
stable 118. 

Vx,Vy 
The input voltilges to be multiplied. 

x·Bal1nce Circuit 
Sets the output to the zero level when the x-input is in 
the zero state. 

y-Blllnce 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" oper8tion of the multiplier. (See 
illustrative Contour Map in Fig. 12.) 

Contour Map 
The contour map, shown in Fig. 12, is a graphical portrayal 
of the multiPlier errors in the x, y input plane. Each contour 
line, termed "isomer", connects those points whose error 
values (in millivolts) are equal in magnitude. For example, a 
-20 mV contour line with points at Vx = 5V and Vy= -JV 
indicates that the output voltage is 20 mV less than the 
theoretical output product (kVxVyl. This errbr voltage, 
presented in percent of full·scale input (± 10 VJ. defines the 
"accuracy'' of the device. Thus, a 20-mV error vohage 
represents an "accuracy" of 0.2% as derived from the 
equation: 

Accuracy= 20 mV/10 x 100% = 0.23. 

A contour map provides a true indication of multiplier 
performance in each of the four quadrants. Each CA3091 D is 
comprehensively tested and must provide the specified 
accuracy in the four quadrants. 

Current Converter 
This portion of the IC combines the multiplier's differential· 
amplifier output currents and converts them to a single
ended output current. 

Current Sources 
These circuits provide the biasing currents for the various 
circuits in the IC. The lte terminal provides the control 
current for the current·source circuit. 

Feedthrough 
Feedthrough occurs when an output signal is produced even 
though one of the input signals is zero. Consequently, 
feedthrough signal characteristics constitute a source of error 
in the operation of a multiplier. In the CA3091D, for 
example, the feedthrough signal output is specified to be less 
than 20 mV p-p when either terminal is set at 20 V p·p and 
the other terminal is set to zero. 

11e 
Circuit biasing control current. 

11c 
See IOC· 

io 
Output prOduct current (k1 lxly = IQ), where kt= kR~ I RL 

IQC,ltC 
Compensatory input and output currents required to correct 
unlinearlty along the x axis. (Optional for low-IM signal use.) 

lx,ly 
Input currents to be multiplied. 

k 
Voltage Scale Factor (determines the gain of the multiplier}. 

k1 
Current Scale Factor (k1l = (R~ I RL)k. 

k.adJust 
Scale-Factor Adjustment. 

Linearity 
''Linearity" indicates the degree of multiplier error (i.e. 
deviation from "straight-line" characteristics) along each of 
the four boundaries of the input x, y field. These boundaries 
are formed when one input is held at one of the two 
maximum values (10 volts or -10 volts) and the other input 
is swept through the voltage range. (See Contour Map for 
additional information.) 

o-..UT YOLTloGEC\11 )-V 

CA3091D 

Note: See "Contour 
Map" in "Symbols, 
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 they-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 inp~t 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(V>< + Vxel (Vy+ Vyel "'Vo+ Voe 

wt,ere: k = k factor and represents the basic gain of the 
multiplier 

Vx, Vy =the e><ternal inputs to be multiplied 

V0 =the desired value of the product output signal 

Vxe. Vye =the "effective" errors that occur at the inputs 
of the multiplier and cause an output signal 
when either input is in a zero state. 

Voe = the error voltage that develops at the output of 
the multiplier 

DC correction factors are added to the multiplier inputs and 
output to compensate for the errors and offset variations. A 
complex linearity error term appears in the transfer function; 
however, this term is not included in the above equation for 
the purpose of clarity. 

OPERATING CONSIOERATIONS 

Oparation of a Multiplier 

A multiplier is, essentially, a gain-controlled amplifier (See 
Fig. 13) that multiplies the input signal (Vxl with the 
external gain co.ntrolling signal (Vy) to produce the resultant 
output lV 0 ). The gain is externally adjustable by a coef
ficient (k). Stated simply, a multiplier produces an output 
voltage that is the liner product of two input voltages. 

Fig.13-Gain-controlled amplifier. 

The basic multiplier, shown in Fig. 14a, is a two.quadrant 
multiplier. The input signal (V><) may have either a positive 
or negative polarity whereas, the external gain-controlling 
signal (Vy) must be positive and g-eater than the base-to· 
emitter voltage (Fig. 14b). The output current (11-12) of the 
differential amplifier, comprised of transistors 01 and 02, is 
related to both the input signal (V><) and the current source 
(I). Since the current source (I) is related to the gain 
controlling signal (Vy) the output current (11- !2). therefore, 
is related to both Vx and Vy. 

"' 

,,, 
b) Multiplier functional 

a) Basil: circuit. only in shaded region. 

Fig.14-Two-quadrant multiplier. 

This relationship is essentially non-linear; thus an appro· 
priate linearization circuit must be provided in the input 
stage to achieve the following linear relationship: 

11-12 = k' Vx Vy 

where k' is a constant 

(Eq.1) 



CA3091D 

Figure 15 shows a typical arrangement of three differential 
amplifiers to form a four-quadrant multiplier. This arrange· 
ment incorporates the operating principles of the two· 
quadrant multiplier, but, in addition, it permits both of the 
input signals (Vx and Vy) to have positive or negative 
polarities (or zero). When either input is zero, the output 
current (l1-l2l must, theoretically, be zero as is shown by 
the following: 

1. Assume Vx = 0, 

then i1 = i2 and i3 = i4 

therefore i1+i4"" i2+i3. 

Since 11 = i1+i4 and 12 = i2+i3, 

then 11=12. 

This equality is indeperident of Vy 

2. Now assume Vy= 0, 

then i5 = i5. 

Sine i5 = i1 +i2 and i5 = i3+i4, 

then i1+i2 = i3+i4. 

Since i1 = iJ and i2 = i4 

then i 1 +i4 = i3+i2. 

Therefore I 1 = 12. 

This equality is independent of Vx. 

Fig.15-Basic four-quadrant multiplier. 

The multiplying operation discussed in the previous section 
applies when neither Vx nor Vy is zero. Theoutputcurrent 
(11-12) then satisfies Equation 1,. 

The multiplying action of the four-quadrant multiplier is 
dependent on current unbalance in the three differential 
amplifiers. Ideally, the multiplying operation should not 
occur if either Vx or Vy is 0. However, in practical 
applications slight current unbalances do exist. It is neces
sary, therefore, to null out such unbalances with external 
potentiometers prior to operation. 

TYPICAL OPERATING CONSIDERATIONS 

The RCA-CA30910, 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 (Itel at Term. 3 sets the operating current 
level for the entire multiplier circuit by means of a 
current-source circuit. Therefore, it is essential that this bias 
current level remain constant under all operating conditions. 
To maintain this steady state, a temperature compensated 
zener diode is provided on the chip and connected to the 
Reference Voltage (Ter:m.6). 

Linearity of the differential amplifier transconductance 
function is accomplished by linearity compensators as shown 
in Fig. 1. To correct low-level signal unbalances that may 
occur between Differential Amplifiers A and B, an external 
potentiometer is connected to Terminals 7 and 8 (See Fig. 
1 ). The Current Converter circuit, which consists of a set of 
current mirrors, supplies the output current 111 -12). It is 
important that circuit unbalances be corrected prior to 

operation. Table I describes the alignment procedures for 
correcting these unbalances. 

A multifunctional circuit board (Figs. 16 and 17) is available 
for performing the four basic applications, such as, multi
plying, dividing, squaring and taking the square root. 

When the CA3091 D is used as a multiplier (Fig. 18) or as a 
squarer (Fig. 18) only the basic pheripheral circuitry on the 
multifunctional circuit board is utilized and the general
purpose operational amplifier (CA3741T) is disabled from 
operation. Follow the ac alignment procedures for these two 
applications before operating the circuit. 

When the 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 y( 1 OV and -10V( V z ~ 10V. Note, 
the range of Vy is limited to the positive polarity; if Vy was 
permitted to go negative, the feedback loop would go · 
positive and, thereby, create an unstable operating condition. 

Alignment of the divider (Fig. 19) differs from multiplier and 
squarer alignment because of the additional variances intro· 
duced by the operational amplifier. A coupling capacitor is 
provided at the output of the divider alignment circuit in 
order to separate the ac signal from the de signal and, thus, 
avoid interaction between the calibrating potentiometers. 

The alignment procedure for the square-rooter function (Fig. 
21) is identical to the alignment procedure for the divider 
function. The input voltage range is limited to 0 < Vt " 

Table I 

AC Alignment Procedures For CA3091D, Four-Quadrant Multiplier 

(Refer to Fig. 16, for circuit pertaining to following alignment procedures.) 

.... Voltage S.tting 
Control 

Ted 
Equipment Measure Notes 

No. v, Vy 
Adjust 

U•d 

Set all potentiometers to center of range. 

0 V1M x Balance ACVM Vo Adjust for a minimum reading. 

0 V1M Linearity ACVM Vo Adjust for a minimum reading. 

Repeat Steps 1 and 2 until no further improvement 
is noted. 

V1M 0 y Balance ACVM Vo Adjust for a minimum reading. 

0 0 Zero DCVM Vo Adjust for zero output. 
Output 

VMIO VMIQ Ak AC/DC VM Vo Adjust for v~ 10/10 at the output. 

Check multiplier for alignment in all four quadrants. 

VIM - Is the maximum AC swing of the sine wave that will be applied to the multiplier. A 20-volt p-p value is the nominal maximum swing 
of the AC sine wave with input resistors of 50 kilohms. 

VMID - An AC or DC voltage that approximately satisfies the equation VMID = v 1M/ .f2. For example, if :i 50-kilohm resistor is used with 

a 7-volt input, then Rk should be adjusted tor a 4.9-volt output. 

10V. This limitation is necessary in order to prevent the 
output voltage lV0 ) from latching to the negative output 

saturation voltage of the operational amplifier. Table II de
scribes the divider alignment procedure. 

---~ 
o- D o+-~_h 

SAMPLE-SOARD TERMINAL 
CONNECTIONS FOR 
MULTIPLIER,SOUARER. 
DIVIDER.AND SQUARE 

• ROOTER 

* RCA-CA3741T !S A 
GENERAL-PURPOSE 
OPERATIONAL AMPLIFIER 
WITH INTERNAL PHASE 
COMPENSATION 

RESISTANCE VALUES 
A.RE IN OHMS 

Fig.16- Typical multifunction circuit arrangement utilizing 
the CA3091D and CA3741 T. 

o+v1 o v.o-o \IQOo 

a) Foil side. 

22.IHi 681~.l'l IMSl. ~0kl1POT. 39ZkSl. 

Oo Vo 0 o~ IN914 "• 0 

b) Component side. 

Fig. Tl-Photographs of a printed-circuit board for multi

function applications (multiplier, squarer, divider, 
square rooter) utilizing the CA3091D and CA3741 T. 



Table II - Divider AliFment Procedure 

Sot .... v, Vy 
No. v. v 

Vs 
10Vdc 

Vs Vs 
5Vdc 5Vdc 

CONNECT V1 .t.NO Vr 
T£RMtNALS F°" SOU.t.RER 
OPER.t.T 

-
Vo 
Vo 
Vo 
Vo 

THI 
Output 

Equipment 
Coupling 

""" 
ac-VM 

de dc-VM 

ac-VM 

de dc-VM 

.. 
-IOV.:5 \loilOV 

•sEE FIG.II FOR 
PERIPHERAL 
CIRCUITRY 

a) Circuit arrangement for multiplier or squarer operation. 

Adjult N-

Sat all potentiometers to center of range. 

Cl_, Adjust for minimum reading. 

"balance Adjust for OV ck: output. 

Vbalance •Adjust for minimum reading. 

kadjuit Adjust for 10V de output. 

b) Terminal connections for multiplying operation. 

0 0 
•• 0 

VI Vo 

c} Terminal connections for squarer operation. 

Fig.18-Multifunction circuit-board arrangement with terminal connections for multiplier and squarer operation. 

* SEE FIG. ti FOR PERIPHERAL CIRCUITRY 

Fig. 19-(a) Divider alignment circuit . 

•. 
~vs:v1 s1ovo----c>---1 

Fig. 19-(b) Circuit to provide offset ac signal for use in 
dMder alignment procedure. 

.. 

., 
•su FIG.ti FOR 

y-•-l!IV PERIPHERAL 
CIRCUITRY 

a) Circuit arrangement for divider operation. a) Circuit arrangement for square-rooter operation. 

Vo Vr v, 

b) Terminal connsctions for divider operation. b) Terminal connections for square-rooter op11ration. 

Fig.20-Multilunction circuit-board arrangement with ter· Fig.21-Multifunction circuit-board a"angemsnt widr ter· 
minal connsctions for dividtH operation. minal connection~ for square-rooter operation. 

CA3091D 



CA3093E 

General• Purpose High-Current N·P·N Transistor• 
Zener Diode· Diode Array 

RCA CA3093E* is a versatile array of three high·current 
(to 100mA) NPN transistors, two 10%·tolerance Zener diodes 
and one conventional diode, all on a common monolithic 
substrate. Two of the transistors (01 and 02) are matched 
at 1 mA for applications in which offset parameters are of 
special importance. The combination of positive Zener voltage 
temperature coefficients and negative forward base·emitter 
voltage temperature coefficients provides a unique tempera
ture compensation capability 

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

Power Dissipation: 

Any one transistor 
Any one Zener Diode 
Total package 
Above 25°C 

Ambient Temperature Range: 
Operating 
Storage 

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

The following max'imum ratings apply for each transistor 

Collector·to·Emitter Voltage (Vceol 
Collector·to·Base Voltage (Vceol 
Collector·to·Substrate Voltage (Vc1ol* 
Emitter·to·Base Voltage (VEeol 
Collector Current (le) 
Base Current (19) 

Independent connections for each transistor and diode plus 
a separate terminal for the substrate permit maximum flexi· 
bility in circuit design. 

*Formerly developmental type TA6119 

#Z1, Z2 and 01 are transistors internally connected as shown below. 

500 mW 
250 mW 
750 mW 

... Derate linearly 6.67 mW/°C 

-55 to +125 oc 
-65to+150 oc 

+265 oc 

15 v 
20 v 
20 v 
5.5 v 
100 mA 
35 mA 

The following maximum ratings apply for each Zener Diode or Diode 

Zener Diode de Current (lz) 
Zener Diode-to-Substrate Voltage (Vz1ol* 
Diode (01) Forward Current (IQF) 
Diode (01) Reverse Voltage (VQR) 
Diode (01)-to-Substrate Voltage (Vo10)* 

*The collector of each transistor, the cathode of each Zener diode, 
and the anode of the diode are isolated from the substrate by an 
internal diode. The substrate must be connected to a voltage which 
is more negative than any of these isolated teiminals in order to 

4 6 8 I 4 6 8 IO 

COLLECTOR MILLIAMPERES !.le I 

Fig. 2- hFE vs tc 

35 mA 
20 v 
50 mA 
5.5 v 
20 v 

maintain isolation between devices and provide normal transistor 
action. To avoid undesired coupling between devices, the substrate 
terminal (5) should be maintained at either de or signal {ac) ground 
A suitable bypass capacitor can be used to establish a signal ground. 

TYPICAL STATIC CHARACTERISTICS 

0.3 
0.1 I 10 I 

TRANSISTOR COLLECTOR OR DIODE" MILLIAMPERES (lcor 1011 

Fig. 3- v8E vs le and Vo1vs101 

Features: 

• 6 independent devices plus separate substrate connection 
• Compensating temperature coefficients - Vee and Vo1 

VS. Vz 

Transistors 

• High le l100mA max) 
• Matched pair 101 & 02) 

V10 = ± 5mV max} at 1 "'lmA 
110 ""2.5µA max C 

.6.V10/f).T = 5 µV/°C typ 

• hFE = 40 min@ le= 10mA 
or 50mA 

• Low Vcesat ... 0.7V max @50mA 

Zener Diodes 

• Two 1/4W Zeners 
• Vz = 7V ± 10% 
• zz"' um tvP 

Diode 

• Close for'!~ud voltage match to Vee'• of 01 and 02 
• Vp1v"' 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 shihing 
• Voltage-level clamping 

• 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. 

Fig. 1 - Functional dlagram of the CA3093E (bottom view) 

1 :;~ 1~~:~~~~~0R~~~~~E<NT:l~R2~N0S:ER RATIO lhrEl•IO / 

I 
0.8f--+----+---+--+-+----+---f-*-+--

0.6~--+---+--+-+-----+-----<r-~+->+-<7 
~ 

02 ~L'l-~ 
o~ l 

6 8 10 6 8 100 
COLLECTOR MILLIAMPERES (Icl 

Fig. 4- VcEsatVSlcat25°C 



ELECTRICAL CHARACTERISTICS at TA • 25°C 
For Equipment Design 

CHARACTERISTICS 

For Each Transistor; 

Collector·to·Base 
Breakdown Voltage 

Collector-to-Emitter 
Breakdown Voltage 

Collecto1-10-Substrate 
Breakdown Voltage 

Emitter-to-Base 
Breakdown Voltage 

Collec1or-Cutoff·Current 

Collector-Cutoff-Current 

DC Forward Current 
Transfer Ratio 

Forward Base-to-Emitter Voltage 

Collector-to-Emitter 
Saturation Voltage 

Forward Base-to-Emitter 
Temp. Coefficient 

SYMBOL 

V(BAICBO 

V(BA)CEO 

V(BA)CIO 

V(BA)EBO 

'ceo 
lceo 

••• 

Vcesat 

For Transistors Ql and Q2 lAs a Differential Ampl1flerl 

Absolute Input Offset Voltage 

Absolute Input Offset Current 

Temp. Coefficient of Offset Voltage 

For Each Zener Diode 

Zener Voltage 

Zener Impedance 

Zener Reverse Current 

Zener Voltage Temp. Coefficient 

Zener-to-Substrate Breakdown 
Voltage 

Dissipation 

For Diode (01) 

Diode Forward Voltage 

Diode Forward Current 

Diode Reverse·Breakdown Voltage 

Diode-to-Substrate 
Breakdown Voltage 

Dioda ForltWrd-Voltage 
Temp. Coefficient 

Vz 

'z 
lzA 

b.Vz/llT 

V(BA)ZIO 

V(BRIDIO 

I COLLEC OR·TO·EMITT[R\IOLTS l\lcEl•)\I t I AMBIENT TEMP[R,t,TURE ITA1•25"C -. = •l--1--+-+-·++----+--+-+~, 

:f---t-- . -vi"' 
·~!· 
·v-1 I 1 

COLLECTOll lilllllAMPERESllcl ~lC 5 _ 1710 

Fig. 8 - 110 vs Jc (transistors 01and02asa 
differential amplifier) 

TEST CONDITIONS LIMITS 

Min. Typ. Ma IC. 
UNITS 

le = 100µA, •e = o 20 so v 

le "' 1 mA, le = o 15 24 v 

tc1 = 1001-1A. 18 = o, 20 60 v 
le = o 
le .. SOOµA, le = 0 5.5 6.9 v 

Vee " 1ov. 18 "' o 10 

Vee= iov.1e = o 

Vee= Jvj 
le = 50mA 40 75 

1c "' 10mA 40 76 

Vee = 3V, •c = fomA a.es o.74 a.es v 

le = 50mA, 18 = SmA 0.40 0.70 v 

le = lOmA -1.9 mV/°C 

1.2 mV 

Vee = JV, le "' 1mA l--+---1--~-----i 
0.7 2.5 

lz = 10mA 6.3 7.7 

lz = 10mA,f = 1 kHz 15 25 

Vz = +5V 

lz = 10mA +3.6 
i.e. +.05 

lz = 100µ.A 20 60 
(Terminals 7 & 9) 

Refer to Example in 250 
Application "a" 

•c "' 10mA, Vee "' 3V 0.65 0.74 o.es 

IDA = 500,,.A 

loiode = 100µ.A 
(Terminal 101 

loF = 5mA 

50 

5.5 6.9 

20 60 

-1.9 

µ.V/°C 

v 

n 

mV!°C 
%/oC 

v 

mW 

v 

mA 

v 

v 

mv!°C 

'1 • l 
J'. .lLL .. U.l.I."", 
~ ' 

! . 
m 

' 

~ 1-::::J 
i-- O"C 

' •O 
Z£NER MILLIAMPERES Uzi 

-25•c 

Fig. 9 - Typical Zener breakdown voltage vs current 

CA3093E 

t::: +I I 
•O 

COLLECTOR MILLIAMPERES licl 

Fig. 5- VcEsatvstcatla°C 

I SET OC FORWAAO~CURRENT TRANSFER RATIO l~FEl • 10' 

ii AN81ENT T!MPERATURE ITAl • 25•t -,--~...,..._...,_., 

: 0.9j--- - ·--··r--

10 
COLLECTOR MILLIAMP£RES llcl 

Fig. 6- VsEsatvslc 

1 o :Li1i~~o~~~~~~~i~:: 7T~~!s2~~~El•3v 

~ 5r-----

~ I 

.. ' 
COLLECTOR MILLIAMPERES !Ic, 

Fig. 7- V1ovslc(transistors01and02asa 
differential amplifier) 

AMBIENT TEMPERATURE (TAl•2!S•t 

I 

FREQUENCY lll•IKH1 

i 50 

!~ 40 

!~ 
I g 3() 

:~ 
i ~ 20 

I 
··•+ 

" "' ZENER MILLIAMPERESllz! 

Fig. 10- Typical Zener impedance vs current 



CA3093E 
TYPICAL APPLICATIONS 

a) t7V Regulator supplying CA3093E Transistors plus an external 
load. 

+VuNR£'3 

' 
i1z1 

" COMMON 
i 122 

Sample Computation for Determining Permissible Zener Dissipation 
et +25°C. 

CA3093E Ratings at TA "' +25°C 
Total Diss. Max = 750 mW (Cerate@ 6.67 rrNJfC above 25°C) 
Each Zener Diss. Max = 250 mW 
Max. Zener Current = 35 mA 

Assume CA3093E Transistor/Diode Load DissipatiOfl • 350 mW then 
ma1<. total Zener Diss~ (Pz1 + Pz2) .. 750 • 350 • 400 mW 

Uzt + lz2I m8X "' 4~~W = 57 mA 

(Note: Max. current rating on each Zener is 35 mA) 

di Temp.·Compensated Series Voltage Regulator 

Typical Temperature Characteristic @I EL = 12V 

l>.EL/EL 
~x100=:!: 0.009%f'C 

Typical Load Regulation @l EL = 12V 

IL=Oto40mA 

AEL x 100 = t Q.4% (no load to full !oadl -.;:--

bl 14V Regulator for 01, 02, 03 

l 
Eu,,.REG•20V 

Typical Load Regulation 
for IL'" 010 25 mA 

,,_ 

,, 

Typical Line Regulation 

.O.ELIEL x 100"" -6% 
(no load to tu!1 load) 

(.O.ELIELl x 100 
4E unreg. "" ± O.Q%/V 

Typical Temperature Characteristic 

.o.E~~EL x 100 • +o.06%/oC 

Typical Line Regulation @EL= 12V 

(AE LIE L) x 100 = t 0 _45%/V 
AE unreg 

Typical EL Ripple Voltage= 70 mVp·p 

~EL 
Typical load Regulation = e- x 100"' -8.5% (no load to full load) 

IL=Oto30mA l 

l.0.ELIEL) x 100 
Typical line Regulation': UEAc = 1 .075%/V 

cl 8.6V Temp.·Compensated Shunt Regulator 

I 
'T" 

C.13093E r----------, 

I 
I 

11 _ _J 

Typical Temperature Characteristic@ AL "' 330n: 

.O.El/EL x 100 = ± 0.007%J"C 
~T 

Typical Load Regulation IL= 0 to 40 mA 

(.O.ELIELI x 100=-3% {no load to full load) 

Typical Line Regulation at AL = 330H 

.O.EL/El 

.O.E unreg. x 100 = ± 0.55%/V 

el Off· Line 7V Regulator 

2001/ 
RE Cr 

OFF· LI~[ 711 REGULAfOR 

PART 

R2 CA3~93E 
620MIW r-1 

I +1L•')T'J 

I, I 
I 

_ ~°o°:F Z1: EL 
I, I 
I I 
I I 
L_..J 



CA3094, CA3094A, CA3094B Types 

Programmable Power Switch/ Amplifier 
For Control & General-Purpose Applications 

CA3094T,S,E: 
CA3094AT,S,E: 
CA3094BT,S: 

For Operation Up to 24 Volts 
For Operation Up to 36 Volts 
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, de 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 
UAecl. permitting programmable variation. 
of the integrated circuit sensitivity with either· 
digital and/or analog programming signals. 
For example, at an IABC of 100 µ.A, a one· 

MAlCIMUM RATINGS, A-ui.-Max;mum Val-: 

DC SUPPLY VOLTAGE: 
Duel Supply .•••.•.•.••..••........•••••....•• 
Single Supply • ' ••••••••.••••.•.•..••.•.•••••. 

DC DIFFERENTIAL INPUT VOLTAGE 
(T.-minals 2 and 31 .......................... . 

DC COMMON-MODE INPUT VOLTAGE •.•.•.••.••.•. 
PEAK INPUT SIGNAL CURRENT 

(Terminals 2 and 31 ........................... . 
PEAK AMPLIFIER BIAS CURRENT 

(Terminal 51 ................................ . 
OUTPUT CURRENT: 

Peak ....................................... . 
Average •................ 

DEVICE DISSIPATION: 
Up to TA= 55DC: 

Without heat sink •........................ 
With heat sink .................. . 

Above TA = 55oc: 
Without heat sink derate linearly 
With heat sink derate linearly .............. . 

THERMAL RESISTANCE 
(Junction to Airl ••.••..••.•...•.....•.•..•..••• 

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

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mml 
from case for 10 s max. 

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 CA3094B are 
like the CA3094 but are intended for aper· 
ation up to 36 and 44 volts, respectively 
(single or dual supply). 
These types are available in 8-lead T0-5 
style packages with standard leads ("T" 
suffix) and with dual-in-line formed leads 

. "OIL.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 

± 12 v 
24V 

CA3094A 

± 18V 
36V 

CA3094B 

± 22 v 
44V 

------ ± 5• ---------
Term. 4 <Term. 2 & 3 <;Term. 7 

v 
v 

v 

mA 

-------2 ---------
------J00---------
------100---------

------630---------
------1.6---------

mA 

mA 
mA 

mW 
w 

------ 6.67 ---------mW/DC 
------ 16.7 mW/DC 

------140---------
55 to +125-------

----- -65 to +150--------

------ +300---------

oC/W 

oC 
oC 

oc 

*Exceeding this woltage rating will not damage the device unless the puk input signal current I 1 mAI is also exceeded. 

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 (THO) @I 0.6 W in 
class A operation -' 1.4% typ. 

• High current-handling capability -100 mA (avg.), 
300 mA (peak) 

• Sensitivity eontrolled by varying bias current 
• Output: "sink" or "drive" capability 
Applications: '.l. 
• Error-signal detector: temperaturil control 

with thermistor sensor; speed control for 
shunt wound de 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 followe 
• Ramp-voltage generator • High-power 

comparator 
• Ground-fault interrupter (G Fl I circuits 

FUNCTIONAL DIAGRAMS 

EXTERNAL 
FREQUENCY 
COMPENSATION 
OR INHIBIT 
INPUT 

OIF'F[R[NTIAL 
VOLTAGE 
INPUTS 

SINK OUTPUT 
CCOLLECTORl 

GROUND, v· IN 
0UAL-$UPPL'f 
OPERATION 

DRIVE OUTPUT 
6 !EMITTER) 

.IABC ClJRA[r.IT 

~PROGRAMMABL~ NPUT 
STR08£ OR AGCI 

NOTE PIN 4 IS CONNECTED TO CAS£ 
TOP VIEW 

T0-5 Style Package 

EKT[RNAL 
F'REQUEf(CY 
COMPENSATION 1 
OR INHIBIT 
INPUT 

O!FFEA£NTIA 
VOLTMiE 
INPUTS 

GROUND, V" tN 
DUAL· SUPPLY 4 
OPERATION 

TOP VIEW 

SINK OUTPUT 
8 ICOLLECTOlll 

l"A8C CUAR[NT 

5 ~PROGRAMMABLE~ 
INPUT 
CSTAOBE OA AGCI 

Plastic Package 



CA3094, CA3094A, CA3094B Types 

ELECTRICAL CHARACTERISTICS at TA z 25°C For Equipment Design 

TEST CONDITIONS LIMITS 

Single Supply v+ • 30 v 
Dual Supply v+ s 15 V, 

CHARACTERISTIC v--1sv Min. Typ. 

IABC • 100 µA 
Unless Otherwise 

Specified 

INPUT PARAMETERS 

TA=250C - 0.4 
Input Offset Voltage V10 

TA=0to700C - -
Change in V10 

Input-Offset· Voltage Change I LW1ol Between IABC = 100 µA - 1 

and IABC = 5 µA 

TA= 250C - 0.02 
Input Offset Current •10 

TA= Oto 700C - -
TA= 250C - 0.2 

Input Bias Current 11 
TA= Oto 10oc - -

Device Dissipation Po lout= 0 8 10 

Common-Mode Rejection Ratio CMRR 70 110 

High 27 28.8 
v+= 30 v 

Low Common-Mode Input- 1.0 0.5 

Voltage Range 
VICR 

v+ = 15 v +12 +13.8 

V-= 15V -14 -14.5 

le= 7.5 mA . 
Unity Gain-Bandwidth VcE=15V - 30 

IABC = 500µA 

Open-Loop Bandwidth 
le= 7.5 mA 

BWOL VcE=15V - 4 
At -3 dB Point 

•Ase= 500µA 

Total Harmonic Distortion Po =220mW - 0.4 
THO 

(Class A Operation) Po= 600 mW - 1.4 

Amplifier Bias Voltage VABC 
0.6B -

(Terminal (No.5to Terminal No.4) 

Input Offset Voltage l:N1oft.T 4 -
Temperature Coefficient 

Power-Supply Rejection 6V10/t.\i - 15 

f = 10 Hz 
1 /F Noise Voltage EN - 18 

•Ase= SOµA 

f = 10 Hz 
1 /F Noise Current IN - 1.8 

IABc= 50µA 

Differential Input Resistance R1 •Ase= 20µA 0.50 1 

Differential Input Cai>acitance c, f = 1 MHz 

v+=3QV 
- 2.6 

Max. UNITS 

5 mV 

7 mV 

B mV 

0.2 µA 

0.3 µA 

0.50 µA 

0.70 µA 

12 mW 

- dB 

- v 

- v 

- v 

- v 

- MHz 

- kHz 

-
% 

-

- v 

- µV/oC 

150 µVjv 

- rivf./Hz 

- PA/ifi 

- M!l 

- pf 

Fig.1 - Schematic dk.gram of CA3094. 

TYPICAL CHARACTERISTICS CURVES 

SUPPLY VOLTS: v+~+l!I, v- •-15 

+.J.°il 
- +901A F 2•1-+-+-if-tt--t--1-+tt---+--+-t-t11--~-...p-b"'*ll' 

1 -ss•c ~ 

i ~~.. _,,.c _+;°. 
: -2•t-+--iff-tt--t--1-+tt---t--t-t+ll--l--t-+-H 

~ -3·t-~..f_t;:;!;-"'tt--t--t-Ht~r-t-+++--+--++H v+12s•c 
·••t-:it--t-t-tt--t--t-+tt--t--t-t+ll--1--t-++ 

.l 
O.• 

2 4 11 2 4 &I 
I 10 100 1000 

AMPLIFIER BIAS MtCROAMPERES ( IAecl 

Fig.2 - Input offset voltage vs. amplifier bias 
current (I ABC· terminal No.5). 

2 4 •• 2 4 •• 2 4 •• 
0.1 1 10 100 1000 

AMPLIFIER BIAS MICROAMPERES (XA,2Cc's-ilSH 

Fig.3 - Input offset current vs. amplifier bias 
current llABC terminal No.5). 



CA3094, CA3094A, CA3094B Types 

ELECTRICAL CHARACTERISTICS at TA• 25°C For Equipment Design TYPICAL CHARACTERISTICS CURVES 

(Cont'd) 
TEST CONDITIONS 

Single Supply v+ = 30 V 
Dual Supply v+ = 15 V, 

CHARACTERISTIC v- = 15 v Min. 

IABC = 100µA 
Unless Otherwise 

Specified 

OUTPUT PARAMETERS (Differential Input Voltage= 1 V) 

Peak Output Voltage: 
(Terminal No. 6) v+ = 30V 

With 013 "ON" v+oM RL = 2 kn to ground 26 
With 013 "OFF" v-oM -

Peak Output Voltage: v+=+15V,V-=-15V 
(Terminal No. 6) 
Positive v+oM. RL=2knto-15V +11 
Negative v-oM -

Peak Output Voltage: 
(Terminal No. 8) v+ = 30 v 
With 013 "ON" v+oM 

RL = 2 kn to 30 v 29.95 
With 013 "OFF" v-OM -

Peak Output Voltage: 
(Terminal No. 8) v+=15V,V-=-15V 
Positive v+oM RL = 2 kn to+ 15 v +14.95 
Negative v-OM -

Collector·to-Emitter v+ - 30 v 

Saturation Voltage le= 50 mA -
(Terminal No. Bl VcE(satl Terminal No.6 grounded 1 

Output Leakage Current 
(Terminal No. 6 to v+ = 30 v -
Terminal No. 4) 

Composite Small-Signal v+ = 30 v 
Current Transfer Ratio (Beta) VCE = 5 V 16,000 

ldr.! and 013l hfe le= 50 mA 
Output Capacitance: f = 1 MHz 

Terminal No. 6 co All Remaining -
Terminal No. 8 Terminals Tied to -

Terminal No. 4 

TRANSFER PARAMETERS 

v+ = 30 v 
IABC = 100µA 

20,000 
Voltage Gain A 

iWout = 20V 
86 RL = 2 kn 

Forward Transconductance 
To Terminal No. 1 gm 1650 

Slew Rate: 
Open Loop: 

Positive Slope IAsc= 500µA -
Negative Slope RL = 2 kO -

Unity Gain 
(Non-Inverting, IABC = 500µA -
Compensated) RL = 2 kO 

LIMITS 

Typ. Max. 

27 -
O.Q1 0.05 

0.5 

+12 -

-14.99 -14.95 

29.99 -

0.040 -

+14.g9 -

14.96 -

0.17 0.80 

2 10 

100,000 -

5.5 -
17 -

100,000 -

100 -

2200 2750 

500 -
50 -

0.7 -

UNITS 

v 
v 

v 
v 

v 
v 

v 
v 

v 

µA 

pF 
pF 

VIV 

dB 

µmhos 

V/µs 
V/µs 

V/µs 

:P' :r 
~I 

2 4 •• 2 4 68 
0.1 0.18,.A 1 10 100 tOOO 

AMPLIFIER BIAS MICROAMPEAES I IA eel 

Fig.4 - Input bias current vs. amplifier bias 
current llAsc, terminal No.5). 

2 4 68 4 661 
0,1 I 10 100 1000 

AMPLIFIER BIAS CURRENT fhecl-,..A 

Fig.5 - Device dissipation vs. amplifier bias 
current llABC terminal No.5). 

2 • ••T 2 •.. I 10 100 
AMPLIFIER BIAS CURRENT trAacl-,i.A 

2 •••I 1000 

Fig.6- Amplifier supply current vs. amplifier 
bias current (I ABC· terminal No.5). 
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) 13::.'f"-l--l-l-l-l---l--l--W+--l--l--W-11--"_'_+~1c"=":r=1~ 
~ 
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~,L--L--1--LI.l-L-L...L...L.L--L--'-'-ll---'---
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z 

1-14.5'~""--1-l-+.l-1-l-l-l+-+-l+l+-'''-'-,~·!!!• ....... ,jJ 

2 4 88 2 4 &I 
O·I I 10 100 IOOO 

AMPLIFIER BIAS CURRENT IIAacl-p.A 

Fig.7 - Common mode input voltage vs. amplifier 
bias current (/ABC; terminal No.5). 
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FREQUENCY (I )-th 

Fig.8 - I IF Noise voltage vs. frequency. 

~ 2i--:---+---------< -+--++-+---+-+-++---t---+--+-+--

too,l==!:=l=l=t:i=~~r-..~=l=m 
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; 4~------1--1---+-+-l.,-+- ---1--1-~'-l--f-----+---+--+--

~ 

4 6 10 

COLLECTOR MILLIAMPERES llcl-111.l 

Fig.11 - Composite de beta vs. collector current_ 
of Darlington-connected output tran
sistors (072. 073). 

~B SUPPLY VOLTAGE \V l•+t5'1,(V-l•-15V f--ffi 
6 AMBIENT TEMPERATURE (TA)o25•C 

FOR TEST CIRCUIT, SEE flG_23,_ _ 

'I----+- - +-- -+--- - v f 
~ IOef----+---- +-·- - -!--,... I -=1-~ 
I •!----+--::__+: +-- +:Z'- + 

•!---- --1-1--+--1-L~Y ____ ~ -
]7' --+ - -. 

~ '·~. =t==121~-=--~-==t:J--=a::=t=--~t=$$1-:7 -+--

._, 
t 2 " 6 e 10 2 6 a 2 ,, 

AMPLIFIER BIAS CURRENT (IAecl-,.A 

Fig.14 - 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. 

''~-~-~-~~--!---+---+-+~ 

~ '!~5~2~~.f:=j:j:$==::$==::=$=::f=~ 
4 ~~~c~~--+---t---T--t---T-1 

~·''19ci· 

,. 
"" FREQU£NCY ( f I-HJ 

Fig.9 - !IF Noise current vs. frequency. 

1'o2 103 104 10~ 107 

FREQUENCY !11-Hi 

Fig.12 - Open-loop voltage gain vs. frequency. 

1001 SUPPLY VOLTAGE IV 1•+15V~IV-)•-15V 
6 AMPLlfl[A BIAS CUAA[NT !I41l()•500,..A 
4 AMBIENT TEMPEAATUfl:[ IT4) • 2s·c J;.-T"""T--1 

.;:'.;~' """""sec.:• --
; 10,,t==t==t=::t-:;z.~::l==t==+==t~l==::t==1 
~ '1-----+--1,-,2.YJZ-+--+---+--+---+~1----+-1 
• 1----v,_L,<-11---+- +-- 4-+---+-+---+--t___, 
,L 
:~-t---+---t---+---t-T--+--t---t-_, 
•t--- - -+--+---· --

20 •o so ao 
CLOSEO-LOOP l/OLTAGE GAIN IAcL)- dB 

Fig.15 - Slew rate vs closed-loop voltage gain. 

TEST CIRCUITS 
l/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.Q or 1 MQ 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 
IABC are En = 18 nV!jTfZ and IN = 1.8 
pA!p-

~u~ FORCED BETA •10 

COLLECTOFI CUflRENT <Icl• mA 

Fig.10 - Collector-emitter saturation voltage 
vs. collector current of output tran· 
sistor 013. 

2 4 ,. 2 .... 
I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES IIABC~!CS•IUH 

Fig.13 - Forward transconductance vs 
amplifier bias current. 

10 20 30 40 50 60 
CLOSED-LOOP VOLTAGE GAIN (AcLl- dB 

Fig.16 - Phase compensation capacitance and 
resistance vs closed-loop voltage gain. 

HOY 

+l5V uov 

INPUT OFFSET VOLTAGE: 

VtO•~ 

FOftPOWE"SUl'f'l..Y 
"UECTIONTEn: 

IUVAftV v+•V-2VOl.TS; 
TMEN C21 VAfitY V- 9'1' 
•ZVOl.TS 
EOUATIONI: 
my+ lllEJECTION • 

EoOUT-hOUT ... 
c11v-ftUECTION• 

Eo OUT - E2 OUT ... 
POWlfl IUPPLY RE.IECT!Ofll 

c•1 •20LOGv"*u1cTION" 

•MAXIMUM lllEAOING OF 
STE,10111STE'2 

Fig. 17 - Input offset voltage and power-supply 
rejection test circuit. 



•30V 

Po1ss1PAT10N'l\,/+)(Jl 
EouT 

orFsET CUAAENT Ios. 106 ~;; 

150kfi I 
Eou1 

I 

Fig.18 - Input of fret current test circuit. 

-15\1 

Fig.21 - l/F noise rest circuit. 

+15V 

Fig.24 - Slew rate vs. non-inverting unity gain 
tert 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 !IABC) depends on -
1. The Desired Sensitivity - the higher the 

CA3094, CA3094A, CA3094B Types 

TEST CIRCUITS (Cont'd) 

.... 
'°'"'" 

+15\1 

Fig.19 ··- Input bias current test circuit. 

5&0te so ... 

-15\1 

Fig.22 - Open-loop gain vs frequency test circuit. 

CLOSED 
LOOP .. ,. .. 
20 

40 

,0 

Fig.25 - Phase compensation test circuit. 

,0 

IABC. the higher the sensitivity - i.e., a 
greater-drive current ca pa bi lity at the out
put for a specific voltage change at 
the input. 

2. Required Input Resistance - the lower 
the I 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 

+15'1 _____ ..._ _______ __, 

CMRR•1~ I 
Ezour-E1our 

INPUT VOLTAGE RANGE FOR CMRR•1 TO 27V 

CMRRldBl•20LOG 1~ I 
E2our·E1our 

Fig~20 - Common-mode range and rejection ratio 
test circuit. 

+15\1 

Eour 

-15\1 

Fig.23 - Open-loop slew rate vs I ABC test circuit. 

120\IAC 

COMMON 

Cr •0-5µ.F 
01 •IN914 
R1•0.51MQ=3MIN. 

R2" 5·1 MS1•30 MIN. 
R3• 22M.0•2HRS. 
R4= 44M.0=4HRS. 

Rs• 1-5 Kn 
R6• 50 K!l 
R7• 5.IK.n 
Re• l.5K.Q. 

92CS-20405R2 

•, --1'------
29v,.....___3v 

@0---' ,_____ 
I 

~ @o TIME•IHR. 
S2 SET TO R4 

*POTENTIOMETER REQUIRED FOR INITIAL TIME SET 
TO PERMIT DEVICE INTERCONNECTING TIME VARIATION 
W1TH TEMPERATURE< 0.3 % /•c. 

Fig.26 - Presettable analog. timer. 

equipment design is sufficiently flexible to 
!olerate a wide range of these parameters, it 
·1s recommended that the equipment designer 
begin his calculations with an IABC of 100 
µ.A, 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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Zz 

.,. 

WHERE ~~~T = f ( *) DEPENDS ON THE 

CHARACTERISTICS OF ZJ ANO Z2 ,,, 

TYPICAL APPLICATIONS (Cont'd) 

IN A NON-lNVERTINti MOOE 
AS A FOLLOWER 

l 
WHERE Eour:flN 

Eour* 

1 
*1N SINGLE- ENDED OUTPUT OPERATION, THE CA3094 

MAY REQUIRE A PULL UP OR PULL DOWN RESISTOR 

(b) 

Fig.27 - AppUcation of the CA3094: (a) as an inverting op-amp, and 
(b) in a non-inverting mode, as a follower. 

Problem: To calculate the maximum value of R 

411.;il 

47Kn 

<' 
v1~~~;E~ 

V'* •IBV Si required to switch a 100-mA output current Fig.31 - Current or voltage--controlled oscillator. 
~o----.------.~~~----, 

I 
2/3V+_ - -- - -~ 

a____/' i 
VOLTAGE A I 

+l~=.:ri_ 
VOLTAGE AT TERMINAL ... 

comparator 

Given: IABC = 5 µA, RABC = 3.6 Mn""~~ 
11 = 500 nA @IAsc= 100 µA (from Fig.4) 
I 1 = 5 µA can be determined by drawing a line on 
Fig.4 through IABC = 100µA and 19 = 500 nA 
parallel to the typical TA= 2s0 c curve. 

Then: 11 = 33 nA@ IABC = 5 µA 

Rmax = 18~~;;olts = 180 Mn@ TA=25°C 

Rmax = 180 Mn x 2/3* = 120 Mfl@ 
--- TA= -55°c 
• Ratio of I 1 at TA = +25°C to I 1 at TA = -ss0 c LEO 

for any given value of IABC· 

TIME DELAY (SECONDS)•RC APPROX."'="" 

92CS-20406RI 

Fig.28 - RC timer. 

y+ 

INPUT . 

On a negative-going transient at input (A), a 
negative pulse at C will turn "on" the CA3094. 
and the output (E) will go from a low to a high 
level. 

00-~ 
E~•-=r-L__ 

At the end of the time constant determined by C1, 
R1, R2. A3, the CA3094 will return to the "off" 
state and the· output will be pulled low by 
ALQAD· This condition will be independent of 
the interval when input A 1eturns to a high level. 

Fig.29 - RC timer triggered by external negative pulse. 

TYPE 
IN914 ~ion 

TYPE 
IN914 

+·~ n ~::~~ 
Eou:_J~L 

~ 
TIME CONSTANT l 1':I RCal20 ,, 

•TR.t.DEMAfiH< PULSE WIOTH "'""llC HC!-20407 

E.I. DUPONT OE: NEMOURS 

Fig.30 - Free-running pulse generator. 

EouT 

Fig.32 - Single-supply astable multivibrator. 

OUTPUT 

NOTE 

four•--1--
2Rtfll(~·i) 

IF Az •:3.08 R1, 

fouT•k 

Fig.33 - Dual-supply astable multivibrator. 
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TYPICAL APPLICATIONS (Cont'd) 

UPPER THRESHOl...O• 

(a) DUAL SUPPLY (b) SINGLE SUPPLY 

Fig.34 ,- Comparators (threshold detectors) -dual
and single-supply types. 

60 Ht 

ROA 
TYPE 

Dl201F 

10 

'" 60,Hr 

ALL RESISTANCES 1N OHMS -1/2 WATT 

Fig.35 - Temperature controller. 

':t IOOmA 

+ 15 v 
I H'--~~---<t REG 

OUTPur 

003,.r 

-15 v 
'------>---'~-""' 

OUTPUT 

•V+INPUT RANGE•t9 TO 30 V '----~V\/'~---' 
FOR 15 V OUTPUT 

**V-lNPUT RANGE•-16 T0-30V 
FOfH5 V OUTPUT 

REGULATION: 

[Your (INITIAL~ t. V114 x 100=0.075% IV 

-~~~Vuor~"'~.,.-,.-,.-,-l ~ I00•0.075 % Vour 
(IL FROM I TO 50 mAl 

Fig.36- Dual-voltage tracking regulator. 

I. ALL RESISfORS INDHMS,112WATT,!IO'f. 

l-~gos~~ECTEOFOR 3db POINT AT 

'I OFFSET ADJ INCLUDED IN RTRIP 

S INPUT IMPEDANCE FROM lT03 
EQUALS 800 K, 

6. WITH NO INPUT SIGNAi.- TERM
INAL 8 IOUTPUTI AT •:s6VOLTS 

\GROUND FAULf 
SIGNAL 60Hz 

VOLTAGE BETWEEN 
TERMINALS 2 a 4 

VOLTAGE BETWEEN 
fERMINALS 3 a 4 
(AOJIJSrABLE WITH 
RTRtPI 

Fig.37 - Ground fault interrupter (GFI) and 
waveform pertinent to ground fault 
detector. 
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TREBLE 0.01 .. DJ-O..IN!5H1 
0.12 •aoosr• ~cur" f,.F (CW) 1!5 KO !CCWI 8200. 

.. 
0001/'F 

INPUT Cj r 

t 

= \\G~· 
STANCOR 
NO P-8609 

!5600A 
04 (120V AC TO 02R6.i~~~AALl,~~ 

,, 
on 

FOR STANOARO INPUT_: SHORT Cz: R1 •2!i0 Kn 

C1 •00'17pf: REMOVE Rz 

"eoosr" 100 Kn "cur" IOKn 
!CW) BASS (CCWJ 

c, 
0.47,..f 

JUMPER 

FOR CERAMIC CARTR!OGE INPUT. C1•00047p.F 
R1•2 !iMn,REMOVE JUMPER FROM Cz; LE AYE Rz 

TYPICAL PERFORMANCE DATA 
For 12·W Audio Amplifier Circuit 

Power Output IBn load, Tone Control se1 at "Flat" I 
Music (at 5% THO, regulated supply) 15 W 

Continuous lat 0.2% IMO, 60 Hz & 2 kHz mixed in a 4:1 ratio, 
unregulated supply I See F1g~8 In ICAN-6048. 12 W 

Total Harmonic 01storat1on 
At 1 W, unregulated supply 0.05 % 

At 12 W, unregulated supply. 0.57 % 
Voltage Gain. 40 dB 

Hum and Noise (Below continuous Power Output f 83 dB 
Input Resistance . 250 kl? 
Tane Control Range See Fog. 9 In ICAN-6048 

Fig.38 - 12·watt amplifier circuit featuring true complementary·symmetry 
output stage with CA3094 in driver stage. 



Super•Beta Transistor Array 
Differential Cascode Amplifier Plus 3 Independent Transistors 

ACA-CA3095E is a monolithic array of transistors con
nected as a super-beta differential cascade amplifier with 
three independent n-p-n transistors. (Refer to Fig. 1 for 
following description.) 

The differential cascade amplifier incorporates two cascade 
amplifiers consisting of transistors 01, 03 and 02, 04, 
respectively, plus a voltage-limiting circuit. consisting of 

diodes 01, 02 and p-n-p transistor 05. Two of these 
transistors, 01 and 02, are super-beta types that have an 
hFE > 1000 and are capable of operating over a wide current 
range of 1 µA to 2 mA. 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 bias considerations of the differential 

cascade amplifier. 

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

Power Dissipation: 

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 103, 04, 06, 
07, 08)-

v 

CA3095E 

Features 

• Two super-beta n-p-n transistors - hfE > 1000 

• Voltage-limiting circuitry (01, 02, 05) 

• Operation possible at I 1 B down to < 1 nA 

• Matched pair (01 and 02) -

V10=5 mV max. at le= 100µAdc 

110 = 20 nA max. at le= 100 µA de 

• Wide current range - < 1 µA to 2 mA 

Independent Transistors: 

• hfE = 300 typ. for each transistor 

• Wide current range - < 1 µA to 10 mA 

• Matched general-purpose transistors 

• High voltage - Vceo = 45 V max. 

Applications 

Differential Cascade Amplifier: 

• Super-beta pre-amplifier for op-amp 

• High-impedance de meter amplifier 

• Low-noise video amplifier 

• Pie:zoelectric transducer amplifier 

• Long-interval timer 
• Long-duration one-shot multivibrator 

• Comparator with high-input impedance 

Any One Transistor 
Total Package-

300 mW 
Collector-to-Base Voltage (Vcaol . 
Collector-to-Emitter Voltage (VcEol 
Emitter-to-Base Voltage fVEsol ,. 
Collector-to-Substrate Voltage (Vc10) *. 
Collector Current fie) 

45 
35 
6 

45 
50 
20 

v • Long-time-constant integrator 

Up to 25 °C . 
V • Photocell amplifier 

Above 25 °c . _ derate linearly 
Ambient Temperature Range: 

Operating 
Storage 

Lead Temperature (During Soldering): 
At distance not less than 1/32" (0.79 mm) 
from case for 10 seconds max .. 

Voltage and Current Ratings Apply for Each 
Specified Transistor: 

Super-Beta Transistors (Q1, 02)

Collector-to-Base Voltage fVcBol . 
Emitter-to-Base Voltage (VEao) 

750 
6.67 

-55to+125 
-55 to +150 

+265 

Collector-to-Substrate Voltage (Vc1ol*. 45 
Collector Current Oc) . 50 
Base Current (IB) 20 

STATIC CHARACTERISTICS 

Characteristics Symbol 

mW 
mW/°C 

oc 
oc 

oc 

Base Current (19). 
Conventional P-N-P Transistor (05)

Collector-to-Base Voltage (VcBol 
Collector-to-Emitter Voltage (VcEol 

limiting Circuit Current HP in 11) 

-45 
-35 
20 

v 
mA 
mA 

v 
v 

mA 

* The collector of each transistor is isolated from the substrate by 
an integral diode. The substrate must be connected to a voltage 
which is more negative than any collector voltage in order to 

V maintain isolation between transistors and provide normal transistor 
V action. To avoid undesired coupling between transistors, the 
V substrate terminal should be maintained at either de or signal (ac) 

mA 
mA 

ground A suitable bypass capacitor can be used to establish a signal 
ground. 

Test Conditions Limits 

Units 
Min. Typ. Max. 

Characteristics Apply for Each Super-Beta Cascade Amplifier Transistor 
Pair (Q1, 03) and (02, 041, Unless Indicated Otherwise 

Collector-to-Base Breakdown Voltage 

Emitter-to-Base Breakdown Voltage 
(Applies only to 01 & 02) 

Collector-to-Substrate Breakdown Voltage VrnR)CIO lc1 = 100 µA, ls= IE= 0 

Collector Cutoff Current 

DC Forward-Current Transfer Ratio 

Base-to-Emitter Voltage 
(Applies only to 01 & 02) 

Saturation Voltage Vsat 

For Cascade Amplifiers as a Differential Matched Pair 

Magnitude of I nput·O_t_f>_ot_V_o_lt_•o_•---+~11 o~l~--1 
Magnitude of lnpu1-0ffset Current lt1ol 

Magnitude of Input-Offset Voltage Drift l~V1ol 
(Temp. Coeff.) ~ 

Magnitude of Input-Offset Current Drift 
(Temp. Coeff.) 

V5_9orV10~-a= lOV, 111" 100µA 

AsE = 100 M!l 

V1Q-8"5V 11c" 1mA 

V5-8 "'5 V L le"' 100µA 

l lc= 1QµA 

le= 100 µA. v 6_ 8 or v 10_ 8 = 5 v 

l5or 110= 1mA,111 - 100µA. 
l7or lg= 100µA 

ic ~ 100µA 

Vs -8 = V10_ 8 ~ 5 v 

45 

1000 

0.50 

Note 1: Terminal No. 9 to terminals 10 and 11 connected or terminal No. 7 to terminals 6 and 11 connected 

v 

100 

1500 

2000 5000 

1500 

0.59 0.68 

0.22 0.7 v 

mV 

20 cA 

3.3 µV/'c 

0.05 nA/"C 

• Low-noise amplifier-for operation from high-source 

impedances 
Independent Transistors: 

• General use in signal processing systems in de through vhf range 

SHADED TRANSISTORS ARE 
SUPER BETA TYPES 

Fig.1-Functional diagram. 

Test Circuits for Measurement of Super-Beta 

Cascode Amplifier Characteristics 

Fig.2-V(BRJCBO tesr circuit. 

Fig.3-lcER test circuit 
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STATIC CHARACTERISTICS (Cont'dl 

Limits 

Characteristics Symbol TA=25°C 
Min. Typ. Max. 

For. Each Conventional n-p-n Transistor (03, 04, 06, 07, QB) 

Collector-to-Base Breakdown Voltage V(BRICBO le= 10 µ.A, IE = 0 

Collector-to-Emitter Breakdown Voltage V(SRICEO le= 1 mA, le= 0. 

Emitter-to-Base Breakdown Voltage V(BR)EBO le= 100 µ.A, le= 0 

Collector-to-Substrate Breakdown Voltage V(BR)CIO lc1 = 100 µ.A, 19 =IE "O 

Collector Cutoff Current Vee = 10 v. 18 =a 

Collector Cutoff Current iceo 
Llc=10mA 

DC Forward-Corrent Transfer Ratio hFE Vee = s v [ 1c = 1 mA 

j 1c = 10µ.A 

Base-to-Emitter Voltage VaE le= 1 mA, Vee = 6 V 

Collector-to-Emitter Saturation Volti:ige Vcefsat) le= 10 mA, 19 = 1 mA 

Dynamic Characteristics 

TW Conditions 

Characteristics Symbol TA""25°C 

Characteristics Appty for Each Super·Beta Cascode Amplifier Transistor 
Pair (01, 031. Unless Indicated Otherwise 

Gain-Bandwidth Product ic = 1ooµA, v6_ 8 = v 10_ 8 "'s v. 
Noise Voltage (Referred to Input) 

For Differential Amplifier Operation 
lc=SOµA,f= 10Hz 

Noise Current ! Referred to Input) 
For Differential Amplifier Operation 

tc" 5 µA, f = 10 Hz 

Collector-to-Base Capacitance Cea VG-7 = V1Q-9"' 5 V. IE"' 0 

Collector-to-Substrate Capacitance Cc10 V5_5 - V1Q-5"' 5 V, 19 = 0 

For Each Conventional Transistor (03 through QB) 

Gain-Bandwidth Product fr 
IC= 100µA, VCE = 5 V 

IC - 3 mA, VcE = 5 v 
Noise Voltage !Referred to Input) EN le= 100 µA, VcE"' 5 V, f = 10 Hz 

Noise Current (Referred to Input) 1N ic"' 10 µA, Vee" s v, 1 = 10 Hz 

Collector-to-Base Capacitance Cce Vee= 5 V, IE" 0 

Collector-to-Substrate Capacitance Ccio vc1 = s v. 18 - o 
* Curve plotted for Iceo characteristic. 

45 95 

35 50 

45 95 

100 

10 

210 

150 300 500 

180 

0.60 0.69 0.78 

0.22 0.7 

Limits 

Min. Typ. Mall. 

78 

13 

- 0.12 

- 0.3 

- 3.0 

100 

320 

0.8 

0.4 

PIN 6-TO- PINS VOLT4GE (V6-8) • 5V OR i Q8 PIN IO-TO-PIN e VOLTAGE IV10-s>· 5V 

- AM~ENi T~JJ (TAl)•-io!.: ~ 
f i_;.-rl ' 
C) 0.6 Cl__j 
~ r.c•""'H r-g 
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Fig.7-hFE vs. Ic for each super-beta cascode 
amplifier transistor pair (01, 03) and 
(02,04). 

Fig.8-VsE vs. Ic for each super-beta tran
sistor (01 and 02). 

Test Circuits for Measurement of Super-Beta 
Cascode Amplifier Characteristics 

Fig.4-DC Beta (hpEJ test circuit. 

Fig.5- V sat test circuit for super-beta cascade pairs. 
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AMBIENT TEMPERATURE lTAl- ~c 

Fig.6-Co//ector cut·off current vs ambient 
temperawre for super-beta cascade 
pairs. 
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Fig.9-VcEfsat) vs. Jc for each super·beta 
cascade amplifier transistor pair (01, 
031 and (02, 04). 
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Fig.16-VcE(sat) as a function of collector 
current for the conventional 
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Fig.19-ENvs. f for HCh super-bttta cascade 
amplifit:r transistor pair (01. 03) and 
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Fig.17-Gain bandwidth product I'S collector 
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Fig.20-Ccs .,,. Vcso for each super-beta 
cascade amplifier transistor pair (Q 1, 
03) and (02. 04). 
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Fig.22-Gain bandwidth product vs collectot: 
current for the conventions/ 
transistors. 
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BIAS VOLTAGE-V 

Fig.25-Coflector-to-base and emitter-to-base 
capacitances 11S bia1 voltsf18 for the 
conventional transistors. 

Operating Considerations 

Operation Considera.tions for the Super-Beta Differential 
Cascade Amplifier 

An internal voltage-limiting network (diodes 01, D2 and 
p-n-p transistor 05) incorporated in the differential cas
cade amplifier, assures that the applied collector-to-emitter 
voltage of each super-beta unit is maintained below two 
volts. Fig. 27 shows a tvpical 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 
arra11-gement 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. 
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Fig.23-Noise voltage vs frequency for the 
conventional transistors. 
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Fig.24-lN vs. f for 811Ch conventional tran· 
sistor (06, 01, OBJ. 
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Fig.26-Coflector-to-substrate capacitance vs bias voltage 

for the conventional transistors. 

TYPICAL APPLICATIONS 

&-( 
,, I 

' 

""e1AS 

Fig.27-Biilsilrrangement for operation of the super-beta 
differential cascade amplifier. 

Fig.28-Super-bf!ta Op·Amp with diode drive network. 



TYPICAL APPLICATIONS (Cont'dl 

Fig.30-High·input·impedance, low·noise amplifi11r circuit. 

Fig.29-Super·Mta Op-Amp with resistor dri11e network. 

Fig.32-Lon~delay monostable multillibrator circuit. 

Fig.34-CA3095E wideband amplifier. 

CA3095E 

v-•-lV 

Fig.31-Typical high·input·impedance de voltmeter circuit. 

Fig.33-Low input-bias current comparator circuit. 

FREQUENCY (f)~H1 

Fig.35-Equivalent input noise voltage vs. frequency 

for circuit of figure 34. 



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 lcBO• lcEO· 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: 

COLLECTOR-TO-EMITTER VOLTAGE, VCEO' 
CA3096AE, CA3096E . 
CA3096CE . 

COLLECTOR-TO-BASE VOLTAGE, VcBO' 
CA3096AE, CA3096E . 
CA3096CE . 

COLLECTOR-TO-SUBSTRATE VOLTAGE, Vc10: 
CA3096AE, CA3096E . 
CA3096CE . 

EMITTER-TO-SUBSTRATE VOLTAGE, VEIO' 
CA3096AE, CA3096E . 
CA3096CE . 

EMITTER-TO-BASE VOLTAGE, V EBO' 
CA3096E, CA3096E 
CA3096CE . 

COLLECTOR CURRENT, le (All Types) 
POWER DISSIPA1ION, Po: 

Up to TA = 55 C: 
Device (Total) 
Each Transistor . . . . . 

Above TA= 55°C derate linearly at 
AMBIENT-TEMPERATURE RANGE, TA: 

Operating. 
Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1 /16 ± 1 /32 inch ( 1.59 ± 0.79 mm) 
from case for 10 s max. 

7.5 a.~ g 
ZENER VOLTAGE (Vzl-V 

Fig. 1 - Base-to-emitter zener characteristic 
(n-p-n). 

EACH 
N-P-N 

35 
24 

45 
30 

45 
30 

6 
6 

50 

EACH 
P-N-P 

-40 v 
-24 v 

-40 v 
-24 v 

v 
v 

-40 v 
-24 v 

-40 v 
-24 v 
-10 mA 

750 mW 
200 mW 

6.67 mwt°c 

-55 to +125°C 
-65 to +150°C 

0 
lEMPERATURE-•C 

265°C 

SO 7S IOO 

92Cl·Z0310 

Fig. 2 - Collector cut-off current flcEol as a 
function of temperature (n·p·n). 

Applications: 

• Differential Amplifiers 
• DC Amplifiers 
• Sense Amplifiers 
• Level Shifters 
•Timers 

• Lamp and Relay Drivers 

• Thyristor Firing Circuits 

•Temperature-Compensated Amplifiers 

•Operational Amplifiers 

(i6)suBS!AATE 

~ 92CS-20308 

Schematic Diagram 

CA3096AE, CA3096E. CA3096CE 
ESSENTIAL DIFFERENCES 

CHARACTERISTIC CA3096AE 

VIBRICEO IVI 
35 n-p-n 

Min. 
p-n-p -40 

V(BRICBO IVI 
45 n-p-n 

Min. 
p-n-p -40 

hfe®l mA 
n-p-n 150-500 

p-n-p 20-150 

hfE@ 100µA 
40-200 p-n·p 

lcao lnAI 
n-p-n 40 

Max. 
p-n-p -40 

lceo lnAI 
100 n-p-n 

Max. 
p-n-p -100 

VcEISATI (VI 
Max. p-n-p 0.5 

IV1ol lmVI 
5 n·p·n 

Max. 
p·n·p 5 

11101 lµAI 
0.6 n-p-n 

Max. 
p·n·p 0.25 

CA3096E 

35 

-40 

45 

-40 

150-500 

20-150 

40-200 

100 

-100 

1000 

-1000 

0.7 

-

-

-

-

CA3096CE 

24 

-24 

30 

-24 

100-670 

15-200 

30-300 

100 

-100 

1000 

-1000 

0.7 

-
-

-
-



CA3096, CA3096A, CA3096C 

STATIC ELECTRICAL CHARACTERISTICS at TA= 25"C 
For Equipment Design 

CHAR AC- TEST 
TERISTIC CONDITIONS CA3096AE 

Min. Typ. Max. 
For Each n-p-n Transistor 

1eso Ves= 10v. - 0.001 40 
le= o 

1eEO Vee= 1ov. - 0.006 100 
Is= 0 

V(BRleEO le= 1 mA, 35 50 -

Is= 0 

V(BR)eBO le= 10µA, 45 100 -
IE= 0 

VIBR)elO le1=10µA, 45 100 -

ls=IE=O 

VIBR)EBO IE= 10µA, 6 8 -

le= o 

Vz lz = 10µA 6 7.9 9.8 

VeEISATl le= 10mA. - 0.24 0.5 
18 =1 mA 

Vse le=l mA, 0.6 0.69 0.78 

hFE Vee= 5V 150 390 500 

ILWse/L>TI lc=l mA, - 1.9 -

VeE = 5V 

09 COLLECTOR-TO-EMITTER VOLTAGE !VcEl•5V 

I O.Sf--+-+-+t+--r--+-+-tt--t---t--tT'I 

~ 
w 

~0.7 ~ 

~ o.6f--±-¥H+---1-++t+-t--+-+ti 
~ 1-1 
e 
~ 0.5 

04 
4 6 8 4 8 8 

0 01 01 I 10 
COLLECTOR CURRENT (Icl-mA 

92CS·ZDlll 

Fig. 5 - V BE (n-p·n) as a function of collector 
current. 

LIMITS 

Min. 

-

-

35 

45 

45 

6 

6 

-

0.6 

150 

-

CA3096E CA3096CE UNITS 

Typ. Max Min. Typ. Max. 

0.001 100 - 0.001 100 nA 

0.006 1000 - 0.006 1000 nA 

50 - 24 35 - v 

100 - 30 80 - v 

100 - 30 80 - v 

8 - 6 8 - v 

7.9 9.8 6 7.9 9.8 v 

0.24 0.7 - 0.24 0.7 v 

0.69 0.78 0.6 0.69 0.78 v 

390 500 100 390 670 

1.9 - - 1.9 - mV/°C 

TEMPERATURE--C t2CS-2ml4 

Fig. 6 - V BE (n-p-n) as a function of tempera
ture. 

-B -~ -~ O 25 50 " IOO 
TEMPERATUR'E.-•C 

Fig. 3 - Collector cut-off current fl csoi as a 
function of temperature (n·p-n). 

::' 500 JI L , .u.J 
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~ ~""'"1----1 1-fN 
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I ~f--+-+-t-++---t--+--+-t+-+--+-+T'I 
8 0 

0.01 
4 6 I 2 4 6 8 2 

0.1 I . '' 10 
COLLECTOR CURRENT !Xe l-mA 

Fig. 4 - Transistor (n·p·n) hpEas a function of 
collector current. 

2. 4 •• 
O·I I 10 

COLLECTOR CURRENT IIcl-mA 

Fig. 7- VcEISATI (n·p-n)asafunctionofcol
lector current. 

100 



CA3096, CA3096A, CA3096C 
STATIC ELECTRICAL CHARACTERISTICS at TA= 25°C (Cont'd) 
For Equipment Design 

CHAR AC- TEST LIMITS 

TERISTIC CONDITIONS CA3096AE CA3096E C~:i.996CE 
Min. Typ. Max. Min. Typ. Max Min. i:<,p:~ 

For Each p-n-p Transistor 
! 

' 
1cso vc8 = -10v. - -0.006 -40 - -0.06 -100 - .i..0.06 -100 

le= o 

leeo Vee=-1ov. - -0.12 -100 - -0.12 -100D1 - -0.12 -10ocj 

ls=O 

V(BR)eeo le= -1ooµA, -40 -75 - -40 -75 - -24 -30 -
Is= 0 

V(BR)CBO le= -lOµA, -40 -80 - -40 -80 - -24 -60 -

le= o 

V(BR)eBO le= -10µA, -40 -100 - -40 -100 - -24 -80 -
le= o 

V(BR)elO le1=10jJA, -40 -100 - -40 -100 - -24 ·-BO -
18 = le= o 

Vee(SAT) lc=-lmA .. - -0.16 -0.4 - -0.16 -0.4 - -0.16 -0.4 
Is= -lOOµA 

Vse lc=-lOOµA, -0.5 -0.6 -0.7 t-0.5 -0.6 -0.7 -0.5 -0.6 -0.7 
Vee= -5 v 

le= -lOOµA, 40· 85 200 40 85 200 30 85 300 
Vee= -5 v - - -:- ., 

hf e -
le=-1 mA, 20 47 150 20 47 150 15 47 200 
vee=-5V 

ILW8e/lffl lc=-lOOµA, - 2.2 - - 2.2 - - 2.2 -
vce=-5V 

STATIC ELECTRICAL CHARACTERISTICS at TA= 25°C (CA3096AE Only) 
For Equipment Design 

TEST 
LIMITS 

CHARACTERISTIC CONDITIONS CA3096AE 

Min. Typ. Max. 

For Transistors 01 and 02 (as a Differential Amplifier) 

Absolute Input Offset Voltage, IV1ol - 0.3 5 

Absolute Input Offset Current. 11101 Vee= 5V, le= 1 mA - 0.07 0.6 

Absolute Input Offset Voltage llW1ol 
Temperature Coefficient, ~ - 1.1 -

For Transistors 04 and 05 (As a Differential Amplifier) 

Absolute Input Offset Voltage, IV1ol - 0.15 5 

Absolute Input Offset Current. 11101 Vee= -5 v.1c = -100µ.A - 2 250 

Absolute Input Offset Voltage ILIV1ol Rs= 0 

Temperature Coefficient, ~ - 0.54 -

UNITS 

nA 

nA 

v 

v 

v 

v 

v 

v 

mV/°C 

UNITS 

mV 

µA 

µV!°C 

mV 

nA 

µV!°C 

1 
I ' 
310~.t---+-~t---+--~cl>"'-9'-.,"Y'---t 

8 : 
~ . ' 
~ 102,+---+---

~ ! 
§ 2 

~ 10: 
~ ~ 

-oo -2' " 00 

TEMPERATURE --C 

Fig. 8 - Collector cut-off current (I CEO) as a 
function of temperature (p-n-p). 

-oo _,, 
" 00 " TEMPERATURE-•c 

Fig. 9 - Collector cur-off current (I csoi as a 
function of temperature (p·n·p). 

8 0 

•OO 

2 4 8 • 
0.01 

COLLECTOR CURRENT Ile }-mA 

Fig. 10 - Transistor (p-n-p) hFEas a function 
of collector current. 

COLL.ETOR-TO-EMITTER VOLTAGE IVCf)• 5V 

-40 -20 

10 

tlC ... 10110 
Fig. 11 - Transistor (p-n-p) hpEasa function 

of temperature. 



CA3096,CA3096A, CA3096C 
DYNAMIC 

ELECTRICAL CHARACTERISTICS at TA= 25°C 

Typical Values Intended Only for Design Guidance 

CHARACTERISTICS TEST CONDITIONS 

For Each n-p-n Transistor 

Noise Figure (low frequency), NF 
f=l kHz, VcE =5V, 
le= 1 mA. Rs= 1 kn 

Low-Frequency, Input Resistance, R; f=1.0kHz.VcE=5V, 

Low· Frequency Output Resistance, R0 
le= 1 mA 

Admittance Characteristics: 

Forward Transfer Admittance, 9fe 

Yfe bfe 

9ie f= 1 MHz, VcE = 5V, 
Input Admittance, 

Yie 
- le= 1 mA 
bie 

Output Admittance, 
9oe --Yoe 
hoe 

Gain-Bandwidth Product, fT VcE = 5 V, le= 1.0mA 

VcE=5V,lc=5mA 

Emitter-to-Base Capacitance, CEB VEB = 3 V 

Collector-to-Base Capacitance, CcB vc8 = 3 v 

Collector-to-Substrate Capacitance, Cc1 Vc1=3 V 

For Each p·n·p Transistor 

Noise Figure (low frequency), NF 
f = 1 kHz, 
le= 10oµA, Rs= 1 kn 

Low-Frequency Input Resistance, Rj f = 1 kHz, VcE = 5 V, 

Low· Frequency Output Resistance, R0 le= 100µA 

Gain·B"ndwidth Product, fT VcE = 5 V, le =.lOOµA 

Emitter·to·Base Capacitance, CEB VEB = -3 V 

Collector·to·Base Capacitance, CcB VcB = -3 V 

Base-to-Substrate Capacitance, Cs1 Vs1=3 V 

~ 0.5 J 
~ ~ 
r·~ l 11 
;:: ~ 1.Ji 
! ~J7: ~l 
~ 01 I 1 

lo ........ 1.J. 
0.01 I 

COLLECTOR CURRENT IIcl-mA 92'CS·20324 

TYPICAL 
UNITS 

VALUES 

2.2 dB 

.. 
10 k!l 

80 k!l 

7.5 mm ho 
-j13 

2.2 

j3.1 mm ho 

0.76 
mm ho 

j2.4 

280 MHz 
335 

0.75 pF 

0.46 pF 

3.2 pF 

3 dB 

27 kn 

680 k!l 

6.8 MHz 

0.85 pF 

2.25 pF 

3.05 pF 

FR[QUENCYlfl-kH1 

Fig. 15 - Magnitude of input offset voltage 

I V1ol as a function of collector 
current for p-n-p tranSistor a4-o8 

Fig. 16 - Noise figure as a function of frequen
cy for n-p-n transistors. 
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Fig. 12 - V BE (p·n·p) as a function of collector 
current. 
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Fig. 13 - V BE (p-n-p} as a function of tempera
ture. 
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Fig. 14 - Magnitude of input offset voltage 
lv101asa function of collector 
current for n-p-n transistor a1-a2" 
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Fig. 17 - Noise figure as a function of frequen
cy for n-p-n transistors. 



CA3096,CA3096A, CA3096C 

FREQUENCYUl-ICHJ 

Fig. 18 - Noise as a f«nction of frequency for 
n-p-n transistors. 

111.t.S VOLTAGE-\' 

Fig. 21 - Capacitance as a function of bias 
voltage (n-p-n). 
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Fig. 24 - Forwa'rd transconductance as a 
function of frequency. 
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Fig. 27 - Noise figure as a function of frequen
cy (p-n-p). 
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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 fuhction of 
collector curr~nt. 
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Fig. 25 - Input admittance as a function of 
frequency. 
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Fig. 28 - Noise figure as a function of frequen
cy (p-n-p). 
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Fig. 20 - Gain-bandwidth product as a function 
of coJ/ector current (n-p-n). 
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Fig. 23 - Output resistance as a function of 
collector current. 
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Fig. 26- Outputadmittanceasafunctionof 
frequency. 
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Fig. 29 - Noise figure as a function of frequen
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Fig. 30 - Gain-bandwidthproductasa function 
of collector current (p-n-p). 
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Fig. 31 - Capacitance as a function of bias 
voltage (p·n-p). 
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Fig. 32 - Frequency comparator using 
CA3096E . 
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Fig. 33 - Line-operated level switch using CA3096AE or CA3096E. Fig. 34 - Frequency comparator charac
teristics. 
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Fig. 35 - One-minute timer using CA3096AE 
and a MOS!FET. 

Fig. 36 - CA3096AE small-signal zero-voltage detector having noise immunity. 
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Fig. 37 - Ten-second timer operated form 1.5-volt 
supply using CA3096E. 
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CA3096, CA3096A, CA3096C 

92CS-203"'7 

51 IUl ,.,. 

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. 
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(0.940-1.143) 

CA3096CH 

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). 

92CS- Z2147 

The photographs and dimensions represent a chip 
when it is part of the wafer. When the 0wafer is cut 
into chips; the cleavage angles are 57 instead of 
90° with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0.17 mmf 
larger in both dimensions. 



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 p-n·p/n-p-n transistor pair, a zener diode, 
a programmable unijunction transistor {PUT), and a sensitive· 
gate silicon controlled rectifier tSCR). 

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 ranQt' of 
-55 to +1 f5oc. 

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

Includes: 

• Uncomroitted n·p-n Transistor 

• S.nsitive-Gate Silicon Controlled Rectifier 

• Programm1ble Unijunction Transistor (PUTI 

• p-n-p/n-p-n Transistor Pair 

• Zener Diode 

• Separate Substrate Connection 

Isolation Voltage, any terminal to substrate• ................................... · · · · · · · · · · · · · · · · · · · · · 
Dissipation, Total Package: 

UptoTA"'"5&0 c .......................................... . 

+50V 

750mW 

Above TA = 55°C ..................... · · · · · · · · · · · · · · · · · · · · · · derate linearly at 6.67 mW/OC 
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 (03,061 
The following ratings apply with terminals 6 & 9 connected together. 

CollectoHo-Emitter Voltage (Vceo> .... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Collector-to-Base Voltage (V ceol · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ' · · · · · ' · 
Emitter-to-Base vmtage (Veeol- .............. · · · ·• · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Collector Current Ucl ........ · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Base Current (191 ... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Dissipation (Pol ............ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

p-n-p Tramistor 104} 
The following ratings apply with terminals 7 & 8 connected together. 

Collector·to·Emitter Voltage (Vceo) .... · .. · · .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Collector-to-Base Voltage IV ceol · - ... - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · 
Emitter-to-Base Voltage IVEeol - · - · . · - · - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Collector Current llcJ ......... · · · ... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Base Current II el ........ · · · · - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . . . . . . . . . . . 
Dissipation (Po) ...•..•..... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

SH1·p/~n Transistor Pair (03.04) 

Dissipation (Po) ..... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Pro.,.mmable Unijunction Transistor, PUT (01) 

Gate·to·Cathode Positive Voltage (V GKl- .............. · .... · · · · · · · .. · · · · · · · · · · · · · · · · · · · · · · · · · 
Gate-to·Cathode Negative Voltage IV GKRl- ......... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Gate·to·Anode Negative Voltage (VGA) .....•.............. · ·. · · .... · · · · · · · · · · · · · · · · · · · · · · · · · 
Anode-to-Cathode Voltage IV AKI . - .. - ...... · · · · - . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
DC Anode Current .............•......................................................... 
Peak Anode Non· Recurrent Forward (On-State} Current (10 µ.s pulse} ............................. . 
Total Average Dissipation ................................................................ . 

Silicon Controlled Rectifier. SCR 102) 

Repetitive Peak Reverse Voltage (VRAXM), RGK .. 1 KO ....... · .. · .... ···.•···················· 
Repetitive Peak Off-State Voltage IVoRxMl. RGK = 1 kll ...................................... . 

oc On-State Current llTocl- .... - ... - . - . - · · · - · · · · · · · · · · · · · · · · · · • · · · • · · · · · · · · · • · · · · · · · · · · · · 
Peak Surge (Non-Repetitive) On·State Current (10 µs pulse) ...................................... . 

Forward Peak Gate Current llGFMl ... · · .•. · · · · · · · • · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Peak Gate·to·Cathode Reverse Voltage (VGRML .•..................•.. · ·. · · ... · · · · · · · · · · · · · • · · 
Total Average Dissipation .....•.......... , ............................................... . 

Zenor Diolto. IZU 

OCCurrent~ ..........................................•............................. 

Dissipation (Pol .............. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

-55 to +125°C 
-65 to + 150°c 

+265°C 

30V 
50V 
5V 

100mA 
20mA 

500mW 

-40V 
-50V 
-40V 

-10mA 
-3mA 

200mW 

500mW 

30V 
5V 

30V 
±30V 

150mA 
2A 

300mW 

30V 
30V 

150mA 
2A 

20mA 
5V 

300mW 

25mA 
250mW 

• One or more of the terminals of each element of the CA3097E is isolated from the substrate by a Junction diode. In order to 
maintain electrical isolation between elements, the substrate terminal must be connected to a voltage which is no more posi· 
tive than that of any other terminal. To avoid undesirable coupling between elements, the substrate terminal (terminal 10) 
should be maintained at either de or signal ••c) ground. 

CA3097E 

Features: 
• Complete isolation between elements 

• n·1>n transistor - V CEO "" 30 V (min.) 
lc • 100 mA (max.) 

• p-n·p/n-p-n tf'llnsistor pair - beta 

2: 8000 (typ.) O lc • 10 mA. individual p-n-p, n-p-n, 
or transistor pair operation 

• Programmable unijunction transistor 
(PUT} - peak-point current • 15 nA 
(typ.) at Ro = 1 Mil; V AK • ±30 V 

• (PUT) Extremely long RC time constants 
with low Hlue of external capacitor 

• Sensitive-gate silicon controlled rectifier (SCR} -
150 mA forw.rd current (mu.) 

• Zonor-ciodo impedance IZzl ~ 1511 
(typ.) at 10 mA 

Applications: 

• Tinws 
• Light dmmen/motor controls 

• OsciU1ton 

• "One-shot" multivibraton 

• Voltaga.re.,laton 

• Compmraton, Schmitt tripn 

• Constant-cu"ent sources 
• Amplifian 

• Logic circuits 

• SCR Ui911rin11 

• Pul• Circuits 

:-1·-y-"--3-:. ·--n.:-r--: 
I p~ Z1 ~! SU8STRATE : 

I I 
L __ - - ----- ___ .J 

5 4 9 7 15 I 

Fig. t - Schematic diagnm of CA3091E. 

TYPICAL CHARACTERISTICS 

COLLECTOR CURRENT ticl-mA 

Fig.2 - flase.ttHJmitr.r aturation llOltllflll vs. cal/actor currenr for 
n..,,..n traminon 03 & 05. 

Fi,.3 - S.....to-tm1/tt9' l/Oltaftl n. ambient ,.,,,,,.,..tu,. for n-p-n 
tramhton 03 & 05. 



CA3097E 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC SYMBOL TEST CONDITIONS FIG. LIMITS UNITS 
Ambient Temperature NO. 

(TAI= 25oc 
Unless Otherwise Specified Min. Typ. Max. 

n·p-n TRANSISTORS 03.05 (TERMINALS 6 and 9 CONNECTED) 

COLLECTOR CUTOFF CURRENT lcso Vee= 10 v, le= o - - 1 µA 

COLLECTOR CUTOFF CURRENT lceo vce= 10v. 16 =0 - - 10 µA 

COLLECTOR·TO·EMITTER 
V(BR)CEO le= 100µA. 16 = o JO - - v 

BREAKDOWN VOLTAGE 

COLLECTOR·TO·BASE 
V(BR)CBO le= 1ooµA, le= o 50 - - v 

BREAKDOWN VOLTAGE 

COLLECTOR· TO·SU BSTRA TE 
V(BR)CIO lei - 100µA. 16 = o, le= o 50 - - v 

BREAKDOWN VOLTAGE 

EMITTER·TO·BASE 
V(BRIEBO le= 1ooµA, le= o 5 7.5 10 v 

BREAKDOWN VOLTAGE 

COLLECTOR·TO·EMITTER 
VcelSAT) 

le= 50mA, 18 = 5mA 
5 

- - 0.65 
v 

SATURATION VOLTAGE le - 10mA. 18 - 1 mA - 0.10 -

BASE·TO·EMITTER 
Vse(SAT) le= lOmA, 18 = 1mA 2 - 0.76 - v 

SATURATION VOLTAC.E 

BASE·TO·EMITTER 
Vse VOLTAGE 

Vee= JV, le= 10mA 3 0.65 0.7J 0.85 v 

DC FORWARD·CURRENT VcE = 3V, le= 10mA 4 100 1JO -
TRANSFER RATIO 

hFE 
Vee= JV, le= 50mA 80 120 -

p·n·p TRANSISTOR 04 ITERMINALS 7 and 8 CONNECTED) 

COLLECTOR CUTOFF CURRENT lcso vc6 =-10 v, le= o - - -1 µA 

COLLECTOR CUTOFF CURRENT lcrn Vee =-10 v. 16 = o - - -10 µA 

COLLECTOR·TO·EMITTER 
V(BR)CEO le =-100µA, 16 = o -40 - - v 

BREAKDOWN VOLTAGE 

COLLECTOR· TO· BASE 
V(BRJCBO le =-10µA. le= o -50 - v 

BREAKDOWN VOLTAGE 
-

EMITTER·TO·SUBSTRATE 
V(BR)EIO ie1=1oµA, 16 =0. le=o -50 - - v 

BREAKDOWN VOLTAGE 

EMITTER·TO·BASE 
V(BR)EBO le= -10µA, ic = o -40 - v 

BREAKDOWN VOLTAGE .i -

COLLECTOR·TO·EMITTER 
Vce(SAT) le =-lmA, 16 = -100µA 6 -0.JJ v SATURATION VOLTAGE 

- -

BASE·TO·EMITTER 
VselSAT) 'c"'-lmA, 19= -lOOµA· 7 -0.7 v 

SATURATION VOLTAGE 
- -

BASE·TO·EMITTER 
VOLTAGE Vse Vee =-3 v. ic = -100µA B -0.5 -0.6 -0.7 v 

DC FORWARD·CURRENT Vee= - 3 v, le= -100µA JO 60 -
TRANSFER RATIO hFE 

Vee= -JV, le= -1 mA 
9 

40 - -

n·p-n/p-n·p TRANSISTOR PAIR 03,04 

DC FORWARD-CURRENT 
hFE 

Vee (n-p-n) =JV, 'c"' 10mA 10 - 8000 -
TRAN SF ER RA TIO V CE ln·p·n) - 3V, le - 50mA 10 - 6500 -

0 !10 75 100 
AM01ENT TEMPERATURE (TA )-"C 

COLLECTOR CURRENT (Icl•mA 

Fig. 7 - Base· to-emitter saturation voltage vs. cofftJCtor 
current for p-n-p transistor 04. 

Fig.8 - Base-to-emitter voltage vs. ambient temperature for 
p-n-p transistor: 04. 

TYPICAL CHARACTERISTICS (CONT'D) 

COLLECTOR CURRENT (le)• mA 
<t2CS·il904 

Fig.4 - DC forward-current transfer ratio vs. collector current 
for n·p-n transistors 03 & 05. 

4 6 a 10 

COLLECTOR CURRENT(Icl-mA 

'ZCS-2190~ 

Fig.5 - Collector-to-emitter SBturation voltage vs. collector 
for n-pn- transistors 03 & 05. 
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COLLECTOR CURRENT(Ic)-mA 

Fig.6 - Colloctor-to-emitter saturation voltage vs. collector 
current for p-n-p transistor 04. 

<> "0.1 6 P I 

COLLECTOR CURRE~T (lc) 0 mA 

Fig.9 - DC forward-current transfer ratio vs. coflector current 
for p-n·p transistor 04. 



ELECTRICAL CHARACTERISTICS !Cont'd.I 

CHARACTERISTIC SYMBOL TEST CONDITIONS FIG. LIMITS UNITS 

Ambient Temperature NO. 

ITAi • 25"C 
Unless Otherwise Specified Min. Typ. Max. 

PROGRAMMABLE UNIJUNCTION TRANSISTOR CPUTI, Q~ 

OFFSET VOLTAGE vT• 

ANODE· TO-CATHODE 

ON-STATE VOLTAGE 
Vf 

PEAK OUTPUT VOLTAGE VoM 

PEAK-POINT CURRENT Ip 

VALLEY-POINT CURRENT 'v 

GATE REVERSE CURRENT IGAO 

GATE REVERSE CURRENT IGKS 

OUTPUT PULSE RISEl'IME t, 

SILICON CONTROLLED RECTIFIER ISCRI, 02 

PEAK OFF-STATE CURRENT' 

FORWARD 

REVERSE 

FORWARD DC VOLTAGE DROP 

GATE-TO·SOURCE 

TRIGGER CURRENT 

DC GATE· TRIGGER VOLTAGE 

HOLDING CURRENT 

CRITICAL RATE-OF-RISE 

OF OFF·STATE VOLTAGE 

GATE-CONTROLLED 

TURN·ON TIME 

Cl RCUIT-COMMUTATED 

TURN·OFF TIME 

ZENER DIODE, Z1 

ZENER VOLTAGE 

ZENER IMPEDANCE 

ZENER VOLTAGE 

TEMPERATURE COEFFICIENT 

ZENER-TO-SUBSTRATE 

BREAKDOWN VOLTAGE 

•VT= Vp - Vs (Fig. 221 

30 

§ 10 

AMBIENT TEMPEAATURE ITAl•Z5•c 
FOR TEST CIAUtT, SEE FIG. 23 

'DxM 

IRXM 

VT 

1Gs 

VGT 

IHO 

dv/dt 

•gt 

'o 

Vz 

Zz 

IAV-z!VzJ/flT 

flVzjflT 

V(BRIZIO 

10 20 ]0 
ANOOE SUPPLY VOLTAGE h'ul-v 

Fig.13 - Peak output voltage "8. anode wppty 11oltll!lfl for 
at (PUT}. 

Vs= 10V, AG= 10kr1 0.2 - 0.7 
11,22" v 

Vs= 10V, RG = 1MU 0.2 - 0.7 

If= 50mA - 0.90 1.5 
12 v 

If= 100mA - 1 -

C = 0.22µF 
13,23 10 v - -

Anode Supply Voltage= 20V 

Vs= 10V, RG = 10ki1 14,22" - 0.55 1 
µA 

Vs= 10V, RG = 1M{1 - - 0.015 0.15 

Vs = 10V, AG= 10ki1 17,15 4 40 -
µA 

Vs= 10V, AG= 1Mn 16 - - 25 

Vs= 30V 22" - 0.02 - nA 

~~~e-To-Cathode Short, V5, 2:zd - 0.2 - nA 

Anode-Supply Voltage = 20V 23 - 60 - ns 
C=0.22µF 

VDRXM = 30V, RGK = 1ki1 24 - - 2 

VRRXM = 30V, RGK = 1ki1 24 
µA 

- - 2 

IT= 50mA 18 - 0.90 1.5 v 

TA= 2s0 c 26 - 33 100 

TA= -5s0 c 26 50 
µA 

- -
VL = 10V, AL= 10on 19 - 0.55 0.75 v 
RGK = 1ki1 20,24 - 1.2 - mA 

EXPONENTIAL RISE, 
25 -

RGK = 1kn, VDRXM = 30V 
150 - V/µs 

See Fig. 33 33 - 50 - ns 

See Fig. 33 33 - 10 - µs 

lz= 10mA 21 7.2 8 8.8 v 

lz = 10mA, f = lkHz - 15 25 n 

lz= 10mA -'- -t-0.05 - %JOC 

- -+4 - mV/OC 

lz = 100µA -

TERM. 5 TO SUBSTRATE 50 80 - v 

CURVE (.1): AMBIENT TEMPERATURE IT41=25°C 
, EQUIVALENT GATE RESISTANCE (RGl•IO KA 
i CU~E (BJ: EQUIVALENT GATE VOLTAGE (V5);0;JO V 

!. EQUIVALENT GATE ~~SISTA~-~~ ,(.~~1•10 ~.~. ~jg 

::.:1::: 

EQUIVALENT GATE-SOURCE VOLTAGE !Vsl-v 

-75 -50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE ITAl-"C 

········ 

Fig.14 - Peak-point current vs. ga~sourc11 "'1/ta(lfl and ambi1111t 
tem,,.raturv for 01 (PUT). 

CA3097E 
TYPICAL CHARACTERISTICS !CONT'D) 

COLLECTOR CURRENT IIcl-mA 

Fig.10 - DC forward-cu"6flt transftlr mtio vs. collector cummt 
for tramistor pair 03, Q4. 

•.. 

~ 0.3 
~ 
~ 
,... 0.2 

~ 
0 0.1 

GATE-TO-SOURCE VOLTAGE IV5l•IO~ t-1. 

... 
Fig.11 - OfffftllOltagB llS. ambltmt tem,,.,ature form (PUT/. 

~ 4 6 e I 2 4 6 &IQ 2 4 6 8 IOO 2 4 6 slOOO 

ANODE-TO-CATHODE ON-STATE CURRENT IIFl-mA 

Fig. 12 - Anode-to-cathode on-state voltage 111. anode-to-cathode 
on·statfl current for QI (PUT}. 

25 
EQUIVALENT GATE-SOURCE VOLTAGE IV5l-V 

Fig.15 - Va/IBy·point current 111. 1111r.soun:e voltage for 
01(PUTJ. 
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"' JrBIEN+flMPrATuA;l !TAl•25•c 
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j 
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> 

' 10 15 
EQUIVALENT GATE-SOURCE VOLTAGE (V5)-9:CS-Zl916 

Fig. 16 - Valley-point curfYflt w. IJBU1-Sourc11 vo/tal/fl 
for 01 (PUT). 

REPETITIVE PEAK OFF-STATE VOLTAGE lVLl 

Q.7 LOAO RESIS~~~c~~-AL l• 1oon 
•IOV ~ 

I 
t 

d 1; 0.6 
t 

1: -t..: t I~ 05 +v, 

~ r c i 
: ; o•~ 0 t lffi .- . I~ i ; °] ~ 
~ 02 . " ' t 

'" ly 
L 01 

ti_-~ _,, -oo _,, 
0 00 

AMBIENT TEMPERATURE (TA \-"C 

Fig.19 - Gats·trigger ~ltage vs. ambi11nt temperature for 
02 (SCR}. 

1. Composite p-n-p/n·p-n Transistors 03, 04 (See Fig. 31 

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 . 
Emitter. 

. . terminal 7 
. .. 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 Unijunction Transistor 01 (PUT) 

The programmable unijunction transistor is essentially an 
anode-gate SCA. The volt-ampere characteristic of the de· 
vice is shown in Fig. 22. When an equivalent Thevenin source 
(Vs. AG), 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 grHter 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 

TYPICAL CHARACTERISTICS (CONT'D) 

Fig. 11 - Valley-point current vs. ambient temperature for 
01 (PUT). 

Fig.20 - Typical DC holding current vs. gate-to-cathode 
resistanca for 02 (SCR). 

OPERATING CONSIDERATIONS FDR CA3097E 

that Ip is not the maximum current allowed through the 
device, but is the current .required at the peak of the V-1 
curve. Ip is typically a very low value of current. • 

After the PUT has switched to its low·impedance state, the 
device will remain "on" if the anode-current {IA) exceeds 
the valley-point current (ly). If IA<lv. the PUT will switch 
back to its high·impedance "off" state. Thus, the PUT can be 
made to "latch" or recover, depending on ly. Since ly ,s a 
function of the "on" ·state gate current (which depends on 
AG and Vsl a choic_e of AG and/or Vs will determine the 
operating mode, i.e., "off" state-+"on" state or "off" state 
.... "on" state -+ "off" state. The value of tv increases di
rectly as a function of VG and inversely with AG. The PUT 
in the CA3097E has a low lp ...... .lp = 15 nA at Vs= 10 V. 
AG "' 1 M~l This low va_!ye of Ip indicates that an extremely 
large value of anode·supply resistor, e.g. 60 Mr? {typ.). can be 

used in timing circuits requiring long AC time constants. This 
becomes important when considering the size of the external 

timing capacitor to be used. Consequently, the use of the PUT 
in the CA3097E is advantageous since it has a lower Ip than 
most discrete PUT's. 
Temperature Compensation of Switching Point 

As described previously, the PUT will switch to its low· 
impedance state when its anode voltage is approximately a 
diode-drop above the gate voltage. Since the anode-to-gate 
threshold voltage vs. temperature characteristic is similar to 
that of a typical silicon-diode junction, a compensating series 
diode such as used in the circuit of Fig. 29 (Zl connected as 
forward-biased dior:le) considerably reduces the effect of tern· 
perature on the switching point. . . 

,, ' 
FORWARO OCON-STATE VOLTAGE (Vr)-V 

Fig. 18 - ';;J';v;~~)~C on·state currt1nt vs. on-stars vo/tagB for 

ZENER CURRENT iI zl-mA 

Fig.21 - Zener voltage vs. zenercurrent for Z1. 

Bypassing Anode Cunent • 
If the PUT gate equivalent source is such that 1 A>lv, the 
PUT wilt remain "on". A method for turning the PUT off is 
by shunting current away from the anode until IA<lv. 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 IA<lv. The PUT 
then turns ''off" allowing C;r to recharge through AT, to re· 
peat the cycle. 

ProtectiniJ 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 SCA should be used with a 1 k!l (or less) resistor con
nected between the cathode and gate terminals if the SCA is 
to be subjected to its maximum forward and reverse voltage 
ratings (VOXM and VRXMl- Selecting a value for AGK of 
l k!l (or lower) increases the capability of the device to with
stand greater dv/dt and increases the noise immunity of the 
SCR against false triggering at the gate. Practical considerations 
such as available current drive from the triggering devices 
(e.g., a PUT) will determine the lowest value of RGK at 
which the SCA will fire with a VGK::::.:0.55 V. With a value of 
500!1 for AGK. the trigger source must be capable of sup
plying 1.1 mA. AGK should be non-inductive within the 
frequency band of the noise transients normally encountered 
in a particular application. 



CONDITIONS: 

RGK"I KQ 

T4•2s•c 

'" 
Fig. 22- Gentlfal anodtJ chal'llt:tNistics ftw 01 (PUT). 

... 
APPLIEO 
EICPONENTIAt.; 
VOLTAGE 

"' '" 

CA3097E 

20V 

Fig. 23- Outputpul•ctwat:.nttks for Or (l'UTJ. 

WITH SWI CLOSED, INC.EASE Vs·UNTIL sc;:'°'FIRES IVTVM DROPS 
FROM IOV TO APPROXIMATELY IV ). tGs !TRIGGER) IS MEASURED 
JUST .!B.!Q! TO THIS TRIGGERING POINT. NOTE THAT IGS MAY 
DECREASE AS Vs IS INCREASED DUE TO CURRENT DRAWN OUT 
OF THE GATE TERMINAL OF THE'. SCR AS IT TURNS Ofrt, TO UNLATCH 
THE SCR OPEN SWI. ' 

* V, St40ULO BE CAPABLE OF SU9PLYIHG MILLIVOLT INCREMENTS 
NEAR THE TRIGGER POINT 

Fig. 24 - Principia WJ/tage-cummt characmistics 
fOl'02(SCR). 

Fig. 25 - Definition of crifiu/ ,.,. of ristl of 
off-1tate voJtap ftK 02 (SCRJ. 

Flf. 26 - Tnt cln:uit for t#termlnln1 
'as in 02 (SCRJ. 

APPLICATIONS CIRCUITS 

12on 

L~ __ J 

!:.UBSTRATE 
TJMIHG PERIOD .:o:: 200 SEC. WITH t MO POT CENTERED 

TYPICAL TEMPERATURE CHARACTERISTIC 

@> RL •330{t0.~ • I00•!0.01 %.l•t 

TYP LOAD REGULATION@ IL •0T040mA,16 VQl"1fol1 IOO• 
-3'"4 INO LOAOTO FULL LOAD! TIMING CYCLE BEGINS WHEN AC IS APf"LIEO 

•SPRAGUE TVPE 4308, 5 ,.FAT 50 V 
SPRAGUE TYPE 6308, 51'F AT 50 \/ 
OR EOUll/ALENT 

Fig. 27 - AC"llne·o,_.,,ttKI omnhot r;mer. 

, . 
. , 

c, 

PULSE RATE ADJUSTED av VARYING RyOR CT· 
OUTPUT PULSE WIDTH ADJUSTED av R1C1 
Dl~FERENTIATING TINE CONSTANT 

TYPICAL OPERATION FOR: 

I/+• 15 V, CT•D-1 ~F, RT •4 3KSl 
CJ •82pF, R1•60dl 

Fig. 29 - Pulw generarot". 

UCM-21'29 
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Vl.A'4REGULATEO 

20' 

'o 
9.5-ISV 

APPLICATIONS CIRCUITS (CONT'D) 

VUfllREGULATEO•IO- 13V 

TYPICAL LOAD REGULATION@ Vo•7V,fl'O TO 40 mA 

o 'o 
TYPICAL LOAO REGULATION@ \lo•12V,lL•OT040mA 

~• IOO•!O 4%CNO LOAD TO FULL LOAD) 

--y;--• 100•-1.I % 

TYPICAL LINE REGULATION@ Vo•7V, lL•20mA 

~ 
-'-0-- •+0-85%/VOLT 
Ll.VuNREGULATEO -

'o 
TYPICAL LINE REGULATION@ Vo•l2V 

l::i.Vo'Vo •IOQ•+Q.45%/V 
Ll.VuNREG - ':12CS· 21•.no 

Fig. 30 - Series voftage regulator. Fig. 31 - 5 to 7.5 Vshunt regulator. 

,. 
20, 

*MONOSTABLE DELAY TIME SET BY ADJUSTMENT OF Io< VARY Ro) OR 
BY Co.lo MUST BE GREATER THAN Iv OF QI {PUTI FOR MONOSTABLE 
OPERATION. 

Q2 !SCRl $WITCHING TIMES: 

~~l~1~?~6:~~~~~/0U~~;~~6~':E r\'J~. 1i°1:~-~~ ~:g~Pl 

Fig. 33 - Monostable multivibrator with variable delay. 

NOTE: SHORT TERMINAL 15 TO 14 WHEN USING 05 AS A DIODE 

Fig.35 - Phase control circuit. 

A OPTIONAL SPEED-UP CAPACITOR 

* REQUIRED IF Vt SWINGS BELOW GROUND 

TYPICAL OPERATING CONDITIONS 

FREQUENCY IN• 0-10 KHz 
SUPPLY VOLTAGE cvt1. 15V 
Rl,R2,RH•5 1 l<U 
R3 • 6.2. Kn, Rs• 3oon 
C1 •820 pF 
VTHU• 1.5 V, Vn-1L• 5 V 

~~~~~RTE;~~s~6~~Ae;:T~·:EV(VTH U )"" y+~R2 

LOWER THRESHOLD VOLTAGE (VTHL)..: ( V .. ,(:~ .. ~H) 

HYSTERESIS VOLTAGE• VTH U-VTHL 

Fig. 32 - Schmitt trigger. 

ToFF •TIMING PERIOcj (~0 LOAD CURRENTl 
PUT FIRES WHEN Ve "'8 V 

Ve·~)· le"' Ir (03.05 MATCHED) 

y'l--07 
Ir SET 8YAOJUSTING RJ,lr"'~ 

R2 RH 
~+RI 

ToN•CAPACITOR DISCHARGE TIME THROUGH LOAD. LOAD TURNS 

OFF WHEN SCA ANODE CURRENT FALLS BELOW HOLOING 
CURRENT (lHQ). TYPICAL LHO • 1.2 mA 

EXAMPLE: FOR TIMING PERIOD OFB 3 MIN 
Cr• IOOOri-F. Ir•l6ri-A 

Ar v;~ 0 · 1 1FOR Vt•l6V, RT"'IMnl 

Fig.34 - Low-current~rain battery-operated 
long interval astable timer. 



CA3098 Types 

Programmable Schmitt Trigger 
- With Memory 

Features: 
• Programmable operating 

current . 

• Built-in hysteresis: 20 mV 
max. 

• Programmable hysteresis: 
20 mVto v+ 

-Dual-Input 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 tri ggen, 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 packagej("Mini-Dip", E suffix), 
8-lead T0-5 style package (T suffix), 8-lead 
T0-5-style package with formed leads "DIL
CAN" (Ssuffix), 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. 

SIGNAL INPUT 

• 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 

L-- _______ J I 
L_ __ ~A~ __ _j 

•Dual reference input 
• High sensor range: 100 n 

to 100MO 
• Stable predictable switching 

levels 
• Temperature-i:Ompensated 

reference voltage 
• Power can be strobed off 

via term. 2 

2 PROGRAMMABLE I y+ 
BIAS CURRENT 
INPUT CiatAsl 

y-

Fig. 1 - Block diagram of CA3098 programmable Schmitt trigger. 

Maximum Ratings, Absolute-Maximum Values at TA = 2!t'C: 

OUTPUT 
CURRENT 
CONTROL 

• 

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 V 
Operating Voltage Range: 

Term. 8 .................................... 1. . . . • . • • . . • . • . . • • v- to v+ 
Term. 7 .............................................. (V-plus 2.0 V) to v+ 
Term. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (v-1 to (V+ minus 2.0 V) 

Load Current (Term. 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 mA 
Input Current to Voltage_ Regulator (Term. 5) ......................... . 
Programmable Bias Cur•ent (Term. 2) ........................... -. .... . 
Output Current Control (Term. 5) .................................. . 
Power Dissipation: 

Without Heat Sink: 
Up to TA= 55°C 

25 

15 

mA 
mA 
mA 

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 W 
Above TA= 55°C 
CA3098S, CA3ogsT Derate linearly at ........................... 16.67 mWfC 

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 



CA3098 Types 

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 (VR). 
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 (lbiasl 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 ~hen connected as a simple hys
teresis switch (Schmitt trigger). 

<I 58 I 
10 100 1000 

PROGRAMMING BIAS CURRENT IIe1As)-~ 92CS- 20916 

Fig. 5 - Input-offset voltage ("low" reference) 
vs. programming bias current. 

·~ 

Ii 
• ~ 0 

-75 -50 -25 
"' "' 75 

100 "' 
AMBIENT TEMPERATURE ITAl-•c 92CS-20979 

Fig. 8 - Input-offset voltage ("high reference/ 
vs. ambient temperature. 

...... OUTPVI' 
CURRENT 
CONTROL 

PROGRAMMABLE 
BIAS CURRENT 
INPUT Cia1AS) 

Fig. 2 - Schematic Diagram of CA3098. 
'v+• 12Vdc 

Fig. 3 - Basic hysteresis switch (Schmitt trigger/. 

Output Voltage (VI 
Sequence Input Signal Lavel (Torm. 31 

1 4;;>e1N>o 
2 s;;>e1N>4 
3 e1N>s 
.2 · s;;>e1N >4 

4;;>.e1N >o 

0 
0 

12 
12 

0 

Fig. 4 ·- Resultant output states of the CA3098, 
shown in Fig. 3 as a function of various 
input signal levels. 

TYPICAL CHARACTERISTIC CURVES 
~ .. AMBIENT TEMPERATURE IT4 l•25•t 

SUPPLY VOLTAGE l y+) • 12 V 
I 
~ 

"HIGH" REFERENCE VOLTAGE CVHAl•6V 
·low• REFERENCE VOLTAGE IV1.,Rl•OV 

j ±3 V,1otHFt1zV,1-VHR 

~ 
~ 
i 
"' ~ 
~ 

.. ~ 
~ lL .. 

0 
I ' . .. ' . .. ' . . " 10 100 1000 

PROGRAMMING BIAS CURflENT IIe1asJ- 11-A 92t.S-2098!> 

Fig. 6 - Input-offset voltage ("high" reference/ 
vs. programming bias current. 

AlllllENT TEMPEIU.TURE (TA 1• e•c 
SUPPLY VOL.TAtE l v+1•12·Y 

•H111t• Rl11ERIENCE VOL.TAii: IVHRJ•8V 
•1.ow• REFERENCE VOLTAGE IV1.R1•1V 

4 • •100 i 

PMtGllAMMING BIAS CURRENT C.Ia1Asl-~AHCS-209M 

Fig. 9 - Min. hysteresis voltage vs. programming 
bias current. 

25 50 1$ "' AMBIENT TEMPERATURE ITAl--C 

Fig. 7 - Input-offset voltage ("low reference/ 
vs. ambient t11.1rJ~rature. 

-100 -75 -50 -25 .. IOO 125 

AMBIENT TEMPEJtATUAE ITAl--C 

Fig. 10 - Min. hysteresis voltage "'· ambient 
tflmperatun1. 



ELECTRICAL CHARACTERISTICS at TA= 25°C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 
Fig. LIMITS, 

UNITS 
No. Min. Typ. Max. 

Input Offset Voltage: 

"Low" Ref., V10(LR) 
VLR= Gnd, VHR = 3V 

5 -15 -3 6 mV 
1BIAS = 100 µA 

"High" Ref., V1o(HR) 
VHR = Gnd, VLR = -3 V 

6 -10 ±10 10 
IBIAS = 100 µA 

Temp. Coeff: 
"Low" Ref. -55 °c to+ 125 °c 7 - 4.5 - µv1°c 
"High" Ref. -55°Cto+ 125°C 8 - ±8.2 -

Min. Hysteresis VREG = 6 V, v+ = 12 V 
Voltage VIO(HR-LR): IBIAS = 100 µA 

9 - 3 20 mV 

Temp. Coeff. -55°c 10 + 125 °c 10 - 6.7 - µVfC 

Output Saturation Voltage, V1 =4 V, VREG = 6V, 
11,12 - 0.72 1.2 v 

VcE(SAT) v+ = 12 v. IB1As= lOOµA 

Total Supply Current, 

ITOTAL: 

"ON" V1 = 4 V, VREG = 6 V; 
v+ = 12 V, IBIAS = lOOµA 

13,14 500 710 800 µA 

"OFF" V1=8V,VREG=6V 400 560 750 µA 
v+= 12V, ls1As= lOOµA 

Input Bias Current, I 15: 

IB(p·n·p) 
V1 = 4 V, VREG = 6 V 
v+= 12V, ls1As= lOOµA 

15 - 42 100 nA 

1B(n-p-n) 
V1 = 8 V, VREG =• 6 V 

v+= 12v.1 61 As= 1ooµA 
- 28 100 nA 

Output Leakage Current, Current from Term. 3 when 
lcE(OFF) Q46is "OFF" 

- - - 10 µA 

Switching Times: 
Delay, td le= 100µA - 600 - ns 

Fall, tf le1As= lOOµA -
18 

50 - ns 

Rise, tr v+= 5V - 500 - ns 

Storage, t 5 VREG = 2.5 V - 4.5 - µs 

Output Current, lo v+= 12v,1BiAs=50µA - 100 - - mA 

I""' • ~:~EL~T ;~~:Ar~~~~!~ :::·c • k'.:'.: . REGULATED SUPPLY VOLTAGE 
.•• 7. v .. ' 1tY i 10 

~,.('l .. q k:j ... l==t==T"'-"•' , lZ t5' • -~ ,_ . 
~~,·· I . 

u I 

. . 
11 •• 

!a . 
ii :I!"': 
~ 
!E ' 

0.1 

' . . . ' . . . 10 100 ' 4 •• 1000 
PROGRAMMING BIAS CURRENT (I91AS)-~A 

Fig. 14 - Total supply current vs. ambient 
temJJllfature. 

Fig. 15 - Input bias current vs. programming bias 
current. 

CA3098 Types 

lo 100 6 • 1boo 
OUTPUT SINIC CURRENT IILOAOl-1111A 

Fig. 11 - Output saturation voltage vs. output 
sink current: 

SUPPL'I' VOLTAGE tv•J•IOV 

i PROGRAMMING BIAS· CURRENT 1111.t.S l•l0011A 

y 
~· 
w 
~ 09 

g 
~ 0,8 

s 
~ Q7 

-100 -75 -~m -25 25 50 75 IOO 125 

AMBIENT TEMPERATURE tTAl-"C 92c5_20980 

Fig. 12 - Output sa.turation voltage vs. ambient 
· temperature. 

2 4 6 810 2 4 6 .el 00 2 4 6 alOOO 

PROGRAMMING BIASCURRENT(IatAsl-,,.A 

Fig. 13 - Total supply current vs. programming 
bias current. 

Fig. 16 - lnput·offset voltage 
test circuit. 
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non 

HYSTERESIS VOLTAGE•VI "OFF"-V{ON" 
92CS-26910 

Fig. 18 - Switching time test circuit. 

Fig. 17 - Min. hysteresis voltage, total 
supply current, and input
bias-current test circuit. 

TYPICAL APPLICATIONS 

+6V 

+sv 

Fig. 19 - Time delay circuit: Terminal 3 
usinks 0 after T seconds. 

Fig. 20 - Time delay circuit; nsink" current 
interrupted after T seconds. 

Fig. 21 - Sine-wave to square-wave converter 
with duty-cycle adjustment 

IV7and V2I· 

Notes (a) Motor pump is "ON" when water level rises above 
thermistor TH2. 

(b) Motor pump remains "ON" until water level falls 
below thermistor TH1. 

(c) Thermistors, operate in self-heating mode. 

Fig. 22(a) - Water-level control. 

TH~------~ 
------~3 WATER 

TH 1 ------ I 2 LEVEL 

Fig. 22(b) - Water level diagram for 
circuit of Fig. 22(a). 

120fi 
60~ 

SENSOR 
\e.9. 
OOKtl: 

Fig. 23 - OFF/ON control of triac with 

programmable hysteresis. 

INPUT PULSE MUST 
BE GREATER THAN 
t ms BUT LESS 

THAN DESIRED 'ON 

+6V 

-6V 

VALUE OF 
Cl (~Fl 

15 0-0l 
150 0.1 
300 o. 2 

Fig. 24 - One-shot multivibrator. 



CA3099E 

Programmable Comparator - - With Memory POSITIV£SUPPLY 
VOLTAGE FOR 
CONSTANT• 

RCA·CA3099E Programmable Comparator is a monolithic 
silicon integrated circuit designed to control high-operating
current loads such as thyristors, lamps, relays, etc. The 
CA3099E can be operated with either a single power supply 
with maximum operating voltage of 16 volts, or a dual 
power supply with a maximum operating voltage of± 8 volts. 
It can directly control currents up to 150 mA. It operates with 
microwatt standby· power dissipation when the current to be 

controlled is less than 30 mA. The CA3099E contains the 
following six (61 major circuit-function features (Figure 1): 

1. Differential amplifiers and summer; the circuit uses two 
differential amp I ifiers, one to compare the input voltage 
with the "high" reference, and the other to compare the 
input with the "low" reference. The resultant output of 
the differential amplifiers actuates a summer circuit 
which delivers a trigger that initiates a change in state of 
a flip-flop. 

2. Flip-flop; the flip-flop functions as a bistable "memory" 
element that changes state in response to each trigger 
command. 

3. Driver and output stages; these stages perminhe circuit to 
"sink" maximum peak load currents up to 150 mA at 
terminal 3. 

4. Programmabla operating current; the circuit incorporates 
a separate terminal to permit programming the desired 
quiescent operating current and performance parameters. 

5. Internal sources of refarenc8 voltage and programmable 
bias current; an integral circuit supplies a temperature
compensated reference voltage (Vb/21 which is about 1/2 
of the externally applied bias voltage IVb). Additionally, 
integral circuitry can optionally be used to supply an 
uncompensated constant-current source of bi8$ Obiasl. 

6. Voltage regulator; provides optional on-chip voltage regu· 
lation when power for the CA3099E is pi-ovided by an 
unregulated supplv. 

Mtximum Ratin91, Absolute-Msx111Jum Valun at TA .. 25°C: 

Supplv Voltage Between Terminals 10 and 4, 
9 and 4. 8 and 4 16 v 

Output Voltage Between Terminals 7 and 4, 
and 3and 4. 16 v 

Differential Input Voltage Between 
Tl!fminals 14 and 1, and Termmals 13and 14. 10 v 

Operating Voltage Range: 
Term.14 OVtov+ 
Term.13 2.0 v to v+ 
Term.1 0 v to v+ minus2.0 v 

Load Current (Term. 31. 150 mA 
Input Curren1 10 Voltage Regulator (Term. 51 25 mA 
Programming Bias Current (Term. 2) . 1 mA 
Output current Control (Term. 7). 15 mA 
Power Dissipation: 

UptoTA=ss0c. 750 mW 
Above TA "'ss0c. Cerate Linearly at 6.67 mw1°c 

Ambient Temperature Aange: 
Operating -55 ta +125 °c 
Storage. -65 to +1so0c 

Lead Termperature (During Soldermg): 
At distance not less than 1 /32 mch (0. 79 mml 
from seating plane for 10 s ma)(imum '265 oc 

CURR£NT81A$ vt 

SOURC£0FRfF£11£"1CE 
't10LU.G£ l•v11121 II 

Features: 

. 
UNllt:1o,n.~~ED 11\'u"'r\.'\J/D 

Fig. t-Block diagram of CA3099E progr""""""'- compar•tor. 
(S..,,. 3 for gelltll'al dncriptlon of circuit tJf»f'•tion.J 

Applications: 
• Programmable operating current 
• Micro-power st1ndby dissipation 
• Directly controls current up to 160 mA 

• Control of relays. heaters, LED's. lanlps. 
photo-sensitive devices, thyristors, 
solenoids, etc. 

• Low input on/off current of less than 1 nA 
for programmable bias current of 1 µA 

• Built-in l1ysteresis: 10 mV ma:K. 
• Progr1mrn.ble hysteresis: 10 mV to v+ 
• Dual reference input 
• High sensor range: 100 n to 100 Mn 
• Stable predictable switching levels 

• Signal reconditioning 
• Phase and frequency modulaton 
• On/off motor switchinii 
• Schmitt tri191n, level detectors 
• Time delays 
• Overvoltage, cwercurrent. 

overtemperature protaction 
• Battery-opera'btd equipment • Temperature-compensated reference 

voltage • Square end triangular-wave generators 

ELECTRICAL CHARACTERISTICS AT TA= 25"C (Unless otherwire indicated} 

TEST CONDITIONS FIG. Na. CHARACTERISTICS SYMBOL 
TA • 25oC Unt..i OtMrwi• lndicMed MIN. 

Reference Voltage Term. 9 = 12 V, Term.4 = Clfd, Term.11 =Test 5.7 
VREF 

Reference Voltage 
Temperature Coefficient 

Regulated Supplv Voltage VREG Term.5 1Kto12V, Term.4 = Grd, Term.610KtoGrd 

Regulated Supplv Voltage 
Temperature Coeff1c1ent 

Jnput Offset Voltage: 
••Low" Reference V10 ILR) VLR = Grd, VHR = 3 v. IBIAS = 100µA 20,6 -8 
"High" Reference V10 IHRI VHR = Grd, VLR = JV.~BIAS= 100µA 20. 7 

••Low" Reference Temp. -55oC 10 + 12soc 20,S Coeff1c1eot 

"High'• Reference Temp 
-ssoc to +12soc 20,9 -Coeff1c1ent 

Min. Hvsteres+s Voltage V10IHR-LRI VReG "6 v. v• = 12 v. 'BIAS= tOOµA 21, 10 

Min. Hvsteres•s Voltage _55oc 1a + 12soc 11 Temperature Coefficient 

Output Satura11on Voltage VcelSATl v, •4v, vReo • e v. v+"' 12 v, 1e1AS =- 1ooµA 21,12,13 -
Total Supply Curren1· 

V1 - 4 v, VREG = 6 v. v+"' 12 v. le1As. = 100µA ITOTAL "ON" 21,14,15 ... 
ITOTAL "OFF" 

ITQTAL 
V1-s.v. VREG .. ev. v+" 12V, letAS = 100µA 21,14,15 420 

Input Bias Current: 
v 1=4 v; VREG "'e v. v+ • 12 v.1e1As- 1ooµA •etp.n·pl 21.16,17 

1,9 
V1 .. 8 v. VREG = 6 v. v+ - 12 v. te1AS • 100µA 21,16,17 le!n-p-n) 

Oulput Leakage Current ICEtOFFI Current from Term.3 when 046 is "OFF" 

Internal BtasCurrent 11ec 18,19 120 

Switching Times: 

Del av .. le= 100)JA 22 

Fall 
le1AS" 100µA 

v+ .. 5v 
22 

Rise 22 

Star age " 
VREG = 2.5 V 

22 

LIMITS 

TYP. 

6 

100 

7.2 

2.9 

-3 

±1 

4.5 

'8.2 

6.7 

0.72 

710 

560 

33 

20 

200 

600 

50 

600 

4.6 

UNIT 
MAX. 

6.3 v 

JNJOC 

v 

mVIOC 

mV 

20 
/Nl"C 

±20 

10 mV 

20 µv1oc , 

1.2 v 

SQQ 

750 
µA 

200 

60 
nA 

10 

280 µA 

µS 

203 



CA3099E 

v• 

.. .. .. 

Fig. 3 - Functional diagram. 

r LOAD "ON" I: LOAD "OFF" 

Fig.2-Schematic diagram of CA3099E. 
Fig. 4 - Logk diagram. 

TYPICAL CHARACTERISTIC CURVES 
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 I LR.l, 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 (HR), thereby effecting a change in the 
st8te 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 (VA). 

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 
Ubias) 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 (Vb) 
applied at terminal 9 develops a source of temperature
compensated reference voltage (~ Vt>/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 e. a source of constant-current biasing is 
provided at terminal 12 via line "B". 

An auxiliary means of controlling the magnitude of load-cur
rent flow at terminal 3 is provided by "sinking" current into 
terminal 7. The CA3099E contains an on-chip voltage regu
lator which may optionally be used to regulate the voltages and 
bias currents (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. 

I 
"2 
! 7.4 

-50 -25 

AMBIENT TEMPERATURE IT,1-•c 92CS·Z097:5 

Fig. 5 - Regulated supply voltage vs. ambient temperature. 

!.4 AMBIENT TEMPERATURl (TA l•25°C 
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Fig. 7 - Input-offset voltllflll ("high" '8fenmt:11I 111. prOllfamming 
bills cur,.nt. 
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Fig. 6 - lnput-offsat vofta,. i"fow" reference} vs. programming 
bia1 current. 
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Fig. 8 - lnput-offsat voltallfl ( .. low" raftlrBnCe} vs. ambient 
temperatura. 
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Fig. 9 - lnput-off&et 110ltags ("high" reference} v.t. ambient 
tllmperature. 
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Fig. 12- Output saturation voltlJ(Jll vs. output .tink current. 
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Fig. 18 - lnput-off•t volt/JIB mt t:irt:Ult. 

4 AMBIENT TEMPERATURE ITAl•ZS•c 
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Fig. 10 - Min. hV$r.rtnis voltage vs. programming bias current. 
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F~ 19 - Min. hyiteresis voltllflll, total supply current, 
1111d input bias curnmt "'6t circuit. 

For application information, see Data Bulletin File No. 620. 
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FlfJ. 20 - Switching tinw test circuit. 



CA3100 Types 

Wideband Operational Amplifier 
The RCA-CA3100 is a large-signal wide
band, high-speed operational amplifier which 
has a unity gain crossover frequency (fTl 
of approximately 38 MHz and an open
loop, 3 dB corner frequency of approximately 
110 kHz. It can operate at a total supply 
voltage of from 14 to 36 volts (±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 w.hen operating from ±15 volt 
supplies. The CA3100 can be compensated 
with a single external capacitor and has de 
offset adjust terminals for those applications 
requiring offset null. (See Fig. 15). 

The CA3100 circuit contains both bipolar 
and P-MOS transi;tors on a single mono
lithic chip. This circuit is supplied in the 
standard 8-lead T0-5 package (T suffix). 
the 8-lead T0-5 dual-in-line formed-lead 
"OIL-CAN" package (S suffix). the 8-lead 
Mini-DIP (E Suffix). or in chip form (H 
suffix). 

Features: 
• High open-loop gain at video frequencies - 42 dB typ. at 1 MHz 
• High unity-gain crossover frequency (fT) - 38 MHz typ. 
• Wide power bandwidth - v 0=18 V p-p typ. at 1 .2 MHz 
•High slew rate - 70 V/µ.s (typ.) in 20 dB amplifier 

25 V/µ.s (typ.) in unity-gain amplifier 
• Fast settling time - 0.6 µs typ. 
•High output current - ±15 mA min. 
• LM118, 748/LM101 pin compatibility 
•Single capacitor compensation 
• Offset null terminals 

Applications: 

• Video amplifiers 
• Fast peak detectors 
• Meter-driver amplifiers 
• High-frequency feedback amplifiers 
• Video pre-drivers 
•Oscillators 
• Multivibrators 
• Voltage-controlled oscillator 
• Fast comparators 

MAXIMUM RATINGS,Abso/ure-Maximum Values: 

Supply Voltage (between V+ and v- terminals). 
Differential Input Voltage . 
Input Voltage to Ground* . 

36 v 
±12 v 
±15 v 

TERMINAL ASSIGNMENTS 

E Suffix 

S & T Suffixes 

·Offset Terminel to v- Terminel Voltage. 
Output Current . 

:!0.5 
50 

v 
mA• 

TYPICAL CHARACTERISTIC CURVES 

Device Dissipationd 
UptoTA=55f 
Above TA =55 C 

Ambient Temperature Range: 
Operating: 

EType 
S andT Types 

Storage . 
Lead Temperature (During Soldering): 

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

630 mW 
6.67 mW/°C 

-40to +85 06 
-55 to +125 oc 
-65 to +150 oc 

+265 oc 
* If the supply voltage is less than ±15 volts, the m11ximum input voltage to ground is equal to the supply 

voltage. 
• CA3100S, CA3100T does not contain circuitry to protect against short circuits in the outp~t. 

.. 
"o " ''°" 

"" 15on 

Fig. 1 - Schematic diagram for CA3100. 

V· 

Rl8 OFFSET 
t50n NULL 

92CM-21655R 1 

"o PHASE 
COMPENSATION FREQUENCY {f)-MHI 92CS•Wi7! 

Fig. 3 - Open-loop gain vs. frequency and 
temperature. 



ELECTRICAL CHARACTERISTICS, At TA = 25°C: 

TEST CONDITIONS 
CHARACTERISTICS SUPPLY VOLTAGE tv+,v-1•15 v 

UNLESS OTHERWISE SPECIFIED MIN. 

STATIC 

Input Offset Voltage, V10 Vo=0±0.1 V -
Input Bias Current, tie -

Input Offset Current, 110 
Vo= 0±1 V -

Low-Frequency Open-Loop 
Voltage Gain,AoL • Vo= ± 1 V Peak, F = 1 kHz 56 

Common-Mode Input. 
CMRR :;>76 dB ±12 

Voltage Range, V1cR 

Common-Mode 
Rejection Ratio. CMRR Vi Common Mode"'"± 12 V 76 

Maximum Output Voltage: 
Positive, VoM + Differential Input Voltage"' 0 ± 0.1 V +9 

Negative, VoM-- RL = 2 KU -9 

Maximum Outpl!t Current: 
Positive, loM+ Differential Input Voltage = 0 ± 0.1 V +15 

Negative. IQM RL" 250 ll -15 

Supply Current, I+ Vo' 0 ± 0. 1 V, RL 2 10 Kll -

Power-Supply !iv+:::; t lV,/W-=± 1 v 60 Rejection Ratio, PSRR 

DYNAMIC 

Unity-Gain 
Cc= 0, Vo= 0.3 v IP-Pi -

Crossover Frequency, fT 

1-MHz Open-Loop 
f = 1 MHz. Cc= 0, Vo= 10 v IP-Pi 36 

Voltage Gain, AoL 

Slew Rate, SR: 
20-dB Amplifier Av= 10. Cc= o, V1=1 v IPulsel 50 

Follower Mode Av= 1, Cc= 10 pF, V1=10 V (Pulse -

Power Bandwidth, PBw&: 
20-dB Amplifier Av= 10, Cc. 0, Vo= 18 v IP-Pl 0.8 

Follower Mode Av= 1,Cc• lOpF, Vo. lBV IP-Pl -

Open-Loop Differential 
F = 1 MHz -Input Impedance, Z1 

Open-Loop 
F = 1 MHz -

Output Impedance, Zo 

Wideband Noise Voltage Re-
BW = 1 MHz, Rs = 1 Kil !erred to Input, eN(Totall -

Settling Time. t5 

[To Within± 50 mV of 9 V RL = 2 Kil, CL= 20 pF -
Output Swing l 

• Power Bandwidth = Slew Rate 
rrVo IP-Pl 

• Low-frequency dynamic characteristic 

LIMITS 

TYP. 

±1 
0.7 

±O.G5 

61 

+ 14 
-13 

90 

+11 

-11 

+30 

-30 

8.5 

70 

38 

42 

70 

25 

1.2 

0.4 

30 

110 

8 

0.6 

. 
1300 

AMBIENT TEMPERATURE ITA)•25•c 
SUPPLY VOLTAGE (V~V-)•15 V 30 AMBIENT TEMPERATURE ITAl•2!5•C 

BANDWOTH (BW) AT 6d8•1MHr 

~ 

l ~ 8 103 

MAX. 

±5 

2 

±0.4 

-

-

-

-

-

-
-

10.5 

-

-

-

-

~ 

-

-

-

-

-

-

FREQUENCY (fl-MHI 
SOURCE RESISTANCE (Rsl-n 

UNITS 

mV 

µA 

µA 

dB 

v 

dB 

v 

mA 

mA 

dB 

MHz 

dB 

V/µs 

MHz 

KS1 

n 

µVRMS 

µs 

Fig. 7 - Typical open-loop output impedance vs. 
frequency. 

Fig. 8 - Wideband input noise voltage vs. source 
resistance. 

CA3100 Types 

TYPICAL CHARACTERISTIC CURVES (Cont'd) 

FREQUENCY (fl-MH.z 

Fig. 4 - Open-loop gain vs. frequency and supply 
voltage. 

AMBIENT TEWERATURE ITAl•2!5•C 
LOAD RESISTANCE IALl•21Ul 
LOAD CAPACITANCE tCLl•20pF 

10 20 
NONINVERTING GAIN-dB 
0 6 19.1 

INVERTING GAIN - dB 

CLOSED-LOOP GAIN lAcLl-dB 

Fig. 5 - Required compensation capacitance vs. 
closed-loop gain. 

AMBIENT TEMPERATURE tTA)z25°C :::: 
LOAD RESISTANCE tRLl•Zl<n c . .,, .. '"· =t=t=1=t=1 
LOAD CAPACITANCE (CLl•20pf _l :~~ 

l::II • id .!I ••·· ...... . 

S •o~sJB········ ........ ,,. 
'° ~~~~rill~! .... -.. ~:;. .. . ......... .. 

5 IO 15 20 25 

COMPENSATION CAPACITANCE (Ccl PINS I TO 8 -pf 

Fig. 6 - Slew rate vs. compensation capacitance. 

FREQUENCY lfl-MHI 

Fig. 9 - Typical open-loop difffJrential input 
impedance vs. frequency. 



CA3100 Types 

FREQUENCY (fl-MHz 

Fig. 10 - Maximum output voltage swing vs. 
frequency. 

AMBIENT TEMPERATURE (T J .z5•c 

2.5 

I 
AMBIENT TEMPERATU.~E (T l •2~•c 

ii: 15 

€ 
~ 125 : 
~ 10 

±2 5 :!:5 :!:l!i ±10 ±12.5 ±15 :!:17!1 ±20 
SUPPLY VOLTAGE (V+,v-1-v 

Fig. 11 - Common-mode input voltage range vs. 
supply voltage. 

AMBIENT TEMPERATURE IT 1•25•C 

I 
~ z: 12.5 

~ 10 

t25 ±5 ±75 ±10 t:l2.5 ;!;15 

SUPPLY VOLTAGE 1v+,v-i-v 

Fig. 12 - Maximum output voltage vs. supply 
voltage. 

t.2.5 ±7.5 ilO ±12.5 :!:15 ±175 t20 t5 ±75 ±10 :tl2.5 ±15 ±17.5 :!;2.0 
SUPPLY VOLTAGE 1v+,v-1-v SUPPLY VOLTAGE , ...... v-1-v 

Fig. 13 - Supply CJJf.re.'Jt 'i.r. supply V'Oltage. Fig. 14 - Input bias current vs. supply voltage. 

IOR:n*O.!,.F 

NULL ADJUST AT FREQUENCY:>IMHz "1 a Vo 
POTENTIOMETER MEASURED WITH HP840!!1A 

VECTOR VOLTMETER 

Fig. 15 - Open./oop voltage gain test circuit. 

Fig. 18 - Wideband input noise voltage test 
circuit. 

TEST CIRCUITS 

v• 

Fig. 16 - Slew rate in 10X amplifier test circuit. 

RL'250n FOR Im" TEST 

loM•8%n 

Fig. 19 - Output voltage swing IV OM' output 
current swing fl ot# test circuit. 

Fig. 17 - Follower slew rate test circuit. 

,,, 

Fig. 20 - Settling time test circuit 



CA3100 Types 

TYPICAL APPLICATIONS 

Vr(AC) 

,,, 

-3dB 8ANDWIOTH~20MH: 
TOTAL INPUT NOISE 
VOLTAGE REFERRED TO INPUT 
:>'3!5;oVRMS 

Fig. 21 - 20 dB video amplifier. 

Fig. 23 - Fast positive peak detector. 

3dB BANDWIDTH •1!5 MHz 
CLG•20dB 

INPUT 

~¥ 
"" 

DELIVERS FOLLOWING PEAK 
VOLTAGES TO son LINE 

I MHz ev 
2MH: !5V 
4MHz 2 v 

" 

Fig. 22 - 20 dB video line driver. 

TEST 
LEADS 

"="FULL SCALE 
CALIBRATION 

ADJUST 

OUTPUT TO 
TERMINATED 

500 
TRANSMISSION 

LINE 

lmA FULL 
SCALE DC 

METER 

Fig. 24 - 1 MHz meter-driver amplifier. 

Chip Dimensions and Pad Layout 

~0~~~254) I 
~------~(l.20?a~~~ 92CS-30478 

CA3100H Chip 

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 
90° with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 

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). 



CA3118, CA3146, CA3183 Types 
Hlgh•Voltage Transistor Arrays 

RCA·CA3118AT, CA3118T, CA3146AE, CA3146E, CA-
3183AE, and CA3183E are general-purpose high-voltage 
silicon n-p-n transistor arrays on a common monolithic 
substrate. 
Types CA311BAT 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 T0-5 type package and operate over the full military 
temperature range. (CA3118AT and CA3118T are high
voltage versions of the popular predecessor type CA3018. 

Types CA3146AE and CA3146E consist of five transistors 
with two of the transistors connected to form a di· ferentially
connected pair. These types are recommended for low·power 
applications in the DC through VHF range. 

... 'c Vceo Vceo 
TYPE 

mW mA v v 
VALUES APPLY FOR EACH TRANSISTOR 

CA3118AT 300 50 40 50 
CA3118T 300· 50 30 40 
CA3146AE 300 50 40 50 
CA3146E 300 50 30 40 
CA3183AE 500 76 40 50 
CA3183E 500 75 30 40 

Types CA3183AE and CA3183E consist of five high-current 
transistors with independent connections for each transistor. 
In addition two of these transistors (01 and 02) are matched 
at low-current (i.e. 1 mA) 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." 

Vee sat. hFE 

at10mA at1mA, 
typ, &vce=5V 
v typ. 

0.33 95 
0.33 95 
0.33 95 
0.33 95 
0.16 75 
0.16 75 

t--,,-Vc'1~0,.,._~''o~-1 TA Range 
Diff. Pair at 1 mA !Operating) 

mV µA oc 

±5 
±5 
±5 -55- +125 
±5 2 

±5. 2.5 
±._5 2.5 

MAXIMUM RATINGS, Absolute-Maximum Values at TA• 25oc 
Power Dissipation: 

Any one transistor -
CA3118AT, CA3118T, CA3146AE, CA3146E ........... . 
CA3183AE, CA3183E ..............•............. 

Total package -

300 
500 

Up to 85°C (CA3118AT, CA3118TI . . . . . . . . . . . . . . . . . . . • 450 
Up to 55oc (CA3146AE, CA3146E. CA3183AE, CA3183E) . . . . • . 750 
AQove 85°C (CA3118AT, CA3118T) ..••................ derate linearly 5 
Above 55°C ICA3146AE, CA3146E,CA3183AE, CA3183EI. ..... derate linearly 6.67 

Ambient Temperature Range: 

Operating-

Storage (all types> 

Lead Temperature (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds m~x. . ........................ . 

The fo1lowing ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage IVceol: ..... . 
CA3118AT, CA3146AE, CA3183AE .............. . 
CA3118T, CA3146E, CA3183E ...................... . 

Collector-to-Base Voltage (Vcsol: 
CA3118AT, CA3146AE, CA3183AE 
CA3118T, CA3146E, CA3183E 

Collector-to-Substrate Voltage lVc10>: • 
CA3118AT, CA3146AE, CA3183AE 
CA3118T. CA3146E, CA3183E .. · 

Emitter-to-Base Voltage (Veeo> all types .................. . 
Collector Current -

CA3118AT, CA3118T, CA3146AE. CA3146E .............. . 
CA3183AE, CA3183E .......................... . 

Base Current (I el - CA3183AE, CA3183E 

-55 to +125 

-65 to +150 

+265 

40 
30 

50 
40 

50 
40 

5 

50 
75 
20 

mW 
mW 

rrNV 
rrNV 

rrNV/OC 
mW/°C 

oc 

v 
v 

v 
v 

v 
v 
v 

mA 
mA 
mA 

•The collector of each transistor is Isolated from the substrate by an Integral diode. The substrate 
must be connected to a voltage \l\otllch ls more negative than any collector voltage in order to 
maintain Isolation between transistors and provide normal transistor action. To avoid undesired 
coupllngbetweentransistors,thesubstrate terminal should be maintained at either DC or sig
nal (AC) around. A suitable bypass capacitor can be used to establish a signal ground. 

Features 
• Matched general-purpose transistors 
• Vee matched ±.5mV max. 
• Operation from DC to 120 MHz (CA3118AT, T; 

CA3146AE, El 
• Low-noise figure: a2dB typ. at 1kHz (CA3118AT, T; 

CA3146AE, El 
• High le: 75mA max. (CA3183AE, 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, E> 
• Thyristor firing (CA3183AE, E> 

~ ... ~ 
.. ,, F·· . 

SUBSTRATE 

o'o 

CA311BAT, CA3118T 

~!µ rlrlrl 
. 3 6 7 9 10 12 13 

CA3146AE, CA3146E 

SUB
STRATE 

rl·rl·rl·rl-rl· 
16 15 3 4 6 8 10 II 13 12 

SUBSfRATE Q 
5 

CA3183AE, CA3183E 

Fig. I - Schematic diagrams of high-vo/tlJflB arrays. 

The CA3146AE and CA3146E are supplied in 
the 14-lead dual-in-line plastic package; the 
CA3183AE and CA3183E are supplied in the 
16-lead dual-in-line plastic package. 



CA3118, CA3146, CA3183 Types 
COMPARISON OF RELATEO PREOECESSOR TYPE WITH TYPES IN THfS DATA BULLETIN 

CA3018 

CA3018A 

CA3118AT 

CA3118T 

CA3046 
CA3146AE 

CA3146E 

CA3083 

CA3183AE 

CA3183E 

DATA 
FILE 
NO. 

338 
338 

341 

481 

Vceo 
min. 

15 

15 

40 

30 

15 

40 

30 

15 

40 

30 

Vcso 
min. 

20 
20 

60 
40 

20 
50 
40 

20 

60 

40 

0.23 0.715 

0.23 0.715 

0.33 0.730 

0.33 0.730 

1c•10mA tc=t mA 
0.23 0.715 

0.33 

0.33 

0.730 

0.730 

lc .. 50mA 1c-1omA 

60 

50 

50 

50 

50 

50 

50 

0.4 0.74 100 
1.7 

1.7 

0.75 

0.75 

75 

75 

Cea 
tvp. pF 

0.58 

0.58 

0.37 

0.37 

0.58 

0.37 

0.37 

Cc1 
typ. pF 

2.8 

2.8 

2.2 

2.2 

2.8 

2.2 

2.2 

Cea 
typ. pF 

0.6 

0.6 

0.7 
0.7 

0.6 

0.7 

0.7 

STATIC ELECTRICAL CHARACTERISTICS -CA3118 and CA3146Series 

CHARACTERISTICS SYMBOL 

For Ed Transistor: 

Collector-to-Base 

Breakdown Voltage 

Collector-to-Emitter 

Breakdown Voltage 

Collector-to-Substrate 

Breakdown Voltage 

Emitter-to-Base 

Breakdown Voltage 

Collector-Cutoff Current 

Collector-Cutoff Current 

DC Forward-Curreru 

Transfer Ratio 

VIBRICBO 

V(BRICEO 

V(BRICIO 

VIBRIEBO 

1ceo 

lceo 

hfe 

TEST CONDITIONS 

le= 1oµA, ie =a 

le= tmA, 18 • o 

lc1 = 1aµA, 18 .. o 

ie = o 

ie = 1oµA, 'c = o 

Vee"' 1ov, 18 "'o 

Vce=1ov,1e"'o 

Vce=sv L'c"'1mA 
j_lc•10µA 

LIMITS 
CA3118AT, CA3146AE CA3118T, CA3148E 

Min. Typ. Max. 

50 

40 

50 

30 

72 

56 

72 

0.002 

85 

10o 
90 

100 

Min. 

40 

30 

40 

30 

Typ. Max. 

72 

56 

72 

0.002 100 

85 
100 

90 

Base-to-Emitter Voltage V8e Vee= 3V. te = 1 mA o.63 0.73 0.83 0.63 0.73 0.83 

Collector-to-Emitter 

Saturation Voltage Vcesat le= 10mA, 18 = 1 mA 

For transistors 03 and 04 ID•lington Config9rat9onl: 

0.33 0.33 

UNITS 

v 

v 

v 

µA 

oA 

v 

v 

Col~:;~;~~utoff l CA:::BAT t-1c_e_at-v-c_e_·_1_ov_._1e_·_o_+--t---+--+--t---+--+--µ-A-1 
DC Forward-Current CA3l18T 

Transfer Ratio only hFe Vee= 5V, le= 1 mA 1500 9000 1500 9000 

Base-to-Emitler 

ta3to 04) 

Magnitude of Base-to-

Emitter Temperature 

Coefficient 

Vee 

I "v8e I 
-'T 

Vee =sv L•e = 10mA 
J_te "'1mA 

Vee =sv, 1e "'1mA 

For trantistors 01 md 02 IAS a Differential Amplifier): 

Magnitude of lnpUt 

Offset Voltage 

lvae1 • Vee2I 
Magnitude of I CA311 BAT Sid 

hfE Ratio CA3118Tonly 

Magnitude of Base-to-
Emitter Temperature 

Coefficient 
1::•e1 

Magnitude of Vto 

I Vee 1 - Vee2l Temp
erature COefficient 

Magnitude of l 
Input Offset 

Current · 

I ••a1·l•a2I 

CA3148AE .... 
CA3146E 

only 

110 

Vee= 5V, le= 1 mA 

Vee= sv. 
lc1 = lc2 .. lmA 

Vee= sv. 
le= lmA 

Vee= SV, 

'c1 • •c2 • imA 

vce =sv . 
ic1 •1c2 "', mA 

0.9 

1.46 

1.32 

4.4 

0.48 

1.0 

1.9 

1.1 

0.3 

0.9 

1.46 

1.32 

4.4 

0.48 

1.0 

1.9 

0.3 

1.1 

v 

mV/OC 

mV 

mV/OC 

µA 

TYPICAL STATIC CHARACTERISTICS CURVES
CA3118 and CA3146 SERIES (cont'd Fig.2 to 12) 

AMBIENT TEMPERATURE ITAl-•C 

Fig.2-lcEovs. TAforanytransistor. 1 

'°" EMITTER CURR£NT l!f] •0 . 
J_ :.z ' 

'0 
J_ .LL 

1 ! ;~ 

~~ ~ '1 -I! 
~ . -~L7 ! 2 cf!.~'.L'.'. u"" 
~ ! <:' § 4 ~~ .. . L t:Z. 
~IQ": _ .. 

.. 
~ . 

~ 8 Kf~ ~ . 
.,. 

0 " "' '00 ' .. 
AMBIENT TEMPERATURE ITA 1--C 

Fig. 3 - I CBO vs. TA for any transistor. 

j 180 
COLLECTOR·TO·EMITTER VOLTAGE IYC£'1•5 Y 

i 140 

ffi 120 

I 00 

I eo 

f-

ii &O 

Lo 
~--"' 

MlllENT T£MPERATURE IT Al• 12!5"C 

... 0.1 

fl 
U, 

±l 
n 

COLLECTOR CURRENT ticl-inA 

"h,. 
~ 

-i--+-1 

----r---i 

.. I 1 10 

Fig. 4-hF£vs. fcforanytransistor. I 
COLLECTOR-TO-EMITTER VOLTAGE 1Vcel•5V 

0.9 

no 

0.1 

0.4 
-75 -50 -20 0 25 50 75 100 12!1 

AMBIENT TEMPERATURE (TAJ-•C 
92CS-11144 

Fig. 5 - Vs£ vs. TA forany transistor. 



CA3118, CA3146, CA3183 Types 
DYNAMIC ELECTRICAL CHARACTERISTICS- CA3118 and CA3146Serin 

TEST CONOITIONS 

CHARACTERISTICS 
CA3118AT CA3118T 

CA3146AE CA3146E 
Min. Typ. Max. Min. Typ. 

Low Frequency Noise Figure 

Low-Frequency, Small-Signal 

Equivalent-Circuit 

Cher.cteristic:s: 

f ~ 1kHz, Vee= sv, 

NF le= 1ooµA, Source 

resistance=1 k.O: 

Foward·Current Transfer hfe 

,,-'-"~°'~'"-----+-----! t = 1kHz. Vee "sv. 
Short-Circuit Input 

ll'l'll)edanc:e 

Open-Circuit Output 
Impedance 

Open-Circuit Reverse -
Voltage Transfer Ratio 

Admittance Characteristics 

"·· 
Foward Transfer Admittance Yte 

Input Admiltanc:e Y;8 f = 1MHz, Vee= SV, 

Output Admittance Yoe tc = 1mA 

Reverse Transfer Admittance Y re 

Gain-Bandwidth Product 

Emitter-to-Base Capacitance 

Collector-to-Base Capacitance 

Collector- to-Subs tr ate 
Capacitance 

tT Vee= sv. •c = JmA 

ceB VeB=5V.•e=o 

CcB VcB"'sv.tc=o 

cc1 Vet "'sv. tc = o 

STATIC ELECTRICAL CHARACTERISTICS - CA3183 Series 

TEST CONDITIONS 

CHARACTERISTICS SYMBOL TA=250C 

3.25 3.25 

100 1()() 

2.7 3.5 

15.6 15.6 

1.sx10·4 

31-jl.5 31-jl.5 

0.35+j0.04 O.J+j0.04 

0.001-+j0.03 O.OOl+j0.03 

See curve See curve 

300 500 JOO 500 

0.70 0.70 

0.37 0.37 

2.2 2.2 

LIMITS 

CA3183AE CA3183E 

Max. 

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

For EKh Tr.-iststor: 

Collector-to-Base 

Breakdown Voltage 

COtlector-to-Emmer 

Breakdown Voltage 

Collector-to-Substrate 

Breakdown Voltage 

Emitter-to-Base 

Breakdown Voltage 

COiiector-Cutoff Current 

Collector-Cutoff Current 

DC Forward·Current 

Transfer Ratio 

Base-to-Emitter Voltage 

Collector-to-Emitter 

Saturation Voltage 

V(BAfCEO 

V(BAlCIO 

V(BRIEBO 

iceo 

leso 

"•• 
VaE 

lc"'lmA, IB=O 

1c1"'1ooµA, 18 =0. 

le= o 

ie "'5ooµA, ic = o 

Vee"' 1ov, ie =O 

Vee"' 1ov. 1e "'o 

Vee~ J v, ie = 10mA 

Vee "'sv, ie = 50mA 

Vee "'JV, te = 1omA 

le = 50mA, le "' 5mA 

For TreMhtors 01 #Id 02 IA•• Diffll'anhel Amplif9erl: 

Absolute Input Offset 

Voltage 

AblOlute Input Oft.et 

Current 

Vee= JV, •c"' 1mA 

50 40 

40 30 

50 40 

10 10 

40 40 

40 40 

0.65 0.75 0.85 0.65 0.75 0.85 

1.7 3.0 1.7 3.0 

0.47 0.47 

0.78 2.5 0.78 2.5 

A maximum dissipetion of 5 1ransistors" 150mW = 750mW 1s possible for a particular application. 

g 2 

~ 

11.75 

~ 1.50 

::: 1.25 

:_~· ' 
" _,. 

COLLECTOR-TO-EMITTER VOLTS (VcE)•5 V 
COLLECTOR-TO-EMITTER VOLTS ( VcEl•5 V 

-50 -2:11 0 25 50 15 

UNITS 

•• 

µmho 

mm ho 

mm ho 

mmho 

pF 

pF 

pF 

UNITS 

µA 

µA 

mV 

µA 

AMBIENT TEMPERATURE (TA)-"C "'2CS-l5117R! AMBIENT TEMPERATURE (TA)-~ 

Fig. 9- Vgf vs. TA for Darlington 
pair (DJ and D4). 

Fig. 10- VtD vs. TA for GI and 02. 

TYPICAL STATIC CHARACTERISTICS CURVES
CA3118 and CA3146 SERIES (cont'd Fig.2 to 12) 

10 20 !O 
COLLECTOR cutRENT Uc)-mA 

Fig. 6- VcE rat vs. tcforany 
transistor. 

COLLECTOR-TO-EMITTER VOLTAGE (VcEl•5V 

i '" ;;,;,EN, ""JT~ :,., ... ,-c ~ 
ffi,..12K f--+--H-+-f---t--t--1--t-+----t--t--lt-ti 
~]!' 

~i1oi< f--+--H-+-f--+-,+-,.-',-++---+-+--H-1 

Ii"~ ii 6K 

~ 4Kf---J.--l---l-+-l---+-+--_~,,~-c+---+-+--l--t-l 

g I ~®~=!P=:t::+:ffi .. 1--
418 41• 2 4 •• 

0.1 I 10 
COLLECTOR CURRENT IIcl-mA 

9i.CS·l9645 

Fig. 7- hF£VS. tcfor Darlington pair (03 and 04) 
for types CA3118ATand CAJ/./8T. 

1.7 COLLECTOR-T0-EMIT7ER \IOLTS(VcE)•5 V 
AMBIENT TEMPERATUffE (TAl•25"C 

'' t--l--+-t-+-+--t---1---i-+-t---+-1 ·" v ~f L'1 
:5 i 1.5 l----l---+--+-++---+-----1---1--+-tv---7''-+---I 
~~ 
~~ V1 
~ii! 1.41--+--+--+-+-t--11---+A-++---t-1 

~; vV1 
''/ .. , ., '"' ' EMITTER MILLIAMPERES(Iel 

Fig. 8- VgfVS. lfforDarlington 
pair (03 and 04). 

EMITTER MllUAMPERESllEl 

Fig. ll-VeEandVfDVS. lffOrGlandG2. 

212~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



TYPICAL STATIC CHARACTERISTICS CURVES
CA3118 and CA3146 SERIES (Fig.2 to 12) 

IOa COLLECTOR-TO· EMITTER VOLTA(!.E lVcEl•5V 
t=: < : AMBIENT TEMPERATURE (TAI• 25•c 

~. a6 2t---+--t-t-t-t--+--t-t-t-t--+--+-1_,,. ~-H 
1;; e1 JL..J 

~~=:~~:~~:~:::~~:~~:~:::v~::a~:=z:_?J:_t,_:::t~ 
~ ~ 21---+--+-t-t-+--+-L-+-p--.++-+--+--+-+-< 

~ 0.1:$==!==$1~ _.$?2"~=$:$$$=$=$:$~ 
= ~ 
; :~i---+--+--+-++-+--+--+-++-+--+--+--H 

QO 
O.OI 2 4 & a0 _1 4 6 a I 

COLLECTOR MILLIAMPERES ticl 

4 6 810 

Fig. 12- 110 vs. le (01and02) for types CA3146AE 
and CA3146E. 

30 COLLE>'.: TOR TO-EMITTER VOLTS ('V(:[I• 5 V 

SOURCE RESISTANCE OHMS IRsl•IOOOO l V 
AMBIENT TEMPERATURE {TA)•25-C ~ 

,. I v 
T '° 1 ~,...L__ ~ ~ ... ~· v 
~" ~e. I 01 
I 10 d#J ,L 

V1 kd ~ 
4 6 '0.1 2 

COLLECTOR MILLIAMPERES !I.cl 

Fig.15-NFvs.lc@Rs=IOkn. 

;I 5,f-+--+-+-f+--+-f-+-++-1-+-++1--+-1 
•1. J!:'.i 

~~ 

~l 4f-+--+-+-f+--+-f-+-++-t-+-+++-.L-+J-j 
~i 3 
~~ f-+-+-t++--+-++l+--i-1-+rh~HH 

u~ ~' 
~e 2f-+--+-+-f+--+-f-+-++-1--¥--l't-1--+~ 
·~ ~ m lf--t--+-+++--+--+-+-t-+-~~~...,.-.,-+t-f-+ 

QI 
4 68 2 4 68 I 10 

FREQUENCY (f)-MHi 

Fig. 18- Yie vs. f. 

. .. 
100 

CA3118, CA3146, CA3183 Types 
TYPICAL DYNAMIC CHARACTERISTICS CURVES 
(FOR ANY TRANSISTOR)-CA3118,CA3146 SERIES (fig. 13 to 22) 

COLLECTOR-TO-EMITTER \IOLTS (\t£}"5V 

SOLRCE. RESISTANCE OHMS IRS)•500 
AMBIENT TEMPERATURE ITAJ•25"C 

20f--_,.---,---,,--,-,---t--+--+--t-1 

II~ 
"f--+--+-1H-+-H-,~)."-++-l 

1ot----+--+--+-+-.:.~<'~>'-~t----+--+17-,._k'.'.H 
t:::- $ _J>1 
·F5~~§§::tl::::~==f.~ 

6 •ai 

COLLECTOR MILLIAMPERES tlC) 

Fig. 13-NFvs. lc@Rs=500fl.. 

100 COLLECTOR-TO-EMITTER VOLTS(VCE)o!IV 
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I 
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o 'I 

"6 llO 

... 
rt 
IZ ... 

' . 

COLLECTOR-TO-EMITTER VOLTS IVCf:l- 5 V 
SOURCE RESISTANCE OHMS IRsl•IOOO 
AMBIENT TEMPERATURE ITA)•25"C 
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Fig. 14-NFvs. lc@Rs= lkfl.. 
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Fig. 20- Yre vs. f. 
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BIAS VOLTAGE-V 

Fig. 21- trvs. 10 Fig. 22- Cfg. Ccg, Cc1vs. biasvoltage 



CA3118, CA3146, CA3183 Types 
TYPICAL STATIC CHARACTERISTICS CURVES-CA3183 SERIES 
(Fig. 23 to 30) 

-50 -25 0 25 50 75 
AMBIENT TEMPERATURE {TA)-•C 

Fig. 23 - I CEO V< TA for any transistor. 

AMBIENT TEMPERATURE ITAl;25-C 

000 

~ 100+----+---+--+-++-_L+--4-4--+-+--+--H • ~ 
: ~+----+---+--+-++-+--4-4--+-+--+--H 
$ I ;_;;..,, ____, 
~ 80 '41)\."<Jt.Gt~ 3V 

~ t11i1·rtER "'"" I 
!z COi..'-~ ~ 
~ 70t"""" i &Of----+--t--t-t+-+--l-l-+t--J---j\j 

i 50+----+---+--+-++--+---<r-<--+-+-__, _ __...., 

~ 
40 . . . 

1.0 10 
COLLECTOR CURRENT llcl-mA 

Fig. 26 - hFf VS. le for any transistor. 

4 COLLECTOR-TO-EMITTER VOLTAGE (Vcel•3 v 

0 

10-1, COLLECTOR-TO-BASE VOLTAGE (Vcel•IOV 

-50 -25 0 25 50 
AMBIENT TEMPERATURE (TA)-•C 

Fig. 24 - I CBO V< TA for any transistor. 

000 
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~ 0.7 Jt.h\BIE~T 1'E r--1~ ~ 

~~ ~+' 
io0.61~ 

o.o.f-r---+-1-r-f-++--l-l-+-+-n--+--H 

l 
~ 0.41--+-·-+--+-++--+--!--+-+-+--+----+i 

. .. 
00 0 00 
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Fig. 27- VsE vs. le for any transistor. 

COLLECTOR-TO-EMITTER VOLTAGE !Vcel •3V 
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Fig. 25 - hFf vs. TA for any transistor. 

COLLECTOR CURRENT ( Ic l - mA 

Fig. 28- VcE sat vs. lcforanytransistor. 
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Fig. 29- \ V10\ vs. le for differantial amplifier (GI and G2.'. Fig. 30- I 'IOI vs. le for differential amplifier (GI and G2J. 



High-Frequency N-P-N 
Transistor Array 

CA3127E 
Features: 

For Low-Power Applications at Frequencies up to 
500 MHz 

•Gain-Bandwidth Product (fTI > 1 GHz 
•Power Gain= 30 dB (typ.) at 100 MHz 
•Noise Figure= 3.5 dB (typ.) at 100 MHz 
• Five independent transistors on a common substrate 

RCA-CA3127E* consists of five general
purpose silicon n-p-n transistors on a common 
monolithic substrate. Each of the completely 
isolated transistors exhibits low 1 /f noise and 
a value of fr in excess of l GHz, making the 
CA3127E useful from de to 500 MHz. 
Access is provided to each of the terminals 
for the individual transistors and a separate 
substrate connection has been provided for 
maximum application flexibility. The mono
lithic construction of the CA3127E provides 
close electrical and thermal matching of the 
five transistors. 

The Cl\3127E is supplied >n a 16-lead dual-in
line plastic package and operates over the full 
military temperature range of -55 to +125°C. 
* Formerly RCA Dev. No. TA6206. 

MAXIMUM RATINGS, 
Absolute-Maximum Values: 

POWER DISSIPATION. Po: 
Any one transistor . 85 mW 
Total Package: 0 

For TA up to 75 C 425 mW 
For TA > 75° C Derate 

Linearly at. 6.67 mW/°C 
AMBIENT TEMPERATURE RANGE: 0 

Operating . -55.to +125 C 
Storage . . -65 to +125°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 

The following.ratings apply for each tranSistor in 
the device: 

· Collector-to-Emitter Voltage, V CEO . 
Collector-to-Base Voltage, Vcao . 
Collector-to-Substrate Voltage, Vc10* 
Collector Current, le 

. 15V 

. 20 v 

. 20V 
20 mA 

*The collector of each transistor of the CA3127E 
is isolated from the substrate by an integral diode. 
The substrate (terminal 5) must be connected to 
the most negative point in the external circuit to 
maintain isolation between transistors and to 
provide for normal transistor action. 

COU.ECTOR CURRENT (Icl·lllA 

Fig. 2 - 1 If noise figure as a function of collector 
current at RsoURCE = 500 11. 

Applications: 

•VHF amplifiers •VHF mixers 
• Multifunction combinations- • IF Converter 

RF/mixer/oscillator •IF amplifiers 
• Sense amplifiers • Synthesizers 
• Synchronous detectors • Cascade 

amplifiers 

92CS-22214 

Fig. 7 - Schematic diagram of CA3127E. 

STATIC ELECTRICAL CHARACTERISTICS at TA= 2s0 c 
CHARACTERISTICS TEST CONDITIONS LIMITS UNITS 

Min. Typ. Max. 

For Each Transistor: 

Collector-to· Base 
lc=10µA,IE=O 20 Breakdown Voltl!ll_e 32 - v 

Collector-to-Emitter 
lc=lmA,1 8 =0 15 24 v Breakdown Voltage -

Collector-to-Substrate 
lc1 = 10 µA, I B = 0, IE = 0 20 60 v Breakdown Voltage -

Emitter-to-Base IE= 10 µA, le= 0 4 5.7 - v 
Breakdown Voltage* 

Collector-Cutoff-Current VcE=10V,ls=O - - 0.5 µA 

Collector-Cutoff-Current Vcs = 10V, IE =O - - 40 nA 

DC Forward-Current 
lc=S mA 35 ¥ -

-. 
Transfer Ratio VcE =.6 V lc=l_mA 40 90 -

le =0.1 mA 35 85 -
lc=5mA .0.71 0.81 0.91 

Base-to-Emitter Voltage VcE = 6 V lc=1 mA 0.66 0.76 0.86 v 
lc=0.1 mA 0.60 0.70 0.80 

Collector-to-Emitter 
Saturation Voltage 

lc=10mA,ls=1mA - 0.26 0.50 v 

Magnitude of Difference 
01 & 02 Matched 0.5 5 mV 

in VBE 
-

Magnitude of Difference 
VcE = 6 V, le= 1 mA - 0.2 3 µA 

in Is 

*When used as a zener for reference voltage, the device must not be subjected to more than 0.1 millijoule of 
energy from any possible capacitance or electrostatic discharge in order to prevent degradation of the 
junction. Maximum operating zener current should be less than 10 mA. 



CA3127E 

DYNAMIC CHARACTERISTICS at TA= 25°C 

CHARACTERISTICS TEST CONDITIONS LIMITS UNITS 
Min. 'Tyi>. Max. 

l/F Noise Figure f= 100 kHz, Rs= soon, le= 1 mA - 1.8 - dB 

Gain-Bandwidth Product VcE = 6 V, le= 5 mA - 1.15 - GHz 

Collector·to·Base 
Vee= 6 v. f = 1 MHz Capacitance - See - pF 

Collector-to-Substrate 
Vc1 = 6 v. f = 1 MHz Capacitance - Fig. - pF 

Emitter-to-Base 
VeE = 4 v. f = 1 MHz Capacitance - 5 - pF 

Voltage Gain VcE = 6 v. f = 10 MHz 
28 dB RL = 1 kn, le= 1 mA - -

Cascade Configuration Power Gain 
f = 100 MHz, v+= 12 v 27 30 - dB 

Noise Figure lc=1 mA 

Input Resistance Common-Emitter 

Output Resistance Configuration 

Input Capacitance Vee= s v 
Output Capacitance lc=1 mA 

Magnitude of forward 
f = 200 MHz 

r 
3 
! 
~ 
~ 

Transadmittance 

CCLI.ECTOR CURttENTflcl-lllA .......... 
Fig. 5 - Base-t~mitter voltage as a function of 

collector current. 

40 AMBIENT TEMPl:RATURE tT1il•25 C 
COU.ECTOR·TO-EMITTER VOLTAGE lY([l-fiY 

JI LO&D Rt:SISTANCE Clti)lllOOA 
SO FOR TEST CIRCUIT SEE FIG. 20 .. :!!:!-ECTOR CURRENT I ,.,~ .. ,. , .. ' .. 

f'. " .... 
• ~ 

·• 
=Ill 

' . . . • 'ioo " FREOUENCYUl-MliJ 

T"' ,....... . IOOO 

Fig. 7 - Voltage gain as a function of frequency 
at RL = too n. 

r 
3 
j 

! 
~ 

- 3.5 - dB 

- 400 - n 

- 4 .. 6 - kn 

- 3.7 - pF 

- 2 - pF 

- 24 - mm ho 

Fig. 6(a) - Capacitance as a function of bias 
voltage for a2' 
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FREQUENCY ltl- MHz 

Fig. 8 - Voltage gain as a function of frequency 
at RL = 1 klJ. 

COLLECTOR CURRENT IJ:cl-mA 

Fig. 3 - 1 H noise figure as a function of collector 
current at RsoURCE = 1 kn. 

01234561.e910 
COLLECTOR CURRENT IIcl-mA I 

Fig. 4 - Gain-bandwidth product as a function of 
collector current. 

C..-ltllnH lpfl 

"ca 
Tr•llbtor ..... Ta1al ..... Tat111 . .... TObl .... ... 

6V ··-01 0.025 0.190 0.090 0.125 0.3'6 0.610 0.475 

02 0.170 0.225 0.2E 0.130 0.360 0.085 

03 0.040 0.200 0.215 0.240 0.360 0.625 0.210 

o• 0.040 0.190 0.225 0.270 O.JE 0.610 0.085 1.25 

05 0.010 0.15 0.096 0.115 0.140 0.3'6 0.090 1.35 

Fig. 6(b} - Typical capacitance values at f = 1 MHz. 
Three terminal measurement. Guard 
all terminals except those under test. 

ICiC AN9ENT TEMPIRATURE ITAl·n·c i COLLlCTOR-TO-EMITTER YOLTAGEIYcEl•6V 
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40 
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COLLECTOR CUMtENTlicl-lllA 

Fig. 9 - DC forward-current transfer ratio as a 
function of collector current. 
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Fig. 10 - Input admittance (Y 11) as a function of 
frequency. 

COLLECTOR CURRENTIIcl-mA 

Fig. 13 - Output admittance IY22las a function of 
collector current. 

COLLECTOR CURRENT llcl-lmA 

Fig. 16 - Reverie transadmittance (Y 121 as a 
function of collector current. 
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COLLECTOR CURRENT 1Jc1-mA 
HCS·IUZZ 

fig. 11 - Input admittance (Y 11} as a function of 
collector current. 

COLLECTOR CURRENTIIcl-111A 

Fig. 14- Forwardtransadmittance IY27lasa 
function of collector current. 

... 1 ''IOOO • 
FREQUENCY ttl-MHi 

Fig. 17 - Reverse transadmittance (Y 12) as a 
function of frequency. 

This circuit was chosen because it conveniently 
represents a close approximation in performance to 
a properly unilateralized single transistor of this 
type. The use of Q3 in a current-mirror configu
ration facilitates simplified biasing. The use of the 
cascade circuit in no way implies that the tran
sistors cannot be used individually. 

Fig. 19 - 100-MHz power-gain and noise-figure test circuit. 

CA3127E 

t. AM•ENT TEMPEftATUM: IT,t,1•2,.C 
1.2 CQLLECTOlt·TO-PlllTTtlt VOLTAGE. 

J 
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Fig. 12 - Output admittance (Y 221 as a function of 
frequency. 
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Fig. 15 - Forward transadmittance IY27I asa 
function of frequency. 

IOKO 

llAS·CURRENT 
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v• 

Fig. 18 - Voltage--gain test circuit using current· 
mirror biasing for Da-

GlllMIAllM91111-1'1 ·---

Vtt, ........ --- ,....., ......... -....... 

Fig. 20 - Block diagrams of power*fJllin and noise

figure test set-ups. 



CA3130, CA3130A, CA3130B Types 

Bi MOS Features: 

Operational Amplifiers 
With MOS/FET Input, COS/MOS Output 

RCA-CA3130T, CA3130E, CA3130S, CA-
3130AT ,CA3130AS,CA3130AE,CA3130BT, 
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/F ET (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 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 

• MOS/FET input stage provides: 
very high z1 = 1.5 Tn (1.5 x 1012 n) typ. 
very low 11 • 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 

( 
Ideal for 
single-supply 
applications 

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 T0-5 style packages (T suffix), 8-lead 
dual-in-line formed lead T0-5 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. 

• Low V10= 2 mV max. (CA3130B) 
• Wide BW: 15 MHz typ. (unity-gain crossover) 

, • High SR: 10 V /µs typ. (unity-gain follower) 
• High output current Oo): 20 mA typ. 
• High AoL: 320,000 (110 dB) typ. 
• Compensation with single external capacitor 

Applications: 
• Ground-referenced single-supply amplifiers 
• Fast sample-hold amplifiers 
• Long-duration timers/monostables 
• High-input-impedance comparator~ 

(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 ,-----, 

I BIAS CIRCUIT 1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,---------,c----, 
I CURRENT SOURCE FOR Q6 AND Q7 I 1"CU~~!~·:r;~~ua~fE I 7 v• • Photo-diode sensor amplifiers 

ZI 
8.3V 

RI 

40Ul 
R2 

L ___ _:~ 

I I 
I I 
I I oo 
I I 
I I 

NOTE: 
DIODES 05 THROUGH 08 PROVIDE GATE-OXIDE PROTECTION 
FOR MOS/FET !NPUT STAGE. 

Fig.1 - Schematic diagram of the CA3130 Series. 

92CM- 24 714RI 

PHASE COMPENSATION TAB 

TOP VIEW 
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S and T Suffixes 

OIJu'l_'i.T ~8 STOOi( 

INV. INPUT 2 - 7 yt 

NON. 
!NV. INPUT 3 6 OUTPUT 

v- 4 5 °:i~P 

TOP VIEW 

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 

DIFFERENTIAL-MODE 
INPUT VOLTAGE .................. ±8 V 

COMMON-MODE DC 
INPUT VOLTAGE ... (v+ +8 VI to 1v- -0.5 VI 

INPUT-TERMINAL CURRENT ......... 1 mA 
DEVICE DISSIPATION: 
WITHOUT HEAT SINK -

UP TO ss0 c . . . . . . . . . . . . . . . . . . . 630 mW 
ABOVE 55°C .... Derate linearly 6.67 mWt°C 

WITH HEAT SINK -
AT 12s0 c . . . . . . . . . . . • . • • . . . . . . 418 mW 
BELOW 125°C ... Derate linearly 16.7 mWl°C 

TEMPERATURE RANGE: 
OPERATING (all types) •.••• -55 to+ 12s0 c 
STORAGE (all types) ........ --66 to+ 160~ 

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 applhkl to ground or to either 
supply. 

TOTAL SUPPLY \IOllAGE lroR INDICATED VOi.TAG! GAINS)• IS V 
*WITH 1,.UT TEll!MIN•LS BIASED SO THAT TERM. S POTENTIAL 

ELECTRICAL CHARACTERISTICS at TA•250C, v+-15 v. v-. 0 v (Unless otherwi11 specified).:,;:~~::::~;:~=-~ DRIVEN TO"'"'" SUPPL' RAIL. 

CHARAC.TERISTIC CA31308 (T,S) 
Min_ Typ. Max. 

Input Offset Voltage, - 0.8 2 
lv10 1. v±=±7,5 v 

Input Offset Current, - 0.5 10 
11101. v±=±7.5 v 

Input Current, I 1 
v±=±7.5 v - 5 20 

large-Signal Voltage 100k 320 k -
Gain, AoL 
Vo=10~ RL=2k!l 100 110 -
Common-Mode 

86 100 
Rejection Ratio,CMRR 

-

Common-Mode Input- -0.5 
Voltage Range, V1cR 0 to 10 

12 

Power-Supply Rejection 
Ratio, 6V 1ot6v± - 32 100 
v±=±7.5 v 

Maximum Output 
Voltage: 

At RL=2 k!l 
VoM+ 12 13.3 -
VoM- - 0.002 0,01 

At RL =co 
VoM+ 14.99 15 -
VoM - 0 0,01 

Maximum Output 
Current: 

loM+ (Source)@ 
Vo=OV 12 22 45 

10 M- (Sink)@ 
Vo= 15V 12 20 45 

Supply Current, I+: 
Vo=7.5 V,RL =co - 10 15 

Vo=OV, RL :co - 2 3 

Input Current, 11 * - Fig.12 15 

Input Offset Voltage 
Temp. Drift, - 5 15 
6V10/6T* 

large-Signal Voltage 50 k 320 k -
Gain, AoL 

. 94 110 -

LIMITS 

CA3130A (T,S,E) 
Min. Typ. Max. 

- 2 5 

- 0.5 20 

- 5 30 

50 k 320k -

94 110 -

80 90 -
-0.5 

0 to 10 
12 

- 32 150 

12 13.3 -
- 0.002 0.Dl 

14.99 15 -
- 0 0,01 

12 22 45 

12 20 45 

- 10 15 

- 2 3 

- Fig_ 12 -

- 10 -

- 320 k -
- 110 -

CA3130 (T,S,E) 

Min. Typ. Max 

- 8 15 

- 0.5 30 

- 5 50 

50 k 320 k -

94 110 -

70 90 -
-0.5 

0 to 10 
12 

- 32 320 

12 13.3 -
- 0.002 0.01 

14.99 15 -
- 0 0,01 

12 22 45 

12 20 45 

- 10 15 

- 2 3 

- Fig_ 12 -

- 10 -

- 320k -
- 110 -

Units 

mV 

pA 

pA 

VIV 

dB 

dB 

v 

µVIV 

v 

mA 

mA 

nA 

µV/OC 

VIV 

dB 

Fig. 3 - Block diagram of the CA3130 Series. 
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Fig. 6 - Open-loop gain VI. temperature. 
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Fig. 6 - Voltage transfer characteristics of 
COS/MOS output stage. 



CA3130, CA3130A, CA3130B Types 

TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 

TEST 
CONDITIONS 

v+=+7.5V 

CHARACTERISTIC 
v- = -7.5 v 

CA3130B CA3130A CA3130 UNITS 
TA =25°C 

(Unless Other- IT.SI (T,S,E) (T,S,E) 

wise Specifiedl 

Input Offset Voltage 10 kn across 
Adjustment Range Terms. 4 and 5 ±22 ±22 ±22 mV 

or 4 and 1 

Input Resistance, RI 1.5 1.5 1.5 T!1 

Input Capacitance, C1 f = 1 MHz 4.3 4.3 4.3 pF 

Equivalent Input Noise BW =0.2 MHz 23 23 :23 µV 
Voltage, en Rs= 1 Mn* 

Unity Gain Crossover Cc=O 15 15 15 
MHz 

Frequency, fT Cc= 47 pF 4 4 4 

Slew Rate, SR: 
Open Loop Cc=O 30 30 30 

Closed Loop Cc= 56 pF 10 10 10 
V/µs 

Transient Response: Cc=56pF 
Rise Time, tr CL= 25 pF 0.09 0.09 0.09 µs 

Overshoot RL =2kn 10 10 10 % 

Settling Time (4 VP·P 
(Voltage 
Follower) 1.2 1.2 1.2 µs 

Input to <0.1 %) 

* Although a 1-Mn source is used for this test, the equivalent input noise remains constant for values of Ag 
up to 10Mn. 

TEST 
CONDITIONS 

v+=5V 

CHARACTERISTIC 
v-=ov 

CA3130B CA3130A CA3130 UNITS 
TA =250C 

IT.SI (T,S,E) (T,S,EI 
(Unless Other-

.wise Specified) 

Input Offset Voltage, V10 1 2 8 mV 

Input Offset Current, I 10 0.1 0.1 0.1 pA 

Input Current, I 1 2 2 2 pA 

Common-Mode Rejection 
Ratio, CMRR 100 90 80 dB 

Large-Signal Voltage v 0 = 4 vP·P 100 k 100 k 100 k VIV 

Gain, AoL RL=5k!1 100 100 100 dB 

Common-Mode Input 
Voltage Range, V1cR 0 to 2.8 0 to 2.8 o to 2.8 v 

Vo= 5 V, 
300 300 300 

Supply Current, 1+ 
RL = oo 

µA 
Vo= 2.5 V, 

500 500 500 
RL = oo 

Power Supply Rejection 
Ratio, /:!N10/6.V+ 200 200 200 µVIV 

8 10 12 14 lfi 
TOTAL SUPPLY VOLTAGE lvi">-V 

Fig. 7 - Quiescent supply current vs. supply voltage. 

4 & a 10 12 14 11 11 
TOTAL SUPP!..Y VOLTAGE (V+!-V 

92CS-24720 

Fig. 8 - Quiescent supply current vs. supply voltage 
at severs/ temperatures. 
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Fig. 9 - Voltage across PMOS output transistor 
(08) vs. load current. 
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Fig. 10 - Voltage acrou NMOS output transistor 
(0121 ... load current. 



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 circ.uit 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. Cascade-connected PM OS transistors 
02, 04 are the constant-current source for 
the input stage. The biasing circuit for the 
constant-~urrent source is subsequently de
scribed. The small diodes 05 through 08 
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 transiswr 011 
and its cascade-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 R 1, diodes 01 through 
04, and PMOS transistor 01. A tap at the 
junction of resistor R 1 and diode 04 provides 
a gate-bias potential of about 4.5 volts for 
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PMOS transistors Q4 and Q5 with respect to 
Term. 7. A patential 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 03. 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, 01-04, and 01, 
varies directly with variations in supply 
voltage, Consequently, the gate bias for 04, 
Q5 and 02, 03 varies in accordance with 
supply-voltage variations. This variation re
sults in deterioration of the power-supply
rejection ratio (PSR R) 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 T A=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 advantageoµsly 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 linaar-eircuit 
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 

..• 

_, 
INPUT CURRENT l.J:T l- pA 
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Fig.11 - Input current vs. common-mode vo/'tage. 

voltage. Although the finite resistance of the 
glass terminal-to-case insulator of the T0-5 
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 T0-5 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. 
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Fig.12 - 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 (Viol Variation with 
DC Bias vs. Device Operating Life 

It is well known that the characteristics of a 
MOS/FET device can change slightly when a 
de gate-source bias potential is applied to the 
.device for extended ti me periods. The magni· 
tude of the change is increased at high tern· 
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 de 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 35oc, 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 de differential voltage example rep· 
resents conditions when the amplifier output 
stage is "toggled", e.g., as in comparator 
applications. 

AMBIENT TEMPERATURE (TA)•12s•c 

500 1000 1!500 2000 2500 3000 3!500 4000 
TIME (t)- HOURS 

Fig.13 - Typical incremental offset-voltage shift 
vs. operating life. 

Power-Supply Considerations 
Because the CA3130 is very useful in single· 
supply applications, it is pertinent to review 
some considerations relating to power-supply 
current consumption under both single· and 
dual-supply service. Figs. 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 R L 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+12. 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 
Class A amplifier, the supply-current will 
remain constant under dynamic operating 
conditions as long as the transistors are 
operated in the I inear 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 R L =00, 

by pulling the potential of Term. 8 down to 
that of Term. 4. 

Let it now be assumed that a load-resistance 
of nominal value (e.g., 2 kilohms) is 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 v+12. 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 ~ust increase as an inverse 
function of the R L 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 
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(a) DUAL POWER-SUPPLY OPERATION 

!bl SINGLE POWER-SUPPLY OPERATION 

Fig.14 - CA3130 output stage in dual and single 
power-supply operation. 
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Fig.15 - Test-circuit amplifier (30·d8 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 



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· 

JO Ul 

BWl-3d9)=4MHr 
SR~ lOVlµs 

Top Trace: Output 
Bottom Trace: Input 

(a) Small-signal response (50'mV1div. 
and 200 ns/div.) 

Top Trace: Output signal 12 V/div. 
and 5 µs/div.) 
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Center Trace: Difference signal (5 mV /div. 
and 5 µs/div.) 

Bottom Trace: Input signal (2 V/div. 
and 5 µs/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. 
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waveform in Fig. 17a with input-signal 
ramping. The waveforms in Fig. 17b show 
that the fol lower 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. 

+1!5 v 

10 ~n 

2 kA 

0 I p.F 

(a) Output..waveform with input-signal ramping 
(2 V /div. and 500 µs/div.) 

ov 

ov 

·OV 
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Top Trace: Output (5 V/div. and 200 µs/div.) 
Bottom Trace: Input (5 V/div. and 200 µs/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 DIA converter; see 
Fig.9 in /CAN-6080}. 

9-Bit COS/MOS DAC 
A typical circuit of a 9-bit Digital-to-Analog 
Converter (DAC)* 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/2 R 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 CD4007 A 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 Is provided by the 
regulator output control, set to a nominal 
10-volt level in this ststem. 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 n~eds. 

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 me 
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 1 N914 
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 
satisfied, 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 COS/MOS digital switJ:hes and CA3130. 
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Fig. 19 -· Single-supply. absolute-value. ideal full-wave 
rectifier with associated waveforms. 

peak-negative circuit is much less than that of 
the peak-positive circuit. The second stage 
of the CA3130 limits the bandwidth in this 
case. Negative-going output-signal excursion 
requires a positive-going signal excursion at 
the collector of transistor 011, which is 
loaded by the intrinsic capacitance of the 
associated circuitry in this mode. On the 
other hand, during a negative-going signal 
excursion at the collector of 011, the 
transistor functions in an active "pull-down" 
mode so that the intrinsic capacitance can be. 
discharged more expeditiously. 

!al PEAK POSITIVE DETECTOR CIRCUIT 

·~· 

lbl PEAK 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, 02, and 
05 in IC2 are configured as a low impedance, 
temperature-compensated soµrce 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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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 Dari ington ·connected series· 
pass transistors 01, 02. Transistor Q3 func
tions in the previously described current· 
limiting circuit. 

Multivibrators 
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 R 1 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 Sl 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, Rl. A voltage
control input is also available for remote 
sweep-control. 

The heart of the frequency-determining sys
tem is an operational·transconductance-ampli· 
tier (OTA)*, IC!, operated as a voltage-con· 
trolled current-source. The output, lo. is a 
current applied directly. to the integrating 
capacitor, C1, in the feedback loop of the 
integrator IC2, using a CA3130, to provide 
ths 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 nON"' 
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. 

This arrangement boosts the current-hand! ing 
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. 



, ,.. 

INH1f---'\/Vl..-<H 

I /'F 

Av(CL) = 48 dB 
LARGE SIGNAL 
BWl-3 dB)'" 50 kHz 

IM'1 

510 Ul 

+15 v 

CA3130, CA3130A, CA3130B Types 

5001 
RL•IOOQ 

l"o•l!50 .... 
AT THO• 

- 10 .. l 

NOTE: *SEE FILE NO. 619 

TRANSISTORS pl, p2, p3 ANO nl, n2, n3 ARE 
PARALLEL- CONNECTED WliH QB AND 012, 
RESPECTIVELY, OF THE CA3130 

92CM-24137 

Fig. 25 - COS/MOS transistor array (CA3600E I 
connected as power-booster in the 
outpllt •tage of the CA3130. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in
dicated. Grid graduations are in mils (1 o-3 inch). 

H-14 
(1.423-1.625·) 

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 mfn) larger in both dimensions. 

Dimensions and Pad Layout for CA3130H. 



CA3138G, CA3138AG Types 

High-Current, High-Beta 
N-P-N Transistor Arrays 

Preliminary Data 
Features: 

Hermetic Gold-CHIP Type For Industrial, Commercial, 
and Military Applications 

•High Current -1 A 
•High Beta - 95 min. at le= 500 mA, VcE = 5 v 
•Low VcE(SAT) -0.4 V max. at le= 500 mA, 18 = 12.5 mA 
•"Hermetic Gold-CHIP" Construction 
•Silicon Nitride Passivated Applications: 

Four Isolated Discrete Sealed-Junction High-Current 
N-P-N Transistors 

• Platinum Silicide Ohmic Contacts • High-Current LED Driver 

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 al I the features and 
characteristics of the CA3138G but is in
tended for applications requiring premium 
grade specifications -- higher rating for 
Vcso of 25 volts and limits established for 

lcEO• IEBO· and hFE at 10 mA. 
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•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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MAXIMUM RATINGS, Absolute·Maximum 
Values 

COLLECTOR-TO-EMITTER 
VOLTAGE 15 

With Base Open IV CEO) 

COLLECTOR-TO-BASE 
VOLTAGE 
With Emitter Open IV CBO) 

CA3138G 20 
CA3138AG 25 

EMITTER-TO-BASE 
VOLTAGE 5 

With Collector Open IV EBO) 
COLLECTOR CURRENT llcl 
POWER DISSIPA110N !Pol: 

At TA up to 25 C: 
For Each Transistor 
Total Package 0 _ ....... 2 

At TA above 25 C derate 
linearly 20 

AMBIENT TEMPERATURE 
RANGE: 

Operating . . . -55 to +125 
Storage . -65 to +150 

LEAD TEMPERATURE 
(DURING SOLDERING): 

At distance 1 /16 ± 1 /32 inch 
( 1.59 ± 0. 79 mm) from case 

for 10 seconds max. . . . . . 265 

v 

v 
v 

v 

A 

w 
w 

mW/°C 

oc 
oc 

oc 



CA3138G, CA3138AG Types 

ELECTRICAL CHARACTERISTICS at TA= 25°C 

LIMITS 

Characteristic Test Conditions CA3138G CA3138AG Units 

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

Collector-t~-Ernitter Sustaining 
lc=lmA,1 6 =0 15 20 - 15 20 - v 

Voltage, V CEo(sus)* 

Collector-to-Emitter Breakdown 
lc=10µA 20 55 25 60 v 

Voltage, V(BRICES 
-· -

Collector-to-Base Breakdown 
le= 10 µA, IE= 0 20 55 25 60 v 

Voltage, V (BRICBO 
- -

Emitter-to-Base Breakdown 
IE= 10 µA, le= 0 5 7.2 5 7.2 v 

Voltage, V(BRIEBO 
- -

Base-to-Emitter Saturation 
le= 500mA, 16 = 12.5mA 0.7 0.81 1. I 0.7 0.81 1.1 v 

Voltage, VsE(satl• 

Collector-to-Emitter Saturation 
lc=500mA, 16 = 12.5 mA 0.26 0.4 0.26 0.4 v 

Voltage, V cE(sat)* 
- -

1cso Vcs=15V - 0.03 1 - 0.02 0.1 
Collector-Cutoff 

1crn VcE = 10 V - 0.5 - - 0.3 1.0 µA 
Current 

1EBO VEB = 4 V - 0.01 - - O.Q1 0.1 

lc=10mA, VcE= 5V - - - 35 140 -

Static Forward-Current Transfer lc=100mA,VcE=5V 80 160 450 80 160 450 

Ratio (Beta), hFE* 
le= 500mA, VcE = 5V 95 170 500 95 170 500 

le= 1 A, VcE = 5 v 40 170 - 40 170 -
Small-Signal Forward Current le= 50mA, VcE = 10V, 

2 - - 2 - -
Transfer Ratio, hte f=100MHz 

Collector-to-Base 
Vcs = 10 V, IE= 0 18 18 pF 

Capacitance, Ccs 
- - - -

Emitter-to-Base 
'\ VEB = 0.5 V, le= 0 77 77 pF 

Capacitance, CEB 
- - - -

Rise Time (See Test Ckt. 
6 6 

Fig. 61,tr lc=570mA 
- - - - ns 

Fall Time (See Test Ckt. 
Fig. 6), t1 191=30mA - 100 - - 100 - ns 

Delay Time (See Test Ckt. 
Fig. 61, td 192 = 0 - 7.5 - - 7.5 - ns 

Storage Time (See Test Ckt. 
Fig. 61, ts - 850 - - 850 - ns 

*Pulse Conditions: width == 300 µs; duty cycle== 1 %. 

HV 

V TO SAMPLING 
o SCOPE 

92CS-26926RI 

Fig. 6 - Switching time test circuit and waveforms. 



CA3140, CA3140A, CA3140B Types 

BiMOS Operational Amplifiers Features: 

With MOS/FET Input, Bipolar Output 

The CA3140B, 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 
amplifi<~rs. 
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 
T0-5 style package (T suffix), or in the 8-
lead dual-in-line formed-lead T0-5 style pack
age "DIL-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 CA3140B 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. 

• MOS/FET Input Stage 
(a) Very high input impedance (Z1NI - 1.5 TQ typ. 
(b) Very low input current 011 - 10 pA typ. at± 15 V 
(cl Low input-offset voltage (Viol - to 2 mV max. 
(d) Wide common-mode input-voltage range (V1cRI -

can be swung 0.5 volt below negative 
supply-voltage rail 

(e) Output swing complements input common-mode 
range 

(fl 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 Vor 30V; 3.7 MHzat5V 

• High voltage-follower slew rate - 9 V /µs 

• Fast settling time - 1.4 µs typ. 

to 10 mV with a 10-Vp-p signal 
• Output swings to within 0.2 volt 

of negative supply 
• Strobable output stage 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 
(BETWEEN v+ AND v- TERMINALS) 

DIFFERENTIAL-MODE INPUT VOLTAGE 
COMMON-MODE DC INPUT VOLTAGE 
INPUT-TERMINAL CURRENT 
DEVICE DISSIPATION: 

WITHOUT HEAT SINK -
UP TO 55°C. 
ABOVE 55°c 

WITH HEAT SINK -
Up to 55°c 
Above 55°C. 

TEMPERATURE RANGE: 
OPERATING (ALL TYPES) 

STORAGE (ALL TYPESI . 
OUTPUT SHORT-CIRCUIT DURATION* 
LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1116 ± 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. 

OFFSET 
NULL 

TOP VIEW 
S and T Suffixes 

Fig. 1 - Functional diagrams of the 
CA3140 series. 

CA3140, CA3140A CA3140B 

36 v 44 v 
±av ±av 

1v+ +B V) to (v- -0.5 VI 
1 mA 

630mW 
Derate linearly 6.67 mWJ0 c 

1W 
Derate linearly 16.7 mW/°C 

-55 to + 12s0 c 
. -65 to +150°C 

INDEFINITE 

OFFSET 
NULL 

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 



TYPICAL ELECTRICAL CHARACTERISTICS 

TEST 
CONDITIONS 

CHARACTERISTIC v+=+15V CA3140B CA3140A 

v-= -15V (T,S) (T,S,E) 

TA= 2soc 
Typ.Value of Re-
sistor Between 

Input Offset Voltage 
Term. 4 and 5 or 43 18 

Adjustment Resistor 
4 and 1 to Adjust 
Max. V10 

Input Resistance R1 1.5 1.5 

Input Capacitance C1 4 4 

Output Re~istance Ro 60 60 

Equivalent Wideband BW = 140 kHz 
Input Noise Voltage en 48 48 
(See Fig. 39) 

Rs= 1 Mn 

Equivalent Input f= 1 kHz J Rs= 40 40 
Noise Voltage en 

f=10kHzj1oon 12 12 (See Fig.10) 

Short-Circuit Current to 
Opposite Supply Source loM+ 40 40 

Sink IOM- 18 18 

Gain-Bandwidth 
Product, (See Figs. 5 &18) IT 4.5 4.5 

Slew Rate, (See F ig.6) SR 9 9 

Sink Current From Terminal 8 
To Terminal 4 to Swing 220 220 
Output Low 

Transient Response: 
RL = 2 kn Rise Time 0.08 0.08 

Overshoot (See Fig. 37) tr CL= 100 pF 
10 10 

Settling Time 
1 mV 

RL = 2 kl"! 
4.5 4.5 

at10Vp-p, Is CL=lOOpF 
10mV 1.4 1.4 

(See Fig. 17) Voltage Follower 

Fig.2 - Block diagram of CA3140 series. 

CA3140, CA3140A, CA3140B Types 

CA3140 
(T,S,EI 

4.7 

1.5 

4 

60 

48 

40 

12 

40 

18 

4.5 

9 

220 

0.08 
10 

4.5 

1.4 

UNITS 

kn 

ni 
pF 

n 

µV 

nv/..,/Hz 

mA 

mA 

MHz 

V/µs 

µA 

µs 

% 

µs 

CIRCUIT DESCRIPTION 

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 cascaded 
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 (011, 
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 03, 04, 05 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 
013 and its cascode-connected load resis
tance provided by pi polar transistors 03, 04. 
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 outout 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 (Q 14, 015) whose base-currents are 
"mirrored" to current flowing through diode 
02 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 R 11. 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. 

231 



CA3140, CA3140A, CA3140B Types 

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 

At v+ = 15 V, v- = 15 V, TA -·2sac Unless Otherwise Specified 

LIMITS 
CHARACTERISTIC 

CA31408 CA3140A 
Min. Typ. Max. Min. Typ. Max. 

Input Offset Voltage, IV1ol - 0.8 2 - 2 5 

Input Offset Current.11101 - 0.5 10 - 0.5 20 

Input Current, I 1 - 10 30 - 10 40 

Large-Signal 50 k 100k - 20 k 100k -
Voltage Gain, AoL • 

94 100 - 86 100 -(See Figs. 4,18) 

Common-Mode 
20 50 32 320 

Rejection Ratio, CMRR - -

(See Fig.9) 86 94 - 70 90 -

Common-Mode 
Input-Voltage -15.5 -15.5 

Range, V1cR -15 to 12 -15 to 12 

(See F ig.20) +12.5 +12.5 

Power-Supply 
Rejection l:N1oltiV - 32 100 - 100 150 
Ratio, PSRR 

80 90 76 80 (See Fig.11) - -

Max. Output 
Voltage• VaM+ +12 13 - +12 13 -
(See Figs.13,20) VoM- -14 -14.4 - -14 -14.4 -

Supply Current, 1+ 
- 4 6 4 6 

(See Fig.7 ) 
-

Device Dissipation, Po - 120 180 - 120 lBO 

Input Current, 11• - 10 30 - 10 -
(See Fig. 19) 

Input Offset 
- 1.3 3 - 3 -

Voltage IVJC!• 

Input Offset Voltage - 5 - - 6 -
Temp. Drift, !::i.V!JJf!::i.T 

Large-Signal 
20 k 100k 100k Voltage Gain, AoL • - - -

(See Figs.4, 18) 86 100 - - 100 -

Max. Output VoM+ +19 +19.5 - - - -
Voltage,* VOM -21 -21.4 - - - -

Large-Signal 20k 50 k - - - -
Voltage Gain, AOL 6 * B6 94 - - - -

CA3140 
Min. Typ. 

- 5 

- 0.5 

- 10 

20 k 100 k 
86 100 

- 32 
70 90 

-15.5 
-15 to 

+12.5 

- 100 

76 80 

+12 13 

-14 -14.4 

- 4 

- 120 

- 10 

- 10 

- B 

- 100 k 

- 100 

- -
- -
- -
- -

• At Vo= 26Vp-p. +12V, -14V and RL = 2 k!1. • At RL = 2 k!1 . 

• At TA= _55oc to +125°C, v+ = 15 v. v- = 15 V, Vo= 26Vp-p. RL = 2 k!1. 

Max. 

15 

30 

50 

-
-

320 

-

11 

150 

-

-
-

6 

180 

-

-

-

-
-
-
-

-
-

' At Vo= +19 V, -21 V, and RL = 2 k!1. * At v+ = 22 V, v- = 22 v. 

UNITS 

mV 

pA 

pA 

VIV 
dB 

µVIV 
dB 

v 

µVIV 

dB 

v 

mA 

mW 

nA 

mV 

µ.VfC 

VIV 
dB 

v 

VIV 
dB 

When the CA3140 is operating such that 
output terminal 6 is sinking current to the 
V- bus, transistor Q 16 is the current-sinking 
element. Transistor 016 is mirror-connected 
to DB, R7, with current fed by way of 021, 
R12, and 020. Transistor Q20, in turn, is 
biased by current-flow through R 13, zener 
DB, and R 14. 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 Q13 is driven 
below its quiescent level, thereby causing 
Q17, Q1B to decrease the output voltage at 
terminal 6. Thus, the gate terminal of PMOS 
transistor Q21 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, Q21, D6, R7, and the base of 
016. As a result, Q16 sinks current from 
terminal 6 in direct response to the incre
mental change in output voltage caused by 
01 B. This sink current flows regardless of 
load; any excess current is internally supplied 
by the emitter-follower Q1 B. Short-circuit 
protection of the output circuit is provided 
by 019, which is driven into conduction by 
the high voltage drop developed across R 11 
under output short-circuit conditions. Under 
these conditions, the collector of Q19 di
verts current from 04 so as to reduce the 
base-current drive from Q17, thereby limit
ing current flow in 01 B 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, QB and D2. 
Dl is a diode-connected transistor mirror
connected in parallel with the base-emitter 
junctions of 01, Q2, and Q3. D1 may be 
considered as a current-sampling diode that 
senses the emitter current of Q6 and auto
matically adjusts the base current of 06 
(via 01) to maintain a constant current 
through Q6, QB, D2. The base-currents in 
Q2, Q3 are also determined by constant
current flow D 1. Furthermore, current in 
diode-connected transistor D2 establishes the 
currents in transistors Q14 and 015 . 



CA3140, CA3140A, CA3140B Types 
BIAS CIRCUIT INPUT STAGE ,----, r-----

1 11 
I .----++-----+-------

>--._ _ _,....._ _ __, 

I 
I 
I 
I 

OFFSET NULL 

ALL RESISTANCE VALUES ARE IN OHMS. 

STROBE 

Fig.3 - Schematic diagram of CA3140 series. 

TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE 

At v+'"5 V, V-= 0 V, TA =25°C 

CHARACTERISTIC CA3140B CA3140A CA3140 
(T,SI (T,S,E) (T,S,E) 

Input Offset Voltage IV1ol 0.8 2 5 
Input Offset Current 11101 0.1 0.1 0.1 

Input Current 11 2 2 2 

Input Resistance 1 1 1 

Large-Signal Voltage Gain AOL 100 k 100 k 100 k 

(See F igs.4, 18) 100 100 100 

Common-Mode Rejection Ratio, CMRR 20 32 32 

94 90 90 

Common-Mode Input-Voltage Range VJCR -0.5 -0.5 -0.5 

(See Fig.20) 2.6 2.6 2.6 

Power-Supply Rejection Ratio tN10/t.V+ 32 100 100 

90 80 BO 
Maximum Output Voltage VoM+ 3 3 3 

(See Figs.13,20) VoM- 0.13 0.13 0.13 

Maximum Output Current: 

Source IOM+ 10 10 10 

Sink IOM- 1 1 1 

Slew Rate (See Fig.6) 7 7 7 

Gain-Bandwidth Product (See Fig.5) IT 3.7 3.7 3.7 

Supply Current (See Fig.7) 1+ 1.6 1.6 1.6 

De";ce Dissipation Po B B B 

Sink Current from Term. 8 to 200 200 200 
Term. 4 to Swing Output Low 

UNITS 

mV 

pA 

pA 

TU 

VIV 

dB 

µVIV 

dB 

v 

µVIV 

dB 

v 

mA 

V/µs 

MHz 

mA 

mW 

µA 

LOAD RESISTANCE 11\) • 2 kD. 

m 

i 

o•c 

s o ~ 20 e 
SUPPLY VOL.TAGE (V-t; y-}-VOLTS 

· Fig.4 - Open-loop voltage gain vs supply voltage 
and temperature. 

20 LOAD RESISTANCE lRL) • 2 Ul 
LOAD CAPACITANCE ICLI,. 100 pF 

!5 IO 15 20 
SUPPLY VOLTAGE 1v+, v-1- VOLTS 

.. 
Fig.5 - Gain-bandwidth product vs supply voltage 

and temperature. 

t 
I 

~ 

20 LOAD RESISTANCE IRLl•2kQ 
LOAD CAPACITANCE ICLI • 100 pF 

" 

:;; 10 

~ 
• 
~ 

5 10 ffi w ~ 

SUPPLY VOLTAGE (V+, y-J-VOLTS 

Fig.6 - Slew rate vs supply voltage andtemperature. 

LOAD RESISTANCE IRcJ •CD 

5 !O 15 20 25 
SUPPLY VOLTAGE cv•. y-)-VOLTS 

Fig.7 - Quiescent supply current vs supply voltage 
and tempera"ture. 



CA3140, CA3140A, CA3140B Types 
AMBIENT TEMPERATURE !T4) =25°C 

> SUPPLYVOLTAGE:V+•1sv,v-·-l5V 
I 

1:25 ~ 
? 
;;; 201--·1--1--+-t-+-+-\+--t--+-t-+--1--j 

~ 
" ---j ·-- t-t-- ~ 

~ ~l 1of------+------++-++--+---'\J.+-+-l+--+-----l 

~ -----~ 
~: ... j~~ 

10 K IOOK IM 
FREQUENCY (f)-Hz 

Fig.8 - Maximum output voltage swing 
vs frequency. 
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Fig.9 - Common-mode rejection ratio 
vs frequency. 
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vs frequency. 

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 PMOS-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 36V 

Fig. 12 - Zener clamping diode connected to 
terminals 8 and 4 to limit CA3140 
output swing to TTL levels. 

F ig.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. 

e SUPPL v VOL. TAGE ( v·i :Q " 
6 AMBIENT TEMPERATURE (TA)~25•c 

0.1 1.0 , 
LOAO (SINKING) CURRENT- mA 

Fig.13 - Voltage across output transistors 015 
and 016 vs load current. 

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. 

500 1000 l!KX> 2000 2!KX> 3000 

TIME (t)- HOURS 

Fig.14 - Typical incremental offset·voltage 
shift vs operating life. 

OFFSET-VOLTAGE NULLING 

The input-offset voltage can be nulled by 
connecting a 10-kQ 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 
"Typical Electrical Characteristics" shown 
in this bulletin. 
An alternate system is shown in Fig.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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a BASIC b IMPROVED 
RESOLUTION 

c. SIMPLER 
IMPROVED 
RESOLUTION 

Fig.15 - Three offset-voltage nulling methods. 

Fig.16- Methods of utilizing the Vc£($at) 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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Fig.17 - Input voltage vs settling time. 

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-kn 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 T0-5); at lower temperatures 
(T0-5 and plastic). for ex;imple, 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 
ran~ 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 vo/taga 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 CA30BO functioning as 
a high-speed hysteresis switch. Output from 
the switch is returned directly back to the 

... +-.i.+ 

-VOUT FOR TA• -5'-C TO +12!5•C 

5 ~ ~ ~ 
SUPPLY VOLTAGE tv•. v-1-VOLTS 

'l'ig.20 - Output-voltage-swing capability and 
common-mode inpuf.flO/tage range 
vs supply voltage and temperature. 

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 of the CA3080. This 
adjustment, which provides for a constant 
generator amplitude output, is most easily 
made while the generator is sweeping. High
frequency ramp I inearity 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 

THIS NETWORK IS USED WHEN THE 
OPTIONAL BUFFER CIRCUIT IS NOT 
USED. 

CENTERING 
100 

-15\1 k,Q. 

IOkO 

EXTERNAL 
OUTPUT 

TO OUTPUT 
AMPLIFIER 

(a) Circuit 

FREQUENCY 
ADJUSTMENT 

TOP TRACE; OUTPUT AT JUNCTION OF 
2.7 Q. AND 51 0 RESISTORS 
5V/DIV AND 500 ms/DIV 

CENTER TRACE: EXTERNAL OUTPUT OF 
TRIANGULAR FUNCTION 
GENERATOR 
2 V/DIV AND 500 m1 /DIV 

BOTTOM TRACE: OUTPUT OF "LOG" 
GENERATOR 
IOV/DIV AND 500 ms/DIV 

(b 1} Function generator sweep;ng 

+15 v 
POWER SUPPLY 

,_•_••_v_o_L T_.•_,.~- 15 v 

'-------~~r~~fH 
v-

(c) Interconnections 

1V/DIV and 1 sec/DIV 
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 
1 00-pA level. 

(b2) Function generator with fix.eel frequ'!'ncies 

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, V ABC 
(voltage between terminals 5 and 4 of the 
CA3080A ofthe 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 rem~ining 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 V ABC 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 si mutates 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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500kil FREQUENCY 
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Fig. 22 - Meter driver and buffer amplifier. 
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Fig. 24 - Sweeping generator. 

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-

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% TH D. The basic zero
crossing slope is established by the 10-k.Q 
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Fig. 23 - Sine-wave shaper. 

potentiometer connected between terminals 
2 and 6 of the CA3140 and the 9.1-k.Q re
sistor and 10-k.Q potentiometer from termi
nal 2 to ground. Two break points are es
tablished by diodes D 1 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 R 1. 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 necessarv 

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/µs (18 volts peak-to-peak x ir 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 0 to 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. 26). 

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 ICBO levels 
will also prevent the output voltage from 
reaching zero because there is a finite voltage 
drop (V CE sat) 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, on.ly a small signal transistor is 

+30V 
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(MEASUREME~10~~..:~~H - 10 MHz) 
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LOAD REGULATION 
(NO LOAD TO FULL LOAD) 

(0.02% 

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 
02201 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 ternperature 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 

+30V 

INPUT 

2.111n 

OUTPUT 
~OT02!5V 

F;~~~PJ~~ 
40 mA 

0.011'-F 

LOAD REGULATION 
(NO LOAD TO FULL LOAD) 

<002% 

Fig. 28 - Regulated power supply with 
"foldback 11 current limiting. 
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Fig. 29 - waveforms of dynamic characteristics 
of power supply currents shown 
in Figs. is and 30. 



system is a serious consideration, the more 
usual current-sampling resistor-type of cir
cuitry should be employed. 

A power Darlington transistor (in a heat 
sink T0-3 case), is used as the series-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 02201 diode is used for 
current sampling. Foldback is provided by 
the 3 kn and 100 kn 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 20-n load at 20 volts out
put. 

TONE CONTROL CIRCUITS 

High-slew-rate, wide-bandwidth, high-output 
voltage capability and high input impedance 
are all char,acteristics required of tone-con
trol amplifiers. Two tone control circuits 
that exploit these characteristics of the 
CA3t 40 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 due 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. 
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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 Rt = R2 = R and Ct = C2 = C, 
the frequency equation reduces to the fa
miliar f = 112 11" RC and the gain requirer! for 
oscillation, Aase 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 
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f• I 
21r ./iiiCi"1i2C2 

Aos•1+~ ... Wi-
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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 
zener 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 zener 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 Mn 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/ 
µs when its amplitude is 16 volts peak-to
peak. 



CA3140, CA3140A, CA31408 Types 

RI 

OUTPUT 
~-------~--019 V p-p TO 22 V p-p 

R1•R2•R ~------r 
50 Hz, R • 3.3 Mil 

3.6 kn IOOHz,R• l.6Mll 
I kHz, R •160 kll 

10 kHz, R • 16 k.O 
30kHi,R•5.I k.0 

ooo n 

THO< 0.3 "4 

Fig. 33 - Wien bridge oscillator circuit using 
CA3140 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 kn 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 
dt = -;;- = 0.5 mA/200 pF = 2.5 V /µs. 

• ICAN-6668 "Applications of the CA3080 
and CA3080A High-Performance Oper
ational Transconductance Amplifiers". 

01J1I SAMPLE 

-15 HOLD 

---~ 

: -J-
SIMULATED LoAo _;tw pF 
NOT REQUIRED • ..t_. 

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 C 1 were 
incre.ased to 2000 pF. the "hold-droop" rate 

will decrease to 0.085 µV /µs, but the slew 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 TRACE; OUTPUT 

150 mV/OIV. ANO 200n1/ DIV, l 
BOTTOM TRACE; IN PUT 

( 50 mVIDIV. AND 200 n1/DlV.} 
92CS-27883 

LARGE-SIGNAL RESPONSE AND 
SETTLING TIME 

TOP TRACE: OUTPUT SIGNAL 

( 5 V/DIV. AND 2,u.s/DIV.) 

BOTTOM TRACE: INPUT SIGNAL 
(5V/OIV. AND 2,u.5/DIV.J 

CENTER TRACE-.DlFFERENCE OF INPUT AND OUTPUT 
SIGNALS THROUGH TEKTRONIX 
AMPLIFIER 7Al3 

( 5mV/OIV.ANO 2,u.1/0IV.} 

SAMPLING RESPONSE 

TOP TRACE: SYSTEM OUTPUT 
( 100 mV/DIV. ANO 500 n5/DIV-l 

BOTTOM TRACE: SAMPLING SIGNAL 
( 20 V /DIV. AND 500 n1/ DIV.) 

92CS-27885 

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 R L· This load 
current is increased by the multiplication 
factor R 2/R 1, 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 

R2 

l1o•n 

-15 v r 
Fig. 36 - Basic current amplifier for low-current 

measurement systems. 

Fig. 37 shows a single-supply, absolute-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/R1. 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 
lmmittance Converter Circuits". 



CA3140, CA3140A, CA3140B Types 

RliR2•1l--:;; 

R3 'IO •n (00 1;) 92CS·27887RI 

20 V p - p ir>.PUT BWI - 3d81 •290 •H1, DC OUTPUT (AVG I 

Fig. 37 - Single-supply, absolute-value, ideal full-wave rectifier with associated waveforms. 

+- 15 v 

0 05 µ.F 

SIMULATED 
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>-~-, 

' > 
100pF~r1{* 

BW(-3d9)•4.5 MHz 

SR"'~V/µs 

' ' 
L~J 

~::-

TOP TRACE :OUTPUT 
(50 mV/OIV AND 200 ns/OIV) 

BOTTOM TRACE: INPUT 

(50 mV/DIVAND 200 ris/DIVl 

(a) SMALL· SIGNAL RESPONSE 

150 mV/OIV ANO 200ns/DIV] 

TOP TRACE :ouTPUT SIGNAL 

{5V/DIV AND 5µ.s/DIV.) 

CENTER TRACE: DIFFERENCE SIGNAL 

( 5m V/OIV- AND 5µ.s/ DIV·l 

BOTTOM TRACE'- INPUT SIGNAL 

15V/DIV. AND 5µ.s/DtVl 

\bl INPUT- OUTPUT DIFFERENCE SIGNAL 

SHOWIN(; SETTLING TIME (MEASUREMENT 
MADE WITH TEKTRONIX 7Al3 DIFFERENTIAL 

AMPLIFIER) 92CS-27880 

Fig. 38 - Split-supply voltage-follower test circuit and associated waveforms. 

BW(-3dBl= !40 kHz 
TOTAL NOISE VOLTAGE (REFERRED 

TO lNPUT)=48 iJ.V TYP 
lkfi 

92CS-27888 

Fig. 39 - Test circuit amplifier (30-dB gain) used 

for wideband noise measurement. 

l 
54-62 
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CA3140H Chip 

The photographs and dimensions represent 
a chip when it is part of the wafer. When the 

wafer ~ cut into chip~, the cleavage angles 
are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 

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). 



CA3141E 

High-Voltage Diode Array Applications: 

For Commercial, Industrial, and Military Applications • Balanced modulators or demodulators 

• Analog switches 

Features: • High-voltage diode gates 
• Current ratio detectors 

• Matched monolithic construction - VF for each diode pair 
matched to within 0.55 mV (typ.) at IF= 1 mA 

•Low diode capacitance - 0.3 pF (typ.) at VR = 2 V 

• High diode-to-substrate breakdown voltage - 30 V (min.) Fig. 1 - Terminal assignment. 

• Low reverse (leakage) current - 100 nA (max.) 

The RCA-CA3141 E 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 
CA3141 E extremely useful for a wide variety 
of applications in communications and 
switching systems. 

MAXIMUM RATINGS, Absolute Maximum Values 

PEAK INVERSE VOLTAGE IPIV) 30 v 
30 v 

100mA 
25 mA 

PEAK DIODE-TO-SUBSTRATE VOLTAGE 
PEAK FORWARD SURGE CURRENT [IF (SURGE)) 
DC FORWARD CURRENT (IF) 
DISSIPATION: 

Any one diode unit . 
Total Package: 

Up to 55°C . 
For TA> 55°C 

AMBIENT TEMPERATURE RANGE: 
Operating 
Storage 
LEAD TEMPERATURE (During Soldering): 

50mW 

. ___ ... 650mW 

Derate linearly at 6.67 mW/°C 

-55 to +125:c 
-65 to +150 C 

The CA3141E is supplied in the 16-lead 
dual-in·line plastic package (E suffix), and in 
chip form (H suffix). 

At distance 1 /16 ± 1 /32 inch (1.59 ± 0. 79 mm) from case for 1 Os max. . +265°C 

ELECTRICAL CHARACTERISTICS at TA= 25°C 

TEST 
CHARACTERISTIC 

CONDITIONS Min. 

IF (Anode) 100µA -

DC Forward Voltage Drop, VF 1 mA -
10 mA -

DC Reverse Breakdown 
Voltage, V (BR)R IF= -10µA 30 

DC Breakdown Voltage Between 
Any Diode and Substrate, 

V(BRIDI 

lo1=10µA 30 

DC Reverse (Leakage) Current.IR VF= -20 V -

DC Reverse (Leakage) Current 
Between Any Diode and Vo1=20V -

Substrate, I DI 

Magnitude of Diode Offset Vol= 20 V 
-

Voltage Between Diode Pairs IFA = 1 mA 

Temperature Coefficient of 
Forward Voltage Drop, IF= 1 mA -

!WF/6.T 

Reverse Recovery Time, trr IF = 2 mA, IR = 2 mA -

Diode Capacitance, Co 

Diode Anode-to-Substrate 
Capacitance, COAi 

Diode Cathode-to-Substrate 
Capacitance, Cocl 

Magnitude of Cathode-to-Anode 
IFA = 1 mA. Vos= 10 V 0.9 

Current Ratio, II Fe/I FAI 

LIMITS 

Typ. Max. 

0.7 0.9 
0.78 1 
0.93 1.2 

50 -

50 -

- 100 

- 100 

0.55 -

-1.5 -

50 -

See Fig. 5 

See Fig. 6 

See Fig. 7 

0.96 -

UNIT 

v 

v 

v 

nA 

nA 

mV 

mV/°C 

ns 

pF 

pF 

pF 

I AMBIENT TEMPERATURE fTA)z25°C 11 

!. o.•'~r--iJr-i-J1,,',,,Jr--i1'1--r-~i-::p1 11 1', -V-i-111 E ' ! 1. I ""'-
1 I I }-Y 

......i--

a 

~ 
~ 0.2 

I' 

F°ORWORO CURRENT (IF)- p.A 

Fig. 2 - DC forward voltage drop vs. 
forward current. 

92CS-2717" 

l92CS·2717' 

Fig. 3 - DC forward voltage drop vs. 
ambient temperature. 
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Fig. 4 - Diode offset voltage vs. magnitude of 
anode current. 
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92CS·21179 

Fig. 7 - Diode cathode-to-substrate capacitance '1'S. 
cathode-to-substrate DC re.,erse 110ltage. 
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CATHODE-lO-ANODE DC REVERSE VOLTAGE IYRl-Y 

92CS•27177 

Fig. 5 - Diode capacitance '1'&. cathode-to-
anode reverse '1'0ltage. 

0.01 2 4 6 86.1 2 4 6 8 I 2 4 6 Bt'O 2 4 6 8 

FORWARD (ANODE),CURRENT U:vl-mA 

Fig. 8 - Forward (cathode) current vs. forward 
· (anode} current 
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92CS-2Tt78 

Fig. 6 - Diode anode-to-substrate capacitance 
vs. reverse voltage. 

AMBIENT TEMPERATURE (TAl-•C 
92CS·27181 

Fig. 9 - DC leakage current vs. ambient 
temperature. 



CA3160, CA3160A, CA3160B Types 

BiMOS Operational Amplifiers Features: 
• Similar to CA3130 but has internal compensation 

With MOS/FET Input, COS/MOS Output 

The RCA-CA3160T, CA3160S, CA3160E; 
CA3160AT, CA3160AS, CA3160AE; and 
CA3160BT, 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 IQad 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-

• MOS/FET input stage provides: 
very high z1 =1.5 n2 (1.5 x 1012 n) typ. 
very low 11 = 5 pA typ. at 15-V Qperation 

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 
( 

Ideal for 
single-supply 
applications 

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 T0-5-style packages (T suffix) and 
8-lead dual-in-line formed-lead T0-5 style 
"DI l-CAN" packages (S suffix). The CA3160 
is available in chip form (H suffix). 

TheCA3160A 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-otfset voltage6 and gain over the range 
of -55 C to +125 C. The CA3160A offers 
superior input characteristics over those of 
the CA3160. 

• Low V10: 2 mV max. (CA3160B) 
• Wide BW: 4 MHz typ. (unity-gain crossover) 
• High SR: 10 V/µs typ. (unity-gain follower) 
• High output current Oo): 20 mA typ. 
• High AOL' 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 

,-----, 
I BIAS CIRCUIT j 

,------ --,,----, 
I CURRENT SOURCE FOR Q6 AND Q7 I 1 "cu~~i~·; ;~~ua~fE l 

T v+ 

I 
I 
I 
I 
I 
I 

I 
! 
I 
I 
I 
I 
I 
I 

I I 
I I 
I I as 

: I 

L __ _ 

NOTE 
DIODES 05 THROUGH 08 PROVIDE GATE-OXIDE PROTECTION 
FOR MOS/FET INPUT STAGE 

Fig. 1 - Schematic diagram of the CA3160 Series. 

SUPPLEMENTARY 
COMPENSATION 
~ 

TOP VIEW 

S and T Suffixes 

TOP VIEW 

E Suffix 
CA3160 Series devices have an on-chip frequency
compensation network. Supplementary phase
compensation or frequency roll-off (if desired) can 
be connected externally between terminals 1 and 8. 

Fig.2 - Functional diagrams of the CA3160 Series. 



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 ... 1v+ +8 V) to 1v- -0.5 V) 

INPUT-TERMINAL CURRE~JT ......... 1 mA 
DEVICE DISSIPATION: 
WITHOUT HEAT SINK -

UP TO 55°C . . . . . . . . . . . . . . . . . . . 630 mW 
ABOVE 55°C .... Derate linearly 6.67 mW/°C 

WITH HEAT SINK -
AT 125°C . . . . . . . . . . . . . . . . . . . . . 418 mW 
BELOW 125°C ... Derate linearly 16.7 mwt0 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±0.79MM) 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 specified) 

LIMITS 

CHARACTERISTIC CA3160B (T, S) CA3160A (T, S, E) CA3160 (T, S, E) Units 
Min. Typ. Max. Min. Typ. Max. Min. Typ. Max 

Input Offset Voltage, - 0.8 2 - 2 5 - 6 15 mV 
Jv 101. v±=±7.5 v 

Input Offset Current, - 0.5 10 - 0.5 20 - 0.5 30 pA 
11 101. v±=±7.5 v 

Input Current, I 1 
v±=±7.5 v 

- 5 20 - 5 30 - 5 50 pA 

Large-Signal Voltage 100 k 320 k - 50 k 320 k - 50 k 320 k - VIV 
Gain, AoL 

Vo=10Vp-p• RL=2kH 100 110 - 94 110 - 94 110 - dB 

Common-Mode 
86 100 80 95 70 90 dB 

Rejection Ratio.CM RR 
- - -

Common-Mode Input- -0.5 -0.5 -0.5 
Voltage Range, V·1cR 0 to 10 0 to 10 0 to 10 v 

12 12 12 

Power-Supply Rejection 
Ratio, /W10/b.V± - 32 100 - 32 150 - 32 320 µVIV 
v±=±7.5 v 

Maximum Output 
Voltage: 

VoM + 12 13.3 - 12 13.3 - 12 13.3 -
At RL=2 kS! 

VoM - 0.002 0.01 - 0.002 0.01 - 0.002 0.01 
v 

VoM + 14.99 15 - 14.99 15 - 14.99 15 -
At AL== 

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 
10 M- (Sink)@ 
Vo= 15 V 12 20 45 12 20 45 12 20 45 

Supply Current, I+: 

Vo=7.5V,RL== - 10 15 - 10 15 - 10 15 
mA 

Vo=OV,RL== - 2 3 - 2 3 - 2 3 

Input Current, I 1' - Fig.11 15 - Fig.11 - - Fig.11 - nA 

Input Offset Voltage 
Temp. Drift, - 5 15 - 6 - - 8 - µv;0 c 

/Wio/b.T• 

Large-Signal Voltage 50 k 320 k - - 320 k - - 320 k - VIV 

Gain, AoL 94 110 - - 110 - - 110 - dB 

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 biasing 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 CA316U 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. Cascade-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 05 through 07 
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 CA3160 is provided by the second am· 
plifier stage, consisting of bipolar transistor 
011 and its cascade-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-kH 
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 



CA3160, CA3160A, CA3160B Types 

TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 

TEST 
CONDITIONS 

v+=+7.5V 

CHARACTERISTIC 
v- =-7.SV 

CA3160B CA3160A 
TA= 2s0 c 

(Unless Other· 
(T, SI (T,S, El 

wise Specified) 

Input Offset Voltage 10 kn across 
Adjustment Range Terms. 4 and 5 ±22 ±22 

or 4 and 1 

Input Resistance, RI 1.5 1.5 

Input Capacitance, C1 I= 1 MHz 4.3 4.3 

Equivalent Input Noise BW= Rs=1 MH 40 40 
Voltage, en 0.2 MHz Rs=10Mfl 50 50 

Equivalent Input Noise Rs= 1 kHz 72 72 
Voltage, en 10on 10 kHz 30 30 

Unity Gain Crossover 
4 4 

Frequency, IT 

Slew Rate, SR: 10 10 

Transient Response: 
Rise Time, tr CL= 25 pF 0.09 0.09 

Overshoot RL=2k!l 10 10 

Settling Time (4 V p·p 
(Voltage 
Follower) 1.8 1.8 Input to <0.1 %) 

TEST 
CONDITIONS 

v+=5 v 

CHARACTERISTIC 
v-= o v 

TA= 25°C 
CA3160B CA3160A 

(Unless Other-
(T, SI (T, S, El 

wise Specified) 

Input Offset Voltage, V10 1 2 

Input Offset Current, I 10 0.1 0.1 

Input Current, I 1 2 2 

Common-Mode Rejection 
Ratio, CMRR 100 90 

Large-Signal Voltage v 0 = 4 vP·P 100 k 100 k 
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CIRCUIT DESCRIPTION (cont'd) 

circuit, consisting of resistor R 1, diodes 01 
through 04, and PMOS transistor 01. A 
tap a~ the junction of resistor R 1 and diode 
04 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 01 with respect 
to Terminal 7 to provide gate bias for PMOS 
transistors 02 and 03. It should be noted 
that 01 is "mirror-connected"t to both 02 
and 03. Since transistors 01, 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, 01-04, 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 acoomplished 
with a 100,000-ohm potentiometer oon
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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Fig.5 - Open-loop gain vs. temperature. 

Fig.8 - Quiescent supply current vs. wpp/y voltage 
at several temperatures. 
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Fig.11 - Equivalent noise voltage vs. frequency. 
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Fig.6 - Voltage transfer characteristics of 
COS/MOS output stage. 
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Fig.9 - Voltage across PMOS output transistor 
(08) vs. load current. 
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Fig.12 - Input current vs. common-mode voltage. 
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Fig.4 - Open.Jaap voltage gain and phase shift 
vs. frequency for various values of CL 
and RL. 

Fig.7 - Quiescent supply cu"ent vs. supply voltage. 
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Fig.10 - Voltage across NMDS output transistor 
(012} vs. load current. 
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Fig. 13 - Input current vs. ambient temperature. 
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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 T A=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 T0-5 
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 T0-5 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 curn?nt 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 (Viol Variation with 
DC Bias vs. Device Operating Life 

It is well known that the characteristics of a 
MOS/FET device can change slightly when a 
de gate-source bias potential is applied to the 
device for extended time periods. The 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 de 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 T0-5 
packages during life testing. At lower temper
atures (T0-5 and plastic) for example at 
85°C, this change in voltage is consider-

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.14 - Typical incremental offset-voltage shift 
vs. operating life. 
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countered in an operational amplifier em
ploying a bipolar transistor input stage. The 
two-volt de 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. 

-8 
I"" POSITIVE 
l SUPPLY 

+ 

; NEGATIVE 
.1. SUPPLY 

~ 
(al DUAL POWER-SUPPLY OPERATION 

!bl SINGLE POWER-SUPPL'\' OPERATION 

Fig.15 - 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 arid 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 R L 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 v+12. 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 R L =00, 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+12. 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 R L magnitude. Fig. 9 
shows the voltage-drop across PMOS tran
sistor 08 as a function of load current at 
several supply voltages. Fig. 6 shows the 
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. 



This characteristic is due to the fact that 
reactance of the input capacitance becomes a 
significant factor in shunting the source 
resistance. It should be noted, however, that 
for values of source resistance very much 
greater than 1 megohm, the total noise 
voltage generated can be dominated by the 
thermal noise contributions of both the 
feedback and source resistors. 
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Fig. 16 - Test-circuit amplifier {3Q-d8 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.1 Bc 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 01' the CA3160 in a single-supply voltage
follower application. 
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(c) Input-Output Difference Signal Showing 
Settling Time 
Top Trace: Output Signal 
Center Trace: Ddference Signal 5 m V /div 
Bottom Trace: Input Signal 

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 11inverter" 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 de 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 operatii,.1al-ampli
fier regulator circuits. As the amplifier be
comes operational, this RC network ceases 
to have any influence on the regulator per
formance. 

Fig. 17 - Split-supptv voltage follower with associated waveforms. 

* "Digital-to-Analog Conversion Using the RCA
CD4007A COS/MOS IC", Application Note 
ICAN-6080. 
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(a) 

Fig.18 - Single-supply voltage-follower with associated 
waveforms. (e.g., for use in single-supply DIA 
converter; see Fig.9 in ICAN-6080.) 
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Fig.19 - 9-bit DAC using COS/MOS digital switches and CA3160. 
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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%t0 c_ A multivibrator 
(A1) generates pulses of constant amplitude 
(V) and width (T2). Since the output 
(terminal 6) of A1 (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 
volt~ge IE.avg .= V T2IT.1) is applied to the 
non-inverting input terminal of comparator 
A2 via an integrating network R3, C2. 
Comparator A2 operates to establish circuit 
conditions such that Eavg = Vl. This circuit 
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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, 
D4 to the inverting terminal (terminal 2) 
of Ai, thereby adjusting the multi vibrator 
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 KQ current-limiting re
sistor. The circuit is powered by a single 
8.4-volt mercury battery. With zero input 

VCO CONTROL VOLTAGE ( Vj ) 
(0-IOV) 
(SENSITIVITY= I kHz/VOLT) 

•• 

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 
po~entiometer in series with C5 maintain 
essentially constant (±10%) amplitude up 
to 1 MHz. 

Staircase Generator 
Fig.24 shows a staircase generator circuit 
utilizing three COS/MOS 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.21 - Voltage~contro/Jed oscillator. 

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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Fig.22 - High-input-resistance DC voltmeter. 
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(b) - 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. 
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(c) - Triple-trace of the function generator 
sweeping to 1 MHz. The bottom trace 
is the sweeping signal and the top trace 
is the actual generator output. The 
center trace displays the 1 MHz signal 
via delayed oscilloscope triggering of 
the upper swept output signal. 

Fig. 23 - 1,000,000/1 single-control function generator - 1 MHz to 1 Hz. 
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Fig. 24 - Staircase generator. 
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Fig.25 - Current-to-voltage converter to provide a picoammeter 
with ± 3 pA full-scale deflection. 
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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-Kn resistor in series with 
a 100-ohm resistor sets the voltage at the 
10·KMn 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 Kn 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-KMn 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 in put 
buffer integrator network is coupled to a 
CA30BOA. The CA30BOA 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 100-Kn 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
fier 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 1 N914 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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(c) - Sample--and-hold waveform. 
Top Trace: Sampled Output 
Center Trace: Input 

Bottom Trace: Sampling Pulse 

Fig. 26 - Single-supply sample-and-hold system-input O-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 dB) is 190 kHz. 

RI 
100 KA 

R2 
100 Kfi 

I 
1 • -;;,-,-.-;./=1 •=11=1 .=,=,=c,=.=,=c=z 

92CS - 28591RI 

Fig.27 - Single-supply Wien Bridge oscillator. 
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20 KG 

CA3160, CA3160A, CA31608 Types 

oon 

5001 
100 mW 

-="AT 10-t.THD· 

NOTE: *SEE FILE NO. 619 

TRANSISTORS pl, p2, p3 AND nl,n2, n3 ARE 
PARALLEL - CONNECTED WITH 08 AND 012, 
RESPECTIVELY, OF THE CA3160 

92CM-28592 

Fig.28 - COS/MOS transistor array (CA3600E) connected as power 
booster in the output stage of the CA3160 . 

.. 

I •-10 
t--10.102 -0.254) 

... 

55-63 
0.397-1$001 

J 
I 

&6·74 
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Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimens~ns as 
indicated. Grid graduations are in mils (10- inch). 

The photograph 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 
9<1' with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0.17 mm) 
larger in both dimensions. 



CA3181E 

BCD-to-Seven-Segment Decoder /Driver Features: 

The RCA-CA3161 E is a monolithic inte
grated circuit that performs the BCD-to
seven-segment decoding function and features 
constant-current segment drivers. When used 
with the CA3162E A/D Converter* the 

CA3161 E provides a complete digital readout •TTL-compatible input logic levels 

system with a minimum number of external 

parts. 

* The CA3162E is described in RCA data bulletin 
File No. 1080. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE (between terminals 1 and 1 O). 
INPUT VOLTAGE (terminals 1, 2, 6, 7}. 
OUTPUT VOLTAGE: 

Output "Off" 
Output "On" (See note 1) 

DEVICE DISSIPATION: 

Up to TA """ +55°0C 
Above TA = +55 C 

AMBIENT TEMPERATURE RANGE: 
Operating 

Storage 
LEAD TEMPERATURE (DURING SOLDERING}: 

+7 v 
+5.5 v 

+7 v 
+10V 

. . . . . . . 1W 
derate linearly at 10.5 mW/°C 

. 0 to +75°C 
-65 to +150°C 

At distance 1/16±1 /32 inch ( 1.59 ± 0.79 mm) f ram case for 10 seconds max. +265°C 

NOTE 1: This is the maximum output voltage for any single output. The output voltage must be consistent 

with the maximum dissipation and derating curve for worst-case conditions. Example: All segments 
"on", 100% duty cycle. 

~SEGMENT Cl .. 
SEGMENT DRIVER 

. 
·i_;. 
·/ /c .-

SEGMENT 
IDENTIFICATION 

CONSTANT 
CURRENT 
SEGMENT 
DRIVERS ~ JSEGMENT DRIVER 

9 e OUTPUTS 

f 

• 

92 CM- 30!146RI 

• 25-mA (typ.) constant-current segment outputs 

• Eliminates need for output current-limiting resistors 

• Pin compatible with other industry standard decoders 

• Low standby power dissipation - 18 mW (typ.) 

INPUTS z2 2 t 

NC O 

NC 4 O SEGMENT 

eco{''Ov+ 
BCD {N~> : I : }g~~~iifs 

INPUTS zO d 

GND B 9 • 

TOP VIEW 
92CS-30!14~RI 

TERMINAL ASSIGNMENT 
CA3161E 

40 "" eo"' 

'1 
0.931-2.133) 

h 4-10 
(0 102- Q. 254) 

Fig. 1 - Functional block diagram of the CA3161E. 
,__~~~~~~79-87~~~~~~~ ..... 

ELECTRICAL CHARACTERISTICS at TA= 25°C 

CHARACTERISTIC 
Min. 

Supply Voltage Operating Range, v+ 4.5 

Supply Current, 1+ (all inputs high) -

Output Current Low (Vo = 2 VI 18 

Output Current High (Vo= 5.5 VI -

Input Voltage High !logic "1" level) 2 

Input Voltage Low (logic "O" level) -
Input Current High (logic "1 ") 2V -30 

Input Current Low (logic "O") OV -40 

tPHL -
Propagation Delay Time 

tPLH -

LIMITS 

Typ. Max. 

5 5.25 

3.5 8 

25 32 

- 250 

- -

- 0.8 

- -
-

2.6 -

1.4 -

UNITS 

v 
mA 

mA 

µA 

v 
v 

µA 

µA 

µs 

( 2.001- 2.2091 
92CM-31009 

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 90° with respect to the 
lace of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 

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). 



CA3181E 
TRUTH TABLE 

BINARY INPUTS OUTPUTS DISPLAY 
STATE ~ 22 21 2!l a b c d e f g 

0 L L L L L L L L L L H 0 
1 L L L H H L L H H H H I 

-.-

2 L L H L L L H L L H L 2 
3 L L H H L L L L H H L 3 
4 L H L L H L L H H L L y 
5 L H L H L H L L H L L 5 
6 L H H L L H L L L L L 6 
7 L H H H L L L H H H H 1 
8 H L L L L L L L L L L B 
9 H L L H L L L L H L L '3 

10 H L H L H H H H H H L -
11 H L H H L H H L L L L E 
12 H H L L H L L H L L L H 
13 H H L H H H H L L L H L 
14 H H H L L L H H L L L p 
15 H H H H H H H H H H H BLANK 



CA3182E 

A/D Converter for 3-Digit 
Digital Readout System 
The CA3162E is a monolithic integrated 
circuit that comprises the AID converter 
section of a 3-digit digital readout system. 
It is used with the CA3161 E BCD-to-Seven· 
Segment Decoder/Driver* and a minimum 
of external parts to implement a complete 
system. 

•The CA3161 E is described· in RCA data bulletin 
File No. 1079. 

Features: 
• Dual-slope AID conversion 
• Ultra-stable internal band-gap voltage reference 
• Capable of reading 99 mV below ground with single supply 
• Differential input 
• Internal timing - no external clock required 
•Choice of low-speed (4-Hzl or high-speed (96-Hzl 

conversion rate 
• "Hold" inhibits conversion but maintains display 
• Multiplexed operation for high efficiency 
• Overrange indication - "EEE" for reading great11r than 

+999 m9, " ___ .. for reading more negative than -99 mV 
when used with CA3161E BCD-to-Seven Segment Decoder/ 
Driver 

TERMINAL ASSIGNMENT 
CA3162E 

ELECTRICAL CHARACTERISTICS at TA= 25°C, v+ = 5 V, Zero pot centered, 
gain pot= 2.4 kn unless otherwise stated ou~PDUTS~ :~ []' ~:lo~~~uTs 

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS . Min . Typ. Max. 

Operating Supply 
4.5 5 5.5 v Voltage Range, v+ 

Supply Current, 1+ 100 kn to v+.on terms. 3,4,5 - - 17 mA 

Input Impedance, Z1 - 100 - Mn 

Input Bias Current, l1B Terms. 10 and 11 - -80 -· nA 

Unadjusted Zero Offset V11-V10 = OV, read decoded -12 - +12 mV 
output 

Unadjusted Gain V 11-V 10 = 900 mV, read decoded 846 - 954 mV 
output 

Linearity See Notes 1 and 2 -1 - +1 Count 

Conversion Rate: 
Slow Mode Term. 6 = open or gnd - 4 - Hz 
Fast Mude Term. 6 = 5 V - 96 -

Conversion Control 
Voltage (Hold Mode) at 0.8 1.2 1.6 v 
Terminal 6 

Common-Mode Input 
See Note 3 -0.2 - +0.2 v 

Voltage Range, V1cR 

BCD Sink Current at 
VBCD .;; 0.5 V, at logic zero state 0.4 1.6 mA 

terms. 1,2, 15, 16 -

Digit Select Sink Cur-
VDigit Select= 4V at logic zero state 1.6 2.5 - mA 

rent at terms. 3,4,5 

Zero Temperature 
V1= OV, zero pot centered - 10 - µ.VfC Coefficient 

Gain Temperature 
Vi= 900 mV, gain pot= 2.4 kn - 0.005 - %fC Coefficient 

NOTES: 

1. Apply zero volts across V 11 to V 10• Adjust zero potentiometer to give 000 mV reading. Apply 900 mV 
to input and adjust gain potentiometer to give 900 mV reading. 

2. Linearity is measured as a difference from a straight line drawn through zero and positive full scale. 
Limits do not include f0.5 count bit digitizing error. 

3. For applications where negative terminal 10 is not operated at terminal 7 potential, a return path of 
not more than 100 kn resistance must be provided for input bias currents. 

DIGIT l NSD v+ 
SELECT MSD 4 GAIN ADJ 

OUTPUTS LSD 5 INTEGRATING CAP 

HOLD/BYPASS 6 I HIGH INPUT 

GN 0 LOW INPUT 

ZERO ADJ B 9 ZERO ADJ 

TOP· VIEW 
ct2CS-30415 

Circuit Description 

The functional block diagram of the CA3162E 
is shown in Fig. 1. The heart of the system 
is the V /I converter and reference-current 
generator. The V /I converter converts the 
input voltage applied between terminals 10 
and 11 to a current that charges the inte
grating capacitor on terminal 12 for a pre
determined time interval. At the end of the 
charging interval, the V/1 converter is dis
connected from the integrating capacitor. 
and a band-gap reference constant-current 
source of opposite polarity is connected. The 
number of clock counts that elapse before 
the charge is restored to its original value is a 
direct measure of the signal induced current. 

The· restoration is sensed by the comparator, 
which in turn latches the counter. The 
count is then multiplexed to the BCD 
outputs. 

The timing for the circuit is derived from a 
786-kHz ring oscillator. The oscillator fre
quency is divided by 2048 to provide the 
multiplex rate of 384 Hz. This rate is 
further divided by 96 to obtain the slow
speed conversion rate of 4 Hz (terminal 6 
open or grounded). When the "hold" termi
nal (terminal 61 is biased to ±1.2 V, con
version ceases, but multiplex continues and 
the reading is held and displayed con
tinuously. 

When terminal 6 is biased at +5 V, a portion 
of the divide-by-96 circuitry is disabled so 
that the conversion rate increases to 24 times 
the slow-speed rate (4 x 24 = 96 Hz). Note 



MAXIMUM RATINGS, Absolute-Maximum Values: 

. +7 v 
±15V 

DC SUPPLY VOLTAGE (between terminals 7 and 14). 
INPUT VOLTAGE (terminal 10or 11 to ground) 
DEVICE DISSIPATJDN: 

Up to TA • +55 :;:_ • 
Above TA =+55 C . 

. . . . . 750mW 
derate linearly at 7 .9 mW/°C 

AMBIENT TEMPERATURE RANGE: 
Operating. 
Storage 

LEAD TEMPERATURE (DURING SOLD,ERING): 
At distance 1/16 ± 1 /32 inch ( 1.59 ± 0/79 mm) from case for 10 seconds max. 

v+ 

HIGH INPUT II VII 

LOW INPUT 10 

... 
MSO•MOST SIGNIFICANT DIGIT 
NSO"- NEXT SIGNIFICANT DIGIT 
LSO«LEAST SIGNIFICANT DIGIT 

GAIN 
ADJ 

BCD OUTPUTS 

I 

7 GNO 

92CM-30414RI 

Fig. 1 - Functional block diagram of the CA3162E. 

NORMAL 
LOW-SPEED Pf'OOE: 

"6 •'lfROtJ=~N 
HOLD: 
V6• 12 V 

*FAIRCHILD FND,070R EQUIVALENT 

Fig. 2 - Basic digital readout system using the CA3162E and 
the CA3161E. 

. 0 to +75°C 
-65 to +150°C 

+265°C 

92CL- 30418RI 

CA3162E 

that the multiplex rate is unchanged. Fig. 3 
shows the timing of conversion and digit 
select pulses for the high-speed mode. Note 
that the basic AID conversion process requires 
approximately 5 ms in both modes. 
The "EEE" or " ___ .. displays indicate that 
the range of the system has been exceeded in 
the positive or negative direction, respec
tively. Negative voltages to -99 mV are dis
played with the minus sign in the MSD. The 
BCD code is 1010 for a negative overrange 
( ___ ) and 1011 for a positive overrange 
(EEE). 

System Application 

Fig. 2 is the block diagram of a basic system 
using the CA3162E and the CA3161E. An 
actual-size PC board layout for this circuit 
is shown in Fig. 4. The BCD outputs of the 
CA3162E drive the BCD inputs of the 
CA3161E BCD-to-7-segment decoder directly. 
The seven-segment outputs are multiplexed 
to the three LED displays. The digits are 
selected by terminals 3, 4, and 5 (CA3162E). 
which provide base current to the external 
p-n-p transistors. The p-n-p's, in turn, provide 
current to the anodes of the display. Adjust
ment procedures for the gain and zero 
potentiometers are given in Note 1 of the 
Electrical Characteristics chart. 

•• 
'"'"' 

ZOOwN 

2 ms/DIVISION 
t2CS• 10411ftl 

Fig. 3 - High speed mode timing diagram • 
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+5V GND 

ID KQ, IOTURN 
DECIMAL 

POINTS 

TERM. 3 OF READOUT (FND-507 
OR EQUIVALENT) 

GND=ON Rl,R2,R3"'1son 

LOW SPEED MODE :GNDOROPEN 
HOLD: 1.2V 

Cl•0.271'F 
Ql,Q2,Q3•2N2907 
C2=0.l"F 

HIGH SPEED MODE :5 V 

flg. 4 - Component side of p.c. board 92CS-31017 

92CS-3101& 

Fig. 5 - P. C. board layout for a basic digital readout system 
using the CA3162E and CA3161E. 

The photographs and dimen&ions of each Linear 
chip represent a chip when it is part of the wafer. 

When the wa/er is cut into0 chips. the cleavage 
angles are 57 instead of 90 with respect to the 

face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 17 mm) larger in both dimensions. 

Dimensions. in parentheses are in millimeters and 
are derived from the basic inch dimensions as in· 
dicated. Grid graduations are in mils (1(13 inch). 

Dimensions and pad layout for 
the CA3162H Chip. 

I •-10 
lio.102-0.254) 

90 

14--------,.,..-,~97-10~5=-----~ 
(2.464- 2.667) 

92CM-50412 



CA3162E Liquid Crystal Display (LCD) 
Application 
Fig. 6 shows the CA3162E in a typical LCD 
application. LCD's may be used in favor of 
LED displays in applications requiring lower 
power dissipation, such as battery-operated 
equipment, or when visibility in high-ambient
light conditions is desired. 

Multiplexing of LCD digits is not practical, 
since LCD's must be driven by an ac signal 
and the average voltage across each segment is 
zero. Three CD4056B liquid-crystal decoder/ 
drivers are therefore used. Each CD4056B 
contains an input latch so that the BCD data 
for each digit may be latched into the decoder 
using the inverted digit-select outputs of the 
CA3162E as strobes. 

Inverters G1 and G2 are used as an astable 
multivibrator to provide the ac drive to the 
LCD backplane. Inverters G3, G4, and G5 are 
the digit-select inverters and require pull-up 
resistors to interface the open-collector out
puts of the CA3162E to COS/MOS logic. 
The BCD outputs of the CA3162E may be 
connected directly to the corresponding 
CD4056B inputs (using pull-up resistors). In 
this arrangement, the CD4056B decodes the 
negative sign (-) as an "L" and the positive 
overload indicator (E) as an "H". 

CA3162E Common-Cathode, LED Display 
Application 
Fig. 7 shows the CA3162E connected to a 
CD4511 B decoder/driver to operate a com
mon-cathode LED display. Unlike the 
CA3161 E, the CD4511 B remains blank for 
all BCD codes greater than nine. After 
999 mV the display blanks rather than dis
playing EEE, as with the CA3161E. When 
displaying negative voltage, the first digit re
mains blank instead of (-). and during a 
negative overrange the display blanks. 

The additional logic shown within the dotted 
area of Fig. 7 restores the negative sign (-), 
allowing the display of negative numbers as 
low as -99 mV. Negative overrange is indi· 
cated by a negative sign (-) in the MSD 
position. The rest of the display is blanked. 
During a positive overrange, only segment b of 
the MSD is displayed. 

nHOLD" 

••• .. 
IOOKn 

GAIN 

IOICQ 

Gl-G6-CD'4049UB 
HEX INVERTER 

G7- G8: C04011U8 
QUAD 2-INPUT NANO 

Fig. 6 - Typical LCD application. 
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Fig. 7 - Typical common-cathode LEO application. 
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CA3184E Prellmlnary Data 

BiMOS Single-Chip Smoke Detector TERMINAL ASSIGNMENT 

For Fire Detection Systems 14 v+ 

13 =~~';,J~~~~HOTO OSC. 
12 INTERCONNECT 

II ALARM OSC. ENABLE 
The RCA-CA3164E is a monolithic BiMOS 
integrated circuit designed to meet the 
stringent system requirements of a battery· or 
line-operated smoke detector circuit. When 
used with an ionization chamber and electro
mechanical horn, it provides a one-chip 
approach to smoke detection. No exterr.al 
active devices are required to interface with 

either the chamber input or horn output 
terminals. The CA3164E can also be used 
with photoelectric chambers by the addition 
of several external components. 

LOW BATTERY ADJ. 5 10 NO CONNECTION 

PHOJ34~~~ 6 9 V + OR OUTPUT ENABLE 

GROUND tV-l 7 8 MECH. HORN DRIVER 

Features: 
• Interfaces directly with ionization chamber -

no external buffer F ET required 
• Low input current: 1 pA max. 
• Gate-protected input terminals 
• On-chip beep oscillator for low battery 

indication - requires one external capacitor 
• Output capable of driving a conventional horn 

The CA3164E was designed to comply with 
U.L. 217 and is supplied in the 14-lead dual
in-line plastic package. 

• Self-contained low-battery-voltage detection circuit 
(a) Fixed or adjustable trip point available 
(b) Dynamic battery test when filter capacitor = 2 µF 

• Chamber trigger voltage independent of 
battery supply voltage (less than 150 mV 
over temperature and supply variations) 

• Designed to comply with U.L. 217 
• Reference source current available = 5 µA 

(typ.) 
• Low standby battery current = 8 µA (typ.) 

FROM 
IONIZATION 2' ~--•' 

CHAMBER ;,.--...----i 
CHAMBER AOJ.(33}----t;,_. 

TOP VIEW 

• Can be used with photoelectric sensors by Fig. 1 - Simplified functional diagram for CA3164.E. 
using a minimum of external passive 
components in combination with the 
RCA-CA3078 micropower op-amp 

•Multiple-unit interconnect terminal controls 
a common annunciator circuit 

MAXIMUM RATINGS, Absolute-Maximum Values: 

(a) A fault to ground doesn't prevent 
local operation. 

(b) The low battery alarm signal 
triggers only the local unit. 

• LED output indicates status of smoke
detector circuit 

DC SUPPLY VOLTAGE, v+ 
DEVICE DISSIPATION, P0 : 

Up to TA = 25°0C . . . . . . 
Above TA = 25 C derate linearly at 

AMBIENT TEMPERATURE RANGE: 
Operating 
Storage 

• Operates from 11 V (max.) supply (either 
battery or line) 

LEAD TEMPERATURE I DURING SOLDERING): 

• Battery reversal protection feature 

IONIZATION 
CHAMBER 

r 
I 
L 

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

100µ.F 

+q 

NOTES: 
I. CONTINUOUS HORN ON 

ALARM 

2. CAP. Cl ADJUSTS LOW 
BATTERY BEEP ANO 
LEO BLINK RATE 

NOTES: 

+•v 

M POLYCARBONATE OR EQUIVALENT 
INSULATION RESISTANCE>IOG.Q 
APPROX. I nA LEAKAGE 

I. TERMINAL II CONNECTED TO GNO,. CONTINUOUS HORN 

2. CI SETS TIMING FOR IRE DIODE 

92CS-31019 

92CM-31020 

+11 v 

. 600mW 
S.7 mW/°C 

. Oto +50°C 
-65 to +150°C 

. +265°C 

Fig. 2 - Basic ionization detector with electro-mechanical horn. Fig. 3 - Typical photoelectric system using CA3164E. 



ELECTRICAL CHARACTERISTICS at TA= 25°C, v+ = 9 V 

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS 
Min. Typ. Max. 

Operating Voltage 7 9 11 v 
Common-Mode Input (V+ -2 V) = 7 V 0 - 7 v Voltage Range, V1cR 
Low-Battery Trigger External adjust 

7.3 7.7 7.9 v Voltage (increase onjy) 
Horn Driver Term. 8 = 100 mA - 0.5 - v 

VcE(SAT) Term. 8 = 300 mA - 1 -
Reference Voltage 5.8 6.2 6.6 v 
Input Leakage Term. 2 - - 1 
Current, IL Term. 2 at 50°C - - 2.5 pA 

Term. 3 - - 50 
No LED connected - 8* 12 

Standby Current ( 13 MO LED connected-20 mA - 18 -
from Term. 4 to gnd) for 30 ms every 60s µ.A 

Photoelectric operation - - 13 -
LED photocurrent = 0.6 A 

_15 sec. rattl 
Reference Source Current 5 - - ...J!:..A 
LEO Driver Sink Current 40 50 - mA 
Interconnect Current 

Source •sink= 10 µ.A typ. - 2.8 - mA 

Sink ISource = 1.3 mA typ. - 50 - µ.A 

Low-Battery Adjust, Term.5 
50 70 100 nA Input Current 

Timing Current Term. 13 10 - 50 nA 
LED Blink Period Adjustable - - 1 PPM 
LED Pulse Width Fixed - 30 - ms 
Remote Fan·Out 20 - -
Alarm Pulse Duty Cycle On-time - 95 - % 
(4.7 MO from Term. II On·time = 95% - 0.5 - sec. 
to gnd Off·time = 5% - 0.026 -

• Adjustable to 5 p.A 

OPERATING MODES TRUTH TABLE 

Smoke Low Led Alarm Alarm 
System Remote 

Condition Ionization Battery 6 Horn Enable 
Interconnect Unit 

Chamber 8 Pulser 
12 Status 

11 
Normal No No Blink Off x Low Off 
Low Battery No Yes Blink Beep x Low Off 
Smoke In Chamber Yes x On Pulsed* Resistor High On 

to ground 
External Input A 1 

From Remote Unit No No Blink On .. High High On 

••Alarm Horn follows mode programmed for internal system input. For e><ample, if terminal 11 has 
resistor connected to ground, horn will beep. If terminal 11 is connected to v+, horn will be "on." 

X = Don't Care 

Blink & Beep= 30 msec (fixed) every 50 sec (ADJ) 

Pulsed = 95% "on" time - Period is determined by resistor from terminal 11 to ground-5% Off Time 

* Horn "Continuous" if terminal 11 is connected to v+ 

CA3164E 

Connections for Optional Functions 

1. Low Battery Adjustment - Terminal 5 

Add diodes as shown below to increase the 
the low-battery trigger point. 

v+~ 

~ 
2. Sounder Operating Mode 

Continuous sound on alarm - connect 
terminal 11 to v+. 

Pulsed sound on alarm - connect resistor 
between terminal and ground. 

3. Remote (Interconnect) 

Connect terminal 12 to same terminal on 
all other units (fan out = 20 units). When 
interconnecting units for the remote-alarm 
function, .the extremely low currents in· 
valved make it extremely important that 
a provision be made for limiting externally 
induced transients into the remote termi· 
al. For example, inadvertent contact with 
external power sources or electrical storm 
activity may cause triggering of the remote 
alarm function. The circuit below will re
duce the possibility of such occurences. 

TO OTHER 
DETECTORS 

4. LED On-Time Adjustment 

Option 1: The CA3164E is designed to 
provide a fixed LED on·time of approxi· 
mately 30 ms. For applications requiring 
a reduction in on-time the following cir· 
cu it is recommended: 

470kil 

VOLTAGE AT TERM 6 

ov 

D 
20mA 

j l--1mo 

:x>----+ TO MECH. HORN 

92CS-31024 

This circuit reduces the LED on-time but 
does not affect the horn on·time of 30 ms. 
When using this configuration during the 
continuous-alarm mode (smoke in cham· 
ber) the LED will be off instead of on, as 
shown in the truth table. If the horn is 
pulsed during the alarm mode, the LED 
will blink at the pulse rate. 



CA3164E 

Option 2: A chip design change can be 
implemented to generate a 10 ms LED 
on-time. The sounder would also be pulsed 
for only 10 ms. A further reduction in 
this time may result in faulty operation 
of the sounder. 

5. Cleaning Procedure 

To insure leakage currents of less than 
1 pA the following procedure is recom· 
mended: 
(a) degrease in trichlorethylene 
(b) rinse in de-ionized water 

Circuit Description 

Basic Functions - The CAJ164E is designed 
to interface directly with an ionization
chamber type of smoke detector. Upon being 
triggered by a decreasing voltage at the ion
ization-chamber output, the IC operates a 
mechanical transducer. In addition to this 
basic smoke-detector function, another cir
cuit monitors and compares the battery volt
age to an internal reference-voltage source. 
Once the battery voltage drops below a de
fined level, a short JO-ms beep sound is 
produced in synchronism with an LEO indi
cator every 50 seconds. This rate is de
termined by a programming resistor con
nected between terminal 4 and ground and 
an external 0.1 µF capacitor connected be
tween terminal 1 J and ground. 

A buffered output voltage is available from 
the reference supply that may be used to 
operate the ionization chamber. This.voltage 
helps maintain constant sensitivity with de
creasing supply voltage. 

There are two alarm modes and two con
ditions that will sound the alarm. The first 
alarm condition is the normal smoke in the 
ionization chamber; the other condition is a 
high level to the remote input/output termi
nal of the IC. 

The first alarm mode is the customary con
tinuous sound. The second alarm mode is an 
interrupted or pulsed sound. 

Operation - The CAJ164E is current pro
grammable by placing a resistor from terminal 
4 to ground. This resistor establishes the 
operating current levels for all the current 
sources within the IC including the timing 
circuits. 

An operational amplifier configuration is 
used for the ionization chamber input. 
P-channel MOS field effect transistors are 
used on this input in the bootstrap con· 
figuration shown in Fig. 4 to drive the 
protection diodes and maintain the sub
pioampere input current. 

Fig. 4 - Schematic of ionization~hamber amplifie_r. 

A conventional bipolar amplifier is used for 
the battery monitor circuit. The zener diode 
is biased at about J µA. This zener voltage 
is raised one V AK and then applied to the 
base of an emitter-follower transistor to 
buffer and reflect the zener voltage to the 
outside reference terminal. By providing an 
additional input terminal (terminal 5), where 
three level-shifting diodes are available, an 
additional external means is provided to raise 
the voltage level at which the CAJ164E goes 
into the low-voltage alarm mode. 

An integrating type of timer is used to 
generate the one-minute LED power-monitor 
and battery-function indicator pulse. Fig. 5 
shows the system. A constant-current source 
charges the external 0.1-µF timing amplifier 
P1, which subsequently triggers the JO-ms 
one-shot multi vibrator composed of n-channel 
MOS transistor NJ and n-p-n transistor 01. 

NJ is then cut off and its drain climbs to the 
supply rail, linearly charging capacitor CP. 
When the drain of NJ reaches the supply rail, 
the charging current ceases, cutting off the 
base current of NJ and discharging the 
capacitor. 

An open-collector n-p-n transistor is used to 
drive the optional external LED power 
monitor and battery condition indicator. 

When terminal 11 is returned to v+, the alarm 
sounds continuously. However, it terminal 11 
is returned to ground through a programming 
resistor as shown in the block diagram, the 
alarm pulses. The pulse rate is determined by 
the sum of the current through the pro
gramming resistor connected to terminal 11 
and the current from the basic ti mer current 
source. Thus, when the detector goes into the 
alarm mode, the nominal 50-second timer is 
increased to a nominal 0.5-second period. 
This second 0.5-second rate is a function of 
the external 4.J-M .\1 programming resistor. 

Fig. 5 - Schematic of timer and one-shot multivibrator. 

A large n-p-n transistor at terminal 8 is 
capable of operating the typical mechanical 
interrupter type sounders. An active pull-up 
transistor is also incorporated in this circuit. 
Terminal 9 must be returned directly to v+. 
Terminal 12, the interconnect terminal, is 
both an input and output for the circuit. 
When connected by two wires to other units, 
alarm in any one unit will activate the other 
units. A small sinking current of only 10 µA 
keeps the line impedance down while a 
sourcing current of over 2 mA is available in 
the alarm mode. This current is more than 
sufficient to trigger over 20 additional units. 



CA3240, CA3240A Types 

Dual BiMOS Operational Amplifiers TOP VIEi# 

With MOS/FET Input, Bipolar Output 

The RCA·CA3240A and CA3240 are dual 
versions of the popular CA3140·series inte· 
grated circuit operational amplifiers. They 
combine the advantages of MOS and bipolar 
transistors on the same monolithic chip. The 
gate-protected MOS/FET {PMOSI input tran· 
sistors provide high input impedance and a 
wide common·mode input voltage range 
(typically to 0.5 V below the negative supply 
rail). The bipolar output transistors allow a 
wide O.!Jtput voltage swing and provide a high 
output current capability. 
The CA3240A and CA3240 are supplied in 
the 8·1ead dual·in·line plastic package (Mini· 
DIP, E suffix). and in the 14·1ead dual·in·line 
plastic package (El suffix). They are pin· 
compatible with the industry standard 747 
and 1458 operational amplifiers in similar 
packages. The CA3240A and CA3240 have 
an operating-temperature range of -40 to 
+85oc. The offset null feature is available 
only when these types are supplied in the 
14-lead dual·in·line plastic package (El suf· 
fix). 

OFFSET NULL 

ALL RESISTANCE \M.UES ARE IN OHMS. 

*ONLY AVAILABLE WITH 14-LEAD 01P (El SUFFI )(I 

Features: 
ii Dual version of CA3140 
• Internally compensated 
• MOS/FET input stage 

N~t'f."1 9 
·=T~':."; •·---~· 
IN~~~(BI 7 

(a) Very high input impedance (Z1Nl - 1.5 TQ typ. 
{bl Very low input current Oil - 10 pA typ. at± 15 V 
{c) Wide common·mode input-voltage range {V1cRl -

*'PINS 9 ANO l:S INTERNALLY 
CONNECTED THROUGH APPROX .. 

E1 Suffix 
can be swung 0.5 volt below negative supply· 
voltage rail 

Pin compatible with the 
industry-standard 747 

(d) Rugged input stage - bipolar diode protected 
• Directly replaces industry types 747 and 1458 in 

most applications 

• Operation from 4-to-36 volts 
single or dual supplies 

• 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 Vor30V 

• High voltage-follower slew rate - 9 V /µs 
• Output swings to within 0.5 volt of 

negative supply at v+ a 5 v. v- .. 0 

y-

92CL-30014 

9tCS-300ll 

E Suffix 
Pin compatible with the 
industry-standard 1458 

Fig. 7 - Functional diagram•. 

Applications: 
• Ground-referenced single-supply amplifiers 

in automobile and portable instrumentation 
• Sample and hold amplifiers 
• Long-duration timers/multivibrators 

{microseconds-minutes-hours) 
• Photocurrent instrumentation 
• Active filters • Intrusion alarm systems 
• Comparators • Instrumentation amplifiers 
• Function generators • Power supplies 

Circuit Description 

Fig. 2 - Schematicodiagram of one-half CA3240 urie•. 

The schematic diagram of one amplifier 
section of the CA3240 is shown in Fig. 2. It 
consists of a differential amplifier stage using 
PMOS transistors Q9 and 010 w°ith gate·to· 
~ource protection against static discharge 
damage provided by zener diodes 03, 04, 
and 05. Constant current bias is applied to 
the differential amplifier from transistors 02 
and 05 connected as a constant-current 
source. This assures a high common-mode 
rejection ratio. The output of the differential 
amplifier is coupled to the base of gain stage 
transistor 013 by means of an n-p·n current 
mirror that supplies the required differential· 
to-single-ended conversion. Provision for off
set null for types in the 14·1ead plastic 
package (El suffix) is provided through the 
use of this current mirror. 



CA3240, CA3240A Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VDLTAGE 
I BETWEEN v+ AND v- TERMINALS) 

DPERATING VOLTAGE RANGE 

DIFFERENTIAL-MODE INPUT VOLTAGE 
COMMON-MODE DC INPUT VOLTAGE 
INPUT-TERMINAL CURRENT 
DEVICE DISSIPATION: 

UP TO 55°C 
ABOVE 55°c 

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. 

36 v 
4 to 36 V 

or ±2 to ±18 V 
±av 

1v+ +8 VI to 1v- -0.5 VI 
1 mA 

630mW 
Derate linearly 6.67 mWt°C 

-40 to +a5oc 
. -65 to +150°C 

UNLIMITED 

+265°c 

•Short circuit may be applied to ground or to either supply. Temperatures and/or supply voltages must 
be limited to keep dissipation within maximum ratii"lg. 

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
At v+ = 15 V, v- = 15 V, TA= 25°C Unless Otherwise Specified 

LIMITS 
CHARACTERISTIC CA3240A CA3240 UNITS 

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

Input Offset Voltage, IV1ol - 2 5 - 5 15 mV 

Input Offset Current, - 0.5 20 - 0.5 30 pA 

The gain stage transistor 013 has a high
impedance active load (03 and 04) to pro
vide maximum open-loop gain. The collector 
of 013 directly drives the base of the com
pound emitter-follower output stage. Pull
down for the output stage is provided by 
two independent circuits: ( 1) constant
current-connected transistors 014 and 015 
and (2) dynamic current-sink transistor 016 
and its associated circuitry. Thelevel of pu/1-
down current is constant at about 1 mA for 
015 and varies from 0 to 18 mA for 016 
depending on the magnitude of the voltage 
between the output terminal and v+. The 
dynamic current sink becomes active when
ever the output terminal is more negative 
than v+ by about 15 V. When this condition 
exists, transistors 021 and 016 are turned on 
causing 016 to sink current from the output 
terminal to v-. This current always flows 
when the output is in the linear region, either 
from the load resistor or from the emitter of 
018 if no load resistor is present. The purpose 
of this dynamic sink is to permit the output 
to go within 0.2 V (VCE(sat)) of v-with a 
2-kQ load to ground. When the load is 
returned to v+, it may be necessary to supple
ment the 1 mA of current from 015 in order 
to turn on the dynamic current sink (016). 
This may be accomplished by placing a 
resistor (approx. 2 kQ) between the output 
and v-. 

P1ol 
,---------------~ 

Input Current, 11 - 10 

Large-Signa I 20 k 100 k 
Voltage Gain, AOL • 
(See Figs. 4, 19) 86 100 

Common-Mode - 32 
Rejection Ratio, CMRR 
(See Fig. 9) 70 90 

Common-Mode 
-15.5 

Input-Voltage 
-15 to 

Range, VICR +12.5 
(See Fig. 16) 

Power-Supply 6V10/6V - 100 
Rejection Ratio, PSRR 
(See Fig. 11 ) 76 80 

Maximum Output 
Voltage,• VoM+ +12 13 

(See Figs. 22, 16) VoM- -14 -14.4 

Maximum Output 
Voltage, t VoM- 0.4 0.13 

Supply Current, 1+ 

(See Fig. 7) - 8 
For Both Amps. 

Total Device 
Dissipation, Po - 240 

e At Vo= 26 Vp-p• +12 V, -14 V and RL = 2 klL 

•AtRL=2kH. 

t At v+ = 5 V, v- = GND, I sink= 200 µA. 

40 

-

-

320 

-

12 

150 

-

-

-

-

12 

360 

- 10 50 

20 k 100 k --

86 100 -

- 32 320 

70 90 -

-15.5 
-15 to 11 

+12.5 

- 100 150 

76 80 -

+12 13 -

-14 -14.4 -

0.4 0.13 -

- 8 12 

- 240 360 

pA 

VIV 

dB 

µVIV 

dB 

v 

µVIV 

dB 

v 

v 

mA 

mW 

I 2mA 4mA v+ 

I 
I 

OFF SU 
NULL* 

2mA I 
I 
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Fig. 3 - Block diagram of one-half CA3240 series. 

r 
j 
z 125 

3 
~100 

LOAD RESISTANCE (RL)• 2 kll 

,. .. 

5 10 15 20 25 
SU~LY VOLTAGE 1v•, v-1-VOLTS 

Fig. 4 - Open-loop voltage gain as a function of 
supply voltage and temperature. 



TYPICAL ELECTRICAL CHARACTERISTICS 

TEST 
TYPICAL VALUES 

CONDITIONS 
CHARA-CTERISTIC v+ = +15 v CA3240A CA3240 UNITS 

v-= -15 v 

TA =25°c 

Typ. Value of 
Input Offset Voltage Resistor Between 
Adjustment Resistor Terms. 4 and 18 4.7 kn 
(El Package Only) 3(5) or Between 

4 and 14(8) to 
Adjust Max. 

V10 

Input Resistance R1 1.5 1.5 Tn 

Input Capacitance C1 4 4 pF 

Output Resistance Ro 60 60 n 

Equivalent Wideband 
BW=140 kHz 

Input Noise Voltage en 
Rs= 1 Mn 

48 48 µV 
(See Fig. 21) 

Equivalent Input 
f= 1 kHz Rs= 40 40 

Noise Voltage en nV/v'"Hz 
(See Fig. 10) f=lOkHz 100 n 12 12 

Short-Circuit Current to 
Opposite Supply Source loM + 40 40 

mA 
Sink 10M- 11 11 

Gain-Bandwidth 
Product fT 4.5 4.5 MHz 
(See Figs. 5 and 19) 

Slew Rate SR 
9 9 V/µs 

(See Fig. 6) 

Transient Response: 
Rise Time RL=2 kn O.OB O.OB µs 

Overshoot (See Fig. 20) 
tr 

CL =100 pF 10 10 % 

Settling Time 
1 mV 

RL=2 kn 
4.5 4.5 

at 10 vp-p• 10 mV ts 
CL =100 pF 

1.4 1.4 
µs 

(See Fig. 17) Voltage Follower 

Crosstalk f = 1 kHz 120 120 dB 

AMBIENT TEMP!ltATUllE IT,1,) • m•c 
> SUPPLY VOLTAGE: y+.16 V, v-·-15 V 
I 
1~ f\ ~ 
~ 20 \ i 
I 

,. 

~ " 
~ • )'..,. 
~ N 

I'-~ 0 

10 K 
. 

IOOK ' '" •• 10 I~ I04 I05 IO' 
FREQUENCY {fl - H.r: FREQUENCY (f)-Hi 

Fig. 8 - MaX1·mum output voltage swing 
as a function of frequency. 

Fig. 9 - Common-mode rejection ratio 
as a function of frequency. 

ICY 

CA3240, CA3240A Types 

20 LOAD RESISTANCE IRLI • 2 110 
LOAD CAPACIT~~CE (CLI = IOO pF 

g •it-~~+-~~-+-~~- ·~~="~~=' 
~ AMBIENT TEMPERATURE!!A!: ·:::; 

% s 

! 
~ 

5 10 15 20 "' SUPPLY VOLTAGE {Y+, V-1-VOLTS 
92CS-30018 

Fig. 5 - Gain-bandwidth product as a function 
of supply voltage and temperature. 

20 LOAD RESISTANCE (RLl • 2 ~O 
LOAD CAPACITANCE (Ct_)• 100 pf 

,. 
~ 
I 

:i 
: 10 

5 10 ~ w ~ 

SUPPLY VCILTAGE 1v•, v-1-YOLTS 
92CS-50017 

Fig. 6 - Slew rate as a function of supply 
voltage and temperature. 

2 
0 10 ,. 

SUPPLY VOLTAGE{v+,v-1-v 
20 

Fig. 7 - Quiescent supply current as a 
function of supply voltage and 
temperature. 

': 
I 

~ 
~IOOol=t=l=l=lt==l=t=l:Jt'~ci=t=lt=t=t+tlri=t=rn 
i 'f-t-t-t-tt--T-t-tTt--t--+-t-n.'"4"--r-rt1r-i-t-t"1'1 

§ •r-t--t-ttt--t--t-ttt-t--t-ttr~-r~""'t<:ttt---i--t-tt1 
i IO .~j:::f+lj:::::j:::f=tti==t=ttit=t=tii1r1~=1i1 
; •f---t--t-+tt--+-t-+Tt--t--t-ttt--t--t+Hf--~4'-0t-11 
~ 4 L •l---t--t-+tt--+-HTt--t--t-Ht--t--t+Hf-f--tt1 

IO lo' lo' lo' lo' 
FREQUENCY If) - Hz 

92CS-30020 

Fig. 10 - Equivalent input noise voltage 
as a function of frequency. 



CA3240, CA3240A Types 

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
At v+ = 15 V, v- = 15 V, TA= -40 to +85°C Unless Otherwise Specified 

CHARACTERISTIC 

Input Offset Voltage, IV1ol 

Input Offset Current,• 11101 

Input Current,• 11 

Large-Signal 
Voltage Gain, AoL • 
(See Figs. 4, 19) 

Common-Mode 
Rejection Ratio, CMRR 
(See Fig. 91 

Common-Mode 
Input-Voltage Range, V1CR 
(See Fig. 16) 

Power-Supply·Rejection !N1olt:N 
Ratio, PSRR 
(See Fig. 11 I 

Maximum Output 
Voltage,• VoM+ 

(See Figs. 16, 221 VoM-

Supply Current, 1+ 

(See Fig. 7) For Both Amps. 

Total Device Dissipation, Po 

Temperature Coefficient 
of Input Offset Voltage, tN1ollH 

e At Vo= 26 Vp-p• +12 V, -14 V and RL = 2 kl!. 

•At RL = 2 kl!. 

6AtTA=85°C 

. 
OUTPUT VOLTAGE CVol-V 

92CS-3002.3 

TYPICAL VALUES 
CA3240A CA3240 

3 10 

32 32 

640 640 

63 k 63k 

96 96 

32 32 

90 90 

-15 -15 
to to 

+12.3 +12.3 

150 150 

76 76 

12.4 12.4 

-14.2 -14.2 

8.4 8.4 

252 252 

15 15 

UNITS 

mV 

pA 

pA 

VIV 

dB 

µVIV 

dB 

v 

µVIV 

dB 

v 

mA 

mW 

µV/OC 

Fig. 13 - Supply current"' a function of 
output voltage. Fig. 14 - Crosstalk as a function of frequency. 

SUPPLY VOLTAGE: v+•IS V; v-•-1& V POWER SUPPLY 

e AMBIENT TEMPERATURE (TA,I • 2s• C ftEJECTtON RATIO 

'""' 
IPSRRI • AVmlAV 

j 
;; 80 

bJ b, ~ I" !! 60 

b. -~ 140 ·-;-si"-
I b 
ii'"' !'>. 

I ~ 

10 "'' I03 104 1()5 ' 10 
FREQUENCY If} - H:z 

92CS-30021 

Fig. 11 - Power supply rejection ratio 
as a function of frequency. 

-1!5 -fO -5 0 !5 
OUTPUT VOLTAGE! Vo 1-V 

92CS-3002Z 

Fig. 12 - Output sink current as a function 
of output voltage. 

1.0 
4 I I 2 4 I I 2 

0.1 1.0 
... 

0.0\. 
LOAD (SINKING) CURRENT - mA 

92CS-27'1l 

Fig. 15 - Voltage across output transistors 
015 and 016 as a function of 
load current. 

IO 



TYPICAL ELECTRICAi., CHARACTERISTICS FOR DESIGN GUIDANCE 
Atv+=sv. v-=ov. TA=2soc 

CHARACTERISTIC TYPICAL VALUES 
UNITS 

Input Offset Voltage, IV1ol 

Input Offset Current, 11101 

Input Current, 11 

Input Resistance 

Large-Signal Voltage Gain, AoL 
(See Figs. 4, 19) 

Common-Mode Rejection Ratio, CMRR 

Common-Mode Input-Voltage 
Range, V1cR 
(See Fig. 22) 

Power-Supply Rejection Ratio, PSRR 

Maximum Output Voltage, VoM + 

(See Figs. 16,22) VoM-

Maximum Output Current: 
Source, 10M+ 

Sink loM-

Slew Rate (See Fig. 6) 

Gain-Bandwidth Product, fT 
(See Fig. 5) 

Supply Current, 1+ 
(See Fig. 7) 

Device Dissipation, Po 

> 111---t--l--l---H~ 

-h Ill----+--

CA3240A 

2 

0.1 

2 

1 

100k 
100 

32 
90 

-0.5 

2.6 

31.6 
90 

3 

0.3 

20 

1 

7 

4.5 

4 

20 

CA3240 

5 mV 

0.1 pA 

2 pA 

1 Tn 

100 k VIV 
100 dB 

32 µVIV 
90 dB 

-0.5 
v 

2.6 

31.6 ...}!;_VIV 
90 dB 

3 
v 

0.3 

20 . 
mA 

1 

7 V/µs 

4.5 MHz 

4 mA 

20 mW 

~ •11---t--7'(-'7!1"-l-l::"""""°"'--L--'--'-1 
! 
~ 

1-411---1----+ ............. 

-111----+---+ 
-•1----+---+-+-'lrl;---t-......,->t--t--t-1 
•ID .. 

0.1 ID 
Ca) SETTLING TIME - /IS 

FOLLOWER 

C~l TEST CIRCUITS 

Fig. 17 - Input voltage n a function of 1ettling time. 
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CA3240, CA3240A Types 

TKX> 
ii 
!! 80 

; 
~ .. 
~ 
~ 

~ 40 

L. 

LOAD RESISTANCE ( RL )• 

5 SUPPLY vo't!TAGE cv• • .?1-v "' 
Fig. 16 - Output-voltage-.wing capability and 

common-mode input-voltage range 
as a function of supply voltage and 
temperature. 

IO IC: SUPPLY VOLTAGE: v+•+l5 Y, v-·-1& v 

IL 

-80 -40 -20 0 ZO 40 IO IO 100 120 140 

AaelENT TEMPERATURE (TA)-•C Hcs-zr•it 

Fig. 18 - Input current as a function of 
ambient temperature. 

-· ~-,.·~.C·~·µui_f ! AMBIENT TEMP£1U.TUltf ITAi • 20-C 1 
LIL JllL •IL .. Si_\ 
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Fig. 19 - 0,,.n-loop l/O/tap pin and phSSll lag 
a1 a function of frequency. 



CA3240, CA3240A Types 

+15V 

2Kn 

0.051&F 

SIMULATED 
LOAD 

>-~-, 

I > 
K>OpFT~* 

BW(-3d8)•4.5 MHz 
SR•9 V/p,t 

I I 

L.,_J 
v 

(o)SMALL SIGNAL RESPONSE 

. . 
"' " "" -----

-----

' 
(bl LARGE SIGNAL RESPONSE 

TOP TRACE; INPUT 
(50mV/OIV; 2.00ns/DIVl 

BOTTOM TRACE: OUTPUT 
( 50 mVIDIV •,200 ns/OIV) 

TOP TRACE : INPUT 
{~V/OIV; 1,..s101v.) 

BOTTOM TRACE; OUTPUT 
( 5V/DllJ.·,I ns/OIV.) 

92CS· 30029 

Fig. 20 - Split-supply voltage-follower test circuit and associated waveforms. 

APPLICATIONS CONSIDERATIONS 

Output Circuit Considerations 

Fig. 22 shows output current-sinking capa· 
bilities of the CA3240 at various supply 
voltages. Output voltage swing to the nega· 
tive supply rail permits this device to operate 
both power transistors and thyristors directly 
without the need for level-shifting circuitry 
usually associated with the 741 series of 
operational amplifiers. 

Fig. 23 shows some typical configurations. 
Note that a series resistor, R L. 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 cir· 
cu it. 

•>---+-+-+-f+-->---+--+-++-+---4--4-+.< 
1.0 

0.01 
. . . 

0.1 1.0 
LOAD !SINKING) CURRENT - mA 

. .. 
10 

Fig. 22 - Voltage across output transistors 
015 and 016 a< a function of 
load current. 

Input Circuit Considerations 

As indicated by the typical VICR, this device 
will accept inputs as low as 0.5 V below v-. 
However. a series current-limiting resistor is 
recommended to limit the maximum input 
terminal current to less than 1 mA to prevent 
damage to the input protection circuitry. 

92CS-30030 

Fig. 23 - Methods of utilizing the V CE(satJ 
sinking-current capability of the 
CA3240 series. 

Moreover, some current-limiting resistance 
should be provided between the inverting 
input and the output when the CA3240 is 
used as a unity-gain voltage follower. This 
resistance prevents the possibility of ex· 
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-kQ 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. 24 shows typi· 
cal input-terminal current versus ambient 
temperature for the CA3240. 

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. 

+15V 

BW(-3d8):s 140 llHz 
TOTAL NOISE VOLTAGE (REFERRED 

TO INPUT)=48 ~V TYP. 

NOISE 
l--+--0 VOLTAGE 

OUTPUT 

30.1 k.D 

lkll 

92CS~ 30027 

Fig. 21 - Test-circuit amplifier (30-dB gain/ 
used for wideband noise measurement. 

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. In typical linear 
applications, where the differential voltage is 
small and symmetrical, these incremental 
changes are of about the same magnitude as 
those encountered in an operational amplifier 
employing a bipolar transistor input stage. 

IO K: SUPPLY VOLTA.GE: y+. +IS V, Y-••llS V 

-60 -40 -20 o 20 40 eo eo 100 120 140 
AMBIENT TEMPERATURE {TA) - •c 

Fig. 24 - Input current as a function of 
ambient temperature. 

Offset-Voltage Nulling 

The input-offset voltage of the CA3240AE1 
and CA3240E1 can be nulled by connecting 
a 1 O·kO potentiometer between Terminals 3 
and 14 or 5 and 8 and returning its wiper arm 
to Terminal 4, see Fig. 25a. This technique, 
however, gives more adjustment range than 
required and therefore, a considerable portion 
of the potentillmeter rotation is not fully 
utilized. Typical values of series resistors that 
may be placed at either end of the potentio· 
meter. see Fig. 25b, to optimize its utilization 
range are given in the table "Electrical 
Olaracteristics For Design Guidance" shown 
in this bulletin. 

An alternate system is shown in Fig. 25c. 
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. 



TYPICAL APPLICATIONS 

On/Off Touch Switch 

The on/off touch switch shown in Fig. 26 
uses the CA3240E to sense small currents 
flowing between two contact points on a 
touch plate consisting of a PC board metal
lization "grid". When the "on" plate is 
touched, current flows between the two 
halves of the grid causing a positive shift in 
the output voltage (Term. 7) of the CA3240E. 
These positive transitions are fed into the 
CA3059, which is used as a latching circuit 
and zero-crossing triac driver. When a positive 
pulse occurs at Terminal 7 of the CA3240E, 
the triac is turned on and held on by the 
CA3059 and its associated positive feedback 
circuitry (51-kSl resistor and 36-kS1/42-kS1 
voltage divider). When the positive pulse 
occurs at Terminal 1 (CA3240E), the triac is 
turned off and held off in a similar manner. 
Note that power for the CA3240E is supplied 
by the CA3059 internal power supply. 

The advantage of using the CA3240E in this 
circuit is that it can sense the small currents 
associated with skin conduction while al
lowing sufficiently high circuit impedance to 
provide protection against electrical shock. 

Dual Level Detector (window comparator) 

Fig. 27 illustrates a simple dual liquid level 
detector using the CA3240E as the sensing 
amplifier. This circuit operates on the princi
ple that most liquids contain enough ions in 
solution to sustain a small amount of current 
flow between two electrodes submersed in 
the liquid. The current, induced by an 0.5-V 
potential applied between two halves of a 
PC board grid, is converted to a voltag,e level 
by the CA3240E in a circuit similar to that 
of the on/off touch switch shown in Fig. 26. 
The changes in voltage for both the upper 
and lower level sensors are processed by the 
CA3140 to activate an LED whenever the 
liquid level is above the upper sensor or 
below the lower sensor. 

Constant-Voltage/Constant-Current Power Supply 

The constant-voltage/constant-current power 
supply shown in Fig. 28 uses the CA3240E 
as a voltage-error and current-sensing ampli-
fier. The CA3240E is ideal for this application 
because its input common-mode voltage-range 
includes ground, allowing the supply to 
adjust from 20 mV to 25 V without requiring 
an additional negative input voltage. Also, 
the ground reference ca pa bi I ity of the CA-
3240E al lows it to sense the voltage across 
the 1-Sl current-sensing resistor in the nega-
tive output lead of the power supply. The 
CA3086 transistor array functions as a refer-
ence for both constant-voltage and constant
current limiting. The 2N6385 power Darling-
ton is used as the pass element and may be 
required to dissipate as much as 40 W. Fig. 
29 shows the transient response of the 
supply during a 100-mA to 1-A load transi
tion. 

"ON" 

LOW 
LEVEL 

1(7) 

CA3240, CA3240A Types 

a BASIC b IMPROVED 
RESOLUTION 

*SEE CHARACTERISTICS CHART 
FOR VALUER 

v-

c SIMPLER 
IMPROVED 
RESOLUTION 

92CS-3003i 

Fig. 25 - Three offset~voltage nulling methQds. 
(CA3240AE1, CA3240E1 only.) 

44M 

44 M 

Fig. 26 - On/off touch switch. 

92CM- 30006 

Fig. 27 - Dual level detector. 
~ 
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60Hi:/50Hz 



CA3240, CA3240A Types 

.-------------------~uvo 
r--------·-1 

2N6385 I 2)--+1--' 
DARL1NGT~1 I 
.------c-:-~ ~n I 

I I 
I I 
I I 
I 

27ti: L_ -- - ____ _J IOOil 

Vo RANGE .. 20 mV- 25 v 

LOAD REGULATION. 
VOLTAGE < o.oa % 
CURRENT< 0.05 % 

OUTPUT HUM AND NOISE • < 150,._ V RMS 
(10 MHz BANDWIDTH) 

CINE REGULATION•< Q. I %/Vo 
I.a RANGE•10mA-t.3A 

ro-

IOK 

92CL- 30007 

Fig. 28 - Constant-voltage/constant-current power supply. 

TRANSIENT RESPONSE 

TOP TRACE: OUTPUT VOLTAGE 
(500mWcm ANO 5,...slcml 

BOTTOM TRACE: COLLECTOR Of LOAD 
SWITCHING TRANSISTOR 
LOAD= 100 mA TO IA 
(5V/cm AND 5,.._slcml 

92CS·30034 

Fig. 29 - Transient response. 

Pi:ecision Differential Amplifier 

Fig. 30 shows the CA3240E in the classical 
precision differential amplifier circuit. The 
CA3240E is ideally suited for biomedical 
applications because of its extremely high 
input impedance. To insure patient safety, an 
extremely high electrode series resistance is 
required to limit any current that might 
result in patient discomfort in the event of a 
fault condition. In this case, 10-Mn resistors 
have been used to limit the current to less 
than 2 µA without affecting the performance 
of the circuit. Fig. 31 shows a typical 
electrocardiogram waveform obtained with 
this circuit. 

r. 
I I 
I I 

~ 
TWO CONO 
SHIELDED 
CABLE 

GAIN 
CONTROL 

t!5V 

IOOK 1% 

100 K 1% 

2000 pF 

+ 15V 

FREOUENCY RESPONSE (-3d81 DC TO I MHz 

SLEW RATE• 1.5\//p Ht 

COMMON MODE REJ : 86 dB 
GAIN RANGE: 3~ dB-60dB 

92CM-30001 

Fig. 30 - Precision differential amplifier. 



Differential Light Detector 

In the circuit shown in Fig. 32, the CA3240E 
converts the current from two photo diodes 
to voltage, and applies 1 V of reverse bias to 
the diodes. The voltages from the CA3240E 
outputs are subtracted in the second stage 
(CA3140) so that only the difference is 
amplified. In this manner, the circuit can be 
used over a wide range of ambient I ight 
conditions without circuit component ad· 
justment. Also, when used with a light source, 
the circuit will not be sensitive to changes in 
light level as the source ages. 

TYPICAL ELECTROCARDIOGRAM WAVEFORM 

VERTICAL: l.0111VIDIV. 
(AMPLIFIER GAIN• IOOX) 
(SCOPE SENSITIVITY• 0-IV/OIV. 

HORIZONTAL:> 0.2 SEC/DIV (UNCAL) 

92CS-100l3 

Fig. 31 - Typical electrocardiogram waveform. 

ACA 
C30809 
PHOTO 
DIODE 

CA3240, CA3240A Types 

+ 15V 

92CM-30009 

Fig. 32 - Differential light detector. 

CA3240H Dimensions and Pad Layout 

f+-------~,2.o~==.~·~o.~1-----..., 
NOTE· NOS. IN PADS ARE FOR 14-LEAD DIP 

NOS. OUTSIDE OF CHIP ARE FOR 8- LEAD DIP 

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 
9lP with respect to the face of the chip. Therefore, 
the isolated chip is llCtually 7 mils (0.17 mm} 
larger in both dimensions. 

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}. 



CA3290, CA3290A, CA3290B 

BiMOS Dual Voltage 
Comparators 
With MOS/FET Input, Bipolar Output 

The RCA-CA3290B, CA3290A, and CA3290 
types consist of a dual voltage-comparator 
on a single monolithic chip. The common
mode input voltage range includes ground 
when operated from a single supply. The 
low supply-current drain makes these com
parators suitable for battery operation; their 
extremely low input currents allow their use 
in applications that employ sensors with 
extremely high source impedances. Package 
options are shown in the table below. 

SELECTION CHART 

Characteristic Pack~ & Suffix 
Max. Max. Min. v+ T0-6 Plastic 

Selection VIO 11 AOL (V) OIL- 8- 14-
(mV (pA) Std. CAN Ld. Ld. 

CA3290B 6 30 SOK 44 T s - -
CA3290A 10 40 25K 36 T s E E1 
CA3290 20 50 25K 36 T s E E1 

y+ 

Fig. 1 - Basic CA3290 comparator. 

Features: 
• MOS/FET input stage: 

(a) Very high input .impedance (Z1Nl • 1.7 TQ typ. 
(b) Very low input current· 3.5 pA typ. at 

t5 V supply voltage 
(c) Low input-offset voltage (Viol· to 6 mV max. 

(CA3290B) 
(d) Wide common-mode input-voltage range (VI CR) • 

can be swung 1.5 V (typ.) below negative 
supply-voltage rail 

(e) No phase reversal of output signal for input 
signals down to 5 V below negative supply
voltage rail 

(f) MOS/FET input stage - zener diode protected 
(g) Virtually eliminates errors due to f(ow of 

input currents 

• Wide supply-voltage range: 
Single supply - 4 to 36 V de 

+3.5 
Dual-supply - _ 0_5 to ±18 V de 

(B-types up to 44 or ±22 V de) 

• Very low supply-current drain - 0.8 mA 
at t5 V 

• Differential input-voltage range - up to ±36 V 
• Low output saturation voltage - 120 mV 

at4mA 
• Output voltage compatible with TTL, 

DTL, ECL, MOS, and CMOS logic systems 
• All types are rated for operation over the 

range of -55 to +125oc 
• Stable V IO vs. time due to source-follower 

inputs 

Applications: 
• High-source-impedance voltage 

comparators 
• Long time delay circuits 
• Square-wave generators 
• A/D converters 
• Window comparators 

TERMINAL ASSIGNMENTS 

TOP VIEW 

E SUFFIX 

TOP VIEW 

INV 
6 INPUT 

(A2l 

NON-INV 
5 INPUT 

(A2) 

•TIE TO GROUND OR y+ FOR BEST 
INPUT/OUTPUT ISOLATION. 

El SUFFIX 

TOP VIEW 

INV. 
INPUT (A2) 

Sand T SUFFIX 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY VOLTAGE: 

Single Supply: 
CA3290B 
CA3290A, CA3290 

Dual Supply: 
CA3290B 
CA3290A, CA3290 

DIFFERENTIAL INPUT VOLTAGE 

COMMON-MODE INPUT VOLTAGE 
DEVICE DISSIPATION: 

Up to 55°c 
Above 55°C 

OUTPUT-To-v- SHORT CIRCUIT DURATION* 
TEMPERATURE RANGE, ALL TYPES: 

Operating 
Storage 

INPUT TERMINAL CURRENT 
LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16± 1/32 INCH (1.59 ±0.79 MM) 
FROM CASE FOR 10 SECONDS MAX. 

+44V 
+36V 

±22v 
..•.•. ±1sv 

± 36 v or± [(v+-v-)+5 VI 
(whichever is less) 

v++svtov--sv 

.. . 630mW 
Derate linearly at 6.67 mWt°C 

CONTINUOUS 

-55 to +125°C 
-66 to +150°c 

1 mA 

CIRCUIT DESCRIPTION 

The Basic Comparator 

*Short circuits from the output to v+ can cause excessive heating and 
eventual destruction of the device. 

Fig. 1 shows the basic circuit diagram for 
one of the two comparators in the CA3290. 
It is generically similar to the industry-type 
"139" comparators, with PMOS transistors 
replacing p-n-p transistors as input stage 
elements. Transisto.rs 01 through 04 com
prise the differential input stage, with Q5 
and 06 serving as a mirror-connected active 
load and differential-to-single-ended con
verter. The differential input at 01 and 04 is 
amplified so as to toggle 06 in accordance 
with· the input-signal polarity. For example, 
if +V1N is greater than -V1N. 01, 02, and 
current mirror transistors 06 and 06 will be 
turned off; transistors 03, 04, and 07 will 
be turne!l on, causing 08 to be turned off. 
The output is pulled positive when a load 
resistor is connected between the output and 
v+. 



CA3290, CA3290A, CA3290B 
ELECTRICAL CHARACTERISTICS at TA= -55 to +125°c 

CHARACTERISTIC 

In put Offset 
Voltage, V 10 

Temp. Coefficient 
of Input Offset 
Voltage,L'. V 10/L'. T 

In put Offset 

Current, I 10 

Input Current, 11• 

. 
Supply Current, 1+ 

Voltage Gain, AoL 

Saturation 

Voltage 

Output Leakage 

Current, loL 

•At TA= +12s0 c 
*At TA= -ss0 c 

TEST 

CONDITIONS 
v+ 

V1c=1.4 V 
Vo=l.4 V 

5V 

V1c=O V, ±15 v 
Vo=O V 

V1c=l.4V 5V 

V1c=O V ±15 v 

V1c=1.4 V 5V 

V1c=O V ±15V 

5V 
RL = oo 

30V 

RL=15kS1 ±15 v 

v+=5 V, 
+125°C 

4 mA, 
+V1=0 V, -55°c 

-V1=1 V 

15 v 

36V 

COMPARATOR NO, I 

VALUES 

CA3290B CA3290A 
Typ. Ma><. Typ. Ma><. 

3.5 - 4.5 -

3.5 - 8.5 -

8 - 8 -

2 22 2 28 

7 22 7 28 

2.8 32 2.8 45 

13 32 13 45 

0.85 l.6 0.85 1 

1.62 3.5 1.62 3 

150 - 150 -
103 - 103 -

0.22 0.7 0.22 0.7 

0.1 - 0.1 -

65 - 65 -
130 lk 130 lk 

:~::g~ FOR 
!CURRENT SOURCES 

I 
I v-

CA3290 

Typ. Ma><. 

8.5 -

8.5 

8 -

2 32 

7 32 

2.8 55 

13 55 

0.85 1.6 

1.62 3.5 

150 -
103 -

0.22 0.7 

0.1 -

65 -
130 lk 

I 

II i8,.PARATOR 
N0.2 

UNITS 

mV 

µ.V!°C 

nA 

nA 

mA 

V/mV 

dB 

v 

nA 

Fig. 2 - Schemetic dillflrem of CA3290 
(only one is shown). 

In essence, 01 and 04 function as source
followers to drive 02 and 03, respectively, 
with zener diodes 01 through 04 providing 
gate-o><ide protection against input voltage 

transients (e.g., static electricity). The cur
rent flow in 01 and 02 is established at 
appro><imately 50 microamperes· by constant
current sources 11 and 13, respectively. Since 

01 and 04 are operated with a constant cur
rent load, their gate-to-source voltage drops 
will be effectively constant as long as the 
input voltages are within the common-mode 
range. As a result, the input offset voltage 
(VGS(Ol) + VBE(02)-VBE(03)-VGS(04)l 
will not be degraded when a large differential 
de voltage is applied to the device for ex
tended periods of time at high temperatures. 

Additional voltage gain following the first 
stage is provided by transistors 07 and 08. 
The collector of 08 is open, offering the user 
a wide variety of options in applications. An 
additional discrete transistor can be added if 
it becomes necessary to boost the output 
sink-current capability. 

The detailed schematic diagram for one com
parator and the common current-source 
biasing is shown in Fig. 2. PMOS transistors 
09 through 012 are the current-source 
elements identified in Fig. 1 as 11 through 14, 
respectively. Their gate-source potentials 
(VGsl are supplied by a common bus from 
the biasing circuit shown in the right-hand 
portion of the Fig. 2. The currents supplied 
by 010 and 012 are twice those supplied by 
09 and 011. The transistor geometries are 
appropriately scaled to provide the requisite 
currents with common VGS applied to 09 
through 01 2. 

4. LOAD RESISTANCE (RL)•m 

~ 3.S 

I 3.0 

t; 
;: 2.5 

~ a2.o 

0 
o ~ ~ w n ~ ~ ~ ~ 

TOTAL SUPPLY VOLTAGE (V+) - V 

Fig. 3 - supply current as a function 
of supply voltage (both amplifiers). 

INPUT COMMON-MOOE VOLTAGE lVtcl-V 

Fig. 4 - Input cu"ent as a function 
of Input common-mode voltage. 



CA3290, CA3290A, CA3290B 

ELECTRICAL CHARACTERISTICS AT TA a 25oc 

TEST 

CHARACTERISTIC COND. CA32908 

v+ Min. Typ. 

Input Offset Voltage, 

V10 V1c=1.4 V 
5V - 3 

Vo=1.4 V 

V1c=O V ±15 v - 3 
Vo=OV 

In put Current, I 1 
V1c=1.4 V 5V - 3.5 

V1c=O V ±15 v - 12 

Input Offset Current, I 10 
V1c=1.4 V 5V - 2 

V1c=O V ±15 v - 7 

Common·Mode Input-
Voltage Range, V1cR 

Vo=1.4 V 5V 
v+-3.5 v+-3.1 

v- v--1.5 
v+-3.8 v+-3.4 

Vo=OV ±15 v v- v--1.6 

Supply Current, 1+ 30 v - 1.35 

RL = oo 5V - 0.8 

Voltage Gain, AoL 50 800 
±15 v 

RL=15kn 94 118 

Output Sink Current 
5V 6 30 

Vo=l.4 V 

Saturation Voltage 
+V1=0 V, 
-V1=l V, 5V - 0.12 
4mA 

Output Leakage Current, 15 v - 100 

loL 36 v - 500 

Response Ti me 
RL=5.1 kn Rising Edge .... 1.2 

15 v 
Falling Edge - 200 

Common-Mode Rejection ±15 v - 44 
Ratio, CMRR 5V - 100 

Power-Supply Rejection 
±15 v - 15 

Ratio, PSRR 

Large-Signal Response 
15 v - 500 

Time 
5V 400 

RL =5.1 kn -

LIMITS 

CA3290A 

Max. Min. Typ. 

6 - 4 

6 - 4 

30 - 3.5 

30 - 12 

20 - 2 

20 - 7 

v+-3.5 v+-3.1 
- v- v--1.5 

v+-3.8 v+-3.4 
- v- v--1.6 

3 - 1.35 

1.4 - 0.8 

- 25 800 

- 88 118 

- 6 30 

0.4 - 0.12 

- - 100 

- - 500 

- - 1.2 

- - 200 

316 - 44 

316 - 100 

316 - 15 

- - 500 
- - 400 

u 
N 
I 

T 
Max s 

10 
mV 

10 

40 

40 
pA 

25 

25 
pA 

-
v 

-

3 
mA 

1.4 

- V/mV 

- dB 

- mA 

0.4 v 

-
pA 

-

- µs 

- ns 

562 
µVIV 

562 

316 µVIV 

-
ns -

Fig. 5 - Input current as a function 

> v• 
~ -1.0 

~ y+ ! -1.5 

,.. v• t -2.0 

~ ~:.5 
g ~;.o 
;; 
~ v+ 
~ -3.5 

,.. v• 
~ -4.0 
~ 

of input common·mode 110ltage. 

!015202530354048 
SUPPLY VOLTAGE (y+) - V 

Fig. 6 - Positive common-mode input voltage 
range as a function of 1upply voltage. 

> 
I LO 

~ 
~ 0.5 

~ 125·~ 

" ~ -0.5 

0 
~ -1.0 

15 20 25 30 35 40 45 
SUPPLY VOLTAGE tv+1-v 

Fig. 7 - Negative common-mode input voltage 
range as a function of supply voltage. 

I,: L .L 
., v+••V =1 

'L 
20 40 10 IO 100 120 

AMBIENT TEMPERATUR£(TAJ-•C 

Fig. 8 - Input current as a function of ambient 
temperatul'tl. 

140 



ELECTRICAL CHARACTERISTICS AT TA= 25oc 

TEST 

CHARACTERISTIC COND. 

v+ Min. 

Input OffSE!t Voltage, 

V10 V1c=l.4 V 
5V -

Vo=l.4 V 

V1c=O V ±15 v -
Vo=O V 

Input Curr~nt, I 1 
V1c=l.4 V 5V -

V1c=O V ±15 v -

Input Offset Current, I 10 
V1c=1.4 V 5V -
V1c=O V ±15 v -

Common-Mode Input· 
Voltage Range, V1cR 

Vo=1.4 V 5V 
v+-3.5 

v-
v+-3.8 

Vo=OV ±15 v v-

Supply Current, 1+ 30 v -
AL= oo 5V -

Voltage Gain, AoL 
±15 v 25 

RL=15kn 88 

Output Sink Current 
5V 6 

Va=l.4 V 

Saturation Voltage 
+V1=0 V, 
-V1=l V, 5V -
4mA 

Output Leakage Current, 15 v -
loL 36 v -

Response Time 
RL=5.1 kn Rising Edge -

15 v 
Falling Edge -

Common-Mode Rejection ±15 v -
Ratio, CMRR 5V -

Power-Supply Rejection 
±15 v -

Ratio, PSRR 

Large-Signal Response 
15 v -

Time 
RL=5.1 kn 5V -

LIMITS 

CA3290 

Typ. Max. 

7.5 20 

7.5 20 

3.5 50 

12 50 

2 30 

7 30 

v+-3.1 
-v--1.5 

v+-3.4 -v--1.6 

1.35 3 

0.8 1.4 

800 -

118 -

30 -

0.12 0.4 

100 -

500 -

1.2 -

200 -
44 562 

100 562 

15 316 

500 -
400 -

UNITS 

mV 

pA 

pA 

v 

mA 

V/mV 

dB 

mA 

v 

pA 

µs 

ns 

µVIV 

µVIV 

ns 

CA3290, CA3290A, CA3290B 

t 
~ 

IOV . . . 
IV 

I 4 11 I 4 11 I 4 11 

IOfl>A I001ot~TPUT Sl~m~URRENT-~~mA 
HCS-~ 

Fig. 9 - Output saturation voltage as a 
function of output sink cu"ent. 

WITH Cc 

TO XIO SCOPE 
PROBE 

TOP TRACE •4.5mVIDIV•VtN 

BOTTOM TRACE • IOVIDIV • \louT 
H • !S,a.1/DIV 

WITHOUT Cc 

TOP TRACE• 4.5mVIOIV 
BOTTOM TRACE• JOY/DIV 

H •5,.1/0IV 

92CM-30059 

Fig. 10 - Parasitic~scillations test circuit 
and associated waveforms. 



CA3290,CA3290A,CA3290B 

I \ ..._.,____ 
100 mV 20 mV !5 mV 

OVERDRIVE OVERDRIVE OVERDRIVE 

I 
5 mV 20 mV 100 mV 

OVERDRIVE OVERDRIVE OVERDRIVE 

9ZCM-30057 

Fig. 11 - Non-inverting comparator rMponse·time 
test circuit and waveforms. 

INPUT 

GNO:r INPUT 
OVERDRIVE 

I ' ' 100 mV 20mV !5 mV 
OVERDRIVE OVERDRIVE OVERDRIVE 

I' ' !5 mV 20mV IOO mV 
OVERDRIVE Ol/ERORIVE OVERDRIVE 

92CM-30058 

Fig. , ..t - Inverting comparator respons~time 
test circuit and waveforms. 

OPERATING CONSIDERATIONS 

Input Circuit 

The use of MOS transistors in the input stage 
of the CA3290 series circuits provides the 
user with the following features for com
parator applications: 

1. Ultra-high input impedance(~ 1.7 T11); 
2. The availability of common-mode re

jection for input signals at potentials 
below that of· the negative power
supply rail; 

3. Retention of the in-phase relationship 
of the ioput and output signals for 
input signals below the negative rail. 

Although the CA3290 employs rugged bi
polar (zener) diodes for protection of the 
input circuit, the input-terminal currents 
should not exceed 1 mA. Appropriate series
connected limiting resistors should be used in 
circuits where greater current flows might 
exist, allowing the signal input voltage to be 
greater than the supply voltage without 
damaging the circuit. 

Output Circuit 

The output of the CA3290 is the open collec
tor of an n-p-n transistor, a feature providing 
flexibility in a broad range of comparator 
applications. An output ORing function can 
be implemented by parallel-connection of 
the open collectors. An output pull-up re
sistor can be connected to a power supply 
having a voltage range within the rating of 
the particular CA3290 in use; the magnitude 
of this voltage may be set at a value which is 
independent of that applied to the v+ 
terminal of the CA3290. 

Parasitic Oscillations 

The ideal comparator has, among other 
features, ultra-high input impedance, high 
gain, and wide bandwidth. These desirable 
characteristics may, however, produce para
sitic oscillations unless certain precautions 
are observed to minimize the stray capacitive 
coupling between the input and output 
terminals. Parasitic oscillations manifest them
selves during the output voltage transition 
intervals as the comparator switches states. 

, For high source impedances, stray capacitance 
can induce paraSltiC oscillations. the-adi:ffffon 
of a small amount (1 to 10 mV) of positive 
feedback (hysteresis) produces a faster tran
sition, thereby reducing the likelihood of 
parasitic oscillations. Furthermore, if the 
input signal is a pulse waveform, with rela
tively rapid .rise and fall times, parasitic 
tendencies are reduced. 

When dual comparators, like the CA3290, 
are packaged in an 8-lead configuration, the 
output terminal o.f each comparator is adja
cent to an in put terminal. The lead-to-lead 
capacitance is approximately 1 pF, which 
may be sufficient to cause undesirable feed
back effects in certain applications. Circuit 
factors such as impedance levels, supply 
voltage, toggling rate, etc., may increase the 
possibility of parasitic oscillations. To mini
mize this potential oscillatory condition, it 
is recommended that for source impedances 
greater than 1 k11 a capacitor (;;;. 1-2 pF) be 
connected between the appropriate input 
terminal and the output terminal. (See Fig. 
10.) 

The CA3290A and CA3290 are also supplied 
in a 14-lead dual-in-line plastic package. To 
minimize the possibility of parasitic oscilla
tions the input and output terminals are 
positioned on opposite sides of the package. 
In addition, there are two leads between the 
output terminal of each comparator and its 
corresponding inverting input terminal, re
ducing the input/output coupling signifi
cantly. These leads (8, 9, 13, 14) should be 
tied to either the v+ or v- supply rail. If 
either comparator is unused, its input ter
minals should also be tied to either the v+ 
or v- supply rail. 

TYPICAL APPLICATIONS 

light-Controlled One-Shot Timer 

In Fig. 13 one comparator (A 1) of the 
CA3290 is used to sense a change in photo 
diode current. The other comparator (A2) 
is configured as a one-shot timer and is 
triggered by the output of A 1. The output 
of the circuit will switch to a low state for 
approximately 60 seconds after the light 
source to the photo diode has been inter
rupted. The circuit operates at normal room 
lighting levels. The sensitivity of the circuit 
may be adjusted by changing the values of 
Rl and R2. The ratio of Rl to R2 should be 
constant to insure constant reverse voltage 
bias on the photo diode. 

Low-Frequency Multivibrator 

In this application, one-half of the CA3290 
is used as a conventional multivibrator cir
cuit. Because of the extremely high input 
impedance "Of this device, large values of 
timing resistor (Rl) may be used for long 
time delays with relatively small leakage 
timing capacitors. The second half of lthe 
CA3290 is used as an output buffer to insure 
that the multivibrator frequency will not be 
affected by output loading. 

Window Comparator 

Both halves of the CA3290 can be used in a 
high input-impedance window comparator 
as shown in Fig. 15. The LED will be 
turned "on" whenever the input signal is 
above the lower limit (VL) but below the 
upper limit (Vu). as determined by the 
Rl /R2/R3 resistor divider. 

LED Bar Graph Driver 

The circuit in Fig. 16 demonstrates the use 
of the CA3290 in a bar graph display. The 
non-inverting inputs of both comparators 
are tied to the voltage divider reference and 
the input signal is applied to both of the 
invertTrig inputs. The LED for a particular 
comparator will be turned "on" when the 
input voltage reaches the voltage on the 
resistor divider reference. The CA3290 is 
ideal for this application where input-signal 
loading is critical even though many com
parator inputs are driven in parallel. 



CA3290, CA3290A, CA3290B 

Fig. 13 - Light-controlled on,,.shot timer. Fig. 14 - Low-frequency mulfiv1brator. 
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Fig. 15 - Window comparator. 
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NOS. OUfSIDEOFCHIP ARE FOR 14- LEAD DIP 
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Dimensions and pad layout for the CA3290H. 

I MEG 

0-10 v 
INPUT 

Fig. 16 _/LEO bar11raph drill8f. 

The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect to the 
face of the chip. Therefore. the isolated chip is 
actually 7 mill (0. 11 mm) larger in both dimensions. 

Dimensions in parentheses are in millimsttln and 
are derived from the basic inch dimensions n in· 
dicated. Grid graduations are in mils (10-3 inch}. 



CA3401 E, 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 (G 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 MC3301 P and the National Semi
conductor LM3900N. The CA3401 can be 
operated over the temperature range of 
-55 to +125oc, although the limit values of 
certain specified electrical characteristics ap
ply only over the range of 0 to+ 75°C. 

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 VIV 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~ 2s0 c 

DC SUPPLY VOLTAGE . +18 V 
INPUT SIGNAL CURRENT 5 mA 
DEVICE DISSIPATION: 

Wm~-3~. . . - -
Above TA =-25°C. Derate linearly 5 mW/°C 

AMBIENT TEMPERATURE RANGE: 
Operating . -55 to+ 12s0 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. 

TO AMPLIFIERS 
2, 3,4 

300 Oc 

~
,_ 

No.4 0 

+ 

HCM-21&30 

Fig.4 - Schematic diagram of CA3401. 

280 

CA3401 

92CS- 2 3795 

Fig.1 - Block diagram of CA3401. 
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Fig.2- Open-loop voltage gain vs. frequency. 
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Fig.3 - Output resistance vs. freq~ency. 
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Fig.5 - Open-loop voltage gain vs. supply voltage. 



ELECTRICAL CHARACTERISTICS AT TA= 25°C, v+ = 15 V (Unless Indicated Otherwisel 

LIMITS 
CHARACTERISTIC TEST CONDITIONS 

Min. Typ. Max. 
UNITS 

STATIC 

Output Voltage: 
High, VOH 13.5 14.2 -

Low, VOL - 0.03 0.1 v 
Max. Undistorted Output Swing, 

VoP-P OOC<T A<75°C 10 13.5 -
Output Current: 

Source, lsOURCE 5 10 -

Sink, ISINK 0.5 1 
mA -

Total Quiescent Current: lo 
Noninverting inputs open - 6.9 10 

mA 
Noninverting inputs grounded - 7.8 14 

RL=oo TA=25oc - 50 300 
Input Bias Current, 118 

RL = ~ o0 c qA.;;75oc 
nA 

- - 500 

DYNAMIC 

TA= 2s0 c 1000 2000 -
VIV Open-Loop Voltage Gain, AoL o0 cqA.;;75oc 800 - -

Input Resistance, R1 0.1 1 - MQ 

Slew Rate, SR CL= 100pF, RL = 5 kQ - 0.6 - V/µs 

Unity Gain Gandwidth, BW - 5 - MHz 

Phase Margin. ¢ - 70 - Degrees 

Power Supply Rejection f= 100Hz - 55 - dB 

Channel Separation, eo1 /eo2 f = 1 kHz - 65 - dB 

TEST CIRCUITS 

v, 

R1 -~;~B 
0.Vo 

AvoL·~ 

~ 
:>--{•J--=I=sou=•=cE....-~vo 

r0Ktil1a~F ., 
= 

AMPLIFIER MUST BE BIASED 
BV V1 IN THE LINEAR OPERATING 
REGION 

92CS-:!16'S7RI 

Fig.6 - Open.Jaap gain and input resistance, 
input bias current and output current 
test circuit. 

YoH MEASURED WITH •-•INPUT GROUNDED 

VOL MEASURED WITH*-" INPUT BIASED AS SHOWN 

92CS-Z16l9RI 

Fig.8 - Output voltage swing test circuit. 

101 IS TOTAL QUIESCENT CURRENT WITH 

"+M INPUT oPEN. 

Io2 ~s.r.o~:~UQTU~~~~EN~Eg.uRRENT WITH 

fig.7 - Quiescent power supply current 
test circuit. 

y+.15y 

•• 

V,•+1!5Y 

Fig.9 - Peak-to-peak output voltage 
test circuit. 

CA3401E, CA3401G 
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Fig.10 - Supply current vs. supply voltage. 
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Fig.11 - Source current vs. supply volta(JtJ. 
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Fig.12 - Sink current vs. supply volta(JtJ. 



CA3600E 

COS/MOS Transistor Array 
For Linear Circuit Applications 

RCA-CA3600E is an array of ~mplementary-.§:ymmetry 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 MH2 (untuned). Each transistor 

MAXIMUM RATINGS, Absolute-Maximum Values at TA= 2SoC 

DISSIPATIONo 
Any one transistor at TA up to 55oc 
Total package at TA up· to ss0 c . 
Above TA = ss0 c 

AMBIENT TEMPERATURE RANGEo 
Operating 
Storage 

LEAD TEMPERATURE (During Soldering) 
At distance not less than 1/16" ± 1/32" (1.59 ± 0.79 mm) 

from case for 10 s max. 

The Following Ratings Apply for Each Transistor in the DeVice: 

DRAIN-TO-SOURCE VOLTAGE, Vos' 
n-channel 
p·channel 

DRAIN-TO-GATE VOLTAGE, VDG' 
n-channel 
p·channel 

SOURCE-TO-SUBSTRATE VOLTAGE, VsB' 
n-channel 
p·channel 

GATE-TO-SOURCE VOLTAGE, VGS' 
p--channel transistors (p 1, p2, p3 ). 
n-channel transistors (n 1 • n2, n3). 
COS/MOS transistor-pairs fP1 ·n1. P2·n2, P3·n3). 

DRAIN CURRENT, i'ol 

GATE CURRENT. jlGj 

in 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. TA6368. 

*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. 

150mW 
750mW 

derate linearly 6.67 mW/OC 

-55 to +125oc 
-65 to + 1500C 

+15 v 
-15V 

+15 v 
-15V 

+15 v 
-15V 

0 V(min.),-V0 {max.) 
0 V(min.).+Vo(max.) 
O V(min.).+v00(max.J 

tOmA 

100µA 

The Following Rating Applies for ~ach COS/MOS Transistor-Pair in the Device: 

DC SUPPL y VOLTAGE IVoo - Vssl +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 negath1e 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" 

'° '"°"" OEMPER'TURE <T,l•2'"~ 
DRAIN TO-~CE VOL.TAG[ 
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Fig. 2~Drain current v.s. gate·to-source voltage. 

TYPICAL CHARACTERISTICS CURVES 
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ORAIN· ro·SOURCE voL.TAGE 1v05j- v 

Fig. 3- Drain current v.s. drain·to·source voltage. 

Features: 
• HiWl input resistance. . . . . . 100 Gfl (typ.) 
• Low gate-terminal current . . . . 10 pA (typ.) 
• Matched p-channel pair: 

Gate-vottage differential llo :::-100 µA) ±20 mV (max.) 
• No "Popcorn" (burst) noise 

, • Stable transfer characteristics over an 
operating temperature range of -55°c to +125°c 
when operated in complementary circuit configuration 
at supply voltages in the 5 to 15 volt range (see Fig. 14) 

• Integrated integral gate-protection system (see Fig. 34) 
• High voltage gain (see Fig. 11 I. . up to 53 dB (typ.) 

per COS/MOS stage 
•.Individual MOS transiston; have square-law characteristics, 

superior cross-modulation performance, and greater 
dynamic range than bipolar transiston; 

Applications: 
• High input impedance, general-purpose amplifiers 
• Pre-amplifiers 
• Differential ampUfiers 
• 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 

Ji ~I ~ 

J~i{ .. ~[/}' 1·;.J I ~ 1L" 
11 T1 T 

Pl,Nl I P2,N2 I P3,N3 
tPAlR No.Ill !PAIR No.21 I (PAIR No.31 

Fig.1 - Schematic diagram for CA3600E COS/MOS transistor array. 

1. Drain !erminal, p-channel of pair no 2 
2. Source terminal, p-channel of pa or no. 2 
J. Common gate terminal of pair no. 2 
4_ Source terminal, n-channel of pair no. 2 

8. Drain termmal, n-channel of pair no. 1 
9. Source terminal, n-channel of pair no. J 

10. Common gate te1minal of patr no. J 
11. Source terminal, p-channel of pair no. 3 

5. Drain terminal, n-channel of pair no. 2 12. Common drain terminal of pair no. J 
6. Common gate terminal of pair no. 1 13. Drain terminal. p·channel of pair no. I 
7. Source terminal, n-ctiannel of pair no. 1 14. Source terminal, p-channel of pair no. 1 

and substrate connection for and substrate connection for 
all n·channel transistors · Vss terminal all p-channel transistors· Voo terminal 

Terminal Identification for Fig. 1. 

·6.3V 
-- +6.4v 

1-,~~ 
~'"tl.2.V 

- - - n CHANNEL 

- p CHANNEL 

•o 

Fig. 4- Drain current v.s. ambient temperature. 



ELECTRICAL CHARACTERISTICS, At TA ~ 25"C 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
~~:~c:~Rl---,-L-IM_l_TS-.---t 

UNIT 

For Each p-Ch•nn•I MOS Tr.,1istor 

Drain Current 

Gate·to·Source Threshold Voltage 

Gate·to-Source Voltage 
Differential IP1 vs. P2) 

Forward Transconductance 

Low-Frequency Noise Voltage 

Low-Ftequencv Noise Current 

Current-Mirror 
Transfer Ratte (P1 /p2I 

Gate-Terminal Current 

'o 

'" 
'N 

1MTR 

1GT 
Input Capacitance C1 

Output Capac11ance Co 

Input-to-Output Capacitance C1.Q 

For Eaeh n·Channel MOS Transistor 

Vos'"'-10 V,VGs=-3.6 v 
lo=-10µ.A 

10 =-1 mA,f=1 kHz 

Vos"-10 V.VGs'"-3.5 v 

CIRCUIT 
FIG.NO. 

2,3,4 

30 

Min. 

-0.S 

0.7 

Drain Current 10 v05-tlOV.VGs"+3.6V 2.3.4 0.4 

Gate-to-Source Threshold Voltage V GS(th) 1 0 ~ 10 µA 

Gate-to-Source Voltage 
Differential ln1 vs n21 VGSl VG52 j 10 .-100 µA,V 05 -+10 V 

Forward Transconductance 9fs 10 =1 mA,1=1 kH1 

Low-Frequency Noise Voltage eN lo""l mA,f-1 kHz,R 5 =0 l2 

Low-Frequency Noise Current 1N 10 -1 mA,f -1 kH2,A 5 -1 Mn 

Current-Mirror 
29 0.7 

Input Capacitance c, 
Output Capacitance 

Input-to-Output Capacitance 

For Each COS/MOS Transistor Pair 

Drain Current 100 v00 =+10 v s,10 1.0 

Drain-to-Source Cutoff Current 1ootoffl 

DC Output Voltage 

Forward Transconductance 

'" Slew Rate (Open-Loop) SA 

Amplifier Voltage Gain 

Voo=+10 V,V55"0 v 
Gate VoltagelVa)=-+10 V or O V 

v 00=+10 v 10 4.2 

Voo=-+10 v, f-= 1 kHz 

v 00=+15 v 10 

Voo=+10 V,1=1 kHz.Rb~22 Mn 

Rs=50U 10,11 

Gate-Terminal Current v 00=+10v 10 

Broadband Output Noise Voltage Voo=+lO V.Rb=22Mn.Rs=10 kU 10,11 

lnPut Capacitance 

Output Capacitance 

Input-to-Output Capacitance 

~ 
~ ono...-----1----~-+--+---+---+--+-----< 

too 
-7' 

0 " IOO 125 
AMBIENT TEMPERATURE (TAJ - •c 

Fig. 8- Drain·to·sourcecutoff current w. ambient temperature. 

Typ. Mox. 

-1.1 -2.0 mA 

-1.75 v 

±:10 mV 

920 µmho 

0.03 - µV JHZ 
0.2 - pA .[RZ 

1.1 1.5 

.:!:0.015 -40 oA 

6.3 pF 

pf 

0.75 pF 

0.9 1.6 mA 

1.5 v 

±JO mV 

860 µmho 

0.2 µV ..fHZ 
0,3 - pA .JHZ 

1.3 2.0 

±0.01 '40 oA 

5.5 pf 

2.0 pf 

0.35 pF 

2.2 4.0 

0.5 100 nA 

5.0 5.8 

2300 µmho 

32 dB 

±o.005 ±20 nA 

500 µV 

11.8 pf 

5.0 pf 

1.1 pf 

CA3600E 
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Fig. 5- Gate-to-source voltage differential vs. drain current . 
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Fig. 6- Forward transconductance vs. drain currsnt. 
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iN •EQUIVALENT INPUT NOISE CURRENT 
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OPERATING FREQUENCY Cf)-H1 

Fig. 1- Noise voltage and noise currsnt vs. operating frequency. 
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Fig.9 - Typical Voo 11$. loo characteristics for amplifier circuits 
of Fig. 70 and Fig. 7 5. 



CA3600E 

Fi,. 10- COSIMO$ tranli#Or·pair biased for lint111r-mode operation. 

> 
I 

} 
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INPUT VOl.TAGE IVtNl-V 

Fig. r3 - R11Prestmtation of vo1,.,._uan•fttr characterisrks for 
COS/MOS tramistM pair. 

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 
n-channel MOS/FET devices were not generally available, 
"true-complementary" amplifier circuits using MOS transistors 
were seldom used. Now, COS/MOS transistor technology5 has 
made it possible to supply compatible p-channel/n-channel 
transistors in monolithic IC form such as the CA3600E 
COS/MOS transistor array shown in Fig. 1. 

A .. True-Complementary•• Linear Amplifier Using COS/MOS 
Transistors 

Fig. 10 shows the schematic diagram of a single-stage "true
complementarv" linear .amplifier using one pair of the com
plementary MOS transistors in the CA3600E, connected in a 
common-source circuit. Resistor Rb is used to bias the 
complementary pair for Class A operation, as described 
subsequently, and Rs represents the source resistance of the 
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 
out~ut-swing voltages (Voutl; for example, its output voltages 
can be swung to within several millivolts of either supply-voltage 
"rail"_ Fig. 9 shows typical supply voltage (Voo) vs. supply 
current (lool characteristics for the single-stage ampl[fier. 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 Voo = 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 cuive of a 
COS/MOS transistor pair connected in the amplifier circuit of 
Fig. 10, with a biasing resistor {Rb) connected between the 
drain and gate terminals (10,12). If the p- and n-channel tran
sistors have identical characteristics, their channel resistances 
are equal, and the biasing method shown establishes a steady
state condition such that terminal 12 is at mid-potentia1 
between Voe and ground. Thus, with negligibly smal1 gate-

~ 
ii 

~ 

APPLICATIONS 

I 
AM81ENT TEMPERATURE ITAi• 2s•c 

"--+--"---1---- Rb •22Mll.,R1•50'1 
SEE CIRCUIT OF FIG. 10 

30 
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10 102 103 104 

OPERATING FREQUENCY-Hz 

Fig. I 1- Typical voltage gain n:. frequency characteristics for 
amplifier circuit of Fig. · 10. 

INPUT VOLTAGE IV1Nl-V 

10' 

Fig. '4- VoltagB transl• characiflri1tic• for COS/MOS transi1tor-pai1 
amplifier in Fig. 10. 

source leakage resistances, under zero-signal conditions, the 
biasing resistor (Abl establishes gate potential at the mid-point 
between Voo 1md ground, i.e., Vin "' Vout· Under these 
conditions the amplifier is biased for operation about the 
mid-point ("0") in the linear segment on the steep transition 
of the voltage-transfer characteristic as shown in Fig. 13 .. 
When the input signal (Vinl swings in the positive direction, 
there is a reduction in the instantaneous output voltage (Voutl 
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 (Vinl becomes very large, the output 
signal IVoutl waveforms become distorted because the tran· 
sistors are driven into the non-linear portions of their voltage
transfer characteristics. If the positive-going input-signal is 
sufficiently large, for example, the p-channel transistor can be 
driven to cutoff and the amplifier supply current Oool is 
reduced to essentially zero. 

Fig. 14 shows typical voltage-transfer characteristics of each 
COS/MOS pair in the CA3600E at several values of Voo· The 
shape of these transfer characteristics is comparatively constant 
despite temperature changes from -55 to +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/Rs ratio. When the feedback of ac 
signals is not desirable, the circuit of Fig. 15 may be used. 
The ac bypass capacitor (C3) minimizes ac signal feedback. 

Cascading Amplifier Stages of COS/MOS 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. 1 O. 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. 

i / 

7 I J--
n1 _,. 

"' .. 2S 50 75 100 125 

AM81ENT TEMPERATURE (TA)-'"C 
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Fig. 12- Normalized amp/if;., supply cummt .,,_ambient temp•11tun1 
ch11racter'istics for amp/ifilff cin:uit of Fig. 10. 

Fig. 16- Alrt1rnat• method of biasing COS/MOS tnmsistor·pair for 
linear-modtl Dptll'ation. 

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 COS/MOS pair 
can sink and source output current up to about 10 mA. 
Additionally, the op-amp 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 singl• COS/MOS transistor-pair is an added increment to the 
100-dB 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 /µs. When compensated for the unity
gain voltage-follower mode ~hown in Fig. 19, the slew rate is 
about 1 V /µs. For greater current output, the two remaining 
transistor pairs of the CA3600E may be connected in parallel 
with the single stages shown in Figs. 18 and 19. 

The use of the two-stage COS/MOS post-amplifier shown in 
Fig. 20 increases the total open-loop gain of the system to 
about 160 dB (100,000,000X). Open-loop slew rate remains at 
about 65 V /µs. A slew rate of about 1 V/µs 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. 

IMO 22MA 

Fig. r6- High-gain amplififlf usn cascaded COS/MOS tran11i11tor·pair 

in CA3600E. 
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Fig. 11- Tvpical volta~ gBin vs. operating frequtmCy characteristics 
for thrn·sta,. COS/MOS tr11Mistor·pair amplifi.,- in Fig. 16. 

Multivibrators, Threshold Detectors. and Comparators 

Descriptions of several circuits using 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 
characteristics of 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 (I ABCI supplied to terminal 5 of 
the CA30BO. The quiescent power consumption of the circuits 
shown in Fig. 22 is typically 6 mW, but can be made to operate 
in the micropower region by suitable modifications. 
The schematic diagram of a programmable micropower com· 
parator, shown in Fig. 23 employs the combination of an 
op-amp (CA3080AI and COS/MOS transistor-pairs in the 
CA3600E. Quiescent power consumption of the circuit is 

about 10 µW(typ.), When the comparator is strobed "ON", 
transistor Pl is driven into conduction and the OTA becomes 
active. Under these conditions, the circuit consumes 420 µ.W 
and responds to a differential-input signal in about 8 µs. 
By suitably biasing the CA3080A, the circuit response time 
can be decreased to about 150 ns but the power consumption 
is increased to 21 mW. The differential amplifier input 
common-mode range for this circuit is -1 V to +10.5 V. 
Voltage gain of this micropower comparator is typically 130 dB. 

v• 

IOMO 

. 1•1 
v- 1/3 CA3600E 

bl MONOSTABLE MULTIV1BRATOR 

v• 
Fig. 22- Multist•b/11 citcuits using COS/MOS tremistar-pairs. 

APPLICATIONS- Post-Amplifiers for Op-Amps (Cont'd) 

y
l-6Vl 

0.L.GAIN•l30dB 

Fig. 18- COS/MOS transistor·1Mir u#d as post-11111p/ifit1r to op-11111p in 
tJpfln-/oopcirr:uit. 

Fig. 20- COS/MOS tramistar·pairs usflC/ as two-stage post-amplifier to 
op-amp in opfln·loop circuit. 

!J2CS·215l5 

Fig. 23- Profl'ammablt1 micropoWtlf' compar•tor. 

CA3600E 

Fig. rs- COS/MOS transistor-pair uUld 111 post-amplififlf' to op-amp 
in unity·(lllin circuit. 

... CA3600£ 

Fig. 2r- Unity·gain amplifier USflS COS/MOS traMistar-pairs as 
two-1:t•ga pent-amplifier to op-amp. 

Fig. 24- ()pfln.Jaop gain characteristic for op-amp. 



CA36.00E 

OscUlator 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 oper~ting theory and characteristics. 
have been published. 

The design of COS/MOS oscillator circuits, like the design of 
any oscillator circuit, involves the provision of an amplifying 
section to operate compatibly with an appropriat' feedback 
network. A single stage arTipl:fier using a COS/MOS transistor· 
pair has already been de~ribed. 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 "O" 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 A1 and 
A2 decrease the total power consumption of the oscillator at a 
particular suppty 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. 26- Typical crystlJ/-<ncillator circuit using COS/MOS 
transistor·pair (113 CA3600EJ. 

Currant Mirrors Using MOS TransiltOrs 

Monolithic line;.r 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 01 with a second transistor a2 connected as a diode. 
When both transistors have identical characteristics, a 
current I 1 forced to flow through 02 produces a current ( 12) 

of equal magnitude to flow in the collector of a1 (provided 
there is sufficient collector potential for a1 ). In a common 
form of application, a source of potential is used td force 
constant-current flow 11, and thus to establish the flow of 
constant current 12 through o1. Arrangements of this generic 
current-mirror type are frequently used when 01 acts as the 
common-emitter impedance in a differential-amplifier 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 (VGsl in N2 retains control of the drain 
current as in normal transistor action, i.e., lo ~ gfsVGs 
where 9fs is the forward transconductance of the device. If 8 
current I 1 is forced into the diode-connected tra.nsistor (N2l. 
the gate·to·source voltage will rise until equilibrium is reached. 
Thus, a gate·to·source voltage is establishe(:I in N2 such that N2 
"sinks" the applied current 11. 

If the gate and source terminals of another transistor (N 1) are 
connected in shunt with the gate and source terminals of N2, 
as shown in Fig. 27, N1 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 
es~ntially established by the monolithic IC fabrication techno· 
logy used in manufacturing the CA3600E COS/MOS transistor 
array. 
Current mirrors can also be designed with p-channel MOS 
transistors as ilk.isirated by the arrangement in Fig. 30 using 
transistors in the CA3600E. The characteristics of a current 
mirror using the p-channel transistors in the CA3600E are 
superior to those which can be achieved with a current mirror 
using the n·channel transistors because the characteristics of 
the p·chaOnel 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 P1 and N1 are series-connected and biased 
for linear operation as previously described, so that there is a 
current flow lo 1 through P1 and N1. The potential developed 

between terminals 13 and 14 is applied as gate-source (2,3) 
voltage for P2. forcing "mirror" operation of P2 to produce a 
current source 102.p equal to lot· Likewise, the potential 
developed between terminals 7 and 8 is applied as gate-source 
(3,4) voltage for N2 forcing "mirror" operation of N2 to 
produce a current-sink 102-N equal to 101· 

A variant of this complementary current mirror is used in the 
analog timer circuit shown in Fig. 28. Transist~rs P2 and N2 
are series-connected together with a 6*'.J·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 P1, thereby establishing a mirror-current source 
of 5 nA at terminal 13 to charge capacitor C1 linearily. In this 
circui~. the "mirrored" current-sink available at terminal 8 
(transistor Ntl is unused. This type of current-mirror con
figuration is exceptionally stable with temperature variations. 

Fig. 26- CurrBnt mirror wing n·p·n bipolar transistors. 

_J___, J 
~~ 

92(5·2146] 

Fig. 21-CurrBnt mirror using n-channtJI MOS transistors. 
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Fig. 28·-Current mirror using p-channBI MOS transistors in CA3600E. 
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Fig. 29- aiaracteri11tics of currant mirror circuit of Fig. 30 using 
p-channel tramiitors. 
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Fig. 30- Complementary currt111t mirrors using COS/MOS 
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CA3724G,CA3725G 
High-Current N-P-N 
Transistor Arrays 

Four Individual Sealed-Junction 
High-Current N-P-N Transistors 

Features: 
• High Current - 1 A 
• High Breakdown Voltage: 

CA3725G = 80 V de min. V(BR)CES 
@le= tOµA 

CA3724G = 70 V de min. V(BR)CES 
@le= tOµA 

• Fast Switching Speeds: 
ton = 30 ns typ.@ le= 500 mA 

toff = 36 ns typ. @ le = 500 mA 
HCS-24299 

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. 

• "Hermetic Chip" Construction 
Fig. 1-Terminal diagram (top 11iew). 

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 

VIN•+ 9.7 V 
tr< Ins 
PULSE WIDTH• I p.s 
Z1•!50n 
DUTY CYCLE <2% 

• Silicon Nitride Passivated 
• Platinum Silicide Ohmic Contacts 
• Gold Chip-Metallization 
• Electrically similar and pin compatible 

with industry types MP03724, MP03725; 
FP03724, FP03725; DH3724, DH3725; 
SP3724, SP3725 in similar packages 

MAXIMUM RATINGS, Absolute-Maximum Values at TA= 25oC 

CA3724G 

COLLECTOR-TO-EMITTER VOLTAGE VcEo 40 
With Base Open 

COLLECTOR-TO-BASE VOLTAGE VcBo 70 
With Emitter Open 

EMITTER-TO-BASE VOLTAGE vEBO 6 
With Collector Open 

COLLECTOR CURRENT lc 1.0 

POWER DISSIPATION: Po 
At TA up to 25°C: 

For Each Transistor ................ 1.0 
Total Pack age ................ 2.0 

At TA above 25°C derate linearly ................ ······ 
AMBIENT TEMPERATURE RANGE: 

Operating ...•............ -55 to +125 
Storage .............•.. -66 to +150 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/32" (3.17 mm) from 

seating plane for 10 s max. 

-3.av 

IKQ 

300 

lc1111 !500mA,I81 •r!50mA 
Ia 2 •-!50mA 92CM- 24300 

Fig. 2-Switching time test circuit. 
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CA3724G,CA3725G 

ELECTRICAL CHARACTERISTICS AT TA= 25°C 

Limits 

Characteristic Test Conditions CA3724G CA3725G Units 

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

Collector·to'Emitter Sus· 
* lc=10 mA,I B=O 40 - - 50 - - v 

taining Voltage,VcEo(sus) 

Collector-to-Emitter Break· 
lc=10 µA,IB=o 70 - - 80 - - v 

down Voltage,V (BR)CES 

Collector·to·Base Break· 
lc=10 µA,IE=O 70 - - 80 - - v 

down Voltage,V (BR)CBO 

Emitter·to·Base Break· 
IE=10 µA,lc=O 6 - - 6 - - v 

down Voltage, V (BR )EBO 

Base-to-Emitter Saturation lc=500 mA, 0.75 1.0 0.75 1.0 v 
Voltage,VBE(sat) * IB=50 mA 

- -

Col lector·to·Emitter lc=500 mA, 0.5 0.5 v Saturation Voltage,VcE(sat)* IB=50 mA 
- - - -

Collector-Cutoff Current, vcB=40 v, - - 1.7 - - 1.7 µA 
'cBo IE=O 

lc=100 mA, 35 - - 35 - -Static Forward-Current VcE=l.O V 
Transfer Ratio (Beta). lc=500 mA, 30 - - 30 - -
hFE VcE=1.0 V 

lc=1 A,VcE=1.0 v 20 - - 20 - -

Small-Signal Forward- lc=50 mA, 
Current Transfer Ratio, VcE=10 V, 2.0 - - 2.0 - -

hfe 1=100 MHz 

Turn-On Time (See Test lc=500 mA, - - 40 - - 40 ns Ckt. Fig. 2), t0 n 1B 1=50 mA 

Turn-Off Time (See Test lc=500 mA,IB1= - - 60 - - 60 ns Ckt. Fig. 2), t 0 ff 1Br50 mA 

Emitter-to-Base lc=O, 95 95 pF 
Capacitance, Ceb Vrn=0.5 V 

- - - -

Collector-to-Base IE=O, 12 12 pF 
Capacitance, Ccb vcB=10 v 

- - - -

*Pulse Conditions: width= 300 µs; duty cycle= 1%. 



Opwational Anapllflen 
CA6078AT -M~ Type 
CA6741T - General-Purpose Type 

fCX" Applications where Low Noise 
(Burst + 1/fl is a Prime Requirement 

Virtually free from .. popmrn•• (buntl noise:' 
device rejected if any noise burst eou:eeds 20 ,.v (peakl. 
referred to input over a 30-second time period. 

RCA-CA6078AT and CA6741T are low-noise linear IC 
operational amplifiers that are virtmlly free of .. popcorn .. 

Cb&ntt noise. 
These low-noise wersions of the CA3078AT and CA3741T 
are a resulr: of improved processing developMnts and rigid 
burst-noise inspection aibtrla. A ~ selective test circuit 
(See Fig. 2) asans thR llllCh type nmets the rigid low-noise 
standards shown in the data section. This lowbunt-ooise 
property also assures excellent pafornance throlljlhout the 
1/f noise spectrum. 
In addition the. CAli078AT ..i CA6741T o- the same 
features incorporated in the CA3J78AT and CA3741T 
~ively. including output short-circuit fWOtKl:iori. 

latch-tr. openrrion. wide a>l1Wml't-fll0de and differential
mode signal ranges. amt low~ffset nulling capK.ility. 

For detailed data, dwacterislics curves, :sc:llelmtic dWgram. 
dimensional outline., and test circuits, refer to the Opera
tional Amplifier Data Bulletins File No. 531 and 535. In 
addition, for deQils of considerations in bwSl-noise 
~. refa to Application Note. ICAN-6732, 
·-.mom di Bwst ("Popmm"1 Noise in U,_ IC"s .. . 

The CAli078AT ..i CA6741T utilize the ....... .,.,lly .. .... 
~ T0-5 type .-hp. The CAli078AT ..i the CA6741T 
can also be supplied on nqunt with dmJ.in-line formed 

leads. These types .. - .. the CAli078AS -
CA6741S. This fonnml-- configurotian conforms to thot 
of the ft..lead d .. 1-in-line (Mini-Dip) SJM:bge. 

' A-

li'""' ..... - .......................... ,,.....,.""" 

Featutes: 
............... JWlioai • .._ ___ llA __ 

• ....,. __ 211111A-. . ~...._ .... ,~ ... --• .__..._,s.v-. 

CA6078, CA6741 Types 
~T 
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~,.z ·-.DC ...... ·-----. ...__. ......... . ·---· ...... 1G1£·-••~wc.uE" • T-....V 
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DCSupp1yv.,._c-.v+..iv-...-1s1 .•.•...•........ 
CM741T 

44V 
ot30V 
±15V 

~T 

36V 

::::::=:::.··::::::::::::::::::::::::::::: ±&V 

- Dimipolian: 
Upto 7!iDC (CA6741TI. Upto 125'> (CAli07BAn •••••......... 500mW 250mW 

--7!iDC ... - . - . - - - -- - - .. - - -- -- - - - • - . - - •... - - - . -- -- - - - Derate linearly 5 mW/DC 

T-llongo: 
<Jsmnoti ... - . - .••• - •• - •• - - •• - - • - • -- - •• - ••• - ••• - .•••• - • - -• 
Storage ·- -- -- ••••• - -- - • - • - - - -- - •• - - ••••• - .•• - . - •• - - - - - -

0utputsr-t.Qrmitl>untion9 - - - - -- - - ..•. - •..••••..••. - . - . - - -
'--IT-(lluri .. -ing): .......................... . 
Al- 1/16 ±1/32 ind! 11.59 t0.79 mm) 
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CA6078, CA6741 Types 

ELECTRICAL CHARACTERISTICS- CA6078AT, For Equip,,,,,,,tlJwiln. 

TEST CONDITIONS LIMITS 
CHARACTERISTICS SYMBOLS Supply yolts: v+. 6, v- • -6 UNITS 

TA•25DC, IQ•20µA 
MIN. TYP. MAX. 

Noise Characteristic 

"Popcorn" Bandwidth = 1 kHz Device is rejected if the total noisevoltage 

(Burst) Noise Rs1 = Rs2 • 200 kn 
(burst+ 1/f), referred to input, exceeds 
20 p.V peak, during a 30-sec. test period. 

Principal QUlracteriltics (For detailed Electrical Chlll'llC1eriatlcs nrf• ~ CA3078A T 0.1a Bulletin, File No. 636.) 

Input Offset Voltage V10 RsS:10kn - 0.7 3.5 mV 

Input Offset Current I io - 0.5 2.5 nA 

Input Bias Current 11B - 7 12 nA 

Open-Loop 

Differential AOL AL:?: 10kn 40,000 100,000 -
Voltage Gain Vo• ±4V 92 100 - dB 

Common-Mode Input Voltage Range V1cR v+= v-= 1sv ±14 - - v 
Common-Mode Rejection Ratio CMRR RsS: 10 i<n BO 115 - dB 

RL:?:1Dn ±13.7 ±14.1 -
Output Voltage Swing VoiP·P) v 

AL:?: 2 kn - ±14 -
Supply Current '.a - 20 25 µA 

ELECTRICAL CHARACTERISTICS - CA6741T, For Equipment On/gn. 

TEST CONDITIONS LIMITS 

CHARACTERISTICS SYMBOLS SupplyV01ts;v+ • 15, v-•-15 UNITS 

TA• 250C 
MIN. TYP. MAX. 

Noise Characteristic 

"Popcorn" Bandwidth "" 1 kHz Device is rejected if the total noisevoltage 

(Burstl Noise Rs1 = Rs2 • 100 •n 
(burst+ 1/tl, referred to input, exceeds 
20 µV peak, during a 30-sec. test period. 

Principtl Charatteristics (For detailed Electrical Characteristics refer to CA3741T Data Bulletin, File No. 631.} 

Input Offset Voltage V10 Rs:S:10kn 

Input Offset Current 110 

Input Bias Current l1B 

Open· Loop 

Differential AOL RL:?:2 kn 

Voltage Gain vo~±1ov 

Common·Mode Input Voltage Range V1cR 

Common-Mode Rejection Ratio CMRR R5S:10kn 

RL:?:10kn 
Output Voltage Swing VolP·P) 

RL:?:2kn 

Supply Current 10· 

- 1 5 mV 

- 20 200 nA 

- BO 500 nA 

50,000 200,000 -
94 106 - dB 

±12 ±13 - v 

70 90 - dB 

±12 ±14 -
v 

%10 ±13 

- .1.7 2.8 mA 

QUAN.-TECH TEST BLOCI< 
MODEL 2181 DIAGRAM FOR 

NOISE J'"ILTER It.I 

ENT(IN): TOTAL NOISE VOLTAGE, REFERRED TO INPUT 
(READING OBTAINED WITH QUAN-TECH METER) 

Fig.8-Test block_ diagram for IN; 

,0 102 10' '" FREQUENCY !fl-Hr 

Fig.5-IN vs. Ff8quency for CA6741T. 

I~ 100 SUPPLY VOLTAGE: v• •GV, v-·-&V f-+-t-t+-+--j-++-l 
~ 6 AMBIENT TEMPERATURE !1Al•2!5•C 

l 
~ ,~"-:-i-++<4-~+++-l--H-++-+--1-+H 
~ 

'ol--+-+-+--H-1--+-t-H--+--j-+t+--+-++tj 

6 6 102 2 4 6 Blcf' 2 4 6 1 104 2 4 6 Gtef' 

FREQUENCY lfl-Hr 

Fig."6-EI!( n. Frequency for CA6741 T. 

QUAN-TECH 
MODEL 2181 

NOISE FILTER 

ENT I IN): TOTAL NOISE VOLTAGE ,REFERRED TO INPUT 
(READING OBTAINED WITH QUAN-TECH METER) 

Fig. 7- T11st block diagram for EN. 
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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 age 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 great 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 

DETECTOR 
TUNING 

QUADRATURE 
TUNING 

AFC 
OUTPUT 
(CA270AW AND 
CA270BW 
ONLY) 

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-al I 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 de 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). 

c ~N'~~lULSE 
~L<i-ER lflf tOPTIONALI 

92CM-26'll27 

Fig. 1-Functional block diagram of CA270AWi CA270SW, 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 mw1°c 

OPERATING TEMPERATURE RANGE 

· · · · · · · · · · · · · · · · · .......... - -40 to +55°C 
STORAGE TEMPERATURE RANGE 

· · · · · · · · · · · · · ............... -66 to +1so0 c 
LEAD TEMPERATURE (During Soldering) 
At distance 1/16" ± 1 /32" (1.59 ± 0.79 mm) 
from case for 10 s max. . ......... , . +265°c 

... 12v 

I 200 I_ 2.2 nF 
=·F 

Features: 
• Synchronous detector with single tuned coil 
• Provides rf and if age (forward I 
• 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 v-{GND) 

IF IN OEMOD. COIL 
v+(SUPPLY) DEMOD. COIL 

AGC (TUNER} AFC COIL 
AGC (IF) AFC COIL 

AGC (FILTER) AFC OUTPUT 

GATE (NEG.} -VIDEO OUTPUT 
OR+ SYNC 

N.C. -t VIDEO OUTPUT 

TOP VIEW 

Terminal assignment. 

92CS-26928 

TUNER RF STAGE 

Fig. 2-Supply-current test circuit. 

J:F CONTROL STAGE 

VIDEO OUTPUTS 

~---A----:-gv 

~----v-6V 
+ 28 V STABILIZED 

<t ~U~~1"~~T~~ETERS 
~~~~~~~~~-4 I I 

DEMOD. 
TANK 

CIRCUIT 

AFC 
QUAD. 

CIRCUIT 

r---1-'I"---'--, I 

t-__._JVIAr--.-'VV\r~l_...-..c ~~4-~ 
I I •L 1 = L2"" 7 turns 26 swg tna wire 

~ 0.3 uh; a (unloaded) .. 125 
Coil 0,D.,. 0.220" (5.6 mm) 
Freq. = 38.9 MHz 

•cA270CW is not speeitied for AFC. 

Fig. 3-Typical application circuit for CA270AW and CA2708W. 

I I 

"*" ~ 
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v+ 
12V I kQ 

100.0 

v+ 

12 v 

so kn 

1.2 kQ 

(CA270AW AND 
CA270SW ONLY I 

AFC 

AGC TO 
I.F AMPL. 

Fig. 4-Test circuit for CA270AW, CA2708W, and CA270CW. 

ELECTRICAL CHARACTERISTICS at TA= 2soc. Supply Voltage 1v+1z12 v. 
and Referenced to Test Circuit (Fig. 4). 

CHARACTERISTIC TEST CONDITIONS MIN. TVP. MAX. 

Supply Voltage, v+ v+=12V 10.2 12 13.8 
Supply Current, 1+ v+=12V 22 40 56 

(See Fig. 2) 
Video Characteristics: 

DC Output Voltage, CA270AW 5.7 6 6.3 
Term.9 (See Fig. 51 Zero Signal CA270BW 5.8 6 6.2 

CA270CW 5.5 6 6.5 

DC Output Voltage, CA270AW 5.6 6 6.4 
Term.10 (See Fig. 5) Zero Signal CA270BW 5:7 6 6.3 

CA270CW 5.5 6 6.5 

Sync Tip Output Output=AGC th res· - 3 -
Voltage, Term.9 hold (non-gated) 

AC Input Voltage, Input for output= 50 70 100 
Terms.1,2 AGC threshold 

11:!£.Ut Res., Term.1 - 3.3 -
Input Res., Term.2 - 3.3 -
Video Bandwidth, At output= -3 dB - 5 -
Term.9 

Differential Gain See Note 1 - - 10 

Differential Phase See Note 1 - - 10 

lntermod. Products: 
Beat Freq., 1.6 MHz See Note 1 (95% sat. - - -60 
Beat Freq.,2.8 MHz blue col our bar) - - -67 

Rejection at Carrier F=Video Carripr;VIN -40 - -
Freq., Terms.9, 10, 11 for Term.9(dc)=3.7V 

Rejection, Twice Carrier F=2X Video Carrier; -40 - -
Freq.,Terms.9, 10, 11 VIN for Term.9(dc) 

=3.7 v 
AGC Characteristics: 

Sat.Voltage, Term.4 Zero Sig.; 14 = 10 mA - - 0.3 

Sat. Voltage, Term.5 Zero Sig.; 15 = 10 mA 0.7 - 1.2 

UNITS 

v 

mA 

v 

v 

v 

mV 

Kn 
Kn 
MHz 

% 

deg 

dB 
dB 

dB 

dB 

v 
v 

CA270 Types 

HOR. SCAN 
TIME-I'• 
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Fig. 5-Typical waveforms for video outputs. 
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Fig. 6-Typical AFC characteristic. 

ol::=~~~~~~~ 
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SIGNAL INPUT-mV 

Fig. 7-Typical AGC characteristics. 

V1c) 

V9 
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Fig. 8-Typical transftll' characteristics. 



CA270 Types 

ELECTRICAL CHARACTERISTICS at TA• 25°C, Supply Voltage IV+)= 12 V, (Cont'd) 
and Referenced to Test Circuit (Fig. 4). 

CHARACTERISTIC TEST CONDITIONS MIN. TYP. MAX. UNITS 

Breakdown Voltage, 14 or 15=1 mA (sink) 14 - - v 
Terms. 4,5 

Control Current, 10 - - mA 
Terms. 4,5 

Current Ratio l4/l5 !.§_ = 1 mA 6 - -
Input Signal Increase AGC from threshold - - 0.5 dB 
with resp. to AGC to max. 
Threshold (See Fig.7) 

AGC Gating Pulse Input, Pulse voltage=V+to O; 2 - v+ v 
Term. 7 (optional) See Note 2 

Input Res.,Term.7 - 1.8 - Kfl 

AFC Characteristics: 
(See Fig. 6) CA270AW 10 - -

Output Voltage, f = f0 ± 0.2 MHz CA270BW 10 - - vP·P 
Term.11 CA270CW - - -
Output Voltage, CA270AW 10 - -
Term.11 f = f0 ± 1.2 MHz CA270BW 10 - - Vp·p 

CA270CW - - -
DC Offset Voltage, Zero Sig.; measured CA270AW -1.7 - 1.7 
Term.11 across RL = CA270BW -1 - 1 v 

50 Kflto +6 V CA270CW - - -
Noise Inverter 
Characteristics: 

Inversion Threshold, Positive noise pulses - 6.6 - v 
Term. 9 

Inversion Threshold, Negative noise pulses - 2.2 - v 
Term. 9 

Noise Inversion Signal inversion threshold - 10 - mV 
Sensitivity, Term. 9 for complete inversion 

Video Inversion 
Characteristics: 

Video Inversion, Carrier increase CA270AW - - 0.2 
Term. 9 (at from Oto 5 mV CA270BW - - 0.1 v 
low ca.rrier levels) (appx.8% carrier) CA270CW - - 0.3 

Note 1: CCIR modulation system. peak white"" 10% carrier. 
Note 2: Maximum pulse amplitude must never exceed the supply voltage ~v+). 

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 cw signal of video if fre
quency to the input and adjusting the in· 
ductor L 1 for maximum differential output 
between terminals 9 and 10. The input sig· 
nal is then reduced to 25 mV and L 1 is re· 
adjusted for maximum output. 

·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 de 
output at terminal 11. The 0.5·pf' quadrature 
phase-shift coupling capacitors can affect 
symmetry and actual values will depend on 
the layout used. When L 1 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 age threshold, corresponding to sync tip 
level, is approximately 3 volts at terminal 9. 
Full age potential will be developed if the 
input signal increases by 0.5 dB maximum 
with respect to the threshold value. The age 
control at terminal 4 is intended for tuner 
control. The age control at terminal 5 is for 
forward age control of n·p-n transistors in the 
if amplifier. When sinking 10 mA, the zero· 
signal age 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 age sink current be· 
gins to decrease when the if sink current is 
about ·one-sixth of that required to saturate 
the rf age 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 age is applied, the terminal 5 
sink current approaches zero and the if age is 
determined by the value of the variable re· 
sister. 

A horizontal gating pulse may be applied to 
terminal 7 to gate the age detector. The 
age 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 de coupled, 
but the maximum peak value must not ex· 
ceed the de supply voltage at terminal 3. If 
de 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 1-0 mV 
above the inversion threshold. 



RC Phase-Locked-Loop Stereo Decoder 
For FM Multiplex Systems 

RCA-CA758E i!o 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 µA758, MC1311P, LM1800, and ULX2244. 

The CA758E decodes the multiplexed stereo input signal into 
left and right channel audio output signals. The decoder also 
suppresses SCA lstorecast) transmissions when present in the 
composite stereo signal. 

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 +asoc. 

v• 

MAXIMUM RATINGS, Alnaluts-Maximum Valu•ai TA= 25°C 

DC Supply Voltage . +18 V 

DC Supply Voltage (for <;a 15-second period) . +22 V 

DC Voltage at Term. 7 (Lamp Driver Circuit with Lamp "OFF"}. +22 V 

Device Dissipation: 

Up ta TA •7D°C 730 rritJ DETECTOR 

Above TA • 7a°C derete linearly 

Ambient Tampefature Range: 

Operating, . 

Storage . . 

Lead Temperature (During soldering): 

At a distance not less than 1132" 10.79 mm) 

from case for 10 s max. 

9.1mW!°C 

-40 to +85°C 

. -65 to +15o0c 

INPUT 

GROUND 

CA758E 
Features: 
• Low ciotonion (THO): 0.4% (typ.) 

• ExceHent SCA rejection: 70 dB typ. 

• RC oscillator 

• Hitti-audio~annel separation: 45 dB 

• Power supply range: 10 to 16 V de 

• Requires only one adjustment for complete alilJIM•nt 

• Low-impedance outputs 

• Stereo inclcator lamp drive: 150 mA typ. 

osc. 
RC NETWORK 

LEFT RIGHT 
CHANNEL 

OE-EMPHASIS 

Fig. 1 - Functional block diagram of the CA758E. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
IRets.ncld to Fig 7 uni .. oth.wi• speclfledl 

CHARACTERISTIC 
lf'•12V.TA•~ 

Multiplex Input Stgnal (L•R, pilot "OFF") LIMITS UNITS 
•300mVRMS 

19-kHz Pilot LHel • 30 mV RMS 
f (modulation I• 400 Hz or 1 kHz Min. .1 T~j_ ..... 

Static Charactaoistics 

Total Current Lamp "OFF" 26 35 mA 

Maximum Available Lamp Current 75 150 mA 

DC Voltage at Term. 7 (Lamp Driverl I (Lamp) = 50 mA 1.3 1.8 v 
DC Voltage Shift at either Term. 4 

or5 (Output) Stereo-to-Mono Operation 30 150 mV 

Dynamic Charactaoistic1 

Power Supply Ripple Rejection For a 200-Hz, 200-mV AMS Signal 36 45 dB 

Input Resistance 20 35 kn 

Output Resistance 0.9 f.3 2.0 kl1 

Channel Separation (Stereo) Atf= 100Hz 40 dB 

f"' 400Hz 30 45 dB 

f• 10kHz 45 dB 

Channel Balance (Monaural) 0.3 1.S dB 

Voltage Gain At f= 1 kHz 0.5 0.9 1.4 VIV 

Pilot Input Level: 

19-kHz Input Lamp "ON" 15 20 mVRMS 

19-kHz Input Lamp"OFF" 2.0 7.0 mVRMS 

Hysteresis Lamp "OFF" 3.0 7.0 dB 

Capture Range (Deviation from 
76-kHz Center Frequ_encv) ±2.0 ±4.0 ±6.0 " 

Total Harmonic Distortion 
Multiplex Input Signal = 600 mV RMS 

_jpil t "'OFF'."]_ 
0.4 1.0 " 

19-kHz Rejection 25 35 dB 

38-kHz Rejection 25 45 dB 

SCA IStorecastl Rejection 
Measured Composite Signal: 80% Stereo, 

HJ% Pilot, 10% SCA 
70 dB 

Voltage-Controlled Oscillator fVCOI Total Resistance !Term. 15 to 8) 
Tuning Resistance required to set 21.0 23.3 25.S kl1 

..!RE.F = 19 kHz± to Hz (Term. 11) 

Voltage-Controlled Oscillator. o0 or;;;;TA s;;;25°c +0.1 '2 " 
Frequency Dfift 25o s;;;T A .is;10°c -0.4 ±2 " 
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CA810, CA810A Types Preliminary Data 

7-Watt Audio Power Amplifier Features: 

With Thermal Shut-Down • Power output - 7 W with 4'1. load 

•Supply voltage range - 4 to 20 V 

The RCA-CA8100,CA810AO. CA810QM and 
CA810AOM 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, CA8100M, and 
CA810AOM are supplied in modified 16-lead 
quad-in-line plastic packages ("Q" 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 CA81 OAOM they are flat and 
pierced for easy attachment to an external 
heat sink. 

The CA810Q and CA8100M are electrically 
equivalent to types TBA81 OS and TBA810AS, 
respectively. It should be noted that pin-

• Peak output current - 2.5 A (max.) numbering conventions for these devices 
may differ from manufacturer to manu
facturer, however the devices are pin com
patible and interchangeability is not affected. 

• Very low harmonic and cross-over distortion 

• Load dump voltage surge protection (CA810AO 
and CA810AQM) 

The CA810AQ and CA810AOM are electri- load dump (overvoltage) voltage surge 
cally the same as the CA810Qand CA810QM, protection circuit. This feature makes the 
resp_ectively, except for the inclusion of a CA810AQ and CA810AQM ideally suitable 

for automotive applications. 
MAXI MUM RA Tl NGS, Absolute-Maximum Values: 

PEAK SUPPLY VOLTAGE (50 msl ICA810AO, CA810AQM) 
OPERATING SUPPLY VOLTAGE 
OUTPUT PEAK CURRENT: 

REPETITIVE. 
NON-REPETITIVE . 

POWER DISSIPATION, Po 
At TA" 70°C . . . 

At Ttab" 100°C 
THERMAL RESISTANCE, JUNCTION 

Junction to tab 
Junction to ambient. 

AMBIENT-TEMPERATURE RANGE: 

CA810Q CA810QM 
CA810AQ CA810AOM 

12 10 
70* 80 

40 v 
20 v 

2.5 A 

3.5 A 

1W 
5W 

OPERATING 

STORAGE 
-40°C to (Refer to Fig.7 for typical high~temperature Jim~t) 

. ~40 to +150 C 
LEAD TEMPERATURE !DURING SOLDERING): 

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

*Value obtained with tabs soldered to printed-circuit board. 

260°C 

ELECTRICAL CHARACTERISTICS, at TA= 25°C 

TEST CONDITIONS LIMITS 

CA8100,CA810AQ 
CHARACTERISTIC SYMBOL Supply Voltage (V+) = 14.4 V CA8100M,CA810AOM UNITS 

Unless Otherwise Specified MIN. TYP. MAX. 

Supply Voltage v+ 4 - 20 v 

Input Voltage V1 - - 220 mV 

Input Sensitivity e1 Po= 6W, RL = 4'1., R1 =56'1., - 80 - mV 
f = 1 kHz 

Quiescent Output Vo 6.4 7.2 8 v 
Voltage 

Quiescent Current lo - 12 20 mA 
Drain 

Input Noise eN Rg = 0, BW (-3 dB)= 20 to - 2 - µV 
Voltage 20,000 Hz 

Bias Current l1B - 0.4 - µA 

Output Power Po 
f = 1 kHz, RL = 4D.-lv+ = 14.4 v - 6 - w 
THD=10% 1v+=6V - 1 -

Input Resistance R1 - 5 - MD. 

Total Harmonic 
THO 

Po= 50 mW to 3W, RL 4'1., - 0.3 - % 
Distortion f = 1 kHz 

Open-Loop 
AoL RL = 4Q, f = 1 kHz 80 dB Voltage Gain - -

Closed-Loop 
A RL = 4Q, f = 1 kHz, R1 =56'1. 34 37 40 dB 

Voltage Gain 

Efficiency 1) Po=5W, RL =4D.;f=1 kHz - 70 - % 



NOTE: 

Pin numbering conventions 
for these devices may differ 
from manufacturer to manu 
facturer, however the devices 
are pin compatible and inter· 
changeability is not affected. 

RIPPLE 
REJECT JON 

INPUT 

9!:CM-24132RI 

BOOTSTRAP 

QIO 

14 
ONO* 

Fig. 1 - Schematic diagram of CA810Q, CA810QM. 
*WING TABS AM TO BE GftOUHDED. 

015 

BYPASS 

RIO 

(B)~~~~~o-~-+~-+-~""'Y--~~+-+--+-+~_.~~--~~~-t-++-~-<>-t-~116 

Rll 

Rl5 R3 Rl6 

Fig. 3 -Schematic diagram of CA810AO, CA810AQM. 

OUTPUT 

016 

14 
POWER 
GND 

SIG.GND 

CA810, CA810A Types 

Thermal Shut-Down 
The thermal-limiting network incorporated in 
the CA810 Series circuits provides protection 
against damage due to 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. 

SUPPLY VOLTAGE cv•)•l4.4V 
LOAD RESISTANCE IRL) • 4 .D 
DISTORTION• 10 % 

Io 

50 100 1!10 200 
CASE TEMPERATURE (Tc!-•c 

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
voltage peaks of more than 40 V will require 
an LC network between the supply and 
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 
the supply voltage (pulsed or de) exceeds 
20V. 

40 

14.4 

V+ (V) 

t 1 "50 ms 
12 • 1000 ms 

FROM L•3mh 
SUPPLY~TO TERM. I 

LINE +j_C · 

l3~~~F 92CS-29632 

Fig. 4 - Load-dump (overvoltage) ·voltage surge pro
tection network and timing diagram for 
CA810AO and CA810AOM. 



CA810, CA810A Types 

R2 
IOOkil 

RI 
56ll 

+CB 
IOOJLF 
15V 

C3 
1500 pf 

C7 
5600pF 

C4 
0.1;.<F 

R4 
Ill 

Fig. 5 -·Test and circu_it application for the CA810Q, 
CA810AQ and CA810M, CA810AQM. 

C2 
IOOO p.F 

- 15V 

RL 

92CS-25041RI 

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 CA810AQ. 

0 D 

92CS-25042 

Fig. 6 - Bottom view of printed-circuit boards 
shown in Figs.land 8. 

Circuit arrangement for use with chassis having a thermal 
resistance of ::s;;;;; 5°CtW. Vertical bracket should make 
good thermal contact to chassis. 

Fig. 8 -:-Component view of printed-circuit board 
for CA8100M and CA810AQM. 

'J2CS-24131RI 

Fig. 9 - Terminal diagram of CA810Q, CA810AQ 
and CABIOQM, CA810AQM. The wing 
tabs on the CA810Qand CA810AOare 
bent down, and on the CA810QM and 
CA810AQM they are flat and pierced. 



Prallmlnary Data 

TV Horizontal Oscillator 
For Color and Monochrome Receivers 

The RCA-CA920AE* is a silicon monolithic 
integrated circuit intended for use in the 
horizontal stages of color 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. 

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 Dev. Type No. TA6773. 

MAXIMUM RATINGS, Absolute Maximum Values: 

DC SUPPL V VOLT AGE 
DEVICE DISSIPATION: 

Up to TA = 55°0C 
AboveT,..=55 C 

AMBIENT TEMPERATURE RANGE: 
Operating 
Storage 

LEAD TEMPERATURE (During soldering): 
At a distance not less than 1/32" (0.79 mm) from case for 
10 seconds max. 

CLOSE FOR 
VIDEO CASSETTE 
RECORDER 

13.2V 

•..••.• 750mW 
. Derate linearly at 7 .9 mW/°C 

HOR· 
DRIVE 

OUTPUT IZV 

ALL RESISTANCES ARE IN OHMS 

-40 to +85°C 
-65 to +150°C 

. +265°C 

Fig. 1 - Functional block diagram of the CA920AE with typical peripheral circuitry. 

POSITIVE 

CA920AE 

Features: 
• Sync separawr 
• Noise gate input 
• Internal precision timing ramp 
• Dual-time-constant phase-locked loop 
• Output suitable for transistor or 

thyristor deflection systems 
• Reduced power dissipation 

TERMINAL ASSIGNMENT 

SUPPLY VOl.TAGE (V+) I 

TOP VIEW 

15 OSCILLATOR FREQUENCY 
CONTROL 

14 RAMP- PRODUCING 
CAPACITOR 

IS OSCILLATOR DECOUPLING 

12 Ctl~~5;mcTO• 

11 DUAL MOOE FLYWHEEL FILTER 
TIME CONSTANT CONTROL 

I ~~8Uf.l~~ij DETECTOR 

9 NOISE GATE INPUT 

92CS-2747't 

~--------------------------------------------------------------------~301 



CA920AE 

ELECTRICAL CHARACTERISTICS at TA= 2s0 c, and Supply Voltage 1v+1 = 12V, 
Unless otherwise specified. See Fig. 1. 

TEST LIMITS 
CHARACTERISTIC 

CONDITIONS Min. Typ. Max. 

Supply Current, Term. 1, 1+ Term. 2open 22 

Video Characteristics (Term.Bl: 
Input Voltage Va Peak to peak 1.5 3 6 
Input Current Ia Peak 10 

Noise Gate Characteristics 
(Term.g): 
Input Current lg 0.03 10 
Reverse Input Current lg -10 

Horizontal Flyback Positive 
Pulse Characteristics (Term.5): 
Input Voltage V5 1 3 
Input Current 15 0.05 1 10 
Input Impedance Z5 0.4 

Positive Sync Characteristics 
(Term.7): 
Output Voltage V7 Peak to peak 10 
Output Impedance Z7 Leading edge 50 
Output Impedance Z7 Trailing edge 100 

Horizontal Output Charac-
teristics (Term.2): 
Output Current l2MAX Peak 200 
Output Current I2AV Average 20 
Output Pulse Width tw 12 32 
Output Impedance Z2 Leading edge 2.5 
Output Impedance Z2 Trailing edge 15 

Horizontal Oscillator Char-
acteristics (Term. 15): 
Free-Running Frequency fo No sync input 14.84 15.625 16.41 

Free-Running Frequency fo v+ = 4.5 v 14.06 (Note 1) 11.1g 

Oscillator Cut-out Voltage v+ varied 4.0 
Oscillator Pull-in Range ±1.0 

Phase Control (Note 2) 15 

Note 1: Free-running frequency at 12 V adjusted to 15.625 kHz. 

UNITS 

mA 

v 
mA 

mA 

mA 

v 
mA 
kn 

v 
n 
n 

mA 
mA 
µs 
n 
n 

kHz 
kHz 

v 
kHz 

µs 

Note 2: External delay between the leading edge of output pulse at Term. 3 and the start of 
the horizontal flyback pulse. 



CA1190GQ 

TV Sound IF and Audio Output Subsystems 
"GO" Suffix Type - Hermetic Gold-CHIP in 
Quad-In-Line Plastic Package 

Features: 
• Nominal power output: 4 Wat v+=24 V, RL =160, dist. 

The RCA-CA 1190GQ 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, primarily, an 8-, 
16-, or 32-ohm speaker. 

The CA 1190GQ is electrically and mechani
cally equivalent to industry type TOA 1190Z. 
The CA 1190GQ differs from the TOA 1190Z 
primarily in its provisions for external feed
back components and a higher value volume 
control. 

The CA 1190GQ 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. 

= 10%; 2Wat v+=12v, RL =80,dist.•10% 
• Wide power-supply range: 9 to 28 V • Excellent AM rejection: 50 dB typ. 
• Low quiescent current: 25 mA typ. • Differential peak detector - requires one 
• 5-kHz deviation sensitivity: 1 W output typ. tuned coil 
• 3-dB limiting sensitivity: 50 µV typ. • Electronic volume control with improved 

taper and single. wire control 

ELECTRICAL CHARACTERISTICS at TA= 25oc, v+ = 24 V, DC Volume Control Rx= 0 fl, 
R L = 16 0 unless otherwise indicated. Refer to Fig. 1. 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

Static Characteristics 

Current into Term. 14 P0 = 0 10 25 40 mA 

Dynamic Characteristics 

IF Amplifier: 
f0 = 4.5 MHz, fm = 400 Hz Input Limiting Voltage, - 50 100 µV 

(At -3 dB point), v 1 (lim) L\.f = ± 25 kHz 

f0 = 4.5 MHz, fm = 400 Hz. 
AM Rejection, AMR Modulation Index= 0.3, 40 50 - dB 

V1N = 1 mV 

f0 = 4.5 MHz, fm = 400 Hz 
L\.f = ± 25 kHz, V1 = 1 mV 

Deviation Sensitivity Rx = 0, Deviation necessary - 5 - kHz 
to obtain 4 Vrms across 
160(1W) 

f0 = 4.5 MHz, fm = 400 Hz 
Minimum Audio Output L\.f = ± 25 kHz, V1 = 1 mV - - 10 mVrms 

Rx= 15kO 

Distortion at P 0 = 1.5 W 
f0 = 4.5 MHz, fm = 400 Hz - - 3 % 
L\.f = ± 25 kHz, V1N = 1 mV 

V0 ut atL\.f = Owith Rx 

Signal to Noise Ratio adjusted for V 0ut = 4 Vrms 50 - - dB 
at ti.f = ± 25 kHz 

MAXIMUM RATINGS, Absolute-Maximum Valu1 ., 
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 =9o"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: 
Operatirig . . . • . . . . 
Storage·. . . . . . 

derate linearly 

derate linearly 

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

+28 

1.5 
2 

±3 

v 

A 
A 
v 

5 w 
83.3 mwt0 c 

1-75 w 
14 mwt0 c 

12 Oc/W 

--40 to +85 °c 
-65 to +150 oc 

+265 92CM-29273 

Fig. I - Block diagram of the CA 1190GO in a typical application. 



CA1190GQ 

REGULATED POWER SUPPLY 

044 

D 

E 

16K 
3 IF AMPLIFIER.LIMITER 

Fig.2 -SdlematicdiagnJm. 
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CA1310E 

RC Phase-Locked-Loop 
Stereo Decoder • 
For FM Multiplex Systems 

Features: 
• Low distortion {THO): 0.3% typ. 

• Excellent SCA (storecast) rejection: 75 dB typ. 

• RC oscillator 

• High audio channel separation: 40 dB 

• Operates from a wide range of power supplies: 8 to 14 V de 

• Requires only one adjustment for complete alignment 

• Drives a stereo indicator lamp up to 75 mA -

surge current limiting 

RCA-CA1310E is a monolithic silicon integrated circuit AC 
phase·lock-loop stereo decoder intended for FM solid-state 
stereo multiplex systems. 

The CA1310E i.s a direct replacement for industry types 
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 14·1ead duaHn·line plastic 
package and operates over an ambient temperature range of 
-40 to +es0 c. 

MAXIMUM RATINGS, Absolute·Maxlmum Values 

at TA= 25"C 
DC Supply Voltage 14 V 
Current (Lamp) at Term. 6 75 mA 
Device Dissipation: 

Up to TA = 25°C 625 mW 

Above TA= 25°C derate linearly .. 5mW/°C 

Ambient Temperature Range: 
Operating . . . . . . . . . . . . -40 to +es0 c 
Storage ............................ -65 to +tsooc 

Lead Temperature (During soldering): 
At distance not less than 1/32" (0.79 mm) 
from case for 10 s max ............. . +265°C 

I 
I 
I 
L__ ~o~~x- _______ _ 

RESISTANCE VALUES ARE IN OHMS 

Fig. 2- Schematic diagram of the CA1310E. 

Fig. t - Functional block diatlfam zyitem uiing the CA 1310£. 
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" 
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R70 R71 
38 k 2.!I 

IN£;-11!-' --i==+=::::;-------i 

C8 
0.2!1 

RESISTANCE VALUES ARE IN OHMS 
CAPACITANCE VALUES ARE IN MICROFARAOS. 

L--+----l .,. 

I 38-TO 19-ltH! 011/IOER 138-TO 19-Hti DIVIDER _J 
F'OR PILOT-TONE DRIVE FOR PHASE-LOCKED LOOP 

---------------
STEREO SWITCH CONTROL LINE 

Fig. 2 - Schematic diagram of thll CA 1310E {Cont'd). 

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. 

C1: A lower value input coupling capacitor may be used in place of 
the 2-µF value if reduced separation at low frequencies is acceptable. 

C4: The time constant for the stereo switch level detector circuit is 
calculated by C4 x 53,000 ohms ±30% with a maximum de 
voltage drop across C4 of 0.25 volt (Term. 8 positive) and a 
pilot level voltage of 100 mV RMS. Signal voltage across C4 
is negligible. 

CS: The recommended 0.05-µF 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 kfl 

R3, C6, CB: CB may be omitted, R3 = 100 ohms and C6 = 0.25 ,uF, 
if relaxed circuit performance is acceptable. 

CA1310E 

R4, R5, C7: If a capture range greater than ±3% typ. is required, 
reduce value of C7 and increase values of R4, R5 pro
portionally. However, beat-note distortion is increased 
at high signal levels because of oscillator-phase jitter. 
R4, C7 = ±1 % in test circuit and ±5% in typical application. 

Fig. 3 - Te1t circuit for measuremtmt of dynamic charactaristics. 



CA1310E 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS (Rlhnncod to Fl• 31 

v•· 12v TA•2&"C 

CHARACTERISTIC Compaoite Multlptox Input Sipl • 
&al mV RMS (2.8V11111 

LIMITS UNITS 

Only Lor R Qlonnol modul-; ond 
with 100-mV RMS (10%1 Pilot Lenl Min. Typ. Mox. 

Staticaior-odca 

DC Supply Voltage For &.V operation, reduce load to 2.7 kSl B - 14 v 
Total Current Lamp"OFF" - 13 - mA 

Dynomlc~odca 

Input Impedance 20 50 - kl1 

01annal Separation CSterool 50Hz-15kHz 30 40 - dB 

Audio Output Voltage (For any - 486 - mVRMS one channel) 

Oiannel Balance 
Pilot Tone "OFF" - 1.5 d8 

(Monourall -
Capture Range (Permissible tuning - ±3.5 - " error of internal oscillator} 

Total Harmonic Distortion - 0.3 - " Ultrasonic Frequency Rejection: 
19kHz - 34.4 - dB 
38kHz - 45 - dB 

SCA (Storecastl Rajection f = 67 kHz, 9-kHz beat note measured - 75 ~ dB 
with 1-kHz modulation "OFF'" 

Stereo Switcti Level: 
19-kHz Input Level (For lamp on) - - 20 mVRMS 
19-kHz Input Level (For lamp off) ::! - - mVAMS 

Maximum Composite (Stereo) Input 0.5%THD 2.B - - Vp-p 

Maximum Monaural Input !%THO 2.B - - Vp-p 

308·-------------------------------------------------------------------



TV Video IF Amplifier Features 

• High 45-MHz gain - 53 dB (typ.) 

With AGC and Kever Circuit • High-gain gatad AGC system - with either positive- or 
negative-going sync. 

The ACA·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 
(typ.). A delayed forward AGC output is adjustable by means 
of a potentiometer. Either positive- or negative-going sync may 
be used for this system. 
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. 

KEVER 
INPUT 

-8 v 
PULSE 

• Adjustable rf AGC delay to tuner 

• AGC gain reduction - 68 dB (typ.) 

MAXIMUM RATINGS, Absolura·MaJtimum Value1 

AtTA•25 

SUPPLY VOLTAGE: 
Between terminals 4 and 11 
Between terminals 7 or 8 and 4 

INPUT VOLTAGE lterminal 1 or 21 ... 
AGC INPUT VOLTAGE (terminal 6or 10) .. 
DEVICE DISSIPATION: 

UptoTA=65°C ........... . 
Above TA .. 55° C derate linearly at 

AMBIENT TEMPERATURE RANGE: 

Operating 
Storage 

LEAD TEMPERATURE I During Soldering!: 

SYNC 

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

RF AGC 
OUTPUT 

* 
VOLTAGE AT 

= 
RF AGC 
DELAY 
ADJUST 

* 
VOLTAGE AT 

POLARITY TERMINAL 6 TERMINAL 10 

~.5 v 
NEGATIVE -u::- I TO 4 V 

NOM=2 V 

-ov 

POSITIVE 
I TO B V J'Lv NOM=4.5 

--ov 

..... 18V 

...... ,..1sv 

.... 10V p-p 
6V 

. ... 750mW 

.• 7.9mW/°C 

-40to +es:c 
... -65 to +150 C 

+265°C 

* 
VALUE OF 

Rl-n 

0 

3.9k 

TYPICAL STATIC CHARACTERISTICS 
atTA='25°c,v+-12v 

Tot•l Current 11 7 + 19 + 1111 

CA1352E 

Output Stage Current 0 7 + 191 ..... · · · · · · ...• · · · · 
...•.. 27mA 

.•. 5.7mA 

TYPICAL DYNAMIC CHARACTERISTICS 

at TA .. 25°C, v+ -12v 

AGC Range ..........•..•.....•. 
Powar Gain . : . ....•....•. , ••.. 
Minimum rf AGC Range lterm. 12) .. 
Maximum rf AGC Range (term. 121 .. 

IF 

f 

.... 
53 dB 
0.2V 

7V 

92CS-24136RI 

Fig. 1 - CA1352Ebfocfc diagram and typical AGCtut•t-up. 



CA1391E, CA1394E 

TV Horizontal Processors 
Features: CA 1391 E - Positive Horizontal Sawtooth Input 

CA 1394E - Negative Horizontal Sawtooth Input • Internal shunt regulator • Low thermal frequency drift 

The RCA-CA 1391 E and CA 1394E are mono
lithic integrated circuits designed for use in 
the low-level horizontal section of mono
chrome or color television receivers. Fune· 
tions include a phase detector, an oscillator, 
a regulator, and a pre-driver. 

The CA 1391 E and CA 1394E are electrically 
equivalent and pin compatible with industry 
types 1391and1394 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 
r85oc. 

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

DC SUPPLY CURRENT 
DC OUTPUT VOLTAGE 
JC OUTPUT CURRENT 
3YNC INPUT VOLTAGE 
SAWTOOTH INPUT VOLTAGE 
DEVICE DISSIPATION: 

40mA 
40 v 

30 mA 

5 Vp-p 
5 Vp-p 

Up to TA = 25°C 625 mW 
Above TA'"". 25°Cderate 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 1 0 seconds max. . 

THERMAL RESISTANCE. 

CIRCUIT OPERATION 
(See schematic diagram, Fig.2) 

. +26o0 c 
200°c1w 

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 
R 11 and R 12, 07 turns on, and 06 supplies 
base current to 05 and 010. Transistor 05 
discharges the capacitor through R4 unti I 
the base bias of 07 falls below that of 08, 
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 B, the duty 
cycle at the pre-drive output (terminal 1) 
may be changed. 

• Linear balanced phase detector • Small static phase error 
• Preset hold control capability • Variable output duty cycle 
• ±300-Hz pull-in (typ.) • Adjustable de loop gain 

HORIZONTA 
SAWTOOTH 4 

INPUT 

PHASE 
DETECTOR 

OUTPUT 

" 

SYNC 
INPUT 

v+ 

REGULATOR 

GROUND 

OSCILLATOR 
TIMING 

OSCILLATOR 

92CS-25647' 

Fig.1 - Functional block diagram of the CA 1391£, CA 1394E. 

ELECTRICAL CHARACTERISTICS at TA= 25°C (See Fig.3) 

TEST CONDITIONS 
LIMITS 

CHARACTERISTIC 
Min. Typ. 

S1,S5,S6= 2 
Supply Voltage S2, S3, S4, S7, SB= 1 8 -

Measure term. 6 to Gnd 

S1,S5,S6= 2 
Free-Running S2, S3, S4, S7, SB= 1 14734 -

Frequency Counter to term. 1 
S2, S3, S6, SB - 1 

Output Leakage S1, S4, S5, S7 = 2 - 10 
Measure term. 1 to 25 V 
S2, S3, S5, S6, SB - 1 

Output Saturation S1,S4, S7 = 2 - 60 
Measure term. 1 to Gnd 
S2, S5, S6, SB= 1 

Phase Detfuctor Bias S1, S3, S4, S7 = 2 - 1.9 
Measure term. 3 to Gnd 
S5, SB= 1 

Phase Detector Leak Sl, S2, S3, S4, S6, S7 = 2 -2 -
Measure term. 5 to +4 V 
S1, S5, SS - 1 

Phase Detector Low S2, S3, S4. S6, S7 = 2 -0.55* -
Measure term. 5 to +4 V 
S1,S5,S6,SB= 1 

Phase Detector High S2, S3, S4, S7 = 2 +0.55* -
Measure term. 5 to +4 V 

Phase Detector Balance VDET2 + VDET3 -100 -

Sync Diode S1, S2, S3, S4, S6, S7 = 1 
0.3 -

S5, SB= 2 
Static Phase Error - 0.5 
Oscillator Pull-in Range See Fig.4 - ±300 
Oscillator Hold-in Range - ±900 

* Polarity reversed in the CA1391. 

Max. 

9 

16734 

-

-

-

+2 

-

-

+100 

1.2 

-

-

-

UNITS 

v 

Hz 

mV 

mV 

v 

mV 

v 

v 

mV 

v 

µs 
Hz 
Hz 



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 s2on 

'"" 
14 kn 

150 6000 

~pf 
S5 F 

1.511.Q 

S4 

CAl391/CA1394 

58 SI 
0 

2.65 kQ l••n 2 

+6V 

Fig.4 - DC test circuit. 

I 

Fig.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 R 13 and R 14 multiply the VsE of 
011, and the ratio of R15 and R16 mul
tiplies the voltage -0f the zener diode Z1. 

2 

430.Q 

1.65 
kll 

92CM-29749 

TO 
DRIVER 
TRANS
FORMER 

470 
pF 

2.2 k.(l 
2W 

!:! 
% 
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~ 
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CA1391E, CA1394E 

AMBIENT TEMPERATURE (T4)•25°C 
5 FREE-RUNNING fREQUENC'f• 15734 Hi: 

4.5 

" 

2 
0 ID W ~ ~ ~ ~ ro 

POSITIVE PULSE WIDTH A TERM. I -,u.1 

Fig.3 - Duty cycle at the pre-drive output (term.1) 
as it is affected by the input at term. 8. 

LJ 
20V p-p 
5 ,. 

01,~01~ 
390 3.9 
kn kn. 

\J 
60 v p-p 
10 p.$ 

Fig.5 - Typical circuit application. 



CA1398E 

Television Chroma Processor 

RCA-CA1398E is• monolithicsiliia>n integr.lt.ed-circuit chroma 
processor a>ntilining chroma-wnplifier .... 91in-conbol. color
kiHer. color subcM'riierO:SciUMDr. hueamtrol.and ACCcirwitry. 
It hosbeen---for ~ity with- ''13911"'
type ~ dewices. It functions compatibly with 
the RCA-CA3125E Owoma Demodulator n 'Well • other !COm"

men:iatl·y ftait.tlle chroma clemodt.dators '"color-TV receivers. 
f;ig. 2 shows a functiona1 block diagr.m of a 2-pd.• lV 

--·""""-•tinglhe CA1398E and CA3125E .. The 
CA1398E is supplied in a 14-tead du-1-in-line plastiic PllCkage. 

Fea,,,,.,. ___ of ___ _ 

·~----
•DC_.., ____ _ 
........ ; ......... -...._...-... 

.... Horimnt.i-Puhe llllplteun.ntt .. - •• 
SuPSllW' Ot.wnnt ITtll'lriNI 14J .............. __ • • • .. .. • 35 mA 
Ambient:T~,._.: 

()p9nitine •.•.••••••• ----------------- ••• -40to*85:c 
Stor• ...... -. -. -.... -. -- -....... -... -65 to+150 c 

IMdT..._.....IOurint-o 
At: diUllCe 1116" f: 113T U..59±0.79 mm) 
homcmefor10Smh .••.••.. 

..... 
Ffv, 1-FanctifJnldblock..,,.,,ollhe·CAl3SBE. 

0 0 

--lhomoG.m V2 1 -- ..... S--2 6 5 310 425 - mV1>11 

Min. Crom. Gain V2 1 - ..... • 5 - - 7 mV1>1> 

NX-
V2(c1Bup 

I -· ..... 511 !ill 2 1 11 ... 
lrom....l!_inkst 

I""'"'..........,, 
Kill V2 2 -- ..... 0 5 - - 1 mv,,.. -·· V2 1 ...... -- '15 5 100 - - m'Vpp 

IJKillato< .--op, 
v .... V13 1 ...... ..... • 0 2511 340 ~ mVP1' 

-<:::::.""') •13 1 -- ..... 6 0 -20 0 1+20 ....... 
-Conlrol-o v- V13 1 ..... - • 0 250 340 390 mv,,.. 

-<::::::.""') •13 ! ..... -- 6 0 95 110 140 ....... 
--1-~V14.:ISUPPt.y=38mA..c118mA. ~..,_~~' 

Z..., "'_ IV14"13BmAJ-V14la118mAtllO.G2 

..... 2_._,_ thelkiller~---fn1m......._unlilthecffi:uilUl'll<A. Thi$~iseoridenc8dbv•!lhittiinhm.:.m., •Tenn .. 2 
----ttiig~ ............... ...,.... __ 



TEST SET-UP PROCEDURE FOR OSCILLATOR 

n..._. 111e 00.1- keying ...i.....,.,,. 1..,.. .. •nd odjust 
Cx to obbin • frae.tunning oscitlotor fnquency of 3.579545 

MHz ±10Hz.~1he...,. Test Conditions doscribed in 1he 
El-il:ol a...:o.mtil:sa..t far Oocil'"- Loct-\Jp. ory L 1 
'-"'<· 20 ,.itl ondlor Cl ._.,._ 11100 pf) to -n 1he initial-far.....,. __ .,.... ___ -up. 

CA1398E 



CA2002, CA2002M Preliminary Data 
8-Watt Audio Power Amplifier 
For Automobile Radios 

Features: • Load dump voltage surge protection 

•Hermetic Gold-CHIP encapsulated in a 5-lead plastic 
T0-220-style package {Versa-V) 

• Output current capability of up to 3.5A 

• Few external compclnents 
• Output short-circuit and thermal overload protection 

•Drives load impedance as low as 1.6 Q 

• Versa-V power transistor package-requires 
no electrical insulation 

The RCA-CA2002 is a monolithic silicon 
class B audio power amplifier designed for 
driving loads as low as 1.6 Q. 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 T0-220-style Versa-V package. All 
leads (except term. 3) are electrically in
sulated from the mounting flange, elimi
nating the need for insulating hardware. 

The V ERSA-V package is available with two 
lead configurations. The CA2002 has a vertical
mount lead form, and the CA2002M has a 
horizontal-mount lead form. 

v• 

NOTES: 

MAXIMUM RATINGS, Absolute-Maximum Values: 

PEAK SUPPLY VOLTAGE (50 ms) 
DC SUPPLY VOLTAGE 

OPERATING SUPPLY VOLTAGE 

DUTPUT PEAK CURRENT: 
REPETITIVE 
NON-REPETITIVE . 

POWER DISSIPATION, PD at TA= 90°C •. 

THERMAL RESISTANCE, JUNCTION TO CASE 
AMBIENT-TEMPERATURE RANGE: 

OPERATING. 

STORAGE 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1116 ± 1132 inch ( 1.59 ± 0.79 mm) 

from case for 12 s max. 

R27 
19K 

POWER 
GNO 

-.!<- IS SIGNAL GROUND 

ALL RESISTANCES ARE IN OHMS 

1 - Schematic diagram. 
Fig. 3 

TOP VIEW 

v• 
OUTPUT 
GROUND 
INVERTING INPUT 
NON INVERTING INPUT 

TERMINAL ASSIGNMENT 

40 v 
28 v 
18V 

3.5 A 
4.5 A 

15W 
4 °CIW 

See Figure ~ 6 

-40 to +150 C 

260°C 

v• 
IOOnfl 

RI 
22on RL v 
5% RMS 

4:0~F 
R2 
2.2!2 

3V 5% 

Fig. 2 - Test circuit. 

10 1!5 20 
SUPPLY VOLTAGE (V+)-V 

Typical quiescent output voltage as a 
function of supply voltage. 



ELECTRICAL CHARACTERISTICS at TA= 25°C, v+ = 14.4 v 
Unless otherwise specified (See Figure 2) 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
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 

THO = 10%, A= 40 dB, 
f = 1 KHz 

Output Power,Po RL =4 n 4.8 5.2 -

v+= 14.4V RL =2n 7 8 - w 
v+= 16V RL =4 n - 6.5 -

RL = 2 n - 10 -
Input Saturation Voltage, Vi (RMS) 400 - - mV 

A=40dB,f=1 KHz 

Po=0.5W, RL =4n - 15 -

Input Sensitivity, e1 Po=0.5W,RL =2n - 11 - mV 
Po= 5.2 w. R L = 4 n - 55 -

Po=8W, RL = 2n - 50 -

Frequency Response 1-3 dB) 
R L = 4 n, Cx = 39 nF, 

40 to 15000 Hz 
RX = 39 n (See Figs.15,20) 

Input Resistance, R1(Term.1) f = 1 KHz 70 150 - Kn 

Open-Loop Voltage Gain, AoL RL=4n,f=1KHz - 80 - dB 

Closed-Loop Voltage Gain, A RL =4n, 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 l-3 dB) - 60 - pA 

A=40dB,f=1KHz 

Efficiency, 7J 
Po=5.2W,RL =4n - 68 -

% 
Po=8W,RL=2n - 58 -

R1:=4n,A=40dB, 
Power Supply Rejection Ratio, PSRR Rg= 10 Kn, fripple = 100Hz, 30 35 - dB 

Vripple = 0.5 V 

CLOSED-LOOP VOLTAGE GAIN !Al 

Fig. 7 - Typical input voltage as a function of 
closed-loop voltage gain. 

Fig. 8 - Typical input voltage as a function of 
closed-loop voltage gain. 

CA2002, CA2002M 

70 

10 15 20 
SUPPLY VOLTAGE 1v•1-v 

Fig. 4 - Typical quiescent drain current as a 
function of supply voltage. 

• I 
g . 

" 

AMBENT TEMPERATURE (TAJ•zs•c, 
A•40d8, t•t kHz, THO•IO % 

IO IO 
SUPPLY VOLTAGE cv•1-v 

•• 
•• 

20 

Fig. 5 - Typical output power as a function of 
supply voltage. 

. 
I 

~ . 
15 

~ 10 

AMBIENT TEMP£RATURE(TA)•2&•c, 
A•40d8, t•ll1Hr, THD•IO% 

10 15 
LOAD RESISTANCE {RLl-0 

20 25 

Fig. 6 - Typical output power as a function of 
load resistance. 

CLOSED-LOOf' VOLTAGE GAIN (Al-dB 

Fig. 9 - Typical power supply. rejection ratio as a 
function of closed-loop voltage gain. 



CA2002, CA2002M 

0 AMBIENT TEMPERATURE (TA,)• 25"C 

"' 
60 

"' 
40 

"' 
20 

IO 

10 2 468!022 46810;,2 4681042 4 6 8to5 

IL..J 
3 4 5 6 

OUTPUT POWER IPo)-W 
FREQUENCY (fl-Hz 

Fig. 10 - Typical power supply rejection ratio as a 
function of frequency. 

Fig. 11 - Typical power dissipation and efficiency 
as a function of output power. 
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SUPPLY VOLTAGE (V+j-V 
25 50 75 100 125 150 175 200 

AMBIENT TEMPERATURE lTA,)-•c 

Fig. 13 - Maximum power dissipation as a function 
of supply voltage (sine-wave operation). 

Fig. 14 - Maximum allowable power dis;f;5;;i~~ as 

a function of ambient temperature. 
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Fig. 12 - Typical power dissipation and efficiency as 
a function of output power. 

100 
CLOSED-LOOP VOLTAGE GAIN (A) 

Fig. 15 - Typi~al ~alues of capacitor Cx (see test 
c1rcu1t, figure 20) for different values 
of frequency response .. 

FREQUENCY ( f )- Hz 
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CASE TEMP£RATURE !Tc)-•c 

Fig. 16 - Open-loop voltage gain as a function of 
frequency. 

Fig. 17 - Output power and drain current as a 
function of case temperature. 



Prellmlnary Data 

12-Watt Audio Power Amplifier 

The RCA-CA2004 is a monolithic silicon 
class B audio power amplifier designed for 
driving loads as low as 3.2 n. It provides a 
high output current capability (up to 3.5 A). 
and very low harmonic and cross-over dis· 
tortion. 

The CA2004 is supplied in a hermetic tri· 
metal Gold-CHIP encapsulated in the 5-lead 

plastic T0-220-style VERSA-V package. All 
leads (except term. 3) are electrically in· 
sulated from the mounting flange, elimi· 
nating the need for insulating hardware. The 
VERSA·V package is available with two 
lead configurations. The CA2004 has a 
vertical-mount lead form, and the CA2004M 
has a horizontal-mount lead form. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DCSUPPLYVOLTAGE. 
OPERATING SUPPLY VOLTAGE 
OUTPUT PEAK CURRENT: 

REPETITIVE 
NON-REPETITIVE . . . . . . 

POWER DISSIPATION, Po at TA" 90°C 
THERMAL RESISTANCE, JUNCTION TO CASE 
AMBIENT·TERMPERATURE RANGE: 

OPERATING 
STORAGE 

LEAD TEMPERATURE !DURING SOLDERING): 

28 v 
26 v 

3.5 A 
4.5 A 
15 w 

4°C/W 

0 to +125°C 
-40 to +150°C 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 12 s max. 260°C 

92CS-308S9 

Fig. 1 - Test circuit. 

3900. 

390'1 •• 
2.2Jl 

Thermal Shut-Down 

Thermal shut-down occurs if the output 
overloads (temporary or permanent), the 
ambient temperature is excessive, or the 
junction temperature is excessive. None of 
these conditions results in device damage. 
They merely cause a temporary automatic 
reduction of output power and drain cur· 
rent. 

•• 
3900. 

Fig. 3 - 25 W circuit-bridge application. 

CA2004, CA2004M 

Features: 
•Hermetic Gold-CHIP encapsulated in a 5-lead 

plastic T0-220-style package (VERSA-V) 
• Thermal overload protection 
• Drives load impedance as low as 3.2 n 
• Deflection amplifier capability 
•Output current capability of up to 3.5 A 
• Few external components 
• VERSA·V power transistor package-requires no 

electrical insulation 

TOP VIEW 
91CS-29223RI 

TERMINAL ASSIGNMENT 

4701£F 

92CS·10H1 

Fig. 2 - Typical application. 



CA2004, CA2004M 

ELECTRICAL CHARACTERISTICS at TA= 25°C, v+ = 24 v 
Unless otherwise specified (See Figure 1) 

CHARACTERISTIC TEST CONDITIONS 

Supply Voltage, v+ 
Quiescent Output Voltage, Vo Measure at Term. 4 

Quiescent Drain Current, ID Measure at Term. 5 

THO= 10%,A=40dB, 

Output Power, Po 
f = 1 KHz 

RL = 4Q 

RL =an 

Input Saturation Voltage, 

Vl(RMS) 

Input Resistance, R1 (Term.1) f = 1 KHz 

Open-Loop Voltage Gain, 

AoL RL =8Q,f=1 KHz 

Closed-Loop Voltage Gain, 
A RL =8Q,f= 1 KHz 

Input Noise Voltage, eN Freq. Resp.= 40 to 
15,000 Hz (-3 dB) 

Power Supply Rejection Ratio, 
RL =4Q, A=40dB, 

PSRR 
Rg = 10 KQ, f ripple= 100 Hz, 

V ripple = 0.5 V 

Min. 

8 

11 

-

10 

-

400 

70 

-

39.5 

-

30 

LIMITS UNITS 
Typ. Max. 

- 26 v 
12 13 v 
40 100 mA 

12 - w 

8 -

- mV 

150 - KQ 

80 - dB 

40 40.5 dB 

4 - µV 

35 - dB 



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 electrically identical versions: CA3035 with straight 
leads; CA3035V1 with formed leads 

HIGHLIGHTS 

• Thr•• Hparote amplifiers -
gain ancl l>anclwiclth for each amplifier can be adjusted 
with 111itoble Hternal circuitry 

• Ainplifiers opuoble independently or in cascade 

e Exceptionally high cascade voltage gain -

• All a111plifiers single-Hclecl -
only one power supply requirecl 

• Wide operating teMperature range -
.ss•c to +12s•c 

e Built-in temperature compen1atiCH1 

129 dB typ. at 40 kHz 

e Low noiH performance e Wid•·boncl response 
• Her"'eticolly sealed, all-welded 10-leocl T0-5-style 

metal package with straight or formed leads 

ABSOLUTE-MAXIMUM RATINGS: 

Operating Temperature Range ..... -ss0 c to +12s0 c 
Storage Temperature Range . . . . . . . . . . ... -6s0 c to +1so0 c 
Device Dissipation ..................................... 300 mW 
Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV p-p 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. +I SV 
Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (I.59 ± 0.79mm) 
from case for IO seconds max. . ........................ +26S0c 

ELECTRICAL CHARACTERISTICS AT TA= 2s•c 

TEST 
LI Ml TS CIRCUITS 

SPEC I AL TEST AND 
CHARACTERISTICS SYMBOLS CONDITIONS CHAR AC- CA3035, CA3035V I UN I TS 

TER ISTICS 
CURVES Min. Typ. Max. 

STATIC CHARACTER I ST I CS 

Quiescent Operating V3 - 2 - v 

Vo I tage V5 Vee . +9V Fig. 3 - 1.9 - v 
V7 - 4.9 - v 

Tota I Current Drain Id vcc . 
RL3 • 

+9V, Fig. 3 3.5 
5Kn 

5 7 .5 mA 

DYNAMIC CHARACTER I ST I CS 

Vo 1 tag e Ga i n: 
Amp I i fie r No. I Al f . 40 kHz, 

40 44 - dB 
AmJl1 ifier No.2 A2 Vee . +9V 40 46 - dB 
Amp I ifier No.3 A3 38 42 - dB 

Output Vo I tage Swing Vout 
V )OUt Ru • lOKn - 2 - Vp-p 
V2out RL2 • IOKO - 2.6 - Vp-p 

V3out Ru • 5KO - B - Vp-p 
Si nuso i da I 
Output, 

vcc • +gv 

Input Resistance: 
Amplifier No.I RI in - 50K - n 
Amp I ifier No.2 R2in f . 40 kHz - 2K - n 
Amplifier No.3 R3 in - 67D - n 

Out put Resistance R rout - 270 - n 
~2out f . 40 kHz - 170 - n 
R3out - IOOK - n 

Bandwidth at 
-3dB point: 
Amp! ifier No. I sw 1 F g.5 .- 500 - kHz 
Amp I ifier No.2 BW2 Vee . +gv F g. 6 - 2.5 - MHz 
Amplifier No.3 BW3 F g. 7 - 2.5 - MHz 

Noise Figure 
Amp! ifier No. I NF 1 f • I kHz, Fig.4 - 6 7 dB 

Rs . I KO 

Vee . + 13 v 
Sensitivity Relay IKr I FI g. 2 - 100 150 µ.V 

Current . 7.5 mA 

CA3035, CA3035V1 
SCHEMATIC DIAGRAM FOR CA3035 AND CA3035V1 

IAMPl. N7."1 

I 

I 
I 
I, 
I 
I 
L~ 
r-
1 

1.,.,• 

TYPICAL REMOTE COtlTROL SYSTEM 

COtfTllOL FUNCTIOtd 

flt.2 

,, 
" 

STATIC CHARACTERISTICS TEST CIRCUIT 

vcc • +9v 

flg.3 

NOISE FIGURE TEST CIRCUIT 

QUAN TCCH 
LABORATORIES 
MOOEL No. 311 

NOISE ANALYZER 

CSE:E NOTD 

... 

I 
J 

NOT£: SET ALL INTERNAL POWER SUPPLIES ON QUAN TECH 
NOISE ANALYZER TO ZERO VOLTS. 

fig ... 

319 



CA3041 

Wideband Amplifier, FM Detector, AF Preamplifier/Driver 
FEATURES 

•• i .... s•sitivilJ' - .i•P-t li•iti119 voltoge (bee) = ........ z ......... ~ .................. ,. 
150 µ V IJp. ot 4.5 Miiz 

F. S..ncl S.cti .... of TV Receivers Usi ... • l•rp ..... drive 'l'Olhtge capaltility 
Tut.e-T,... AF°"- Amplm ... 

•eaceilent AM reiection - 58 dB fJlt- at 4.5 MHz 

•in..__, high stal.ilitp - imernollr shielded 
RCA Integrated Circuit Type CA3041 provides. in a single 1BOOOJithic silicon chip. a 

1R&jor subsystem for the sound sections or TV receivers. As shown in the Schematic Diagram 
(Fig. I) and the TV Receiver Block Diagrams n:~. 12)· ·,he C A}(MI .contains a multistage wide-
band if-amplifier/limiter section.an FM-detector stage. a Zellel'-diode-regulatedpower-supply 
section, and an af-amplifier section specifically designed to drive directly a 6AQ.5 beam 
power tube or other audio output tube of similar characteristics.. 

In FM receivers, the CA.1041 can be used to provide if amplificatioo and limiting. ~ 
detection. and af preamplir1eation. 

The CA.1041 provides exceptional versatility of circuit design because the if-amplifier/ 
limiter section, FM detector section. and af-preamplifierldriver section can be used in
dependently of each other. 

The CA3041 utilizes a 14-lead dual-in-line plastic package with leads specially formed 
to facilitate automatic insert.ion of the device in suitably punched printed-circuit boan:ls. 

MAXIMUM RATINGS.Absolute Maximum Values: 
OPERATING-TEMPERATURE RANGE - _ - • __ .•.. _ . • . • • • . • • • . • • -40° to +86111C 
STORAGE-TEMPERATURE RANGE .•.•.•.••••••..••..•••.... --&>0 to +lso°C 
LEAD TEMPERATURE' (During SolderingJo 

At distance 1/16± 1/32 inch (1.59± 0.79mm) 
from case for 10 seconds max. ...............•.... _.. . . . • • . . . . +265°c 

MAXIMUM INPtJT.SIGNAL VOLTAGEo 
Between Terminals 1 and 3 .•.•.••...•.•. _ .•.•.••..••••• _ . • . • . • . • . • ±3 V 

MAXIMUM DEVICE DISSIPATIONo 

~~}::,:·+~~ · ~ ~ ~ ~ ~ ~ :. ~ ~ ~ ~ ~ ~ ~~ ~ ~~ ~ ~ ~ ~ ~:: -~~·10.a.r:wr~ 
AllSOLUTE-MAXllllll VOLT AGE AllD CURREllT LIMITS AT TA = ZS"C 

lndicoleti uoltqe or current limit• for eacla ien.Uml lllCIY 6e applied under tlw •pttified uolt.qe 

conditions for of/rer umtinal•. All valra~• are with respect. lo 6TO-" fTem1Uml 4J. 

VOL TM:E COllDITKlllS AT OTHER TERlllllALS 
WLTAGEOR 

TERMlllAL CURREllT LlllTS 
I 2 3 4 5 6 1 8 9 

I .av •3V -
z .3y •3 v ·31o•3 

3 .av •3 v ·31D•3 ::; ... 
~ ~ 

GRIHIND (VOLT AGE 
:;; ! ... 

4 .a ID•3 ffi -REFERENCE TERMINAL) ... 
~ 

... ~ _, 
< 

;c &: ;c ~ ~ ... 0 ... ... ii 
·3 lo •3 

0 :3 

~ ~ 0 ... ... 
5 20"" - ... < ... 31 ... ... C> ~ :;: ... 

< w !:i s ... :l; ~ :::; s :::; C> 

!:i ~ ll! a.. ... <> 
6 DY •ID V .a1o•3 ... ....... :;: e ... < w . % .... 

'.'.; ~ 
% ~>- :::; ~ 

~ g g :IE_, a.. _, ... lE ~i 
a.. 1 ID noA ·3 ID•3 w ::Ii 0 < ~ "' ~ g§ % >-< "' ... ~ !::; ~ ... 1-o ... 

=> z ! w > ... 
~g 8 10111\ ·31D•3 g 

~ ~ ~ ~ 
... 
~ g 

"' 
!::; . 

~ ..., ~ w 
C> l!i1 w 0 ... w ... "' 9 ID lllA .a1o•3 "' 2:: ... .. ~ < :; < 

~ 
:;: 0 < !::; 

le 
... 

~ 
... !::; "' 0 ... 

0 0 C> 0 w > 

ID IDllA ·31D•3 > ffi ~ > "' 
..., 

g z g < C> 

fil !::; 0 l ... ..., ... 0 
< 8 ~ > 

II •2.5 v •5V -3 lo•3 :!l <> ... ffi C> < ... ... 
~ e 

12 •2.5 v •5 v ·31D•3 

13 •2.5V +5V ·31D•3 

14 50 noA -3 to+l 

• Any other conbmat1on ol DC Sic>ply Voltage and Series Resista'lce which will not cause the llaailllUlll 
Device Dissipation .Limit or any ot Ille Maximum Voltage 111 Cwrent Limits fOr the CA3041 to·lle- exceeded 
may be used. 
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Fig~2 - Typical dissipation cltorocteristic 
f., CAJIUI. 
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ELECTRICAL CHARACTERISTICS, ac an Ambi<n< Tempe'"'""· TA• of 25°C, and a DC s.,,p1, 
Voltqe, Vee• of +14() Volts applied to Terminal 14 thraqh a re.istance of6.2 '11, unle., otlu!,.. 

wise indicated. Any other combination of DC Supply Volia1e and Serie• Rufatance which will 
not cause the Maximum Dissipation Limit or any of the Maximum Voltoge or Cumtnt Limit• for 
iM CA304I •a ff esceetled may be used. 

CHARACTERISTICS 
(See Paie 7 for Delinltions ol T 011115) 

SYMBOLS 

Total Device Dissipation Py 

Zener Regulating Voltage (DC Sup-
V14 ply Voltage at Terminal 14) 

Quiescent Opeialing Cunent iu (into Terminal 11) 
9-Volt Cunent Drain (Quiescent Op-

114 erating Cooent into Terminal 14) 
Input-Impedance Components: 

Parallel Input Resistance Ri 
Parallel Input Capacitance Ci 

Output-Impedance Components: 
Parallel Output Resistance Ro 
Parallel Output Capacitance Co 

Input Limiting Voltage (Knee) V~lim) 

Amplitude-Modulation Rejection AMR 

IF·Amplifler Voltage Gain ~fl 
Recoverad AF Voltage: VrJ.aO 

I. At FM-Detector Output 

2. At AF-Driver Output 
in Test Setup 

Total Harmonic Distortion THO 

Discriminator Oulpul Resistance Ro( dis) 
Af·A"1ifie< Input Resistance R~af) 
AF·AmplHier Output Resist111ce Ro(aO 
AF-Driver Voltage Gain Aat 

... 

TEST CONDITIONS LIMITS TYPICAL 
CHARAC· 

SETUP 
TYPE TERIS-

AND SPECIAL CONDITIONS 
CA3041 TICS 

PROCEDURE 
~ Fig. Min. Typ. llax. Units Fig. 

O"c 2lD 245 270 
""' II TA= +25l'C: 225 250 f27f mW 2 

+@JC 230 255 280 mW 

- 10.5 11.2 '12.3 v -
11 0.25 0.63 I mA -
11 Vee= +9 v applied directly 7 ll 16 mA -
3 

3 

-
-
7 

10 

5 

-
-
7 

-
-
-
6 

I= 
4.5 MHz 

t 
I= 

1 kHz 

I 

.. 0.00"7 

""" •' 

to Terminal 14 

- 11 

- 5 

- 100 

- 4 

- 150 

45 58 

- 67 

RL • 50 kl1,111 • •25 kHz 
THO • 0.7' (typ.) - 250 

THO< 5" 8 9 

Yo(aO • 8 V(rms) - 1.5 

- 10 

- 100 

- 30 

- 41 

PROCEDURE Si 

Recovered AF Voltate1 

- kl1 -
- pf -
- kl1 -
- pf -

200 
µV 

4 (11115) 

- dB 9 

- dB 4 

mV - (1111S) -
v - (rms) -

5 \\ -
- kO -
- kO -
- kl1 -
- dll 8 

1. Set Input Si1nal Generator aa followa: 
Output ftequency • 4.5 MHz 

~~i!:!:S-'±LuekH~ • 1 kHz 
Output levP.l for Vin• 100 mV nna 

2, Set volume control for maximum 
af output. 

3. Measure af output voltap and record 
aa Recovered AF Voltap. 

Total Harmonic Distortion; 

1, Adjust volume control for an af output 
voltage of 300 mV rms. 

2. Measure Total Harmonic Diatortion of 
the output si1nal in accordance. with 
the Operatin1 Instructions for the Dis
tortion Analyzer. 

Input Limiting Yoltot• (ICnH): 

1. Decrease Vin until the af output volta1e 
is 3 dB Leas than the value set in Step l 
of the procedure for measurement of 
Total Harmonic Diatortion 
<300 mV - 3 dB • 210 mV) 

2. Measure reaultin1 value of Vin and re
cord aa Input Limitin1 Volta1e <Knee), 

•TRW Electronics, Des Plaines, Illinois. Part No. E023174, or equivalent. 

Fig.7 - Test Htup lor measurelll9nt ol /npuf limiting vo/fog• (Kn••), 
recoYerecl AF Yolfoge, ancl total harmonic Ji1t01tion. 

CA3041 
,...-..,. ·1· iiii' ............ 

71 lT.l!] 
1 w-1- :i ' .. lcooo I 

"' ~ .. ~-+- .... 
I ,; ... i I .. 

~ ~ .. [] 
'°°! .. 1.1 ... i f-1--

__.. \ 
~· 

4 ••• • ••o 2 • '''°° 
FREQUIMCY lfl-IMI 

Flg.4 - Typicol IF-amplilier voltage gain anJ 
inpuf-lirnftlng Yolfoge (lcnHJ cbaracfetisfics. 

PROCEDURE: 
A • Volta,. Goin: 

U Set input frequency at desired value, v1 • 100 µ V rma. 
2l Reconl v0 • 

3) Calculate Voltqe Gain A from A • 20 10110 v0 /vi 
4l Repeat Steps 1, 2, and 3 for- each frequency and/or 

for temperature desired. 

Flg.5 • THt ••tup lw measurement ol IF.ompliller 
vo/fap goin. 

Flg.6. THt setup for measur•ment o1 
AF-amplilier Yo/fag• IJGin. 

"""'iJ AM8JENT TEMPERATURE IT11.l•H•C 

•o 
~ 

' JI 
~ l! 

• : '6 

~ I\ 
~ .. I ,. 

.. 
Qt 2 4 11 1 2 4 &llO 2 °' lllOO 2 4 1 1e,oo 

FREQUENCY lt)-llHz 

Fig.8. Typical AF.Jriver voltage.gain charact•risfic 



CA3041 

30 

20 

00 

20 40 eo ao 100 
INPUT SIGNAL 1..EVEL-111V 

Fig.9 R Typical AM rejection ehoracteristies 
fa1 CA3041. 

BOONTON 
TYPE 207H 
UNIVERTER 

OR EQUlllALENT 

BOONTON 
TYPE 202H 

AM-fM 
GENERATOR 

OR EQUIVALENT +140V 

47kll 

WAVE ANAl.YZER 
t HEWLETT-PACKARD 

TYPE 310A 
OR EQUIVALENT) 

•TRW Elect1onics, Des Plaines, Illinois. Part No. E023874, or equivalent. 

PROCEDURES1 
1. Set FM Signal Generator aa follows: 

Output frequency • 4.5 MHz 

~:ei~ti~~s. ~:!suekH~. iooo Hz 
Output level for Vin • 100 mV nna 

2. Set AM Signal Generator as follows: 
Output frequency • 4.5 MHz 
Modulating frequency• 1000 Hz 
Per cent modulation • 30 
Output level for Vin• 10 mV nns 

a. ~~hv~\t!.~!~!~i!~~rt::V':'F~~. out· 
4. ~~hv~\~;'~~~t~~~n1"::'7~7A~~. Out-

5. Detennine AM Rejection from 
AMR• Vo(FMl/Vo(AMl 

Fig.10. Test setup f0t measurement ol AM re;ection, 

PROCEDURES1 

Total Device Dlulpatlon1 

l, Close S1, open 52. 
2. Measure and record V14 and IT• 
3. Determine Total Device Dissipation from PT• V14IT. 

Quiescent Operating Current Into Terminal l h 

1. Close S1, open S2. 

2. ~~~si~r;;, l.f!n:i:aiiJ.~rd as Quiescent Operating Cur. 

9°Volt Current Drolnt 

1. Open St, close 82. 

2. Measure 114 and record ae 9-Volt Current Drain. 

Fig.11 - Test setup for total Jissipation. quiescent operating current 
info terminal Ho.11, onJ 9.volt current Jrain. 

TRANSF. I'·"""' 1 

I 
I 
I 
L ___ ~J 

"'TRW Electronics, Des Plaines, Illinois. Part No, E023874, or SQUivalent. 

Fig.12 w Block diagram of typical TV receiver using CA3041. 



Wideband Amplifier, FM Detector, CA3042 
FEATURES 

AF Preamplifier/Driver •high sensitivity - input limiting voltage (knee)= •internally Zener-diode-regulated voltage supply 
150 µV typ. at 4.5 MHz •low harmonic radiation 

• 6-mA audio drive capability •wide frequency capability - <100 kHz to >20 MHz 

For Sound Sections of TV Receivers Using Transistor· 
Type A.F Output Amplifiers 

• eKcellent AM rejection - 58 dB typ. at 4.5 MHz 
•inherent high stability - internally shielded 

• low harmonic distortion 

RCA Integrated Circuit 1'ylK' CA3042 provides, in a singlt> monolithic silicon chip, a 
major sub-system for the ~ound seC'tions Or TV reccivt:>rs. As :-ihown in the S<.'hcmatiC' Dia· 
gram (Fig.I) and the TV Receiver Bloc:k Diagrams <Figs.2A and 28> the CA3042 contains a 
multistage wide-band if·amplifil•r s(>dion, an FM-detector stage, a Zt1ner-diodt"-n•gulated 
power-supply section, and an af-amplificr sC'ction specifically designed to drive diredly an 
n-JHl audio output transistor or a high-gain audio output pC"ntode tuhe. 

In FM receivers, the CA3042 t"an be.! used to provide if amplification and limiting, FM 
detection, and af preamplification. 

The CA3042 provides exceptional versatility uf circuit dl~sign bct"ausC' thl' if-umplifi<•r/ 
limiter section, FM detector·sc<.'tion, and af-pwamplifier"drivl'r Hedion l'an Ix• ui:1ed indl'
pendently of each other. 

The CA:3042 utiliws a 14-IPad dual-in-line plastic packafil' with IC'ads SJ>l't'ially funned 
to facilitate automatil' insertion of tht• dl•vice in suitably pundwd printl>d-<.·in.·uit boru"rls . 

.. 
F ig.1 - Schematic Jiqram. 

Fig. 2(a) • Block diagram of typical TV receiver utilizing 

transistor RCA-40313. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

OPERATING-TEMPERATURE RANGE ......•...............•. -40° to +86°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 OEVICE DISSIPATION, 

At Ambient Jup to +25°C ...................................... 950 mW 
Temperatures above +26°C .......................... Derate at 10.8 mW!°C 

* For XFMR Details see Fig,2(a) 

Fig.2(L) - Block diagram of typical TV receiver utilizing 
the CA3042 and a 12FX5, 6EH5, or equivalent. 

PROCEDURES: 

Totcil Device Dlulpotion: 

1. Set switch S in position A 

2. Measure and record V14 and 114. 
3. DetennineTotalDeviceDissipation from PT"' V14I14 

Quiescent Operoting Current Into Termlnol 11: 

1. Tum switch S to position B 

2. ~:tt:::o I.J.!r!i~aifl.rd as Quiescent Operating Cur-

9-Volt Current Drain: 

1. Set switch S in position B 

2. Measure I14 and record as 9-Volt Current Drain. 

Fig.3 - Test setup lor menurement al total device Jiui
potion, quiescent current into terminal Ho. 11, and 

9-volt current Jrain. 



CA3042 
AB$0LUTE-MAXIMUM VOLTAGE M4D CURRENT LIMITS AT TA "25°C 

Indicated voltage or cu"ent limits for each terminal may be applied under the specified uoltage 
conditions for other terminals, All voltages are with respect to ground (Terminal 4). 

VOLTAGE CONOITIONS AT OTHER TERMINALS 
VOLTAGE OR 

TERMINAL CURRENT LIMITS 
l 2 3 4 5 6 7 8 9 10 11 12 13 14 

I -3V +3 v -
2 -3V +3V -3 to +3 ..... 

< z 
;;; 

-3V +3 v ·3 to +3 "' 3 UJ 
..... ::; ::; >-2 ..... 
< < 

~§ 
< z ~ i z 

GROUND (VOLTAGE 
;;; 

~ !§" a ;;; 5 -3 to+3 "' o< ~ "' 4 REFERENCE TERMINAL) 
UJ UJ .... "' ..... ..... ..... "" ..... .... .... .... 
"' 

.... o:!; < ~ < ~ ~ "' :>: "' ;; ~ .... :!; 

~ i ;; 

~ 
0 .... :>: .... ..... => 

~ .... ~ ::; .... c..::E 

20 mA ·3 to +3 0 0 0 ~:!; "" 0 5 - .... < .... .... .... .... .... .... .... ..... fjj :!; 0 >- ~ I- 5 5 fjj !j; "' < "' ..... r;i "" ....tm fu ~ ~ :::; "' :::; ....to i2 0.. "" ~:::; 0.. ! := §;l (.) 

~ 
(.) 

6 NO CONNECTION ·3 to +3 "' 0.. .... 
~~ ....tC.. ~ 0.. x .,; 

"" < "" << !!:! < !!:! .... z Oo g >- ~ ~~ !2 i~ zw ~ ~ ~ >- ~ :2 ..... 
"" .... Q ..... ..... ..... t; ..... ..... ..... ..... 

~ 7 10 mA ·3 to +3 "" :i "' 5--' ~i 
oz 

~ < < 
~ ~ ~ "" 0.. :i ~ 

z => z z 
!5 

.... f:2~ 
~ ~ ~ 1!1 

.... 
':i "" I-"' z I- Q 0 z "' => Q Q => z """' "" z g 
Q "" 

oz (.) 

~b "'"" "" "" 8 10 mA -3 to +3 :> ~ "' ffi 15 Q <., .... .... I- .... .... :> 
(.) < z ~~ ':i >- ~ ~ ~ !iE ~ ~ Q 

"' ':i 2: z ~ :i "" "" "" "' "" "" "'"' + 

"" 
0 9.., "" ~ "' "' "" "' 9 lOmA .3 to +3 ~ ~ 
2:. "' 

u--' < < "' < 0 "-<.:> Q~ I- ':i ':i I- I-Q << < ..... < ..... Q 

~ 
z ':i ':i ~~ Q ~ Q ':i :> 0 "" Q Q 0 0 :> :> Q :> 

~ :> :> "'"" (.) 8 (.) :> 10 10 mA -3 to +3 "' :> "" .... Q Q g 
(.) "' (.) (.) 
Q (.) Q ~ !c "" "" "" Q 

~ 
z 

Q z ..... ..... ..... 
"" :>: ~ ~ ~ ..... 0 

< < ~ -1- ~ (.) 

11 +2 v +JO V -3 to+3 z ~Ii: ~ .... "' ~ ffi ~ "' I-
UJ 

"" :!;.., < 

~ 
< 

E I< I< "''-' 
!!:! o:x 

~ """" 12 +2.5 v +IOV -3 to+3 I-

jg 

+10 v .3 to +3 
§ 

13 ov "' 
14 50 mA ·3 to +3 

"' Any other comb1natu;n of DC Supply Vottaae and Series Resistance which will not cause the Maximum 
Device Dissipation Limit 01 any of the Maximum Voltaae or Current Limits for the CA3042 to be exceeded 
may be used. 

BOOt4TON 
TYPE 207H 
UNIVElllTER 

OR EOUIVALENT 

BOONTON 
TYPE 202H 

AM-f'M 
GENERATOR 

Oft EQUIVALENT 

WAVE ANAl.VZER 
(HEWLETT-PACICARO 

TYPE 310A 
OR EQUIVALENT} 

PROCEDURES: 

l. Set FM Signal Generator as follows: 

Output Frequency "' 4.5 MHz 
Modulating frequency= 1000 Hz 
Deviation = ±25 kHz 
Output level for Vin"' 100 mV nns 

2. Set AM Signal Generator as follows: 

Output frequency = 4.5 MHz 
Modulating frequency = 1000 Hz 
Per cent modulation = 30 
Output level for Vin"' 10 mV rms 

3. With St in Poaition A measure AF Output 
Voltage end record as V0 1FM)· 

4. With 81 in Position B measure AF Output 
Voltage and record as V o(AM)• 

Vol FM) 
5. DetennineAM Rejection from AMR= -

Vo<AMl 

• TRW Electronics, Des Plaines, Illinois. 
Pert No. E023874, or equivalent. 

F/9.7 - Test setup for m•osurem•nt of AM r•i•ction. 

uuo 

~ 
g 
'""220 

0 102050405060 
AMBIENT TEMPERA TUR£ (TAJ-•C 

Fi9.4 - Typical dissipation characteristic. 

Fig.5 - Test setup for measurement of input-impeJonce 
components. 

PROCEDURE Voltoge Goin: 
1. S1;>t input frequency at desired value, Vj = 100 µ..V rms. 

2, Record v0 • 

3. Calculate Voltage Gam A from A = 20 log IO v0 /vi. 

4. Repeat Steps 1, 2, and 3 for each frequency and/or for 
temperature desired. 

F ig.6 • T Hf setup for meosvrement of IF amplilier 
voltage gain. 

"'i AMlNT-1.ElliTURE (TAJ•2s•c '""' >,, 
72 

~LTAG~ t!.1 ~ 
1200 t 

~ ... 
i •• 

'-H 
1000 w 

l f'bJ ~ 
~ 6" 000 • 

! J ~ 
~ 60 600 g 
; 56 

'j ~ 
400 ~ 

~ 

" 200 ~ r--t-"' 

.~ -" 
' ... ' ... . '' 

FREQUENCY (0-MMz 

Fig.8 • Typical IF amplifier voltage gain anJ inp11t 

limiting voltage (knee) characteristics. 



ELECTRICAL CHARACTERISTICS, at an Ambient Tempe""""'• TA, of aa0c, and o DC Supply 

Voltage, Vee• of +140 Volt• applied lo TenninGI 14 1hl'ou1h a ruiatance of6.2 "'1. unl•H tnhe,.. 
wise indicated. Any other combination of DC Supply Voltqe and Serlu Re.iatanee which will 

not cause the Masinwm Dissipation Limit or any of the Ma:dmu:m Voltqe or Cumml Limits for 
the CA304~ to be exceeded may be used. 

TEST CONDITIONS 
SETUP 

CHARACTERISTICS AND 
(See Page 7 for Definitions of T enns) 

SYMBOLS SPECIAL CONDITIONS 
PROCEDURE 

LIMITS 

TYPE 
CA3042 

Fig. Min. Typ. Mu. 

O"c 200 230 260 
Total Device Dissipation Py 3 TA• +25°c 210 240 270 

·~ 220 250 280 
Zener Regulating Voltage (DC Sup-

V14 - 10.5 11.2 12.3 
ply Voltage atT enninal 14) 

Quiescent Operating Cunent 111 3 0.25 0.63 1 
(into Tenninal 11) 

9-Volt Cunent Drain (Quiescent Op-
114 3 Vee· +9 v applied directly 

8 12 18 erating Current into TenniRal l4) to Tennlnal 14 
Input-Impedance Components: 

Parallel Input Resistance R1 5 - 11 -
Parallel Input Capacitance C1 5 - 5 -

Output· Impedance Components: 
Parallel Output Resistance Ro - - 100 -
Parallel Output Capacitance Co - - 4 -

Input Limiting Voltage (Knee) V~iim) 11 - 150 200 

Amplitude-tmdulation Rejection AMR 7 45 58 -
IF-Amplifier Voltage Gain liin. 6 f. - 67 -
Recovered AF Voltage: Vo(aO 

4.5 MHz 

I. At FM-Detector Output I RL • 50 kO 
250 11 THO • 0.7~ (typ.) - -

2. At AF·Driver Output Rt- 322!1 
500 800 in Test Setup 11 THO<~ -

3. At AF-Driver Outpul in <'>f = RL • 150 kO 
TV-Receiver Sound System 2A or2B t25 kHz THO • 1.5% (typ.) - 3 -

Total Harmonic Distortion: THO I I. In Test Setup 11 Vo(aO• 500mV(nns - 1.5 5 
2. In TV Receiver Sound System 2A or 2B Vo(aO = 1.3 V (nns) - 1 -

FM-Detector Output Resistance Ro(det) - t - 10 -
AF-Driver Input Resistance RKaO - f = - 100 -
AF-Driver Output Resistance Ro(aO - 1 kHz - 250 -
AF-Driver Voltage Gain Aaf 9 I Rs· son,c1 • o - 30 -

BALLANTINE 

~1..'m 
Ofl EQUIVALENT 

• TRW Electronlcs, Des Plaines, ILL., Part No,EO 23874 (or equivalent). 

Units 

mW 
mW 
mW 

v 

mA 

mA 

k{l 

pF 

k{l 

pF 
,.v 

(nas) 

dB 

dB 

mV 
(nns) 

mV 
(nns) 

v 
(rms) 

~ 

~ 

kO 
kO 
n 

dB 

llPICAL 
CHARAC· 
TERIS· 
TICS 

I CURVES 
Fig. 

4 

-
-
-
-
-
-
-
8 

8 

-
-
-
-
-
-
-
-
10 

CA3042 
4.3Ul 

•w 

Fig.9 ·Test Htup for measurement of AF (llhplifier 
vo/to9e gain. 

AMBIENT T£MPEllATURE ITAl•2!5•c [ 

, 0 I I J_I ill 
.-,rJ6~ Rs•50A 

-~ 
Cr•O 

l C150pf 

~ ~ 20 

~ I ~ ~ w" s N~~::: I Rs•IO KA 
C1•0 

~ .• 

1 • ~ 

. t0 10 ro3 ,.. , .. 
FREQUENC"flfl-kHI 

t2CS-149!0 

F19.10 • Typical AF amplifier voltage gain 
characteristics. 

PROCEOURESi 
Recovered AF Yoltqe1 

1. Set Input Signal Generator as follows: 

Output frequency = 4.5 MHz 

Modulating frequency "' 1 kHz 

Deviation = f: 25 kHz 

Output level for Vin"" 100 mV rm.a 
2. Set volume control for maximum of output 

3, Measure af output voltage and record aa Recovered 
AF Voltage. 

Total Harmonic D1atortlon1 

1. :3Ju~~ :~~me control for an af output voltap of 

2. Measure Total Harmonic DiaLoltion of the output 
aipal in accorclance with the Operating Inetructions 
for the Distortion Analyzer. 

Input Limiting Voltage (Knee): 

l. f:~:: tt!8v:1~~1 a!1:8in ~:'tf1:r ~hc!t~c~du! 1! 
measurement of Total Harmonic Distortion (500mV -
3 dB• 350 mV> 

2. Measure reaulting value of Vin and record aa Input 
Limiting Voltage (Kneel. 

Fig.11 • Test setup for measurement of Input limiting voltage (lrnnJ. 
recover.fl AF voltage, anti total ltarmon/c Jlstortlon. 



CA3043 
Special-Function Subsystem R 

HIGH-GAIN IF AMPLIFIER, 
LIMITER, FM DETECTOR, AND 
AF PREAMPLIFIER/DRIVER 
FEATURES 

• high sensitivity - - input limiting voltage (knH) 
SO i.a V typ. at 10.7 MHz 

• excellent AM rejection - - 58 dB typ. ot 10.7 MHz 

• Inherent high stability - - lntemally 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. l), the CA3043 
contains a multistage if-amplifier/limiter section, an 
FM-detector stage, a Zener-diode regulated power-supply 
section, and. an sf-amplifier section. In FM receivers, 
the CA3043 can be used to provide if amplification and 
limiting, FM detection, and af preamplification. The 
CA3043 provides exceptional versatility of circuit design 
because the if-amplifier/limiter section, FM detector 
section, and sf-preamplifier/driver 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 RA TINGS at TA= 25"C 

DISSIPATION: 
At TA = 25°C to TA = 85°C .......... 450 mW 
Above TA = 85°C ..... Derate linearly 5 mWl°C 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 min) 
·from case for 10 seconds max • • • • • . + 265oC 

TEMPERATURE RANGE: 
Operating • · •..• : • • • • • • • • • -56°c to + 125°C 
Storage .. .. .. .. .. .. .. .. -65°C to + 150°C 

For FM IF Am~ifier Applications 
in Communications Receivers and 
High-Fi~elity FM Receivers up to 20 MHz 
• internal Zener-diode regulated voltage suppl_y 

• law harmonic radiation 

• wide fr9t1uency capability - -. <100 kHz to >20 MHz 

• law harmonic distortion 

• hermetic 12-lead T0-5 style package 

F;g,J ·Typical application ol th• CA3043 as a high·gain 
limiter, amplilier-detectOI" in an FM ,..ceiver. 

ELECTRICAL CHARACTERISTICS at TA= 25oc 

TEST CIR· LIMITS 
SPECIAL TEST CUIT AND 

CHARACTERISTICS SYMBOLS CONDITIONS PROCEDURE TYPE CA3043 UNITS 

Fig. Min. Typ, Max. 

STATIC CHARACTERISTICS 

Current Drain at 6V 
111 Vee = •6V 3 10 16 20 mA 

into Pin No.11 

Regulator Voltage Pin No.ll VII 3 6.9 7.4 8 v 
Total Device Dissipation PT Vee = •30V, 3 200 225 260 mW 

Quiescent Operating Current Is 
Rs= 750 D 

3 0.65 mA 
into Pin No.6 

DYNAMIC CHARACTERISTICS at Vee = •30V, Rg = 750 ll, f = 10.7 MHz 

Voltage Gain Av 4 

Input Limiting Voltage (knee) Yj(lim) v0(af) at -3dB point 6 

Limiting Current from Pin No.6 l5(lim) 4 

Recovered AF Vo I tage v0(afl v; = 1 mV (RMS) 
f (modulating) =-= 1 kHz 
Deviation = ~ 75 kHz 

6 

Amplitude-Modulation ReJect1on AMR 
Vj = 10 mV 
f (modulating) = 1 kHz B 
% modulation = 50% 

Total Harmonic Distortion THO vi = l mV (RMS) 6 

Input lmped<11ce Components: 

Parallel Input Resistance R1 

Parallel Input Capacitance C1 

72 BO dB 

50 ,Al..~ 
0.42 mA 

(RMS) 

75 110 ISO mV 
(RMS) 

58 OB 

0.3 % 

7 kD 

5 pf 

Switch in Position A for: 

Regulator-Voltage, Quiescent• 
Operating-Current, and Device 
Disaipation Test 

Switch in Position B for Current 
into Pin No.11 

Hot••: 

S = Substrate 
Fig.2. Sclleliiatlc Jiagram. 

Terminal No.3 wire-connected to the ca•e. 

Tenntn.1 No.10 contW"ted to the case 'hrough the substrate 

Terminals No.3 and 10 which are connected to the substrate 
should be connected to the moat negative point in the circuit. 

Diodes D4 and Ds, act as capacitors and are used to balance 
the detector substrate c•pacitances. 

F;g.3 ·Regulator voltage, Jevic• dissipation, quiescent 
opeNJting current, am/ current at 6 volts into Pin Ho. 11. 



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 -16 to O volts. 

MAXIMUM 
CURRENT RATINGS 

TERM
INAL 
No. 

10 

11 

12 

0 
.3 

.. 
0 

+6 +15 
0 ., 

., 
-4 

.. 
0 

Note 1: These terminals should be connected through a de 
resistance to any terminal which does not exceed 
lOOohms. 

Note 2: Pin 11 may be connected to any positive voltage 
source through a suitable resistor provided its cw--
rent ratina is not exceeded. 

7'0Q 

DISTORTION 

">-f.,_,IM.~..-<HEW~ARD 
TYPE 3308 

OR EQUIVAl..ENT 

PROCEDURE: 

l. Recovered Audio Volt•&e Yo(aO -
Set inp11t frequency to 10. 7 MH:z, 

vi = l m V(RMS), modulating frequency = 1 kHz 

Deviation = ±75 kHz 

Re~°::i:.o as measured on the Distortion Analyzer meter 

This is the recovered Audio Voltage Yo(af) 

2. 3 dB Limiting Sensitivity Yi(lim) -

Reduce Yi until Yo(aO drops 3dB. 

Record this value or v1 as Vi(lim) 

3. Total HarQ:lonic: Distortion THD -

Re:~n:~~~t!;:~!i:':l~~~oise~~t~!!i::::rffo~nalyzer per 

*See Fig.9 ror details on Discriminator Transformer. 

Fig.6 - Input limiting voltage (lcnee}, recoverer/ AF 
voltage, and tatal harmonic distortion test circuit. 

.. 
0 

. . 
0 

10 

0 
·5 

0 _, 

0 
-6 

0 
-6 

.. 
-15 

11 

Note(2) 

.. • 

12 1~~ 11N loUT 
No. mA mA 

Note(l) 

.. 
0 0.1 40 

20 

0 
-6 Note~l) 

0 
-6 

0 
-6 20 

Note{2) .. 0 0 
10 0.1 40 

11 40 0.1 

12 

• Voltqes are not normally applied between these tenninals. 
Voltqes appear~ between these terminals will be aafe if 
the specified limits between all other terminals are not 
exceeded. 

200 "cc••30\I 
RL•7$0Jl 
T.ti•2$'C 

i 160•t--t-~+-t-t-+---r~+-r-i-t---r~t-1-H 
'i 
~ 1w•.--+~+-t-t-+--+~+-r-+r--11-~1-1-t-1 

i ... t--+--t-+~-t-++-VJ++---+-+-t-1 
g 

~ 
... 

' '° f"REQUENCV (fl-MHz 

. .. 
•OO 

F;g.7 - Input llmllln9 vo/tog• (~no•) al -3 .JB point 
vs frequency. 

n~ .. DiU'' 
Coil Form, Outside Diameter= 7/32 11 

Can= 1/2" square X l·l/8 11 long 

Slugs· Radio Industries Type MP34/MP100 Material 

Li & LJ = 20 Tums 5.44 litz wire universal wound 

L2 = 10 Tums S-44 Utz wire wound bifilar with Lt 

Lt & LJ coupling adjusted to 520 kHz peak to peak separation 
on S curve when operated in circuit shown in Fig.6. 

Fig.9 - 10.7-MHz discriminator transformer for CA3043. 

Voltage Gain = 20 logia 100 ~ ., 

CA3043 

Cb - Bypass Capacitor, 0.1 µF electrolytic in parallel with 0.01 µF 

I6(lim) = 2~, Yj "" 100 mV(RMS) 

*Output circuit should be completely shielded from the input 
circuit at the socket. 

m 

i 
~ 
z 
g 

i 

Fig.4 - Voltage gain test circuit. 

100 vcc••3ov 
RL•750Jl 

90 T4•2!>°C 

~ 
I'\ 

4 ,8 4 '8 
I ~ ~ 

FREQUENCY (f)-MHJ: 

Fig.S • Voltage gain vs frequency. 

WAVE 

HEW~~¢~ _';ij;~ARO 
TYPE 302A 

OR EQUIVALENT 

PROCEDURE: 

A. Connect FM Generator to CA3043 input. 

Set frequency to 10.7 MHz, vi= 10 mV, modulating frequen• 
cy=lkHz 

Deviation = ± 75 kHz • 

Tune Wave Analyzer to peak reading at 1 kMz and record 
recovered Audio Voltage Yo(af)FM· 

B. Disconnect FM Generator and Connect AH. Generator to 
CA3043 input. 

Set frequency to 10.7 MHz, vi= 10 mV, modulating frequen• 
cy = 1 kHz, percent modulation = 50%. 

Tune Wave Analyzer to peak reading and record recoveri:d 

~:;;it:~~a::d:~~~~~MRejection Ratio = 20 logtQ vo(af)FM 

vo(af)AM 

Fig.8 - Amplitude moJulation rejection test circuit. 



CA3044, CA3044V1 

Special-Function Subsystem 

WIDE-BAND AMPllAER/PHASE DETECTOR 
WITH ZENER DIODE VOLTAGE REGULATOR 

For AFC [Auta11atic 
Frequency Control) Applicalioas 

The RCA CA3044 .and CA3044Vl 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 

DISSIPATION: 

FEATURES 

• Primorily intendecl for AFC (automatic frequency 
control} Applications 

• Internal Z.ner Diode Voltage Regulator 

• Differential Input Amplifier/Limiter 

• Full-Wave Diode Bridge Detector 

• Dif&utttial 011tput Voltage Amplifier 

• Available in Two Electrically Identical V«sions 
of the 10.lead TO·S style package, 

CA.3044 With Straight Lucis; 

CA3044V1 With ForMecl Leads 
• Wide Operating T -.nperotvre Range; .55 to +12S°C 

At TA• 25°C • • . • . • • • • • . • . • . • . . • . . • • • • • • • . . • • 830 mW 
Above TA .. 25°C ••.••••••••• _ ..••••• Derate linearly 5.6 mw;0c 

TEMPERATURE RANGE: 
Operating • • . . . • . . • • • • • • • . . • • . . • • • • • • • . -SS0 c to +12S0c 
Storage .•••••.•.••...••.•.•..•...... : -65°c to +1sooc 

LEAD TEMPERATURE (During Soldering): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for IO seconds max. • . • . • • • , • • • • • + 265C 

MAXIMUM VOLTAGE RATINGS at TA• 2S°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. 

MAXIMUM 
CURRENT RA TINGS 

TERM-
INAL 9 10 l 2 3 4 s 
No. 

9 NO INTERNAL CONNECTION 

•20 
10 

•20 •20 •20 •20 
0 ·10 0 0 

l . '12 . 
·12 

2 . . 
3 . 
4 

5 

6 

7 

8 

•Terminal No. 10 may be connected to any positive voltage 
soun::e through a suitable dropping resistor-provided the 
dissipation rating is not exceeded. 

0 

. 

. 

. 

. 

6 7 8 
TERM· ,,. louT 
INAL mA mA No. 

9 

•20 '20 . 
0 0 10 so so 

•6 . •6 
·6 0 1 5 s 

'20 . +20 
0 0 2 20 20 

.. 6 . +6 
-6 0 3 s s 

. . +12 
0 4 s 5 

. . '12 
0 5 s s 

•5 +5 
·5 0 6 s s 

•8 
-s 7 5 5 

REF. 
SUB-

STRATE 8 so 50 

* Voltages are not norll)ally applied between these terminals. 
Voltages ,appearing between these terminals v.:ill be $Ufo if 
the specified limits between all other termmals are not 
exceeded. 

Fig.1. Bloclc Jiof'°"' ol Typical Automatic Fine Tunlnf 
(AFT] A.ppllcation uslnf CA.3044 or CAJCM4YI In 

Color-TV R.ce/Yer. 

Fig.3 • Test setup: Measurement ol total Jevice Jlssi· 
potion, Zener regulating voltage, quiescent operating 

current (terminal 2} • 

l.5UI: 

F;g.4 .. Input limiting sensitivity test circuit. 



ELECTRICAL CHARACTERISTICS ot TA* 25"C, UnloH OtliotWloo S,..lflod 

TEST 
CHARACTERISTICS SYMBOLS CIRCUITS 

~ 
STATIC CHARACTERISTICS 

Device Oinipation PT 3 

Device Dissipation PT 3 

Device Dissipation PT 3 

9-Volt Curreot Drain .!I. 3 
Z- Replatin1 Voltap • V10 3 

DC $apply Voll111 at Terminal 10 
Qui.-! OperatiOK Curreal into 

Terminal 2 lz 3 

Quiescent Operali111 Voltage at V4 Terminal 4 

Quiescent Op!ratin& Voltaae at V5 
T8111illal5 

Output Offset Voltaae between V4-!i 
Tninals4and 5 

DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER) 

Input Limilin& Voltaae (Knee) V; 
Limi!!!!l 

4 

Input Ad11ittance YU 
Reverse Transfer Arlmijtance Y12 
Forward Transfer Ad111ittance !Zl. 
Output Arlmitlanct Y22 
OUTPUT vs FREQUENCY DEVIATION· AFC 

v Correction-Control Voltage at 
Terminal 4 corr. 5 

(4) 

v 
Conecticm-Conlrol Voltaae at corr. 5 

Terminal 5 (5) 

lltPUT FREQU£NCY DEVIATION-MMI: 

F1,.6 - T ypicol narrow-6anJ Jynomlc control voltage 
cbQIGcterlsflcs. 

LIMITS CHARAC· 
TEST CA31144 ..i CA31144Vl TERISTIC 

CONDITIONS UNITS 
~ MIN. TYP. llAX. FIG. 

Yee .JOY 
150 Rs• l.5k0 00 120 •• TA=·55"c 

Vcc·JOV 
170 •• Rs• l.5k0 110 140 

TA= 25°C 

Vee. JOY 
1611 100 .. Rs=l.5k0 130 

!A. +125°c 

~=9V 2.5 4 5.5 mA 

I 10.5 11.2 11.9 v 

1 2 4 mA 

Vcc=JOV 
Rs= 1.5k0 

5.0 6.5 8.0 v 

I 5.0 6.5 8.0 v . 
·1.5 0 1.5 v 

f=45.75 UHi 75 mV 

0.5+jl.1 mmho 
f • 45.75 MHz 3.8+j3.4 

"""° Yee• 30 Y 
Rs• L5k0 -11.7 +10.l llM1lho 

D.077+j0.9 lllllho 

Yee= •JOV 
\of , .. V;0 • 200 oV RMS 

fo=Mllzas V10 V10 
iadicated 

45.750 • D.025 85 v 
6,7 

45.750 + 0.025 33 v 
45.750. 0.9ll0 75 v 
45.750 t 0.900 43 v 

7 
45.750 • 1.500 85 v 
45.750 t 1.500 I 33 v 
45.750. 0.025 33 v 

6,7 
45.750 + 0.025 85 v 
45.750-0.000 43 v 
45. 750 + 0.900 75 v 

7 
45.750-1.500 33 v 
45.750 + 1.500 85 v 

Fig.7 • Ty11icaf wift..OanJ J.,namlc control voltage 
characferisflcs. 

CA3044, CA3044V1 
DYNAMIC CONTROL VOLTAGE 

CHARACTERISTICS 

The CA3044 and CA3044VI aie 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 S is the schematic 
diagram of the test circuit. 

Figure 6 and 7 show the control voltages gener
ated at terminals 4 and S of the Integrated Circuit as a 
fwtetion 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 S is 
less than the reference B voltage. 

The shape of the correction voltage character
istics is dependent to a large degree upon transform.er 
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. 

REF.C 

l1 Eli:t~'rm!f ;-.Q~~=~CAL BANDWIDTH ON 

LzJST:~:'~JPwR,fsE:~:'i~~~~'!i ~r:~.~ 

L10:~~:1~1:w;.l7S4 

L2=oJ'ro&it~l:NT~m 

Fig.5. CorMction voltop t•st circuit lor 
CA3044 onJ CA3044VI. 

DIFIMITIOMS OF TIRMS 

input Limiting Voltog• (Kn .. ) [v1UI•)) 

The input sign•l voltase which will c.uH the output siglllll to 
decrease 3 dB from its mHimWll lev•l. 

Total Dewie• DIHlpatlon (Py) 

The total power drain or the device with no sipal applied and 
no external load current. 

QuiHc•nt Ope_ratlng Voltat• 

'l'he de volta.p at the output temdnal, with respect to IP'OUDd, 
with no sipal applied. 

OulHcant Operating Currant 
The avenge (de) value ol tbe current in either output, terminal, 
with no sia;nal applied, 

Output Off1at Valtaga 

'11\e de voltage between output terminals with no signal applied. 

C-trol Voltage 
Tbe de voltap at either output terminal with respect ta pound 
witban RF signal or specified frequency applied, 



CA3044, CA3044 V1 

b) Bottom view 

F· 8 '9· - Printed C · . ircu1t Board f T Full Size or est Circuit - -

a) Top view 

Fig.9-To . p view of wired t b est oard. 



CA3052 
Four Independent AC Amplifiers APPLICA T/ONS 

Special-Function Sub-System for Stereo Preamplifiers, 
Magnetic Pickups, Tape Heads, etc. 

• Full-function stereo preamplifiers 
• Tape recorder and playback preamplifiers 
• Tone Generators 

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 

53dB min. 
90 k Otyp. 
2 V rms min-
1 kn 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. 377). 
Each amplifier of the CA3048 is tightly 
specified for equivalent output noise under 
a variety of test methods. The CA3052 is 
specified using RIAA test methods for 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. 

ABSOLUTE-MAXIMUM RATING at TA = 2s0 c: 
POWER SUPPLY VOLTAGE 

AC INPUT VOLTAGE ....•............•..... 

DISSIPATION: 

+16V 

0.5 V rms 

Up to TA= 55°C • . . . . . . . . • . . • . . . . . • . • . . . . . . . • . . . • . . . • • . • • . • • 750 mW 

Above TA= 55°C •..............••.•.............. Derate linearly at 7.7 mW/°C 

TEMPERATURE RANGE: 

Operating 

Storage 

· · · · · · • · · · · · ....••.....•.•..•....... -40°C to +85°c 

. . . . . . . . . . . -ss°c to +150°c 

LEAD TEMPERATURE (During Soldering!: 

At distance 1/16 ±1/32 inch (1.59 ±o.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 horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 4 is +2to-3.6 volts. 

1~ 1 2 3 4 5 6 7 8 9 
No. 

1 +16 
0 

. . . . . . . 
2 . +2 0 . . +2 +2 

-3.6 -3.6 -3.6 

3 +5 . . . . . 
-5 

4 +3.6 . . . . 
-2 

5 0 . +2 +2 
-16 -3.6 -3.6 

6 . . . 
7 +5 

-s . 
8 . 
9 

10 

11 

12 

13 

14 

15 

16 

• Voltaa:es are not normally applied between these terminals. 
Voltaps appearing i,.tween these terminals will be S•fe if the 
specified limits between all other terminals are not exceeded. 

10 11 12 13 

. . . . 

. . +16 
0 

+2 
-3.6 . . . . 

. . . . 

. 0 +16 +2 
-16 0 -3.6 . . . 0 

-16 . . . . 
. . . . 
+5 . . . 
-5 

. . . 
. . 

0 
-16 

14 15 16 

. 0 
-16 

. 
. +16 0 

0 -16 . . . 
. . . 
. +16 

0 
. 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 
+5 . . 
-5 . . 

•16 
0 



CA3052 
ELECTRICAL CHARACTERISTICS at TA= 25°C 

LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS CA3052 UNITS 

MIN. TYP. MAX. 

STATIC 

Current drain per amplifier pair 112 or 115 Vee= +12v 9.5 13.5 17 .5 mA 

DC Voltage V1, Vs, 
Vcc=+12v S.l S.9 8.1 v at Output Terminals Vu, Vis 

DC Voltage V3, V7, 
Vcc=+12v at Feedback Terminals VIO• V14 

1.7 2.0 2.3 v 

DC Voltage V4, V9, 
vcc=+12v at Input Terminals v 9, V13 2.2 2.5 2.8 v 

DYNAMIC each amplifier with no AC feedback unless otherwise noted-terminals 3, 7, IO, & 14 bypassed to ground 

Open-Loop Gain AoL 

Vee= +12v 
EIN = 2mV 

f = IOkHz 
53 

Open-Loop 
vcc = +12v 

v 0(rms) f =!kHz 2.0 
Output Voltage Swing THO= 5% 

Open-Loop ·3 dB Bandwidth BW 
Vee= +12v -EIN = 2mV 

Open-Loop THO Vee =+12v, f= !kHz -Total Harmonic Distortion EouT = 2v rms 

Input Resistance R1 Vee= +12v, f =!kHz -
Input Capacitance C1 Vee= +12V, f =!MHz -

Output Resistance Ro Vee =+12v, f= !kHz -
Feedback Capacitance vcc=+12v 
(Output to non· CFB f =!MHz -
inverting Input) 

Equivalent Input Vcc=+IOV 
Noise Voltage EN1t Rs = 5 k fl -
(Amplifiers I & 4), A =45dB 
"C" Filter at Output"' 

Equivalent Input 
Vee= +IOV 

Noise Voltage 
EN2t Rs = 5kfl -(Amplifiers 2 & 3) A= S4dB (1 kHz) 

RIAA Compensated" 

lnter·Ampllfler Audio Vee = +12v 
Separation "Cross Talk 11 ' f =I kHz -

OdB = 0.78 v 

lnter•Ampllfler Capacitance· 
vcc=+12v 

(Any ampl ifler output to c f =!MHz -
any other amplifier input) 

•Per IHF Standard Methods of Measurement for Audio Amplifiers IHF-A-201, 196S 

~ ac feedback included in test circuit 

58 - dB 

2.4 - v 

300 - kHz 

0.65 - % 

90 - k fl 

9 - pf 

I - k fl 

<0.1 - pf 

1.7 S.4 µV 

4 15.0 /L v 

<·45 - dB 

< O.Q2 - pf 



NOTE: ALL RESISTOR VALUES ARE IN OHMS 

Fig. 2 - Schematic diagrem for CA3052. 

r 
g • 

. 
DC: SUPPL"I VOLTS Neel 

Fig. 4 - Typical DC 1upp/y curf9flt ,. 1upply 
l/Oltage. 

" INPUT SIGNAL VOLTAGE IE 11111• llllVAMS 
~ OPERATING FAEOUElllC:"lltl• I kHr 

60 AMBIENT TE~AATUM tTal•2~'C: 7 l':' T ;.i-i ••->+ th:· t•:~ ::::+ 
~ 
i 40 

Fig. 7 - Typical amplifier gain I'S DC rupply 
voltage. 

COLUCTOA su .... .., v~s ':c.c.'"::J :.~7 .... 
15 • ·-

.f~j.· :t.-:J:; 

ii • Hlififffi!_~ 

:!:i': !":;: 
n f.tl1:rf~ • 

AM81[llT TEWl:ltATURE t\\1-"C: '"' 

Fig. 5 - Typical DC rupp/y current '"embient 
tflmperaturt1. 

AMlll!NTTEMPERATUREITA>-oC 

Fig. 8 - Typical open-loop gain vs ambient 
temperature. 

CA3052 

• 11cc 
:oNMECTTOU'PROPRIATI!TlhlNALTOlt£AOYOlTAGE 

Fig. 3 - Ten circuit for mauuremant of collector 
1upp/y 110ltage and currents. 

• ~~~ :~u~iv~en~. low di stottion type (0.2'& THO 01 less) 

• Adjustment Of E1 to 2 volts wi II make Es o:- 2m ./, 

Test Circuit shOws Amplifier #l llldef test, to test Amplifiers 2, 3, 
or 4; connect terminals as shown in Table. 

"MPLIFIE.R 
TERMINALS 

OUTPUT INPUT BYPASS 
1 1 • 3 
2 • 8 7 

3 11 • 10 

• 16 13 14 

Fig. 6 - Tnt circuit for mtJBSurement of 
di1tortion, open-loop gain, and 
bandwidth charactariltics. 

COLLECTORSUPPl,.llll(lln(Vccl·•l2 
Alllll!MTTl!MP!RATURl!!TAl•ll•C 

Fig. 9 - Typical open-loop gain vs frequency. 



CA3052 

I 
1 ' 

··:~r:2L!E 

IT! H1 . . -f;:j:..:::::j:::t;:; ttt 

• "'.EE. ::r+:.~.· .·~· 
,.,. :ft~·· • +++ 
_:____::.;_ t+ Hi~:..t + r_m 

50 75 IOO 
AMt'llENT TEMPERATURE !T111-•c 

Fig. 10 - Typical total harmonic distortion vs 
ambient temperature. 

" 

""""" 
" VTVM 

0 
15V, OV 

l 

"'Resistors are low noise precision (1%) Metal Film type. 

Fig. 13 - Test circuit for equivalent input noise 
voltage me8$urement, RIAA 
compensated. 

"'V.T.V.M. • Hew!ett•Packard Model 4000 or equivalent. 
Procedure: 
l. AdJust Signal Generator for OdB output at refe1ence terminal. 

2. Read voltage at other output terminals (Figure shows term111al #1 
used as reference). 

Fig. 14 - Test circuit for measurement of inter· 

amplifier audio separation °cross talk" 
characteristic. 

IOK* 

VTVM, HP4{l(JD 
OREQUIVALEl<IT 

•Vee 

,,. 

*Resistors are low noise precision, ( 1%) Metal Film type. 
Resistor values are in ohms: capacitonce values are 
in m1crofarads, unless otherwise specified. 

Fig. 11 -Test circuit for measurement of equivalent 
input noise voltage of amplifiers 1and4. 

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 al) 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 

Ry•50,000 OHMS 
TAPPED AT 
12,000 OHMS 

OPERATING FREQUENCY(/)~ 1 kH1 0.05 µf 
coccecTORSU>PLYVOL>SfVccl "']I .J J 111 I 111 

0 ' ' 14 - 16 
""'"""'-"'"' f&t?®i 
~ SIGNAL ~~O •.U ... GEN - µf H-PTYPE 

0 --~ r-- I~ !kHz 400 D 1' RfB {OREQUIV.J 

0 
"" = = 

0 l ~ j 
1'f:: 

0 J l 
10,000 100,0l)O 

RESISTANCE IN FEEDBACKCIRCUIT(Rfs) OHMS 

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. 

1·1000 

•' 

270 

•Vee (14 VOLTS) 

Performance Data 

Gain at 1-kH:i reference 
Boost ot 100 Hz 
Boost at 10 kHz 
Cut at 100 Hz 
Cut at 10 kHz 

Noise: 

47 dB 
11.5 dB 
11.5 dB 
10 dB 
9 dB 

At maximum volume (input shorted) > 70 dB below 1 volt 
At minimum volume > 80 dB below 1 volt 

Total harmonic distortion (at l~kH:i reference 
and an output of 1 volt) < 0.3 per cent 

92CM-29305 

Fig. 15 - Schematic of one channel of a complete 
stereo preamplifier. 



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 car· 
rection signals from the output of the video-if amplifier. The 
CA3064 is supplied in the 10-formed-lead T0-5 style pack· 
age, and the CA3064E in the 14-lead dual-in-line plastic 
package .. Both types operate over the temperature range of 
-55 to +12soc. 

The CA3064 and CA3064E are functionally similar to the 
CA3044 and CA3044V1 but embody a higher-gain input 
amplifier which provides a 20-dB 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 Application Note 
ICAN-6831, "Application of the RCA CA3044 and CA3044 V1 
Integrated Circuits in Automatic Fine-Tuning S~tems" for 
general application information. 

Features: 
• Cascode type high-gain amplifie;r (18 mV input for rated output) 

• Internal voltage regulator 

• Differential detector 
• For use with either color or monochrome 
• Differential amplifier 
• Bipolar outpuu 
• Wide operating.temperature range; -55 to +1250C 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DEVICE DISSIPATION: 
UptoTA"'25°c •••••• 
Above TA • 25oc . • • • • • 

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

LEAD TEMPERATURE !During Soldering): 
At distance 1/16" ± 1132" 

(1.59mm±0.79mm) 
from case for 10t max.. , . . • • 

700 mW 

derate linearly 5.6 mWl°C 

-55 to +125°c 
-65 to +1 SO°C 

fa) CA3064 fb) CA3064E 

Fig.2 - Terminal auignmsnt diagramt. 

Fig. 3 - Test setup: Measurement of total device 
dissipation, zener regulating voltage, 
quiescent operating current at 
terminal 2 (3). 

FAOM 

~~o 

CA3064,CA3064E 

I tkll 

A" DEFEAT 
SWITCH 

COAAECTION VOLTAGE 
TO VHF ANO UHF 
TUNERS 

I *SEE FIG - 6 (bl FOA con_ OATA 

__ -_-_-_-_-_-_-_-_-_-_-_-_J ~i~~!;tE~°o"~~=~-::rt1:~N~~~=~~c ARE 

Fig. I - Block diagram of typical operating circuit utilizing the CA3064 and CA3064E. 

ELECTRICAL CHARACTERISTICS at TA= 25"C, Unless Otherwise Specified 

TEST LIMITS CHARAC· 

CIRCUITS TEST CA3064. CA3064E TERISTIC 
CHARACTERISTICS SYMBOLS CONDITIONS UNITS CURVES 

~ MIN. TYP. MAX. ~ 
STATIC CHARACTERISTICS 

~ 135 150 
v•= -25°c 

30V r---
Device Dissipation Po 3 +25°C 130 140 150 mW 

Rs= r---l.5kll 
+85°c 145 150 

Curren! Drain at 10.5 Volts ..!I 3 V10(1) = 10.5 V 4 6.5 9.5 mA 
Zener Regulated Voltage - DC 

V1Q(1) 3 I 10.9 11.8 11.8 v 
Supply Voltagaat terminal 10(1)* 

Quiescent Operating Current into 
12(3) 3 l 1 4 mA Terminal 2(3) 

Quiescent Operating Voltage at V4IS) v+=JOV 5 6.9 B v 
Terminal 4!5) Rs=l.5 k!:l 

Quiescent Operating Voltage at VSIBI 

I 
5 6.9 8 v 

Terminal 5(8) 

Output Offset Voltage between V4-5 ·I 0 I v 
Terminals 4 and 5(5 and 8) 15·8) 

DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER IN TD·5 STYLE PACKAGE) 

Input Voltage Sensitivity sensY..\vity 
5 v+=+30V Correction Voltage Output 

V1"'18 mV as shown in table below. 

Input Admittance Ytl 0.41 + jl.0 mmho 

Reverse Traosfe1 Admittance Yt1 f = 45.75 MHz O•j3.4 µ,mho 
v+=JOV 

Forward Transfer Admittance .!zL Rg=l.5 k!:l 14.5. j29 mmho 

Output Admittaice Yzz D.04 + j0.9 mmho 

OUTPUT vs FREQUENCY DEVIATION - AFC 

v+ =+30 v %of %of V1=18 mV RMS 
V10 V10 f 0 =MHzas 

indicated (1) 111 

v 45.750. 0.030 85 v 
6.7 Correction-Control Voltage at 

Terminal 4(5) corr. 5 45.750 • 0.030 15 v 
4151 45.750·0.900 80 v 

45.750. 0.900 35 v 
7 

15.750·1.500 80 v 
15.750 • l.500 35 v 
45.750. 0.030 25 v 6,7 
15. 750 • 0.030 85 v 

Correction-Control Voltage at v 45.750 ·0.900 35 v 
Terminal 518) corr. 5 

45.750. 0.900 80 v 5181 7 
15.750·1.500 35 v 
45.750' 1.500 80 v 

* Terminal numbers in parentheses are for 14-lead dual-in-line plastic package. 

335 



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 e>cample, the voltage range 
between vertical terminal 2 (3) and horizontal terminal 6 (9) is +20 to 0 volts. Terminal 
nos. in parentheses are for the 14-lead dual-in-line plastic package. 

MAXIMUM 
CURRENT RATINGS 

TERM· 9(8,7, 10 1 2 3 4 5 INAL 10,11, 
No. 131 111 121 131 141 151 181 

9(6,7,6 
10,11, 
.131 NO INTERNAL CONNECTION 

10 +12 +10 +12 +12 +12 
111 0 -10 0 0 0 

1 . +10 . . 
121 -10 

2 . . . 
131 

3 
141 . . 
4 

151 . 
5 

181 

6 
191 

7 
(12) 

8 
114) 

• Terminal mimber 10 f1) may be connected to any positive voltage 
source !J'ffter then ttte internal zener regulating voltage through a 
suitable dropping resistor - provided the dtuipation rating is not 
eJCceeded. 

• Thi• terminal should be connected to the most negative potentiel of 
the complete circuit. 

(141 

ALL RESISTANCE VALUES ARE IN 
OHMS 

TERMINAL NUMllERS IN PAREN
THESES ARE F'OR 14-LEAO 
OUAL-IN-LINIE PLASTIC PACK
AGE. 

6 7 8 
191 {12) (14) 

TERM-

''" 1our INAL mA mA No. 

916.7, 
10,11, 

'13) 

+10 +20 • 0 0 
10 50 50 
111 

+5 . +5 
-5 ·6 

1 
121 1 0.1 

+20 . +20 
0 0 

2 
20 131 20 

+5 . +5 
-6 -6 

3 
141 I 0.1 

4 . . +12 
0 

151 
5 5 

+12 . . 
0 

5 
181 5 5 

+5 +2 
-2 0 

6 
191 5 5 

7 
+2 
-10 

112) 1 1 

REF.SUB 8 
~RATE 

CASE• 
1141 50 50 

• Voltages are not normally applied between th11e terminals. VOIUl(lll 
appearing between these terml111l1 will be sefe if the specified limits 
between ell other termlnels ere not exceeded. 

6 It Is recommend9d that unused termlnlls 8,7,10,11. end 13 on the 
14-lead duaM,..lin.plastlc PKkase and terminal 9 on thtl TQ.6 

package be grounded to act • shields. 

"' 

.. 
I.SIC 

Fig.4 - &hetrMth:diagramforCA3064andCA3064E. 

CQt.ITROL VOLTAGE OUTPUT 
ALL RESISTORS ARE 1% TOLERANCE ANO ARE IN OHMS 
TERMINAL NUMBERS IN PARENTHESES ARE FOR 14-LEAO 
OUAL-IN-LINE PLASTIC PACKAGE 

L1ISALIGNEDFORSY.11.11ETRICALllAHDllllOTHON I 
EITtERSDl!Of4S750.11Ho 

L1TERTIARYWINDINGWOUNDONL1COILFDR.11 " 
L)ISALIGHEDFORZERODIFFERENTIALOUTPUT 

8ETWEENTER.lllHALS4AHD5ATl0 •45.7S011Ho 
' ~Olt COIL COM5TIUCTlllll DAU, IU FIG ~m 

REFERENCE VOLTAGE PERCENTAGES 

Ref.A 

Ref. e 

Aef.C 

Ref.D 

85% of V1o(tl 

25% of V101u 

80%of V10(1) 

36% of V1Q(1) 

RCA Distributor Part No. 

122 213 

122 203 

Fig.5 {a) - Correction voltage Ullt circuit for CA3064 and CA3064E. 

COIL DATA FOR DISCRIMINATOR WINDINGS 

L1 -Discriminator Primary: 3-1/6 turns; #20 Enamel-cov
ered wire - close-wound, at bottom of coil form. Inductance 
of L1•0.165µH; Clo• 120 a1 f0 • 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 L 1- Start winding at 
Terminal #3; finish at Terminal #4. See Notes below. 

L3- Discriminator Secondary: 3-1/2 turns; center-tapped, 
space wound at bottom of coil form. 
lndue1ance of L3 • 0.180 µH; Clo• 150 •1 f 0 • 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; -0.30" Dia. max. 
2. TuninS! Core: 0.250" Dia. x 0.37" Length. 

: Material: Carbinal J or equivalent 

3. Coil Form Base: See drawing below. 
4. End of coil nearest terminal board to be designated 

the winding start end. 

Fig.5 {b) Coil form blue tenninal diagram. 



IF Amplifler·Llmlter, FM Detector, 
Electronic Attenuator, Audio Driver 
For T elevisia1 Sa1nd- System Applications 

The RCA CA.'!065 Television Sound System is a 
monolithic integrated circuit which combines a mum ... 
stage IF amplifier limiter, an FM detector, an electronic 
attenuator, a zener diode regulated power supply, and 
an audio amplifier-driver that is designed to directly 
drive an npn power transistor or high-transconductance 
tube. Because the circuit is so inclusive, a minimum 
nurilber of ext.emal components is reqlzired. 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 

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 cootroD. 

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. 

MAXIMUM RA.TINGS, Ahso/ute Ma1r;mum Values, at TA.:: 25°C 

Input Signal Voltage (between Terminals 1 and 2) ••. ±3 
50 

v 
mA Power Supply Current (Tenn\nal 5) ••.•.•...•.•. 

Power Dissipation: 
Upt.oTA =25°C •• ••• ••••••• •• . •• • • •. • . 850 
Above TA= 25°c ••.••.•.•••••.•••.•..•• Derate linearly 6.67 

mW 
mW/°C 

CA3065 
FEATURES, 
•Electronic attenuator· replaces conventiana! 

volume control 
•Differential peak detector· requires one single 

tuned coil 
•Internal Zener diode regulated supply 
•Inherent high stability 
• Excellent AM. rejection .50 dB typ. at 4.SMHz: 
•Low harmonic distortion 
•High sensitivity-200 µV limiting (knee) at 4.5MHz: 
•Audio drive capability-6mA p·p 

• Undistorted audio output voltage - 7 V p·p 

Ambient Temperature Range: 
*L1•1&,.H-NAJ.. 

Operating • , .......................... . -401.o +85 

Storage ...•••••••••••••••••••.•...•. -65 t.o +ISO 
Q!lJM .. OA0£D)'6~ TO II~ 

ALL~SISTANCEW!Ll,IESAREIHDHMS 

Fig. 1- Blade Jiagram ol CA3065 ir, a typical circuit application. 
Lead Temperature (During Soldering): 

At distance 1/16± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max. • .•••• , .......... . +265 

MAXIMUM VOLTAGE RATINGS at TA= 2s•c 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed hori:rontally. For example, the 
voltage range of the vertical tenninal 9 with respect to terminal 3 is 0 to +4 volts. 

TERM-
IN AL 
No. 

10 11 12 13 14 

SUBSTRATE CONNECTION - ALWAYS CONNECT TO TERMINAL 3 

+13 +13 -+13 
0 0 0 

i5 
1-~-+-~-+-~-+-~+-~+-~+-~+-__,~ ~ 

+l 2! V) 

-4 z ~ 
r-~-t-~-t-~-t-~t-~1-~r-~t----18 b 

.J z 

.. 0 

r-~-t-~-t-~-t-~t-~t-~-i-~r----1~ 0 

~ 
10 

+13 +13 
0 0 

INTERNAL CONNECTION 
11 

12 

13 

14 

Note 1: Taminal No. 5 may be connected to any positive 
voltage throu1h a suitable resistor provided that 
the current aid dissipation ratin1s of the CA3065 
are not exceeded. 

•Vo1ta1es are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe If 
specified limits between all other terminals se not exceeded. 

00 NOT USE 

+4 
-1 

+5 
-5 

NOTE 
1 

+13 
-s 

+13 
0 

+4 
0 

+4 
-s 

+3 
-s 
+5 
-5 

+4 
-s 

MAXIMUM 
CURRENT RATINGS 

TERM· l1N '°'!~ INAL 
No, 

mA mA 

SUBSTRATE: 
4 CONNECT TO 

TERMINAL 3 

5 50 1 

• 1 1 

7 1 1 

8 0.5 6 

• 1 1 

10 1 0.1 

11 
INT. CONN. 

DO NOT USE 

12 0.5 6 

13 1 2 

14 1 0.1 

l 1 0.1 

2 1 0.1 

3 0.1 50 



CA3065 

Fig. 2·Sdtematic Jiagram of CA3065 

ELECTRICAL CHARACTERISTICS at TA= 25"C. Vee= +14DV app/ie</ 1o TOM1intrl 5 flirougli 
Rs= .J.9 kO, ..,JDC Volume Control (Rx)= 0 unless ath•wise inJicateJ. 

CHARACTERISTIC SYMBOL SPECIAL TEST CONDITIONS 
Min. 

LIMITS 
Typ, Max. 

Static Charact•ristics 

Zener Re1u~lin1 Vollace V5 10.3 11.2 12.2 Terminal No. 5 
Current into Terminal 5 5- Connect Terminal 5 lo +9V 10 16 24 
Total Device Dissipation Pr 343 370 400 
Tetminal Voltages: I v, - 2 -

6 V5 - 4.8 -
I V7 - 6.1 -
9 Vg - 3.7 -
12 V12 4 I.I 5.8 

Dynamic Characteri sties 

IF AMPLIFIER 10 · 4.5 MHz. Im - 400 Hz, 
Input Limiting Voltage Vi1hmJ Deviation - •25 kHz, - 200 400 

(al -3 dB point) 

AM Rejection AMR Amplitude Modulation 30•, 40 50 -
I -4.5 MHz 

Transconductance 
IGmlllf1 

I - 4.5 MHz 
500 Mqnilude IF Input Terminals: 2,1 

- -
Phase An1le ·•llF1 lF Output Te1mmals: 9, 3 - 46 -

Feedback Capacitance c.!b._ f · l MHz: Terminals 2 Md 9 - '· 0.02 -
Input lmped8'1te Components: 

R111F) 
Measured between 

II Parallel Input Resistance Terminal Nos. I and 2 - -
Parallel Input Capacitance C;ilfl I• 4.5 MHz - 4 -

Output Impedance Components: 
Rollf) 

Measured between 
3.25 Parallel Output Resislance Termmal No. 9 and gnd - -

Parallel Outpul Capacitance CoflF) I · 4.5 MHz - 7.5 -
DETECTOR 

V0 ial) 
I 4 5 MHz: V1 100 mV 

0.5 0.15. ~FVollqe ·1 ·25 kHz -
Total Harmonic Distortion THO Im 400 Hz - 0.9 2 

Oulpul Resistance: 
T...,inat I Ro - 1.5 -
Torminal 8 - • 300 -
~ See Fig. I 

11111. Attenuation - Rx""' 60 80 -
llaX. "PllJ-1111~ vona1..- .c Rx .ca - 0.015 I 

AUDIO NIPLIFIER 

Volt111 Gain A tall V1 ·'0.1 Vtrms1.1 400 Hz 11.5 20 -

Tola! Har-.nic Distortion THO Vo · 2 Vrrms1. I • 400 Hz - 1.5 -
Undistorted Output Volt11e - THO.., 5°0, f-: 400 H.t: 2 2.5 -
lopul Re~stance R;(af) I· 400 Hz - 10 -
Output ResisllllCI Ro<af) I •400 Hz - 270 -

•uPlaytnroup•• vo1ta11 is the unwanted sianal, measured at Terminal 8, when the volume control is set tor minimum output, 

UNITS 

v 
mA 

mW 

v 

,,v 

dB 

mmho 

degrees 

pf 

kO 

pf 

kO 

pf 

V(rms) 

.. 
kO 
n 

dB 
mV 

dB 

" V(nns) 

kO 

n 

The 1esistance values .included on the schematic diagram have be~n 
supplied as a convenience to assist Equipment Manufacturers 1n 
optimizing the selection of "outboard" components of equipment 
desis.ns. The values shown may v'l!lly as much as t 3000. 
RCA reserves the light to make any changes in the Resistance 
Values provided such changes do not adversely affect the published 
performance characteristics of the device, 

BOONTON 
TYPE 207H 
UNIVERT£R 

OR EQUIVALENT 

BOONTON 
TYPE202H 

AM-Fii 
GENERATOR 

011 EQUIVALENT 

'cc 
140V 

L1•161"H NOMINAL 
O(UNLOAOE0) "6tl TO &ti TERMINALS 111 12, 13, 14 NO CONNECTION 

Fig. 3 ·Input limiting voltage, AM rejection, re· 
covereJ wrllo, total harmonic distortion, maxi
mum attenuation, maximum "ploy-through'' 
test circuit. 

'cc 
1401/ 

TERMINALS 7,8,11,13 NO CONNECTION 
ALL RESISTANCE VALUES ARE IN OHMS 

f•ig. 4 -Audio voltage gain (unrllstorteJ output) 
test circuit. 

3.9Ul 

TOOIOOE 
DETECTOR& 
OSCILLOSCOPE 

(a) Test circuit 

. ~ 
• ~>---+----+-i--+--+--i----+--+~~ 
~ 

~ ., 1---t--·-+--++-+--+--+--+-+-i~ 
~ 
~ lD f---+---+--H-+---1--+--+-H 
m 
ii;; 20 f---+---+--H-+---1--+--+-H 

~ • Mf----+---1--f--f-+-·-+--i---+--+-i 

FllEQUENCYlfl ~11th 

(6} Response curYe 

10 

Fig. S • Frequency response ol IF·ampliller section of CA306S 



YGNALGENERATOR 
CHEWLETT.PACURO 

TYPE6°'A 
OREQUIYALEMTl 

~ 

M 

15 

" 
5 

),9kD. 

(a) Test circuit 

"['. 
f'\ 

FREQUENCY - lllHa 

(b) Response curve 

BALLANTINE 
TYPE:UO 

VOLTMETER 
OR EQUIVALENT 

\ 
\ 
l 

Fig. 6 · Frequency response ol of-amplifier 

section of CAJ06S 

1oof--+---l-H--l---l---l--l-++-----l-+-+-I~ 

i~ 
• t 

H'o % 
~i&of--+---1-H--l--+]7+--l-+-++-----1-+-+-I~ 

~~ / 
~ 2 4of--+---l-H--l-l-+--l--l-++-----l-+-+-I~ 

~~ 17 
~ 2of--+--~-l-H-IJ..--+--l-+-++-----l-+-+-I~ 

.. 
IK tOK IOOK 

RESISTANCE lRxl FROM TERMINAL 6 TO GNO-OHMS 

Fig. 7 · Gain reduction vs. resistance 
(terminal 6 to gnJ) 

... 
'"'' 

. 92CS·l$818 

0291!5·4438 

(a) Printed circuit boarJ - bottom view* 

CA3065 
OPERATING CONSIDERATIONS 

The CA3065 may be used to drive a video output 
transistor or a high-tl'ansconductance output tube. 

As in all TV receivers, precaution should be 
t.aken to prevent destruction of the CA3065 in the event 
of cascade arcs originatir1g in the picture tube or in the 
output tube. In the case of arcing in the output tube a 
resistor of 150 k in series with tenninal No. 12 and the 
grid of the tube is usually sumcient protection. 

To prevent damage from picture tube arcs, a careful 
analysis of board layout and coupling modes (electro-
static or magnetic) may be necessary to suggest alter
nate lizyouts or appropriate locations for the placement 
of spark gaps to absorb the high energy discharge • 

( b) Parts layout - top view* 

Fig. 8 · RecommenJeJ parts layout for TV receiver 

sounJ strip using CA3065. 

•A 200 mil square grid was used in the layout of passive components on the 
printed circuit board. The Ouad·in·line formed leads conform to a standard 
grid spacing of 100 mil centers. 



CA3066, CA3067 

Television Chroma System System Features 

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 

• Complete Color Sync Circuit 

• Blanked Chroma Amplifi• 

• Chroma Band·Pass Amplifier 

• low Output Impedance Chroma Driver 

• ACC Detector·Amplifier 

CA3067 

CHROMA OEMODULATOR 

• Balanced Chroma Demodulators 

• Color Difference Matrix 

• DC Tint Control 

• Three Low Output Impedance Drivers for Direct Coupling 

• Reference Subcarrier Limiter 

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 (+SV) is 
used to gate the burst' portion of the chroma signal from the 
input of the bandpass amplifier to the input of the burst 
separator amplifier. The bandpass amplifier is gain controlled 
by the de chroma gain control and can also be controlled by 
the killer detector-amplifier. The bandpass amplifier output 
is internaUy 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 
Bmplifier 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 
bui'st injection level. The thresholds for the ACC and killer 
are independently adjusted by resistors A2 and Al at 
terminals No. 9 and No. 4, respectively. The chroma output 
is at terminal No. 14 and the oscillator output is at terminal 
No. 8. Terminal No. 6 is a zener diode for use as a regulated 
voltage reference at 11.9 volts. When the zener reference 
element is not used, the power supply voltage should be 
maintained at 11.2 ± 0.5 volts. 

i·,, '" r------. 
'• 

• Killer Detector-Amplifier • Zener Diode for Regulated Voltage Reference 

• DC Chroma Gain Control • Internal RF Filtering 

• Zener Diode for Regulated Voltage Reference 

• Short-Circuit Protection on All Terminals 

CA3066 

ELECTRICAL CHARACTERISTICS at IA_• 25"C and V • 11.2 V 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN. ~ J UNITS 
TYP_:l MAX. 

TEST FIG. 
AND 

CURVES 
Static Chlncteristics 

Vol._: l 
ACC Reference 
Burst·Chroma AmpL Bias Current Term. 
Killer Reference 
Zener~ Reference 
Oscillator Input 
O.:::illator Output 
Balance (ACC Control) 
Chroma Output 

Currents: 
Total Supply 15 
Burst Separator Output 

113 
Chroma Ampl. Output 

Dyn11mic Char&eteristics 

Oscillator Output vs 

Chroma Output: 

51 Closed 

Vl "'Q Vp·p 

Vl = 1.25 Vp·p 

0.5 
- 2.9 
- 1.0 

10.6 11.9 12.6 
- 1.4 

4.6 

14 24 33 

0.8 

6.5 
4.8 

1.2 
2.5 3.5 

v .2 

mA 

Vp·p 4 

100% V14 V1"' 1.25~ 0.5 1.0 3.4 
Killed ... , 0.025 Vp·p 12 

ACC Detector Output v2 v1"' 1.25 Vp·p 0.9 V 4 

Small-Signal Input Resistance-"ITcc°'ccm.:.c.ccN.=Q·cc.1:1_ -+---''~; -~-------+----~25.o4 _ +-· = -~~ 
Small·~nal l~t~tanctlTerm. No.1) c· pF - J 

c...:S=m=•'~'·=S;~gn=•~IO=u~tp~u~t-"lm~p~~='-"c_e_l,_Te_•m_.N_o_.1_4_,___'~o--'-------~-~-2_50~ __ _,___n_~ __ __J 

CA3066 

MAXIMUM AATINGS,Abso/ute·Maximum Values at 
TA= 25°C 
Supply Voltages and Currents (see charts below) 
Device Dissipation: 

UptoTA=70"C . . . . . . . 600 mW 
Above TA = 70°C . derate linearly 7 .7 mW/DC 

Ambient Temperature Range: 
Operating .... -40 to +85 uc 
Storage ... -65 to +150 °c 

Lead Temperature (During soldering for 
10s max. at not less than 1/32" from package) . . +265 °c 

Voltage with respect to 
Terminal No 5 Current 

Terminal Vmin. Vmax. Terminal ,, '• No. (volts I (voltsl No. mA mA 

See Note N1 6 20 0.1 
7 5 0.1 
8 1 2 

10 -5.0 N2 t----1~ 0.1 2 
I 0.1 

11 0.0 18.0 11 10 1 
12 0.0 12.0 12 50 1 
13 0.0 15.0 13 10 1 
14 14 0.1 6 
15 0.0 N2 15 3 1 
16 0.0 15.0 16 6 1 

-5.0 5.0 1 1 0.1 
2 0.1 2 
3 0.1 20 
4 1 1 

N1 Terminal No. 6 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than-the maximum current rating of 
terminal No. 6. 

Fig. 1 · CA3066 schematic diagram. 
N2 The upper voltage I im it cannot exceed the power 

supply input voltage at terminal 12. 



Fig. 2 • Static chsracteristic1 teit circuit for CA3066. 

CHROMA INPUT-PERCENT 

Fig. 3 • Typical ACC ch8rac11Jri1tic of chroma output I'S 

Chroma 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 
amplifi• system is accomplished by functional control of the 
fixed phase signal from 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 amptitude 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 7501. 
These terminals are inputs to the demodulator drive amp· 
lifiers. The demodulators consist of two sets of balanced 
detectors which receive their ref•ence subcarrier from the 
demodulator drive amplifierS. The chroma signal input from
the CA3066 is applied to terminal No. 14. The chroma signal 
differentially drives the demodulators. The demodulation 
components are matrixed and dc·shifted in voltage to give 
R-Y, G-Y, and 8-Y color difference components with 
close de balance and proper amplitude ratios. The output 
amplifiers of the CA3067 are specially designed to meet the 
low·impedance driving source requirements of the high.level 
color output amplifiers. A special feature of the CA3067 is 
R-C filtering of high frequency demodulation components. 
Terminal No. 4 is a zener diode for use as a regulated voltage 
reference at 11.9V. When the zener reference element is not 
used, the power supply should be maintained at +11.2 ±0.5 
volts. 

~---~vv.---+20\1 
92CS·l7~0l 

Fig. 5 • StatiC characteristi'cs telt circuit for CA3067. 
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CA3066,CA3067 

8.2 

+11.2\1 

CHROMA 
OUTPUT 

OSCILLATOR 
OUTPUT 

Fig. 4 • Dynamic characteristics test circuit for CA3066. 

DYNAMIC CHARACTERISTICS TEST PROCEDURE 

Steps 1, 2, and 3 are performed with no Chroma input 
lv1 • OJ 

of the "line" amplitude. The chroma input (v1) is in 
peak·to·peak volts of "line" amplitude. 

1. 
2. 
3. 

4. 

5. 

Adjust ACC potentiometer for V2"' +0.65V. 
Adjust Killer Potentiometer for V 4 = +1.2V. 
Adjust capacitor Cx (crystal trimmer) so that 
frequency of oscillator is 3.579545 MHz. 
Unless otherwise noted, the chroma gain control is at 
maximum gain (fully clockwise). 
The chroma input test signal is a 52.6 p.s "line" at 
subcarrier frequency, and 10 cycles of burst at 46.5% 

NOTE·Q57THROUGH~1AREEMITTtRFOLLOWEAS 

6. The chroma output Cv14) is the same as the chroma 
input (v1) 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 (val is the CW output at terminal 
No. 8 and is in peak·tO·peak volts. Some modulation 
of oscillation dampening between burst injection is 
visible. 

llLL RESlSTANCE VALUES A"l" IN OHMS 
ALLCAPACITANCE\IALUESAll(INpF 

Fig. 6 · CA3067 rchematic diafTam. 

341 



CA3066,CA3067 

ELECTRICAL CHARACTERISTICS •• TA= 25°c and v• - 11.2 v 

CHARACTERISTIC SYMBOL 

Static Characteristics 

Voltages: 

Tint Control1lnput V2 

Reference Subcarrier V3 

Zener Regulator Ref. V4 

B-Y, R-Y Oscillator Ref. Inputs V5, V12 

Balance 18-Y, R-YI V7, V11 

B-Y, G-Y, R-Y Outputs V8,9, 10 

Difference Outputs• 
l>V9,ll.V~ 

l>V10 

Chroma Inputs V14. V15 

Tint Ampl. Balance V15 

Currents: 

Tint Ampl. Output (min.) l1(min.) 

Total Supply 11+113 

Dynamic Characteristics 

Tint Amplifier Output 

Sensitivity 

Limiting Knee V1 
Limiting 

Tint Ampl. Phase Ref.• ¢5 

Tint Ampl. Phase Shift+ l:>.¢5 

Demodulated Chroma Output: 

R-Y V10 

Ratio of G-Y to R-Y V~10 
Ratio of B-Y to R-Y V8L_V10 

Color Difference Output 
BWOiff, 

BWat3.3dB 

Color Difference Outputs (max. input signals): 

R-Y v10 
G-Y ~ 
B-Y v9 

Small Signal Input Resistance 

Terminal No. 3 r; 

T~rminal Nos. 6 & 12 

Small Signal Output Resistance 

Terminal Nos. 8, 9, & 10 '• -

ALLRE!llTANCEULUEl,1.Af1NDH•5 

U~~~~iJ~:~:~:~~~=l~~;;:;!ACll~CE VALUES R£G. 
REF. 

DYNAMIC CHARACTERISTICS TEST PROCEDURE 

1. The reference subcarrier input (v3) is a 3.58 MHz CW 
signal from a 500 source. 

2. The chroma i~put (v14) is a 3.53 MHz CW signal from 
a 500 source. 

3_ Phase and amplitude at terminal Nos. 1, 3, 6 and 12 

LIMITS 
TEST 

TEST CONOITIONS UNITS FIG.AND 
MIN. TYP. MAX. CURVES 

12= 0.25mA - 3.5 -

- 2.1 -
10.6 11.9 12-6 v 9 

- 5.7 -
- 5.0 -

4.2 5.0 5.8 
~_,,..-

~ 
-0.3 - 0.3 

- 3.0 -
9 - 4.7 -

V15 =8 V 0.16 0.37 - mA 

15 24 33 

V3 = 7 mV !RMS) 160 250 - mV 

V3 - 35mV !RMS) - 300 - (RMS) 

V3 = 350mV (RMS) - - 380 

V3 = 70mV IRMSI 185 220 235 deg. 

V3 = 70mV IRMSI 90 105 - deg. 

V3 = 70mV (RMS) 
150 250 -

0.28 0.36 0.44 V(RMS) 
V14 = 35mV (RMS) 

1.0 1.2 1.4 
10 

450 550 - kHz 

- 3.0 -
V3 = 70mV (RMS) - 1.1 - Vp-p V14 =212mV(RMS) 

- 3.6 -

- 550 - n 
- 22 -

- 5 -
•Terminal No. 3 is phase reference 
:j: read phase shift as tint control is varied 

Fig, 7 - Dynamic characttNistics test circuit for CA3067. 

are measured with a vector voltmeter (HP8405A or 
equivalent). 

4. Signals at terminal Nos. 8, 9, and 10 are measured with 
an ac voltmeter (HP400E or equivalent) or an oscillo· 
scope_ 

5. Unless otherwise noted the Tint control is at max-
imum resistance. 

CA3067 
MAXIMUM RATINGS, Absolute-Maximum Values at 
TA =25"C 
Supply Voltages and Currents (see charts below) 
Device 0 issipation: 

UptoTA=700C . 600 mW 
Above TA== 70°C . derate linearly 7.7 mW/DC 

Ambient Temperature Range: 
Operating ... -40 to +85 °c 
Storage . -65 to + 150 °c 

Lead Temperature (During soldering for 
10s max. at not tess than 1/32" from package) ... +265 °c 

V ....... with~to 
Termin•I No. & Current 

Termin•I Vmin. Vmu:. T•mln•I I; lo 
No. {volts! (volts) No. (mA) (mA) 

6 0 N2 6 3 3 

7 0 N2 7 3 3 

8 0 N2 8 20 20 

9 0 N2 9 20 20 

10 0 N2 10 20 20 
11 0 N2 11 3 3 

12 0 N2 12 3 3 

13 0 12 13 50 1 

14 -3 N2 14 1 0.1 

15 0 N2 16 6 2 

16 N3 N3 16 N3 N3 

1 0 15 1 3 3 

2 0 N2 2 3 0.1 

J 0 5 3 3 3 

4 NI 4 20 0.1 

N1 Terminal No. 4 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
terminal No. 4. 

N2 The upper voltage limit cannot exceed the power 
supply input voltage at terminal 13. 

N3 Terminal No. 16 should be bypassed for normal 
operation. 

AMBIENT TEMPERATURElTAl•25"C 

10 
D.C. SUPPLY VOLTS I V13I 

Fig. 8 - DC voltage at color-difference outputs w supply 
voltage for CA3067. 

Fig. 9 • TempBrature drift of DC voltage at colOl'-difference 
outputs for CA3067. 



CA3068 
FEATURES: Television Video IF System 
• High-gain wide-band IF amplifier: 75 dB typ. at 45 MHz 
• Gain reduction with excellent stability: 50 dB typ. at 46 MHz 

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 
zeiler reference diode, incorporated in the IC, provides a 
convenient and economical means for controlling the regu· 
lated voltage supply. The inherent wide bandwidth capability 
110-70 MHz) and high overall goin 187 dBi 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 intertead capacitances. 

• Video detector with linear characteristics 
• Vi~ amplifier: 12 dB gain 
• lmpuhe noise limiter 
• Keyed AGC with noise immunity circuits 
• Delayod AGC for tuner 
• Bufferod AFT output 

• Sepanta sound IF interarri• 
amplificltion 

• Sound e1rrier detector 
• 4.5 MHz sound carrier amplifier 

• Isolated zen• ret.encediode for 
ngulatod voltago supply 

• See ICAN-6303, "& Single IC for 
tho Complete PIX·I F Systam In 

MAXIMUM RATINGS, Absolute Maximum Va/UBI, at TA - 2ft'c 
DC Supply Voltage: 

TV Receivers" for Schematic Diagram 

Between Terminals 15 and 5• ................................•..................... 
Terminal 7 {Collector to ground) ................................................... . 
Terminal 9 (Collector to ground) ....................................... . 

DC Current (into Terminal 18) ••••.....•............•..........•.••.................. 

Device Dissipation: 
~to~-~c ................................................. . 

11.3 
20 
20 
2 

v 
v 
v 

mA 

600 mW 

AbovtTA•60°C .•................................................. derate linearly 6.7 mWfC 

Ambient Temperature Range: 
Operating ........................................................ . 
Storage .......... · ................... . 

Lead Temperature (During soldering): 

At distance not less than 1/32" (0.79 mm) from case for 10 seconds max. 

• Thi• rating does not apply when using the internal zener reference in 
conjunction with tke pau transistor. 

ltU!llG 

~"' 

Fig. 1 · Functiomlblod< diagram of tho CA3068. 

Fig. 2 - Tart circuit for """""l'flmlNlt of white lelfll IV 7g) and terminal 2 vol- IV2J. 

-40 to +85 
-65 to +150 

+265 

·c 
•c 

•c 

R1•!50 kn POTENTIOMETER 
LI •2.2,.H=ADJUST Mo. OF TUftNS FOR ALIGNMENT 
L2•1,!5 11H'AO..IUST No. OF TURNS FOR ALIGNMENT 
C 5 I pF: ADJUST FOR PROPER ALIGJIMENT 

ALL RESISTANCE VALUES ARE IN OHMS 

UNLESS OTHERWISE INJ)ICATED, ALL CAPACITANCE VALUES: 
LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 

H.P. &OIC 
OR EOUIVALEHT 
RF' GENERATOR 

TEST 
CIRCUIT 

(a) Test Htup for measurement of video semitivitv. sync. tip leWll. delay bias, AFT drive voltalfJ • 

.. 
-·~··--ir-

•• •· i.... ... -1 
' 

ALL RESISTAHCE VALUES ARE IN OHMS 

1-AD.tUST LEVEL "a"'TOGIVE 
6dl ATTENUATION OF llfXER 

2- "b" 90 THAT 

.:~l'i!?to 
WIWIFORll. 

(bJ Tsst utup for mB111urement of sound and chroma outpUtl. 

Fig. 3 - Typical dynamic hist circuit diagrams. 



CA3068 
ELECTRICAL CHARACTERISTICS at TA• 25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 

Min. Typ. Mex. 
Static (DC) Characteristics 

Ouie5eent Circuit Current 115 15 45 

DC Voltages: 
Terminal 2 (Sound) 

Termi(lal 3 (Keying Input) 6.4 10 

Terminal 7 (1) (AGC) 16 21 

Terminal 7 (2) (AGC) 

Terminal 8 (AGC Delay) Vs 
Terminal 9 (Cascode Collector) Vg 8.5 

Terminal 16 (Bias) V16 1.1 2.3 

Terminal 18 (Zener) V1s V5"'V17 =OV,l19=tmA 10.6 11.9 13.2 

Terminal 19.(White Level) 6 10 

Dynamic Characteristi~ 

Video Sensitivity e1 f0 = 45.75 MHz, Mod. (AMI"' 85% 40 100 200 
at 400 Hz; Adjust e1 for 4 Vp-p at 
Term.19 

Sync. Tip Level Voltage V19 f0 = 45.75 MHz, e1(CW)"' 10 mV 0.4 0.8 1.6 
>--~~~~~~~~~.-~---; 

Automatic Fine Tuning (AFT) 
Drive Level Voltage 

Delay Bias Voltage: 
Ate1 = 10mV 

At e1 = 30 mV 

f0 = 45.75 MHz, e1ICWI = 20 mV; 

Adjust R1 for V7 = 14 V 

3.58 MHz Chroma Output 
Voltage 

V19 f0 "' 45.75 MHz, e1(step mod.)= 
10mV; 

4.5·MHz Sound Output Voltage V2 

Parallel Input Impedance: 
Resistance at Term. 6 Rt-6 

f1 = 42.17 MHz, e1(step mod.) = 

3.33mV 

f0 "'45.75 MHz, e1(step mod.)= 
10mV; 

t2 = 41.25 MHz, e1(step mod.)= 
2.SmV 

Capacitance at Term. 6 C1 -6 
A-es-'-ist-a-nc-e-at_T_e_•m-.-1-2---+-A-1--1~2__, fo = 45·75 MHz 

Capacitance at Term. 12 Ct-12 Impedance and Admittance 
A--.,-;,-,a-nc_e_a_t r-... -m-.-1-3---+-A-1.-13--t measured at biasconditions 

as devetoped by circuit 
,_ea_p_ac_;i_•n_c_•_ at_T_ ... _m_._1_3_-..c_1_-_13___, shown in F+g. 7 

Parallel Output Impedance: 
Resistance at Term. 9 RQ-9 

Capacitance at Term. 9 Co-9 

Cascode Transfer Characteristics: 

Magnitude of Forward IVff 
Transadmittance 

Reverse Transfer Capacitance 

15 

16 

0.5 

0.5 0.8 

50 200 

4.5 

30 

50 

0.001 

UNITS 

mA 

v 
v 
v 
v 
v 
v 
v 
v 
v 

µV 

v 
mV 

v 
v 

v 

mV 

kll 
pf 

kQ 

pf 

kll 
pf 

kll 

pf 

mmho 

pF 

y+.ll.3Y 

CA3068 

ALL RESISTANCE ... LUU ARE IN OHMS 

Fig. 4 - Tl15t circuit for measurement of quiescent current 
(115). keying terminal voltage (V3), bias voltage (V16). AGC 
terminal voltage 1 (V7), and ClllCode collector voltage (V9) 

ALL RESISTANCE VALUES 
ARE IN OHMS 

CA3068 

Fig. 5 - Test circuit for measurement of AGC terminal 
voltage 2 (V7J and terminal 8 voltage (V9). 



CA3070, CA3071, CA3072 Types 

Television Chroma System SYSTEM FEATURES 

The RCA CA3070, CA307 I, and CA3072 are monolithic 
silicon int19'1ted circuits that constitute a complete chroma 
system for color television receivws. The CA3070 is a 
complete subcarrier regeneration system featuring a new 
concept of phase control applim to the oscillator circuit. The 
CA3071 is a chroma ampUfHr system and the CA3072 

CA3070 

parforms the demodulation function. 

The CA3070 utilizes the 16-1..::t plastic dual-in-line package; 

the CA3071 and CA3072 •• supplied 14:1eed plastic 
dual·in·line packages. 

..... 
'"'"" 

~ 
• Voltlilo ContnlUod OICillator 

• Keyed APC & ACC -
• OC H• Control 

•-R...-
CA3071 

• ACC ConllOH.r Chroma Amplifier 

• DC Clwoma Gain ConllOI 

• Color Kllor 

Chroma Slgnal Procesaor 
• Amplffiw si-t-Circuit l'lotaction 

CA3072 

• Synchronous D-with Color D-Matrix 
Tho CA3070 Is a completa .,-..1. -ation -
with automatic phna control applied to the ..,illatar. An 
amplified c:tworn.. signal from the CA3071 is applied to 
tsminals No. 13 and No. 14, which .. the automatic phna 
control IAPCI and the automotlc chroma control (ACCI in· 
puts. APC and ACC -on 11 keyed by tho horizontal 
pulse which also Inhibits the ..,111otor output snpliflor 
during the bunt interval. 

Tho ACC - uses a synl:hronous - ... to -lop a 
Cllfl'action ""'- at the dlffonontial output lllrminll Nos. 15 
& 16. This oontrol li1J11I is applied to the Input lllrmlnal Nos. 
I & 14 of the CA3071. Tho APC - also ..., a sync:hro
noua datactar. Tho APC error ""'- is lntornally coupled to 
the 3.68 MHz OIClllotar at i.lanm; the phna of the li1J11l at 
ta'minal No. 13 ls In quadratura with the ..,lllotor. 

To 11CCOmpllsh phasing .._iremants, an RC phna shift 
network ii ulld be--. the chroma Input a'td termin1I Nos. 
13 and 14. Tho - loop of the oscillator Is tram 
111rm.inal Nos. 7 and 8 back to No. 8. Tho ume ocillotor 

signal is available at terminal NOi. 7 and e. bUt the de output 
of the APC d- controls tho relative signal I- at 
twminal Nos. 7 or 8. BecaUll the Output at terminal No. 8 
is shlftad In phase comporld to the output at terminal No. 7, 
which is 1pp11.r directly to tho crystal circuit, control of tho 

- amplltud11 at tormlf1111 Nos. 7 and 8 II- the phna 
In the feedback 1-. thoraby chmnging tho frequancy of the 
crystal oscillator. Bahlnca adju-ts of de - are 
provldad to -blilh an Initial no-signal offlet oontrol in th• 
ACC output, and a no-slgnol, on·frequancy edjusm-t 
through the APC datactar .. mplifl« circuit which controls 
tho O.:illotar fnquancy. Tho OM:itlotar Output ltaga is 
d-tlllly -11.r at tsminal Nos. 2 and 3 by the hue 
control Input to tormlnal No. I. Tho hua phase shift is 
accompli- by tho m<tan111I R, L, and C oomponants -
couple the oscillator output to the damodulotar Input 

torminals. ThaCA3070includ•• """"' ragulator to-blish 
a 12-volt de supply. · 

Maximum Vohllgt and Current Ratings at TA• +25°C 

VollaflO"' 

T•minll Min. -· No. Volts Volll 

1 0 . 
2 0 +16 

3 0 +16 

4 -5 N2 

6 - -
7 - -
8 - -
10 0 N3 

11 0 N1 

12 0 NI 

13 0 NI 

14 0 NI 

15 0 +16 

16 0 +16 

Current 

Terminal •• to 
No. rnA rnA 

1 20 1 
2 - -
3 - -
4 20 1 

10 N3 I 

11 - -
12 - -
13 20 1 

14 20 1 

• With respect to terminal 
No.& and with t«minal 
No. 10 connact.r through 
4700 to +24 v. 

N1 Regulat.r voltaga at tormi· 
nal No.10. 

N2 Controllad by max. input 
current 

N3.Limited by dissipation. 

• Emltlllr-Fol- Output Amplifiers wlth Short.Circuit 

I 
I 
I 
I 

L-~------ -©°Ji®-~ 

'-· 

Fig. r - Simp/lfllld /J/oc/c d;.,.tn of TV chroma qstem. 

II 12 II 

,, 

ALLlllHllTANC£ YALUH All£ INOHMS 

Fig. 2 - Schtlmatlc dl..,am CA3070. 



CA3070, .CA3071, CA3072 Types 
MAXIMUM RATINGS, Absolute Maximum-Values at TA =25°C 

Device Dissipation: 
UptOTA=+70°C ................ 530 mW 
Above TA= +70°C ... Cerate Linearly at 6.7 mWfC 

Ambient Temperature Range: 
Operating . . . . . . . . . . . . . . . . . . . . --40 to +85 °C 
Storage ...................... -65 to +150 °C 

Lead Temperature (During Soldering): 
At distance 1/32 in . .(3.17 mm) from seating plane 

for 10 s max. . . . . . . . • • . . . +265 'c 

ELECTRICAL CHARACTERISTICS, at TA = 25°C and v+ "'+24 V unless otherwise specified 

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS 
LIMITS 

CA3070 
UNITS 

MIN.J T\'P.J MAX. 

Static Characteristics 

Voltage: 
Hue Control V1 Switch in position 2 6.9 

Oscillator Input 

APC Input 

Regulator 

Regulator Change 

Horizontal Key Input 

Currents: 
Osciilator Output 

APCOutput 

ACC Output 

Dynamic Characteristics 

Oscillator Outputs: 

Terminal No. 2 

Terminal No. 3 

ACC Detected Output 

Oscillator Pull-In Range 

4.!5~S +4V 
PEAi< PULSE 
DELAY ADJ. TO 
CENTER PULSE 
ON THE BURST 

Vs 

V13 

V10 

V10 

V4 

12 

111. 112 

115.116 

V2 

V3 

V15-V15 

-

I. ALL RESISTANCES IN OHMS. 

v+ = 21 v 

v+= 21 v 

14 = -lOµA 

St in position 1 

S1 in position 2 

St in position 1 

NTSC GEN. 

2. UNLESS OTHERWISE SPECIFIED ALL CAPACITANCES 
ARE IN MICROFARAOS 

3, "2 a v3 MEAS' D WITH LOW-CAPACITY SCOPE 
PROSE$ 20 pf" 

-

-
11 

-0.2 

5 

-

-
-

0.75 

0.75 

115 

-

SET •c FOR 
BURST Of" 0.4 V p-p 

ON OFF 
!-----~-... ';, 

Fig. 4 ·- CA3070 Dynamic test circuit. 

7.7 

2.8 

6.5 

12.3 

-

-

5.8 

1.45 

1.45 

1.0 

1.0 

150 

±400 

8.6 

-

- v 
13.5 

+0.2 

-

-
mA 

-
-

- Yp-p 

- mV 

- Hz 

"ACC AOJ" 

'°' 

1.2 M 

l!IOpF 

I.SM 

TEST 
CIRCUITS 

FIG. 

3c 

3a 

3c 

3b 

4 

4 

4 (ol 

---, 
I 
I 
I 
I 
I 
I 

Fig_ 3 - Static characteristics test circuits. 

Dynamic Test Initial Adjustments 

1. APC ADJUST: With S2 in "OFF" position adjust the 
"APC ADJ" potentiometer to set oscillator frequency at 
3.579545 MHz ±25 Hz. With 51 in position 1 measure 
frequency at terminal No. 2 output, using crystal probe 
shown in Fig. 6. 

2. ACC ADJUST: With 52 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 51 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 $2 to "ON" and gradually adjust "APC ADJ" until 
oscillator "locks" as witnessed by a sharp increase in ACC 
output voltage between terminal Nos. 15 and 16. 

4. Turn S2 to ''OFF" and adjust capacitor Cp of crystal 
probe for maximum deflection on Ballantine Meter. 

5. Switch Ballantine meter to "Amplifier" position and read 
oscillator frequency on counter. 

6. Repeat steps 2 - 5 wi.th "APC ADJ" arm set to terminal 
No. 10 instead of to ground. 

CRYSTAL (3.579545 MHz! :--1;;-----\-----1 
' I 
l Cp 

I 
I I 

L-~------------J 

Fig. 5 ·-Crystal probe for frequency measurements. 



CA3070, CA3071, CA3072 Types 
CA3071 Chroma Amplifier 
The CA3071 is a combined two-stage chroma amplifier and 
functional control circuit. The input signal is received from 
the video amplifier and applied to terminal No. 2 of the 
input amplifier stage. The first amplifier stage is part of the 
ACC system and is controlled by differential adjustment 
from the ACC input terminal Nos. 1 and 14. The output of 
the 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 1st amplifier 
at terminal No. 13 is directed to the killer adjustment circuit. 

The de 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 cau• 
the 2nd chroma amplifier stage to be cut off. The 2nd 
chroma amplifier stage is also gain controlled by the 
adjustment of de voltage at terminal No. 10. The output of 
the 2nd chroma amplifier stage is available at terminal No. 9. 
The typical output termination circuit that is shown. 
provides differential chroma drive signal to the demodulator 
circuit. Both amplifier outputs utilize emitter·followers with 
short·circuit protection. 

' ALLftESllTAtlC[YAUIESAREIMOltMS 

Fig. 6 -Schematic diagram for CA3071. 

ELECTRICAL CHARACTERISTICS, at TA• 250 C 

CHARACTERISTICS SVMBOLS SPECIAL TEST CONDITIONS 

Voltage' 
81nRelerenceTl!fm1nal 

Ampt No I Chroma 
.~pl.It 

Amplfifo TC$roma 
OulputBalanced 

Unbalanced 

Ampl No 2 Chroma 
Input 

LIMITS 

CA3071 

TVP. MAX 

173 

175 

!JS 

... 

,, 

'• 

Ampl No 2 Chroma Vg S1 Cloild, S2 Open 20.6 

~·:~,~-~~1--~,-,~t,~,o~~-.-_,~2~0-~-·~~~-l-,-,---1--2•-.s-+--,-,-+~--I 

Amphf1er No. 1 Voltq Gain 

Amphhrr No. 2 Voltq 
Gain 

Ma1t Chroomi Output 
Voltage 

10'll. Chroma Gain Control 
Reference Voltage 

Output Voltage, Chroma Off 

8andw1dlti 
AmpliherNo. I 

Amphhl!f No 2 

Ampl. No 1 lnpur 
Impedance 

Ampl. No 1 Oucput 
Impedance 

Ampl. No 2 Input 
Impedance 

Ampl. No 2 Output 
lmplldan« 

Av2 Vq · I 0 V !RMS! Measur• tt7 

BW 

'•' 

'•' 

Eg • 50 mVRMS. ad1un Chroma 
Gain Con1rol 10 Change vg to 2 _ 1 
10% of Ma11imum Chroma 
Output 

S1 mPos1hon'1 
l:g · 50 mVRMS, ildjust .. Killer 

AdJU$t"' !or an abrupt decrea.e 
inVg 

Eg • 50 mVRMS· .t1u$t Chrom~ 
conuol lo min Chroma Outpul 

14 

3.8 ..• 
" 
" 

" 30 

" " .. 

dB 

•• 
Vf!MS 

mV 
RMS 

mv 
RMS 

k!! 

pf 

!! 

k!! 

p< 

" 

7 

B 

11 

B 

"" 3.TK 

9, 10 

B 

MAXIMUM RA TINGS, Absoluiw Maximum-Val- at TA ~ 21f'c 

DC Supply Voltage l I erminal 8 

to Terminal 4) 30 voe 
Device Dissipation: 

UptoTA=+70°C ................ 530 mW 
Above TA"' +70°C .... Cerate Linearly at 6.7 mWfC 

Ambient Temperature Range: 
Operating . : .. .. .. .. . .. .. . -40to+86 •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 

Maximum VoltlQI 1nd Current Rltin110 TA• +25°C 
eurnnt voiu.• 

T.mlnol 11 10 
No. mA mA 

I 6 1.0 

2 6 1.0 

3 10 10 

6 1.0 20 

7 6 1.0 

9 1.0 20 

12 1.0 5 

14 5 1.0 

• With reference to 
terminal No. 4 and 
with +24 Von terminal 
No. 8 except for Iha 
rating given for terminal 

No.8. 

'""' 

Termlnol MIN 

No. VOLTS 

I -5 

2 -6 

3 0 

6 0 

7 -5 

8 0 

9 0 

10 0 

II 0 

12 0 

13 0 

14 -6 

MAX 

VOLTS 

+15 

+5 

+2 

+24 

+5 

+30 

+24 

+24 

+24 

+20 

+20 

+16 

Fig. 1- Static characteristics test circuit-CA3071. 

+14Y .. 

I. SWITCH SI IN POSITION I UNLHS OTHlRWtH NOTED 
IN TABLE OF OTNAllllC CHMACTIEllllSTJCS 

2. CHROMA GAIN CONTROL SIT TO GROUND UNLESS OTHERWISE 
NOTED IN TAIL£ Of DYNAMIC CHARACTERISTICS 

3. ALL REI/STANCES IN OHMS 

Fig. 8 - Dynamic characteristics ci"rcuit..cA.3071. 

... 



CA3070, CA3071, CA3072 Types 

.U.•H .. 1-UIN-_O ___ lff,.ILL--1 
_, ... CllOPMua 

Fig. 9 ·- CA3071 Wideband amplifier 
circuit. 

Fig.10- Frequency response for 
wideband amplifier CA3071. 

-lllTH-IT,.l•H"C 

~\U.E4.i~ •• ~··--

Fig. I I - Typical CA3071 wideband 
amplifier linearity 

CA3072 Chroma Demodulator 

The CA3072 has two sets of synchronous detectors with 
matrix circuits to achieve the R-Y, G-Y. and B-Y color 
difference output signals. The chroma Input sfgnal is applied 
to terminal Nos. 3 and 4 while the oscillator injection signal 
is applied to terminal Nos. 6 and 7. The color difference 
si!Jlals, after matrix, have a fixed relationship of amplitude 

and phase nominally equal de voltage levels. The outputs 
of the CA3072 are suitable for driving high level color 
difference or R, G, B output amplifiers. Emitter-follower 
output stages used to drive the high level color amplifiers 
have short-circuit protection. 

MAXIMUM RATINGS,AbsoluN Max;mum-V11lut1sat TA• 25D C 

DC Supply Voltage (Terminal 8 to Terminal 14) .........• 27 V 
Reference Input Voltaga .•..•..••..•••....••.. , , ..... 5 vp-p 
Chroma Input Voltage .•....•.........•..........•... 5 Yp-p 
Device Dissipation: 

Up to TA • +700C. . . . . . . . . . . . . . • . . • . • . • . . • . . • . 530 mW 
Above TA• +700C · • · · • · · · · · Derate Linearly at-6.7 mW/OC 

Ambient Temperature Range: 
Operating . , , ..• , ..•.•• , ...•. , •.. , .. , , , -40 to +850C 
Storage . . . . . . • . . • . . • . . . . . . . . . . . . . . . . . -66 to + 15()0C 

Lead Temperature (During Soldering): 
At C:Jistance 1/32. in (3.17 mm) from seating plane 
for 10 s max . , •..•.....• , ..•...• , • , •..• , +285oC 

Maximum Voltage and Current Ratings 

at TA= +26oC 

Voltage* Currant 
T•rninal MtN MAK TermiMI 10 

No. VOLTS VOLTS No. mA mA 

3 0 •• 
4 0 .. 
• 0 '12 

7 0 '12 

• 0 •27 

• 0 •20 1.0 20 

11 0 ''° 11 1.0 20 

13 0 ''° 13 1.0 20 

•with reference to terminal No. 14 and 
with the voltage between terminal No. 8 
and terminal No. 14 at +24 V except as 
given in rating for terminal No. 8. 

t24V 

Fig. 13 - Static Characteristics test circult-CA3072. 

Fig. I 2 - Schematic diagram for CA3072. 

ELECTRICAL CHARACTERISTICS, at TA• 250 Candy+• +24 V unless otherwise specified 

LIMITS 
CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS CA3072 UNITS 

MINI TYPIMAX. 

Static Characteristics 

Supply Current 
With Output Loads IT S1 Closed 16.5 - 26.5 

mA 
With No Output Loads St Open - 9 

G·Y, R·Y, B·Y Outputs Vg. V11. V13 St Closed 13.2 14.7 15.8 

Chroma Inputs V3. V4 St Open - 3.3 - v 
Referenc~ ~bcarrier V5, V7 St Open - 6.2 -
Dynamic Charac:teristics 

Demodulator Unbalance ·¥g,v1p>;3 V3 • V4 • 0 0.8 Yp-p 

Maximum Co:Or Difference v13 8.0 

Output Voltage v11 V3 • V4 • 0.6 Vp.p 5.5 

vg 1.2 

v3 0.2 0.35 
Vp·p 

Chroma Input ~sitivity 

Relative A·Y Output v11 
Adjust ec for 5.0 Vp·p@ term 

3.5 4.2 No. 13 {B·YI 

Relative G·Y Output vg 0.75 - 1.25 

IVgl - IV11I 
Voe Difference Between 

any two Output Terminals IV9l - IV13I "c. 0 0.6 v 
IV11I - IV13I 

Input Impedance rj6, 1 1.7 kn 
Reference Subcarrier Inputs Cj6, 7 pF 

Input Impedance at fj3, 4 0.95 - kfi 

Chroma Inputs CjJ, 4 6 pF 

r0 9, r0 11, 
Outl)ut Resistance 180 - n 

r0 13 

TEST 

CIRCUITS 

~ 

13 

14 



Fig. 14 . - Dynamic characteri1tics tert circuit for CA3012. 

Application lnfor111ation 
TYPICAL APPLICATION CIRCUIT FOR THE CHROMA 
SYSTEM 

The circuit of F;,.751is1 compl911 signll proceaing system 
for color TV. The RCA types CA3070, CA3071 Ind CA3072 
monolithic integrltld circuits .,. respectively used es the 
subcarriw ragenerltor. chrom1 amplifier, and chrom1 
demodulator. 

The input to the system is the chrom1 signal which may be 
tlken from the first or llCOnd video stage R i1 coupt.:I into 
the CA3071 chrome ampliliw th"""'1 a bondpm filter. The 
outputs from the system are the color diffsence sign1ls 
which _.. intended to drive high ""81 amplifiers. Luminance 
mixing may· be external to the picture tube Ott. the difference 
signals may be 1mplified Ind 1PPlied to the picture tube .-1d 
or cathode, where they .. internally mbced with the 
luminence signal. 

Othw Input requirements to the system in the - ouppty 
whagt of +24 volts Ind the horizontal keying pulR. The 
- ouppty vohagt lhould be maintained within ±3 volts 
of tho ,_monclad value of +24 wits. The total cumnt for 
the systwm Is _...1,,..,..y 70 milllompom. The horlzontll 
keyi,. pulR Input to the su-.lw ,_...,.. Is epproxl· 

..-., +4 volts pook Ind - on the burst es - et 
twmlnol Nos. 13 end 14 of the CA3070. Tho pulR width 
lhould be mlintlined u clote 11 pollible to the recom
mended velue of 4.5 microssonch. 

CA3070 Circuit ai-r-n 
Tho CA3070 circuit es -n In Fig. 2, cansis1s of en 
-illator, eutornetic .,,_ comrol (APCI -·auto-
-ic chroma control (ACCI -.or, 111bld ooclllator 
output omplilior end a thunt rogul-. The .. unt rogulatar prov- the _., bies llabillty for the 3.579S.C5 MHz 
ooclllator, • well as the bias to ali functlans of the CA3070 
circuit. The ...,latlon vohagt is nominllly +12 volts es 
meesured et twmlnel No. 10. 
The APC end ACC -.ors we synchronous -.ors 
which we keyed by the horizontal Input pul•. This form of 

-ion oliminltes tho - for I burst -- as ~n 
Individual ampllfl• Sllgll. - a pos1t1 .. pul• is sw-it et 
twmlnll No. 4, tho oocillatar output is cutoff Ind the 
-lllator drive s9'11 is diverted to the APC and ACC -L Re1811'1 .. to Fig. 2, theAPC d- (Og. 0101 
end the Ace - (Os & Oel ... amittw driven from the 

Fig. 16(a)-CA3010 rwminol No. r 
7.5 V O«:ilt.tor "fll'N off" pulls. 

... 

CA3070, CA3071, CA3072 Types 

T1 :i:-.~::r:iiio. 
L•n·•l'M.••SO 

Ta =~vi=-~~r~~~." 
IU.1051MCllhl.UO-•
llMLllll.,_-.,,.,&l.C#'MCtT-TM.llll 
""'_ ... ____ _ , .. _, ____ _ 

F;,. r5 _ Typical chrom .. _ for color-TV_.;..,. utilizing RCA-CA3070, CA3071, and CA3072. 

oscillltor transistor (017). when the 01eillator output ampll· 
II• transistors (02 & 1131 ... cutoff. The chroma signal is 
•pplied to twminll Nos. 13 and 14. There is os:illator 
c:urrent drive to the APC Ind ACC d-. duri .. the 
keying interval; bunt seper1tion ii effectmly accomplished 
by the 111ting action of lhe-...s. A lurthw advan- of 
the keying ICtton ii the high pin mlde po•lble as 1 TWJlt of 
the low 1ver1g1 current flow of the APC 1nd ACC detectors. 
High resistor vatues of 82 kitohms at the detector output 
twmlnlls provide Pf'OP« detector bias consistent with the 
duty factor of tho keying pulas. For a w- keying pulR, it 
is nec.mry thlt smell• values of detector ktld resistors be 
uood. 

In the abllnc:e of the keying pulse (line period}. the resistor, 
R20. bi811S the oscillltor's output 1mpfifier tr1n1istors 102 a 
03) on by keep;,. their eml-s 11 a higher poNntial 1hen 
the - bi• vol,_ of Qs. Cl& Og, Ind 010. The 3.58 
MHz signal ii now pr19nt at terminal Nos. 2 6 3. 
Photo(J'lphs of 01Ci110JC0pe traces for one line period at the 
twminel Nos. 1, 2, Md 3 1re shown in Fig.16. The effect of 
tho keying pul• is -n in Flg.16a, and the cutoff of the 
oocill8tor output amplHiar is-n in Flg.16( b) and 16c. 

Tho 01Cillator _,;on of the CA3070 consists of tho loop 
formed by 01a and tho .... ._ driven dlllerantiol pair. 013 
& 014. The signal output from twminal Noo. 7 & 8 is 
coupled through the •its tuned cryltll circuit blck through 
•mlnel No. 6 to 01e a 017. The coMector of 017 drives 
the -illator outpu1 1mplHior Mid tho APC & ACC de-ors. 017 ii amittw coupled to transistor 019. The 
-lletor frequency Ind Aha. convol is accomplished by 

Fig. 16(b} ·CA3010 rormlno/ No. 2, 3.5 Vp-p 011Cillator 
output: """ horizontal ;;,,,,, ffll'Nd off during bum}. 

the differentlal drive from the APC detector to transistors 
012 a 015 which control the balance of 013 & 014. The 
resulting ptw. of the feedback loop is determined by the 
relltive amplitudes of the oscillator output signal at terminal 
Nos. 7 and 8. The 66 pf capacitor between terminal No. 7 
Ind 8 provides the ph .. 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 subcsris regenerator circuit 
are the APC bllance. the ACC bllance. and the hue control. 
The hue control is 1 de bllWlce adjustment of the 01eillator 
output 1mpllfi• transistors Cl2 8t Q3. A phase delay network 
betw9en the output terminals Nos. 2 8t 3 determines the 
range of the hue control, which for the value shown in Fig. 
15, is 1ppro>eimately 9ff'. 
The ACC adjustment sets the initial bllanca of the ACC drive 
to the input of the CA3071 in Fig. 16 (t«minal Nos. 1 and 

14 of the CA3071). The APC is a frequency adjustment of 
the oscillator through the balance control of the APC 
detector. 

AJ a setup adiustment, for both the ACC and APC, switch S1 
is or:-nect and S2 is closed. The chroma input to the system is 
removed and the de voltage at terminal No. 6 of the CA3071 
Is notad. The switch 52 is then ~ end the ACC adjusted 
to set the voltage at terminal No. 6 to that previously noted. 
Alternatively, the differential de voltage at terminal Nos. 15 
& 16 of the CA3070 may be sot to 0 mV (±2 mVI when SI 
.,d 82 are open. end the CA3071 is removed. from the 
circuit . 

Fig. 16(c} • CA3070 .,,,,,;no1 No. 3, 2.0 Vp-p oscilt.ror 
output; ,,,,. horlzontJI/ ;;,,,,, fgal9d off during bum}. 



CA3070, CA3071, CA3072 Types 

With the chroma signal still removed, the APC adjustment 
sets the frequency of the oscillator to 3.579545 MHz. Due to 
the gated off interval, a counter will not accurately record 
the frequency at the oscillator output amplifier terminals. 
Two simple and accurate methods are as follows: (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; (2) the other method involves monitoring the 
demodulated output at the color difference output terminals 
of the CA3072. A zero beat stgnal, at the color difference 
outputs may be seen on an oscilloscope. 

When these adjustments are macte, similar oscilloscope traces 
should be seen as shown in Fig. 17. 

CA3071 CIRCUIT OPERATION 

The CA3071 IS the basic amplifier and control circuit of the 
chroma sy'stem. It contains the gain control functions of the 
ACC loop, the color killer, and the de 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. 1 0 & 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 haye 
bandwidths of greater than i 0 MHz, and are usable well 
beyond 30 MHz. The signal swing of the wide band amplifier 
is in eKcess of 5 VP-P' even with the typical load coupling as 

shown in Fig.1 5. Fig. 18 (a, band c) show the oscilloscope 
traces for an NTSC signal at the chroma input. The overall 
frequency-response curves are shown in Fig. 19. 

CA3071 operation is as follows (Refer to Figs. 6 &15). The 
inptjt chroma signal is applied to terminal No. 2. This signal 
is amplified in a cascade differential circuit from 010 to 012 

and the output is an emitter follow«, 014 (Terminal No. 
6.J The signal is divided in the Cg & C12 differential 

amplifier, depending on the applied ACC error signal ampli

tude at terminal Nos. l & 14. The ACC error signal is de· 
rived from terminal Nos. 15 & 16 of the CA3070 and after 
filtering, is applied to terminal No~. 1 & 14 of the CA3071 

At low signal drive, the 390 kilohm resistor at switch S 1 
(normally closed) unbalances the differential amplifier for 
high signal gain through 012. As the burst level at the 
chroma input increases, the ACC drive changes d1fferent1ally 
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 Cg, which is shunted to 
ac ground at terminal Nos. 12 and 13. The ACC loop is 
completed through the chroma signal at terminal No. 6 of 
the CA3071 to terminal No. 14 (input) of the CA3070. A 
typical ACC characteristic is shown in Fig. 23. 

The chroma signal is buffer connected from terminal No. 6 
to terminal No. 7 of the CA3071 and is amplified in the 2nd 
stage of voltage gain. Both the color kilter adjustment and the 
de chroma gain control are applied to the 2nd stage to 
control the chroma output at terminal No. 9. The color killer 
section of the CA3071 is a Schmitt trigger & amplifier circuit 
consisting of transistors 01, 02 and 03. Under maximum 
chroma output conditions, the diode D2 is reversed biased, 
and the signal path is through 015, C4 and 05 to terminal 
No. 9. When the color killer circuit is actuated, or the 
chroma gain control is adjusted to a higher positive voltage at 
terminal No. 10, the anode voltage of diode D2 is increased 
to draw current f~om the signal path at the emitter of 04. 
This decreases the chroma ga.in as the potential at terminal 
No. 10 is increased. When the potential at terminal No. 10 
is the same a:. terminal No. 8, the chroma output at terminal 
9 is cutoff. 
The color killer circuit provideS an abrupt voltage swing at 
the anode of D2 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 B·Y at terminal 
No. 13, R-Y 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 mVp-p· The amplitude of 

chroma at terminal No. 6 & 7 is approximately 1.0 volt at 
104° relative phase difference which results in a B-Y output 
amplitude of 5Vp-p· The voltages of the R-Y & G-Youtputs 
are at 3.8 and 1.0 V p-p respectively, when there is 5V p-p 
output at B·Y. These comparative signals are based upon a 
complete phase rotation of the chroma relative to the 
subcarrier signal reference. The relative demodulation phase 
and amplitude ratios of the Fig.15 circuit are shown in the 
oscilloscope trace photographs of Fig. 21 . Using the hue 
control setting for B-Y phase at the B·Y output, the G-Y 
color-difference signal is approximately ~ 104° and the A· Y 
color-difference signal 1s 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 
chroma system in the Fig. 18 circuit. Table I lists the de 
terminal voltages for the system. The chroma gam and hue 
controls, as well as the switches S1 and S2 are removed. The 
template circuit board layout is also shown for duplication 
purposes. It should be noted that a few component values are 
modified in Fig. 18 from the dynamic circuit values of the 
data sheet. These are necessary for system matching and 
overall filter requirements 

Fig. 17(a) - CA3070 terminal No. 6, oscillator waveform 

1.1 Vp-p 3.58 MHz. 

Fig. 1 l(b) - CA3Q70 terminal No. 7, oscillator waveform 
1.4 Vp-p 3.58 MHz. 

Fig. 1 l(c) · CA3070 terminal !'Jo. 8, osci(lator waveform 

1.6 Vp-p 3.58 MHz. 

Fig. TB(a) - CA3071 chroma input 1.25 Vp-p:onehorizontal 
line of NTSC input signal. 

Fig. 1 B(b) -CA3071 terminal No. 6, ampHfier No. 1 chroma 
output 2.3 Vp-p; one horizontal line for 1.25Vp-p chroma 

input 

Fig. 18(c) -CA3071 terminal No. 9, amplit;er No. 2chroma 
output 5.5 Vp-p; one horizontal line for 1.25Vp-p chroma 
input 

Fig. 19(a} ·Frequency response sweep curve between 
terminal Nos. 2 & 6 for CA3071. f = 250 KHz/div. 

Fig. 19(b) · Frequency resppnse sweep curve between 
terminal No. 2 of CA3071 and terminal No. 3 of CA3072. 
f :: 250 KHz/d;v. 
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Fig. 20.- Typical ACC characteristics for chroma system 
of Fig. 18 



CA3070, CA3071, CA3072 Types 

Fig. 21 (a) • CA3072 · terminal No. 3 or 4. chroma input 
signal,220 mVp-p.one horizon rat line 

Fig. 21 (b)· CA3072 · terminal No. 6 or 7. reference 
subcarrier 1.2Vp·p- one horizontal line 

Fig. 21(c) • CA3072 terminal No. 13, 4.8 vp-p B·Yourpu~ 
one horizorital line 

Fig. 21(d) 'CA3072 ·terminal No. 11, 5.2 •p-p R·Youtput, 
one horizontal Nne 

Fig. 21(e) - CA3072 ·terminal No. 9, 1.2 •p-p G·Y ourput, 
one horizontal line 



CA3088E 

AM Receiver Subsystem 

Includes: AM Converter, IF Amplifiers, Detector and Audio Preamplifier 

For Applications in"a Variety of AM Broadcast and Communications 
Receivers and Applications Requiring an Array of Amplifiers 

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 (THDI 
• Delayed AGC for RF amplifier 
• Terminals for optional inclusion 

of tone control 

• Operates from wide range of power supplies: v+ = 6 to 

16volts 
• Optional AC and/or DC feedback on wide·band amplifier 
• Array of amplifiers for general-purpose applications 
• Suitable for use with optional external AF 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 receiver. 

The CA3088E also provides internal AGC for the first lF 
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 cs applied to the first IF 
amplifier and is then coupled to the second IF ampl1f1er. 
This IF signal is then detected and externally filtered. The 
resultant audio signal is applied to an audio preamplifier. 
Optionally, a tone control circuit may be connected at the 
junction of the detector ctrcun and the audto preampl1f1er. 
The gain of the first IF amplifier stage 1s controlled by an 
internal AGC circuit. The CA3088E supplies a delayed 
AOC signal output for use with an external AF amplifier. A 
buffered output signal is also available for driving a tuning 
meter. A DC voltage, internally regut.ated by a Zener diode, 

supplies the second IF amplifier, the AGC and turnng meter 
c1rcu1ts and may also be used with any other stage. 

The CA3088E features four independent transistor amp· 
llfiers, each incorporating internal biasing for temperature 
tracking. These amplifiers are particularly useful in general· 
purpose amplifier, oscillator, and detector applications 1n a 
wide variety of equipment designs. 

•Formerly Developmental Type TA5842. 

Fig.1-Test drcuit for DC characteristics. 

MAXIMUM RATINGS,AbsoluteMa1'imum Values, at TA .,,,25oc 

DC SUPPLY VOL TA.GE: 
Acron Term. 5 and Terms. 3, 6, 13, 16, respectively .. 

DC CURRENT: 
At Terms. 3, 6, 13, 16, respectivelv 
At Term.10 . 

DEVICE DISSIPATION: 
Up10TA,.5ooc 
Above TA = 500C 

AMBIENT TEMPERATURE RANGE 
Operating. 
Storage 

LEAD TEMPERATURE {During soldering!: 
At distance not less than 1/32" (0.79 mm) from case for 10 seconds max. 

16 v 

10 mA 
30 mA 

760 mW 
derate linearly 7.6 mW/OC 

-55 to +125 oC 
-65 to +150 oC 

+200 oC 

The CA3088E is supplied in the 16-lead dual- in-line plastic package. 

~-~,___.,.__,"., 

Fig.2-Functional block diagram of the CA3088E. 

'" 

lt.UOIOINPUT 

TO OETECTOR 
FILTER ANO AUDIO 

!OPTIONAL TONE CONTROL 
MAY BE SHUNTED FROM 
TERMINAL '3 TO GROUND I 

FROM DETECTOR FILTER 

I• FflOMOETECTORFtlTER 

Fig.3-Schematic diagram of the CA3088E. 



TYPICAL ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL TA•250C TEST TYPICAL UNITS 
v+-12v CIRCUIT VALUES 

FIG.NO. 

Sink: (DC) C..,__illics 

ocv.._, 
Terms.1,4,9, 11 Vf,4,9, 11 0.7 v 
Terms.2, 7,8 V2, 7,8 1.4 v 
Term. 10 V10 1 

5.6 v 
Term.12 V12 0 v 
T•m.15 V15 3.5 v 

OC Current: 
Tarm.3 13 0.35 mA 
Term.& •a 1.0 mA 
T•m.10 110 1 

20 mA 
Term. 13 113 0 mA 
Term. 16 115 1.2 mA 

Dynamic Char•cteristics 

Detector Output 30% Modulatton 4 75 mVRMS 

Audio Amplifier Gain AAf f = 1 kHz 4 30 dB 

Audio Distortion vouT = tOOmV 4 0.2 " 
Sensitivitv= f1N = 1 MHz 

At Converter Stage Input Stgnal-to-Noise Ratio (S/NI = 20dB 2 200 µVim 

At RF Stage Input 4 100 µV/m 

Total Harmonic Olstonlon THO 30% Modulation 4 1.0 " 
Input Resistance: R1 

At Transistor 01 3500 n 
At Transistor 05 

NoAGC, 
2000 n 

Input Capacitance: C1 

At Transistor 01 Input signal frequency 12 pf 

At Transistor 05 lf1NI •1 MHz 17 pf 

Feedbec:k Capei;:itance: era 
At Transistor 01 1.5 pf 

At Transistor Q5 1.5 pf 

The typical characteristk:s for the CA3088E are intended for CJUidanca purposes in evaluating this device for ~uipment design. 

Q • RCA·<l0841 I DUAL GAT[•PAOT[Cl[O lilOSlf'[TI 
All R[SISTAfrlC[ "'ALUCS llR[ IN OHlllS 
ALL CAPACl1'.NC( VALUES ARE llt MICROrARACIS 

Fig.4-Typical AM broadcast receiver using the CA3088E with optional RF amplifier stage. 

CA3088E 

353 



CA3089E 
FM IF System 

lncludes---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 µV typ. at -3 dB point 

ALL RESISTANCE VALUES ARE IN OHMS 
11 L TUNES WITH 100 pF !C) AT 10 7 MH? 

Oo l1l' 7') tG.J. ElC22741 OR EOUIVALEJH.I 

Block diagram of the CA3089E. 

• Low distortion: 0.1% typ. 
(with double-tuned coiU 

• Single-coil tuning capability 
The CA3089E is supplied in the 16-lead dual-in-line plastic package. 

• High recovered audio: 
400 mV typ. 

• Provides specific signal for 
control of interchannel muting 
(squetch) 

• 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 
alt 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 (squelch) 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. 

ALL RESISTANCE VALUES ARE IN OHMS 
* WALLER 4SN3ftC OR EQUIV.It.LENT 

1111 MURATA SfG 107MA 01" EQUIVALENT 
• LTUNESWITHl00pF(t:)All0.7MHI 

Oo UNLOAOE017!> lG-l EJC22741 OR EQUIVALENT) 

Performance data at fg = 98 MHz, fMOO "' 400 Hz, 
Deviation • ±15 kHz: 

-3dB Limiting Sensitivity , , • . . 2µ.V (Antenna Level) 
20dB Quieting Sensitivity • __ . . 1µ.V (Antenna Level) 
30dB Quieting Sensitivity ..•• 1.5µ.V (Antenna Level) 

Fig.1- Typical FM wner using the CA3089E with a single-tuned 
detector coil. 

'"' 000 

.-----;--1----t-....---+-~,,,. 

AGC FOR 
RF AMPl 

~-----------------.-------.· 

LEVEL DETECTOR a METER CIRCUIT 

Fig. 2--Schematic diagram of the CA3089E. 



MAXiMUM 'RA tlNGS~ Absolute Maximum Values, at TA = 25° C 
DC Supply Voltage: 

Between Terminals 11 and 4 
Between Terminals 11 and 14. 

DC Current (out of Terminal 15) 

Device Dissipation: 
Up to TA= so0 c 
Above TA • eo<>c 

AmbientTempe:rature Range: 
Operating . 
Storage 

Lead Temperature (During Soldering): 
At distance not less than 1/32" (0.79mm) f11Jfn case for 10 seCQnds max. 

.•. 

. ,. 

16 
16 

v 
v 

mA 

600 mW 
derate linearly 6.7 mwPc 

-55to+125 
-65to +150 

+265 

I FRAME 

ALL RESISTANCE VALUES ARE IN OHMS 
ALL CAPACTANCE VALUES ME IN PICOFARAOS 

Fig.2-Schematic diagram of·the CA3089E. 

ALL RESISTANCE VALUES ARE !N OHMS 
*L TUNES WIT!-1 IOOpF(C) AT 10.7 MHr 

CA3089E 

°<JCUNLOAOED)•75 W l AUTOMATIC MFG DIV EX22741 OR EOUIVALENTI 

Fig.3- Test circuit for CA3089E using a single-tuned detector 
coil 

ALL RESISTANCE Vi..LUES ARE IN OHMS 
*T: PRL -Q0(UNLOAOEOHr 75\TUNES W1TH 100 pf (Cl) 201 Of 34e ON 7132" DIA FORM 

SEC -00(UNLOADEO!li"7'5(TUNES WITH 100pf(C2) 20! Of 34e ON 7/32"DIA FORM 
~Q(PER CENT OF CRITICAL COUPLING) Al 70 % 

!ADJUSTED FOR COIL VOLTAGE Ve )o 1'50 rnV 

ABOVE VALUES PERMIT PROPER OPERATION OF MUTE lSOUELCH) CIRCUIT 

"E" TYPE SLUGS,SPACING 4rnrn 

Fig.4· Test circuit for CA3089E using a double-tuned detector 
coil. 

100 IK 
INPUT SIGNAL-l'V 

Fig.5-Mutingaction, tte:.er AGC, and tuning meter output as a 
function of input signal voltage. 



CA3089E 

ELECTRICAL CHARACTERISTICS, at TA = 250C, v+ = 12 Volts 

CHARACTERISTIC 

Static (DC) Characteristics 

Quiescent Circuit Current 

DC Voltages: 

Terminal 1 (IF Input) 

Terminal 2 (AC Return to Input) 

Terminal 3 (DC Bias to Input) 

Terminal 6 (Audio Output) 

Terminal 10 (DC Reference) 

Dynamic Characteristics 

Input Limiting Voltage (-3 dB point) 

AM Rejection (Term. 6) 

Recovered AF Voltage (Term. 6) 

Total Harmonic Distortion:* 

Single Tuned (Term. 6) 

Double Tuned {Term. 6) 

Signal plus Noise to Noise Ratio (Term. 6) 

SYMBOL 

111 

V1(1im) 

AMR 

VolAF) 

THO 

THO 

S+N/N 

TEST CONOITIONS 

No signal input, 
Non muted 

V1N =0.1 V, 
AM Mod.= 30% to= 10.7 MHz, 

V1N =O.lV 
fmod. = 400 Hz, 

Deviation= 
±75 kHz 

LIMITS 

Circuit Min. Typ. Max. 
Fig.No. 

16 23 30 

1.2 1.9 2.4 

3, 4 1.2 1.9 2.4 

1.2 1.9 2.4 

5.0 5.6 6.0 

5.0 5.6 6.0 

ii A 
3,4 45 55 

300 400 500 

0.5 1.0 

- 0.1 

3, 4 60 67 

.. THO characteristics are enentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 

Fig.6-AFC characteristics (current at Term. 7 as a function of 
change in frequency)_ 

UNITS 

mA 

v 
v 
v 
v 
v 

.J!.V 
dB 

mV 

% 

% 

dB 

a) Bottom view of printed-circuit board. 

92CS-30376 
b) Component side - top view. 

CA3089E and outboard components mounted on a printed-circuit board. 



Stereo Multiplex Decoder 
For FM Stereo Multiplex Systems 

RCA-CA3090AQ . a monolithic silicon integrated circuit, is a 
stereo multiplex decoder intended for FM multiplex systems. 

The CA3090AQ is the successor to the CA30900; it offers 
three major advantages over the CA30900 ~s 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 low-inductance 
tuning coil (requires only one adjustment for complete 
alignment). provides automatic stereo switching, energizes a 
stereo indicator lamp, and operates from a wide range of 
voltage supplies. 

Figure 1 shows the 'block diagram for the CA3090AO. The 
input signal from the detector is amplified by a low
distortion preamplifier and simultaneously applied to both 
the 19·kHz and 38-kHz synchronous detectors. A 76-kHz 
signal, generated by a local voltage-controlled oscillator 
(VCOI, 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 

s'~'l.\ic."ru• 

voltage controlled oscillator (VCQ) so that it produces 
an output signal to phase-lock the stereo decoder with the 
pilot tone. A second synchronous detector compares the 
locally generated 19-kHz signal with the 19-kHz pilot tone. If 
the pilot tone exceeds an externally adjustable threshold 
voltage, a Schmitt trigger circuit is energized. The signal from 
the Schmitt trigger lights the stereo indicator, enables the 
38-kHz synchronous detector, and automatically switches 
the CA3090AO from monaural to stereo operation. The 
output signal from the 38-kHz detector and the composite 
signal from the preamplifier are applied to a matrixing circuit 
from which emerge the resultant left and right channel audio 
signals. These signals are applied to their respective left and 
right post amplifiers for amplification to a level sufficient to 
drive most audio amplifiers. 

The CA3090AO may be used without the stereo defeat/enable 
function (see Fig. 6) if a control voltage for this function is not 
readily available. 1n this case, Terminal 4 should be grounded. 

The CA3090AO utilizes the 16-lead quad·in·line plastic pack
age and operates over the ambient temperature range of 
-55°C to +125°C. 

"' COllPOS,lES•GUL 
18• STEOEOhA•U SIGNAL 
''' SJEOEO"'°'lll•GS>GN"L 
LDI OIHERE~CE SIGUL 

L •lY.•OO"A <All~ 
<,.c, .. Aov10E .... T1.LOE-EllP"0.5•S 

•H<S•A~Cl "'luESO.R( •~OMMS Fig. r -Functional block diagram of the CA3090AO. 

:~~~ ~~~ :~ 
: : :: :::~· : t 

COLLECTOR-TO-EMITTER VOLTAGE IVcE)-V 

Fig. 3- Indicator lamp characteristics flew. VcEl-

V4 > l.6V TO ACTIVATE STEREO 
v4< 0.9 V TO DEACTIVATE ST£REO 

Fig. 4 - Test circuit for use with stereo dtlfBatlenable. 

CA3090AQ 
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 distor1ion: under G.22%(typ., 

• Separate de input permits stereo defeat or enable 

• High signal output: directly drives audio amplifiers 

• Excellent SCA (storecast) rejection: 55 dB typ. 

• High audio channel separation: 40 dB typ. 

MAXIMUM RATINGS, AMolur..-Max/mum Valu. at TA• 2s"C 
DCSUPPLVVOLTAGE • • • • • • 16V 
CURRENTATTERM.12. • • • • . • .• 100mA 
INPUT SIGNAL VOLTAGE (COMPOSITE)• • . , 400 mV 
AMBIENT TEMPERATURE RANGE: 

Operating . . . . . • . • . • -56 to +125°C 
Storage • . . • . . . . • • • . -86 to +1 soOc 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance not less than 1 /32" IO. 79 mm) 
from case for 10 s max. . • • . • • . . . . • +266°C 

• For stereo operation, a minimum Input signal voltaoa lcompotite) of 
40 mV is required 

Fig.2 - Tsst circuit for DC characteristics. 

Fig. 5 - Test circuit for uss without stereo dtlftMt/enable. 



CA3090AQ 
ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Static ChmrM:teristics 

Total Current (Terms. 9, 10, 11 l 

DC Voltage: 
Term.1 

Term. 6 (Indicator Lamp OFFI 

Terms. 9 and 10· 

Term.12 (Indicator Lamp OFF) 

Voltage Differential (Term. 2-Term. 1) 

Current at Term. 12 (In actual use external circuit 
resistance (e.g. lamp should limit Term. 12 to the 

maximum rated value of 100 mA.) 

Dynamic CMr.ctllf'istics 

Input Impedance 

Channel Separation (L +A Reference)* 

Channel Balance (Monaural) 

Monaural Gain 

Stereo/Monaural Gain Ratio* 

Indicator Lamp - Turn·ON Voltage 

Capture Range (Deviation from 76-kHz center 
frequency) 

TERMINAL 
MEASURED 

AND 
SYMBOL 

1total 

v, 

Vg & 10 

V12 

TEST CONDITIONS 

TA• 25°C 
V+"' 12 V (unless 
specified otherwise) 

Lamp OFF 

v+ = 16 v 

VIN (at f = 19 kHz)= 18 mV 

VIN= 180 mV 

19-kHz pilot-tone@ Term. 1 

19-kHz pilot-tone 
voltage= 1 B mV 

DiS\ortion (75-/JS de-emphasis): 

~2n~d~H~•~•m~o~n~;'-----------IC-----I VIN"' 240 mV 

3rd, 4th, and 5th Harmonic 

19-kHz Rejection 

38-kHz Rejection 

SCA (storecast) Rejection 

Stereo Defeat Voltage (V 41 

Stereo Enable Voltage (V 41 

*For stereo oµerat+on, test conditions require a composite 

stereo input signal (modulated at 1 kHz) including a 

19-kHz (18 mV) p1i0Mone signal 

3900 

LIMITS 

Min. Typ. Max. 

22 27 

1..6 2.3 3.1 

2.1 3.6 

4.7 6.4 8.4 

12.7 

0 0.1 

75 100 -

50k -

25 40 

0.3 

til.3 ±3 

±$.6 ±10 

0.2 

<0.1 -

35 

48 

70 

1.2 <o.9 

>1.6 1.2 

IOk!l 

UNITS 

mA 

v 

v 

v 

v 

v 

mA 

!1 

dB 

dB 

dB 

dB 

mV 

% 

% 

% 

-21!. 
dB 

dB 

v 

B 

64 72 76 84 
VOLTAGE-CONTROLLED OSCILLATOR {VCOl FREQUENCY 
{NO PILOT TONE APPLIEO)-kHz 

Fig. 7 - PiloMone voltage level vs. VCO frequency with no 
piloqone applied. 

64 ~ n M 00 84 ~ 

VOLTAGE-CONTROLLED OSCILLATOR (VCO) FREQUENCY 
(NO PILOT TONE APPLIED!- kHz 

Fig. 8 - Filter capacitance vs. VCO frequency with no 
pilot-tone applied. 

A~Foil side. 

RESISTANCE VALUES 

358 

TEST NETWORK,TO 
SIMULATE ldB 
ROLLOFF AT 38 kHz 
OUE TO FM DETECTOR 

Fig. 6 - Test circuit for m.easurement of dynamic characteristics. 

8-Component side. 

Fig. 9 - Photographs of the CA3090AQ and outboard components mounted on a 2 X 2%-inch 
printed-circuit board to consritute a complete stereo multiplex decoder. 



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 (reversel and tuner 
(forward and/or reversel. 

The circuit 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. 

These devices are supplied in the 16-lead dual
in-line plastic package. 

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 

24V 

CA3120f. 
OR 

CA3142E 
BOTTOM VIEW 

RESISTANCE VALUES 
ARE IN OHMS 

Fig.2- Test circuit for measuring electrical charac
teristics of the CA3120E and CA3142E. 
Refer to Fig&. 7 and 8 for switch 111"1ctor 
positions. 

CA3120E, CA3142E 

NOISIE CANCIELL.EO· 
VIDEO OUTPUT 

f\. LOWZ 
..J' VI0£0 

OUTl''UT 

Fig. 7 - Simplified block diagram of the CA3120E and CA3142E. 

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

DC SUPPLY VOLTAGE 

DEVICE DISSIPATION: 

Up to TA = 55°c . 

Above TA= ss0 c. Derate linearly at 7.9 

AMBIENT TEMPERATURE RANGE: 

Operating . 

Storage . 

LEAD TEMPERATURE (During soldering): 

At a distance not less than 1 /32" (0.79 mml 
from case for 10 seconds max. . 

SYNC· 
STRIPPER IN 

GROUNO 

30V 

750mW 

mWf"C 

-40 to +85 °c 

~5to+1so 0c 

+265 °c 

v• 

111£SISTANC£ VA.LUU Aft£ IN OHMS 
* INCLUD£0 IN C.t.3120£ ONLY 

Fig.3- Schematic diagram of the CA3120E and CA3142E. 

Ol:LAYIOMC 

:r's=r' 



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 (VTHl 
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 (Rx1 in Fig.9) reduces 
the dissipation of 01. The emitter-follower 
output of 01 is directly coupled to a differ· 
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, 058). 

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 (Q12). 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 signa I 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 (056) clamps the detected 
sync tips to a fixed reference voltage 
(=o 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 C is a turnover point determined 
by the open-circuit potential of the tuner· 
delay bias potentiometer. At this potential, 
further change in the IF AGC output is 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 additional information refer to the IEEE 
Transactions on Broadcast and TV Receivers, .. 
August t970, pp. 185-t96, Vol. BTR No.3. 

'2CS-22644 

F;g. 4 - Sync separator stage. 

lo) 

v+ 

{bl 

"x• 

"' 

Fig. 6 - Typical coupling networks 
(Term. 5 to Term. 41. 

INCREASING 
D v- SIGNAL 

Y1N (TERM. II) 

92CS- ?2646 

F;g, 6- Typical operation of the AGC circuits using 
the CA3120E and CA3142E. 



TEST CONDITIONS 

CHAR AC· SWITCH lllUMBERS 
TERISTIC !.121-tl 4A sl 9l 1tJ 12l13l14j15 l16111J1sJ19l20 

SWITCH POSITION 

IT24 2 3 1 2 1 2 3 1 1 3 2 1 2 2 2 1 5 

VTH 2 1 2 1 1 4 3 4 4 3 1 2 2 2 2 1 3 

V5 2 1 2 1 1 4 3 4 4 3 1 2 2 2 2 2 3 

VTH(SEP) 3 1 2 1 1 • 3 3 4 1 1 2 1 2 2 2 1 

14(0FF) 3 1 2 4 2 1 1 1 1 1 1 2 1 2 2 1 1 

V2L 1 2 2 3 2 1 1 1 1 1 1 2 1 1 2 1 1 

V2H 3 3 1 1 2 1 1 1 1 1 1 2 1 1 2 1 1 

VJL 3 3 1 1 2 1 1 1 1 1 1 2 1 2 1 1 1 

VJH 3 3 1 3 2 1 1 1 1 1 1 2 1 2 1 1 1 

l11(CH) 2 1 2 5 2 1 1 5 4 3 1 2 2 2 2 1 5 

I 11 (DISCH) 2 1 2 5 1 2 3 6 4 3 1 2 2 2 2 1 5 

l11(LEAK) 2 1 2 5 2 1 1 6 4 3 2 2 1 2 2 1 5 

V11 2 1 2 5 1 2 3 2 3 3 1 2 2 2 2 1 5 

V12 3 1 2 5 2 1 1 3 4 3 1 2 1 2 2 1 5 

V1J(LOW) 3 1 2 5 2 2 3 1 1 2 1 2 1 2 2 1 2 

V1J(HIGH) 3 1 2 5 2 2 3 7 4 3 2 1 1 2 2 1 4 

l14(QFF) 3 1 2 5 2 2 3 3 4 3 3 1 1 2 2 1 5 

114(0N) 3 1 2 5 2 2 3 8 4 3 3 1 1 2 2 1 5 

115(0FF) 3 1 2 5 2 2 3 3 4 3 2 3 1 2 2 1 5 

l15(0N) 3 1 2 5 2 2 3 8 4 3 2 3 1 2 2 1 5 

CAUTION: Remove power before selecting or adjusting switches. 

* Reduce voltage at Terminal 8 until V19 decreases. VTH(SEPI "'VTH - V9. 

NOTE: Switch numbers m italics correspond to numbers m square boxes tn Figs. 2 and 8. 

TERMINAL 
MEASURED 

2 6 7 9 14 
8 

19 
* 
14 

V17 

V17 

V10 

V1a 

111 

111 

111 

V11 

V12 

V13 

V20 

114 

114 

115 

115 

CA3120E, CA3142E 

• 0----015V 

'~•v 
w ·~ 

._,~ .. ......., ... 
':.22!.Fl: 

-="' IV 

~24V 
l 02 i~··· 
.... 

Fig.1 - Teit condition values for auociated switches 1 through 20 {switches 6_ 7, and 10 are omitted). 

~02 
L.'.:.J·~ 

MEASURE VOLTAGE 
Refer to Figs.. 2 snd B for test circuit and test-condition selector-switch arran1111ments. 

FllOlll VIDEO 
DETECTOR 

flll~1$TANCI VALUES 
AIH IN OHMS 

U4V 

Fig.9 - Typical application using the CA3120E and CA31'2E. 

o• 

MEASURE VOLTAGE 

MEASURE \IOL TAGE: 

• 0----0 IHASURE VOLTAGE 

..!...._Js;l 
2 - L!.J 
~24V 

10 •Q 

llCL-IHetRI 

NOTE: The 111111dnd numbers in the - bo- refer 
to the 171Witches(1wttches8, 7,end10 .. 
omitted) of the test circuit end carreopancl to 
thme gi- in Fit11.'2 ~nd 7. 

CAUTION: Rem .... -· before Mlectlno "'..tJuot· 
ingswitchll 

F/tl.B - Tm condition...,,.,, IWilt:h-r,,,, _,,,,,die 
~.""--Wi#lt:I of die CA3720E-CA37GE. 

(Figure 8 continued on the next page} 



CA3120E, CA3142E 
ELECTRICAL CHARACTERISTICS at TA= 25°C, Supply Voltage (V+I • 24 V and 

Referenced to Test Circuits and Test Conditions (Figs. 2, 7, and 81. 

TERMINAL CA3120E 

MEASURED 
CA3142E 

CHARACTERISTICS LIMITS 
AND 

SYMBOL Min. Typ. Max. 

Supply Current (Pulse Test) IT24 20 - 40 

AGC Threshold (Sync Tip Level at Video Input) VTH 4.5 - 5.5 

Video Input Amplitude (White Positive) Va - 3 -

Video Output Amplitude (Low Impedance) V9 - 3 -

Noise Cancelled Video Output at VTH V5 3.6 - 9.2 
(Black Positive, Gain "" 2) 

AGC to Noise Separation VTH (SEP) 1.1 - 2.2 

Sync Input Current for Full Amplitude Outputs 14 (ON) - - 100 

Maximum Leakage Current at Terminal 4 14 iOFFI - - ±6 

Sync Outputs: 
Negative Sync Low V21LI 0 - 2.6 

Negative Sync High V2(H) 23.B - 24 

Positive Sync Low V3(L) 0 - 0.2 

Positive Sync High V3(HI 20.1 - 24 

AGC Filter: 
Charge Current (Pulse Test) 11 l{CHI 12 - 36 

Discharge Current 111IDISCHI 1.1 - 2.6 

Leak<1ge Current l111LEAKI - - :t6 

AGC Enable: 
Horizontal Keying V 16 (ON) 3 - 6 

Negative Sync Input Current 11 (ONI - 1 -

Maximum IF Gain·Clamp Voltage V11 4.B - 5.7 

Maximum IF Gain Bias V17 4.2 - 5.2 

IF AGC Voltage: 
Low V13 (LOW) 0 - 3.3 

High V13(HIGH) 5.7 - 6 

Tuner Currents: 
Reverse AGC (FET) OFF Current 114 (OFF) - - ±6 

Reverse AGC (FET) ON Current 114 (ON) 1.B - 5.5 

Forward AGC (n·p-n) OFF Current 115 (OFF) - - ±6 

Reverse AGC (n-p-n) ON Current 115 (ON) 4.5 - 15 

Internal Noise-Lockout Time (CA3120E only) T 1 - 63 

UNITS 

mA 

v 
Vp-p 

Vp-p 

v 

v 
µA 

µA 

v 
v 

v 
v 

mA 

rnA 

µA 

v 
mA 

v 
v 

v 
v 

µA 

mA 

µA 

mA 

µs 

3 
~24V 

~24V 

~~24V 
~ & 400fl 

I 

• 
o~ 

~ * ~ "o ~01-1A DC 
"=- 2 V CURRENT SOURCE 

2 

~01 
~ i 

= 

~ o' 
0---06V 

2 

NOTE: The italicized numbers in the square boxes refer 
to the 17 switches (switches 6, 7, and 1 Oare 
omitted) of the test circuit and correspond to 
those giVen in Figs. 2 and 7. 

CAUTION: Remove power before selecting or adjust· 
i ng switches 

Fig.8 - Test condition selector switch arrangement for measuring the 
electrical characteristics of the CA3120E and CA3142E. 



CA3121G 

Features: TV Chroma Amplifier/ 
Demodulator • Excellent linearity in de chroma gain-control circuit 

•Improved filtering resulting in reduced 7.2 MHz output 

Provides Complete System for Processing Chroma 
When Used with RCA-CA3070 or CA3170 

from the color demodulators 
• Current limiting for short-circuit protection 

"G" Suffix Type-Hermetic Gold-CHIP in 
Dual-in-Line Plastic Package 

• Good tolerance to B+ supply variations 
• Good temperature coefficient stability 
•Gold-CHIP for increased reliability 

RCA-CA3121G is a monolithic silicon inte
grated circuit chroma amplifier/demodulator 
with ACC and killer control for color-TV 
receivers. It is designed to function com
patibly with the CA3070 or CA3170 in a 
two-package chroma system. Figs. 5 and 6 
show a functional block diagram and the 
outboard circuitry of a typical two-package 
chroma system incorporating the CA3121G 
and CA3170, respectively. 

The CA3121G is supplied in a 16-lead dual
in-line plastic package with hermetic Gold
CHIP (G suffix). 

The transistor chips used in the hermetic 
Gold-CH IP plastic packages 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 util
izing a silicon nitride passivation layer. A· 
multilayered, highly corrosion-resistant, ter
minal-connection system of unique design 
is employed. 

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

Supply Voltage . 30V 
Device Dissipation: 

Up to TA= 1s0 c 
Above TA = ss0c 

Operating Temperature Range. 
Storage Temperature Range 
Lead Temperature I During Soldering) 

At distance 1/16" ±1/32" 11.59 ±o.79 mm) from case for 10 s max .. 

CHROMA 
INPUT 

ACC 
INPUT 

TO ACC 8: 
APC DET. 

3 --- 4 -£- 6 ,--RE:.SU~CA:RIER 
AMPLIFIED CHROMA INPUT 

Fig. 1 - Functional block diagram of the CA3121G. 

1W 
derate linearly 10.5 mw/0 c 

. -40 ta +s5°c 
-65 to +150°c 

:.. 2500 

~ 
l zooo 

~ 1500 

• ~ 1000 

000 

JOO 200 300 400 500 600 100 

NTSC CHROMA INPUT SIGNALtTERM.21-mVp-p gzcs-Z2&a? 

Fig. 2 - .Tvpical ACC plot for the CA3121G when 

used with the CA3070. 

CIRCUIT OPERATION 

The CA3121G consists of three basic circuit 
sections: (1) amplifier No.1, (2) amplifier 
No.2, and (3) demodulator. Amplifier No.1 
contains the circuitry for automatic chroma 
control (ACC) and color-killer sensing. The 
output of amplifier No.1 (Terminal 3) is 
coupled to the Chroma Signal Processor 
(CA3070, CA3170 or equivalent) for ACC 
and automatic phase control (APC) operation 
and to the input of amplifier No.2 (Terminal 
4) containing the chroma gain control cir
cuitry. The signal from the color-killer cir
cuit in amplifier No.1 acts upon amplifier 
No.2 to greatly reduce its gain. 

The output from amplifier No.2 (Terminal 
14) is applied, through a filtering network, 
to the demodulator input (Terminal 13). 

The demodulator also receives the R-Y and 
B-Y demodulation subcarrier signals (Termi
nals 7 and B) from the oscillator output of 
the Chroma Signal Processor. The R-Y and 
B-Y demodulators and the matrix network 
contained in the demodulator section of the 
CA3121G reconstruct the G-Y signal to 
achieve the R-Y, G-Y, and B-Y color differ
ence signals. These high-level outputs signals 
with low impedance outputs are suitable for 
driving high-level R, G, and B output amp
lifiers. Internal capacitors are included on 
each output to filter out unwanted har
monics. For additional operating information 
and signal waveforms, refer to Television 
Chroma System (utilizing RCA-CA3070, 
CA3071, CA3072), File No. 468. 



CA3121G 

ELECTRICAL CHARACTERISTICS at TA= 25°C and Reference to Test Circuit (Fig. 31 

CHARACTERISTIC, 
TERMINAL MEASURED, 
AND SYMBOL 

Supply Current IT 

Input Sensitivity. Vz 

Second-Stage Sensitivity V4 

Output Voltage V11 
(Killer offl 

Demodulator Characteristics: 

Output Voltages 

Vg, V10. V11 

DC Output Balance 
(Between any 2 outputsl 

Unbalance Vg, V10. V11 

Relative Outputs-
R-Y 

G-Y 

Relative Phase-
R-Y 

G-Y 

Max. Output Voltage 

KILLER 

TO 
TERM. 6 

0.01 

V10 

V9 

V10 

Vg 

V11 

*30pF a 3.9 kn VALUES MAY BE ADJUSTED TO 
GIVE THE DESIRED RESPONSE 

Tl: PRIMARY 8 SECONDARY WINDINGS z75JiH, 
c~22, PRIMARY WINDING CENTER TAPPED 

NOTE: 

TEST CONDITIONS 

-

Vary Eg; set V 4 for 
55mV RMS 

Vary Eg; set V 11 for 2 V 
RMS 

Switch Position: S1=2, 
S2=2, S3=2 Adjust killer 
potentiometer until out· 
put drops 

-

-
Eg=O; Swith Position: 
S1=1, S2=1, S3=1 

Vary Eg;setV11for2V 
RMS 

Vary Eg; set V 11 for 2 V 
RMS; read phase of 
V1oand Vg 

with V 11 as reference 

Eg = 750mV 

Min. 

-

6 

25 

-

13 

-0.6 

-

1.4 

0.3 

-101 

112 

2.8 

LIMITS 

Typ. Max. 

40 50 

10 15 

55 100 

- 70 

14.3 15.6 

- +0.6 

- 0.8 

1.52 1.68 

0.4 0.5 

-106 -111 

104 96 

- -

f~f~ 
8-Y 8-Y 
~ 
SUBCARRIER 
INJECTION 

102• PHASE DIFFERENCE 
IV p-p 

2.2·kil LOADS ONLY FOR TEST PURPOSE, 3.3-kil LOADS RECOMMENDED FOR APPLICATIONS. 

RESISTANCE VALUES ARE IN OHMS. 
CAPACITANCE VALUES ARE IN MICROFARADS UNLESS OTHERWISE INDICATED. 

Fig. 3 - Typical characteristics test circuit for the CA3121G. 

UNITS 

mA 

mVRMS 

mV RMS 

mVRMS 

v 

v 
Vp·p 

V RMS 

V RMS 

degrees 

degrees 

VRMS 

B·Y 
OUTPUT 

92CM-227321tl 



AMPL. 
No.I 
a 

ACC. 

016 

Rll 
2.4 K 

015 

"'" 13 K 

AMPL. 
No.2 a 
CHROMA 
GAIN 
CONTROL 
RIT 
540 

~ 
I 
I 
I 
I 
I 
I Rl6 

I 
16K 

I 
I 
I 
I BIAS 023 050 

I CIA-
I CUITA 

RIO R23 R28 B-Y I l.2K 5.61( 600 
DEMOO. 

RESISTANCE VALUES ARE IN OHMS 

Fig. 4-Schematicdiagram of the CA3121G. 

Fig. 5 - Simplified functional diagram of a two-package TV chroma system utilizing_ 
the CA3121 G and CA3070 or CA3170. 

CA3121G 

049 

R31 R30 R32 A-Y 6.8K 300 
DEMOD. 6.8 K 



CA3121G 

CHROMA 
IN~ 

41 

20 K 
APC 
ADJ 

2.7M o.o,_•_,~--------.------~....,.---<..1•24V 

I 0.04 
I 
I 
I 
I 
I 
I 
I 

TO TERM. 6 

L ___ _ 

100 

390K 

3.31< 1001< 
KILLER 
ADJUST 

47K 

CA3121G 

1.5 

l 
I 

R-Y 
2.7 K OUTPUT 

1.2 M 

ZO I( ACC 
ADJ 

50 

K 47~H 15p.H 

180 

6-Sf<H 

IK 

250 K :>-------. 
HUE 

HORIZ. KEV PULSE 
+4V, 4 .5 µ$ 

INPUT 
RESISTANCE VALUfS ARE IN OHMS. 

UNLESS OTHERWISE INDICATED, ALL CAPACITANCE 
VALUES LESS THAN t ARE IN MICROFARADS, 
I OR GREATER ARE IN PICOFARADS. 

43.J. 

Fig. 6 - Outboard circuitry of a typical two-package chroma system for 
color-TV receivers utilizing the CA3121G and CA3170. 
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AM Radio Receiver Subsystem Features: 

Includes RF Amplifier, IF Amplifier, Mixer, 
Oscillator, AGC Detector, and Voltage Regulator 

• Low-noise, low-Rb' rf stage in cascode connection -

eliminates Miller-Effect regeneration and allows con

trolled power rise by the choice of external components 

The CA3123E• is a monolithic silicon integrated circuit 
that provides an rt amplifier, if amplifier, mixer, oscillator, 
AGC detector, and voltage regulator on a single chip. It is 
intended for use in super-heterodyne AM radio receiver 

applications particularly in automobiles. The CA3123E is 
supplied in a 14·1ead dual-in-line plastic package and operates 
over the temperature range of -55° to 125oc. 

• 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 
• Formerly RCA Dev. No. TA6155 

• Integral regulation with built-in surge protection 

• Separately accessible amplifiers 

ELECTRICAL CHARACTERISTICS at TA= 2soc 

CHARACTERISTIC SYMBOL 

SUtic Characteristics In Circuit of Fig. 3 

DC Voltage: 
At Terminals 1, 4 

At Terminals 2, 3, 14 

At Terminal 5 

At Terminal 6 

At Terminal 7 

At Terminals 8, 9 

At Terminals 10, 11 

At Terminal 12 

At Terminal 13 

Into Terminals 1. 4, 5, 7 

8,,9, 10, 11, 12 

Into Terminal 2 

Into Terminal 3 

Into Terminal 6 

Into Terminal 13 

Into Terminal 14 

v,, 

l1,l4,l5,l7. 

l9.l9.l10.l11·112 

'a 
113 

•14 

Performance Characteristics In Circuit of Fig. 3 

Sensitivity 

Signal-to-Noise Ratio SIN 

Overload Distortion 

TEST CONDITIONS 

Input Signal to Dummy 

Antenna at flN"'1 MHz, 

30% AM Modulation at 

fMOD =400 Hz. for 11 ~V 

output at v 0 

Ratio of Output at Vo 

with Modulation ON and then 
OFF, Input $ignal"'100 µV, 
30% AM Modulation at 

'Moo=400Hz 

Input Signal set at 
1 MHz.90%AM 
Modulation, Distortion 

at Vo must be 

:o:; 10% 

Dynernic Characteristic1 For lndic•ted Stages In Circuit of Fig. 3 

Paraa.f Capacitance ParallelResist.'UICe 

Stago ...... Output Input Output 
pf pf " " RF Amplifier 80 6 750 2 x u)B"min. 

IF Amplifier 35 3.5 950 1<>4 

Mixer 2000 2x 106min. 

LIMITS 
UNITS 

Min. Typ. Max. 

4.7 

6.8 

0.25 

12 

0.76 

0.71 

0.71 

4.0 

1.2 

15 

4.3 

4.5 

0.170 

2.3 

34 43 

160000 400000 

Transcond•.ctance 

µmh .. 

140000 

80000 

2500 {Mixer) 

3000 (Amplifier) 

v 
v 
v 
v 
v 
v 
v 
v 
v 

mA 

mA 

mA 

mA 

mA 

mA 

µV 

dB 

µV 

CA3123E 

T81'minal as1ignment diagram. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

DC SUPPLY VOLTAGE: 
At Terminal No. 3 (V+I 9V 
At Terminal No. 6 OF Output),. 40 V 
At Terminal No. t3 (RF Output). 20 V 
At Terminal No. 14 (Mixer Output) 20 V 

DC CURRENT: 
Into Terminal No. 3 (V+I . 35 mA 

DEVICE DISSIPATION: 
UptoTA=ss0 c. 750mW 

Above TA= ss0 c.. . ........... derate linearly 6.67 mW/0c 

AMBIENT TEMPERATURE RANGE: 
Operating. 
Storage ... 

LEAD TEMPERATURE (During Soldering); 
At distance 1 /16" ± 1 /3" 

(1.59 mm ± 0.79 mm) 
from case tor 10 s max. 

TYPICAL CHARACTERISTICS 

---55 to +125°C 
-65 to +15D°C 

0 IOO 200 300 400 500 600 

JNPUT VOLTAGE ltwl-mVRMS 

F;., I - Control of RF stage by signal into Tt1rminal No.5. 

Fig. 2-Tesr cin:uit far Fig. I. 



CA3123E 

Trandormer 

First IF: 
Primary 

Secondary 

Second IF: 

Primary 

Secondary 

Antenna: 

Primary 

Secondary 

Coil• 

•IO AMBIENT TEMP£RATl.IRE (T.tJ•25"C lU l 
I I Ill I 1111 

OUTPUT VOLTAGE tVol•85mV 

RF SIGNAL INPUT VOLTAGE-~V 

Signal·to-noise performance. 

Symbol 

T2 

T3 

T1 

. 
27pF CAPACITOR IN SERIES WITH INPUT GENERATOR 
REPRESENTS A OUMMY "WINDSHIELO"-TYPE .t.NTENNA 

Frequency 
Inductance Capacitance Q Total Turns To 

Coupling µh I"'=' pf f""'t ("<j Tap Tums Ratio 

262 kHz 2840 130 60 

2840 130 60 or 30:1 critical 

31:1 ~a.011~110 

262 kHz 2840 130 60 a.s:1 
2840 130 60 8.5:1 

critical 
:::::0.011~110 

1 MHz 195 (C11-130 65 

Adjusted to an impedance of 75 Q. with primary resonant at 1 MHz. Coupling should be as tight as practical. 
Wira should be wound around end of coil away from tuning core. 

7.9 MHz 

1 MH<t 

1.262MHz 

55 

41 

so 
so 
40 

Fig, 3- Schematic diagram of AM radio recfliver using CA3123E. 

Fig, 4- Schttmarie diagram of CA3123E. 

PERFORMANCE CHARACTERISTICS IN CIRCUIT OF FIG. 3 

... '°"! 
FREQUENCY Of MOl>ULATlON ffMQD)•400 ~Kt 
AM MODVLATIOlll•30% 

:5~ AMBlENT TEMPERATUM ITAl•25•C 
2. OUTPUT VOLTAGE MEASUREO ACROSS H-

20 KD VOLUME CONTROL 
FOff DETAILS BELOW )Ol'V, SEE FIG 6 

if 
~ l 200 r :1 I ~ , I i 

"o 

_,, ______ .,___ ~ 
: AMBIENT <EMPERATU!IE lTAl•""C =:J: ~ ~ j-J 

~ H 

T I TJJ ' 
ii I 
g ,00 

I '1-H 'I l I 
JI >O 

I llt1 l I + ..ol I 
10 ' <4681CJ22 <4681o' 46 io•2 4 

'"' Rf SIGNAL INPUT-,aV 

Fig.6 -AGC cuTVe showing 110ltage ristt (controlled by 
external capM:itance of 5.l pF: C17; Fig.3}. 

Change in slope in the vicinity of 40000 µV signal input voltage is the 
result of the use of C17 (5.7 pf) in Fig.3. The dotted curve indicates 
expected performance lf C1 7 ~ 0. 

~ 

I 
~ 
~ 
~ 

7 -

• i . 
' 
• 
2 

I 

' . . ' ' . . . 
RF SIGNAL IHPUT-,..V 

Fig.7- Overload response. 
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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 A-G·B 
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, 
v+ = +20 VOL TS 

SUPPLY CURRENT . .. . . .. . . .. .. . . 9.6 mA 
BRIGHTNESS CONTROL VOLTAGE: 

Measured with 8 volts at 
Terminals11,'12,and13 ...... 1.4V 

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... .. .... 20mA 
AMBIENT·TEMPERATURE RANGEo 

Operating . -40°C to +85°C 
Storage -65°C to +l50°C 

LEAD TEMPERATURE (DURING SOLDERING!: 
At distance 1/16'' ± 1/32" 11.59 ± 0.79 mm) 
from case for 10 s max. 265°C 

TYPICAL DYNAMIC CHARACTERISTICS AT TA• 25°C, 
v+;;; +20volts 

BLUE CHROMA GAIN: 
Peak·to·peak voltage at Terminal 11 with 1.0 volt 

peak·to·peak applied differentially between 
Terminals 6 and 7, and with a subcarrier 
injection voltage of 1 volt peak-to-peak 7 .36 Vp-p 

RED GAIN RATIOo 
Peak·to-peak voltage at Terminal 13 
Peak-to-peakvoltageatTerminal11 XlOO ·······• l00% 

GREEN GAIN RATIOo 

Peak-to·eeak voltage at Terminal 12 X 100 ......... 30% 
Peak·to·peak voltage at Terminal 11 

LUMINANCE GAIN: 
Peak·to·peak voltage measured at Terminals 11, 

12, and 13, with a peak·to·peak voltage of 
0.1 volt applied to Terminals 6 and 7 
(common mode}. and with no subcarrier 
injection ......................... . 

OE MODULATOR 

~~'~:~~flR a1As 
INPUT 

Fig. 1 - Functional block diagram of th• CA3125E. 

0.7 Vp-p 

CA3125E 

Features: 

• Luminance input 

• Blanking control input 

• Thr• separate demodulators with independent phase control 

• Low output offset voltage . . . . . . . . . . . . . • . . . . . . . 0.4 V 

B 
OUTPUT 

. 
OUTPUT 

. 
OUTPUT 



CA3126Q 

TV Chroma Processor 
RCA-CA3126Q is a monolithic silicon integrated circuit 
designed for chroma processing applications in color TV 

receivers. It is compatible with the CA3067 chroma demodu· 
lator as well as other chroma demodulators. 

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

DEVICE DISSIPATION: 
UptoTA=-ss0c ... 750mW 
Above TA .. 55°C . . . . . . . . . . . . . derate linearly 7 .9 mW!°C 

DC SUPPLY VOLTAGE (Across Terms. 5 and 12)6 • 13.2 V 
DC CURRENT: 

Into Term. 12. 38 mA 
Into Term. 14. . 20 mA 

DC VOLTAGE !Termmal 91: 
Negative Rating . -5 V 
Positive Rating 3 V 

AMBIENT TEMPERATURE AANGE 
Operating -40 to +esoc 
Storage. -00 to +1so0 c 

LEAD TEMPERATURE (During Soldering) 
At a distance not less than 1/32 in. !0.79 mm) 
from case for 10 seconds max. 

•rhts rating does not apply when usmg the mternal iener reference 
in conjunction with an external pass transistor. 

The CA31260 is supplied in the 16-lead quad-in-line plastic package. 

1211ll 

001,..r .:I: ~[c..:r::.001 ,..r 
-=-FILTEl'l=-

' I 
I 

~~Do~~ 
I HOflt20fllTAl 
: 11£'11NPUT 

* OPTIONAL DESIGN 
FEATUl'IES 

Fig. 1 ~Block diagram of CA31260 TV Chroma Proct111or. 

ELECTRICAL CHARACTERISTICS 

Test Conditions: TA= 25°C, chroma control at maximum position for all characteristics tests except for chroma output test. 
For this test, control should be set at minimum position. Electrical characteristics referenced to test circuit, Fig.2. 

TERMINAL. 

CHARACTERISTIC 
MEASURE· SWITCH POS. CHROMA 

LIMITS 
MENT, AND INPUT 

SYMBOL Sl S2 TP1 Mtn. Typ. Max. 

Static Characteristics 

Voltage Regulator V12 10.1 11.2 12.1 

Supply Current '12 16 25 38 

Dynamic Characteristics (See Note 1) 

Pull·in Range• Va 0.5 Vp·p •250 

Oscillator Output Va 0 0.6 1.0 

100% Chroma Output V15 0.5 VP·P 1.4 2.7 

Overload Detector V15 0.5 Vp·p 0.4 0.7 

Minimum Chroma Output V15 0.5 VP·P 20 

200% Chroma Output V15 1 vp·p 70 100 140 

20% Chroma Output V15 0.1 VP·P 40 105 

Kill Level VTP1 vary 60 

Note I Except for pu!J.m range resting, rune osc•llato• trimmer capacitor for free-runmng frequency of 3 579545 MHi ± 10 Hi 
•set Switch 1 lo Pos1t10n 2. detune oscillator ± 250 Hz, set Sw11ch 1 to Pos1t1on 1, and check for oscil!ator pull-in 

370 

UNITS 

v 
mA 

Hz 

VP·P 

Vp·p 

VP·P 

mVp-p 

%of 
100% 

reading 

mVP·P 

Features: 
• Phase-locked subcarrier regeneration utilizes sampte·and·hold 

techniques 

• Automatic chrominance controt IACCl/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 de saturation control 
• Internal zener-regulated reference potentials 

• Only the initial crystal filter tuning is required ... no killer or 
ACC ad1ustments required at any time 

• Few external components required 
• Compensation for temperature and supply variations 
• All terminals protected against short circuits 

CIRCUIT DESCRIPTION 

The following paragraphs briefly describe the circuit operation 
of the CA3t260 (shown in Fig. 1 ). A detailed description of 
the operation of various portions of the CA31260 is 
given in ICAN-6247, "Application of the CA31260 Chroma
Processmg tC Using Sample-and-Hold Techniques". 

The chroma input is applied to Terminal 1 through the desired 
band-shaping network. A 2,450-ohm resistor should be placed 
in series with Terminal 1 to minimize oscillator pickup in the 
first chroma amplifier. This amplifier supplies signals to the 
second chroma amplifier and to the ACC and AFPC detectors. 
The first chroma amplifier is gain-controlled by the ACC 
amplifier. 

A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator 
circuit. The subcarrier burst is sampled during the keying 
interval in the AFPC detector. The error voltage, produced at 
Terminal 2 and proportional to the burst phase, is compared 
to the quiescent bias voltage at Terminal 3 by the sample-and· 
hold circuitry. This "compared" voltage controls the phase· 
shifting network in the phase-locked loop. The operation of the 
AFPC loop is independent of any external adjustments or 
voltages except for an initial capacitor adjustment to set the 
free-running frequency. 

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 tfle circuit. The "compared" voltage is applied 
internally to the ACC amplifier and killer amplifier. Because 
the amplifier gains and killer threshold are determined by the 
ratios of the internal resistors, these functions are independent 
of external voltages or controls. 

The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst is removed by key er 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 de voltage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of the 
chroma output (Terminal 15) and detects the peak of the signal. 
The detected voltage is stored in an external capacitor 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 is typical of the type of 
circuit used in the practical application of the CA3126Q. 
Several items are critical for proper operation of the circuit. 
1. A series resistor of approximately 2,450 ohms for hi\11 

source impedance) must be used at the chroma input, 
Terminal 1. This high impedance minimizes pickup of 
unbalanced currents, particularly of the subcarrier oscillator 
signal. 



2. When the overload detector is used, a large resistor (nom
inally 47,000 ohms) must be placed in series with Terminal 
16 to set the required RC time constant. The same RC 
network series serves to set the killer time constant. 

3. The setting of the free-running oscillator frequency requires 
the presence of the keying pulse. The free-running frequency 
will be erroneous if Terminal 1 is de Shorted during the 
setting operation because of the de offset voltage introduced 
to the AFPC detector. 

4. Care must be taken in PC board designs to provide 
reasonable 1solation between the oscillator portion of the 
circuit (Terminals 6, 7. and 8) and the chroma input 
(Terminal 1). 

Overload Detector 
The overload detector accomplishes two purposes: 

1. It prevents oversaturation due to low burst·to-chroma 
ratios. 

2. It prevents overload conditions due to noise. 
Both of these conditions are discussed in more detail in 
ICAN-6247. The extent to which the overload detector is used 
depends upon the individual receiver design goals. If greater 
than 0.5-volt peak-to-peak output is desired, the chroma 
output at Terminal 15 can be tapped to yield any desired 
degree of overload detector action. 

O.rome Gain Control . 
The chroma gain control operates by varying the base bias on 
current source transistor 025. To ensure proper temperature 
tracking of the chroma gain control, it is essential that the 
control be operated from a supply source derived from the 
reference voltage at Terminal 12. Because the control operates 
from a current source, chroma gain is much more predictable 
and far less temperature sensitive than controls that steer 
current by means of a differential amplifier. The typical chroma 
gain characteristic for the CA3126Q is shown in Fig. 3. 

Subcarrier Regenerator Oscillator 
The oscillator filter consists of a 3.579545-MHz crystal, a 
680-ohm resistor, and a lO·pF capacitor connected in series 
across Terminals 6 and 7. A 33-pF capacitor, shunt connected 
from Terminal 7 to ground, rolls off higher-order harmonics, 
thereby preventing oscillation at the crystal third-harmonic 
frequency. A curve of the typjcal static phase error as a 
function of the free·running oscillator frequency is shown in 
Fig.4. It should be noted that the slope of the curve determines 
the de gain of the phase·locked loop, i.e., 40 Hz per degree. 

AMBIENT TEMPERATURE IT4 1•25-t 
CHROMA INPUT•0.5 Yp-p 

:i; 

!: 1001lli t im. 
x 80 iuJlll!! 
~ :::: l!! !! 

Fig .3 -Chroma IJBin control. 

~ 140 CMROMAINPUT•0.25Vp-p. 
;I 3.58-MHI CW SIGNAL 

i 130 '.;;~ :[1 

~ 120 
~ 

~ 
~ "uoi-;. +"llif.ffie!ti 

l 
I 

Fig. 6 -Ampliwde and pha111 variations of chroma 
output l!S. temperature. 

+24 v .------
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Fig. 2-TestcircuitforCA31260. 
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Fig. 4-Static phase error. 
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Fig. 7-Variation of 01Cillator frtlfl-fUnning frequtmey w. ftlfnPBratuf9. 

Fig. 6 -Amplitude and pha1e W1riatior11 of 01Cillator 

output vs. tfHn/Hlrature. 

Thermal Considerations 
The circuit of the CA3126Q 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. 

Bo.th the oscillator- ar;d 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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CA3128Q Preliminary Data 
TV Chroma Processor for PAL Systems 

The RCA-CA3128Q is a monolithic silicon integrated circuit 
designed primarily for PAL chroma processing applications in 
color TV receivers. For a circuit description of the CA3128Q 
and an explanation of this device in PAL systems, refer to "A 
New Chroma Processing IC Using Sample -and-Hold Techniques" 
by L.A. Harwood (ST6144). 

MAXIMUM RATINGS, Absolute-Maximum Values at TA= 2~C 

DC SUPPLY VOLT AGE (Between Terms. 12 and 5). 
DC VOLTAGE (Term. 9): 

Positive V~lue 
Negative Value ...... . 

DEVICE DISSIPATION: 
Up to TA= 55°C 
Above TA= 55°C ... 

AMBIENT TEMPERATURE RANGE: 
Operating 
Storage 

LEAD TEMPERATURE (DURING SOLDERING): 

At a distance not less than 1/32" (0.79 mm) from case for 10 seconds max. 

TYPICAL STATIC CHARACTERISTICS at TA • 25° C: 

DC Supply Current (l12lwith v 12 = 11.2 V de .... 

TYPICAL DYNAMIC CHARACTERISTICS at TA = 25°C with a Burst-to-Chroma Ratio of 46.5%: 
100% Chroma Output Voltage at v1 (p-p) = 0.5 V .. 
Oscillator· Level Output Voltage 
Killer Threshold Input Voltage 
Pull·in Frequency 
PAL Identification Output Voltage 

The CA3128Q is supplied in the 16-lead quad-in-line plastic package. 

TEAM 12 

1.2KR 

I 
SUBSTRATE I r 

= I 
L ___ c~3~8~ ___ _ 

13.2 v 

+3 v 
-5 v 

750 mW 
derate linearly at 7 .9 mWt'C 

-40 to +85 °C 
-65to+150 °C 

+265 'c 

25 mA 

3.5 Vp·p 
1 Vp·p 

O.Q18 Vp-p 
500 Hz 

Vp·p 

Fig. 1 - Block diagram of CA31Z80 TV Chroma Proce1;1;or. 
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Features: 

• Phase-locked subcarrier regeneration 
utilizes sample-and-hold techniques in 
the automatic frequency phase control 
(AFPC) seM> loop 

• Automatic chrominance control (AC_C}/ 
killer detector emp10ys sample-and·hokt 
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 de saturation control 
•PAL identification output 

• Only the initial crystal filter tuning is required ... no killer 
and ACC adjustments required at any time 

• Few external components required 

•Compensation for temperature and supply variations 

• All terminals protected against short circuits 

CHROMA 
OUTPUT 

SW OPEN 
Vo• 35Vp·p 

SW CLOSEO 
VO '0 5V p·p 

~ 
'" IDENTIFICATION 

OUTPUT 



Preliminary Data CA3131EM, CA3132EM 

5-Watt Audio Amplifiers 
With Integral Heat Sink 

RCA-CA3131EM and CA3132EM 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 CA3132EM omits the internal feedback network. This 
arrangement offers the circuit designer a wide latitude in the 
choice of an external feedback network more suitable to a 
specific application. 

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 dcquiescent 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 AA + R5, for 04). 
The voltage at Terminal 2 is set slightly above half the supply 
voltage to allow for the voltage drop across RA + Re. 
Filter RsC3 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 QB 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 µF to attenuate high-frequency sigials in the 
supply line. Ideally, C1 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 4S.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 lfy) than the n-p-n transistors, 
C7 is connected to Terminal 9 to compensate for gain losses 
occurring in the negative voltage swings. 

The use of the filter networks ca and Ro at the output 
Terminal 6 is a standard requir.ement for class B audio outputs 

! 
1000*" 

•' i 

l 
' ' : 
I 

C2 
0.1,.F 

'• 270kfi 

'• 
12okn 

,,. 
100£'!. 

+ " -100,.r 

C6 
IOOOpF 

* A 1000-pF capacitor is required if input has an open circuit. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
SUPPLYVOLTAGE.V+ 28V 
CONTINUOUS OUTPUT POWER, Po (with 

RL = an and v+- = 24 V) . . . . . . . . . . . 8 w RMS 

MINIMUM RECOMMENDED LOAD 
IMPEDANCE. RL 

AMBIENT OPERATING TEMPERATURE.TA 

(at 6 W RMS Output Power) .. 
STORAGE TEMPERATURE RANGE 

JNV INPUT v
INPUT COMP GNO 

NON-INV BIAS v
INPUT SOURCE GNO 

sn 

10°c 
-55 to +150 °c 

Fig. I-Terminal assignment of the CA3131EM and 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: y+ = 24 V typ-. 
• Available with internal feedback (CA3131 EM I 

or without feedback (CA3132EM) 

ELECTRICAL CHARACTERISTICS at TA • 25"C, y+ • 24 V 

Values 
Characteristic Sym- Conditions Unit 

Input 
Impedance 

Power Output 

Closed-Loop 
Gain-

bol 

z, 
Po At clipping onset 

RL • an 
RL - 16 fl 

CA3131EM A f•lkHz 

Min. Typ. 

200k n 

4 w 
w 

46 48 dB 

driving reactive speaker loads. Capacitor CB compensates for J-Su...:p:.::p...:lv_Cc..:uc."..:ec.nt+-l"-+--4..:Z:::er..:0 ..:5 i:;:gn..:ac.I ---1---1-1:::04_:::m::A~ 
the speaker inductance and Ao limits the current surges Total 
through ca. Harmonic 

The value of the coupJing capacitor C9 to the load determines Distortion THO Po"' 50 mW-4 W, 
the low-frequency response of the amplifier. RL"" 8 n 
Closed-Loop Gain Po "'50 mW-3 W, 

The closed-loop gain for either type is set by the ratio RL • 15 U 
IR1 + R2)/R1. These resistors are included in the CA3131EM Noise Voltage Vn f=20 Hz-20 kHz 

circuit and are e>eternal when used with the CA3132EM. In 
either type, the low-frequency value (-3 dB point) is reached 
when the impedance of CS equals the value of R 1. 

" 

1.5 mV 
RMS 

r- - ----- ------ - -- - - ---- - -------"./".,'\r- -- ----- ---- --- ------ -----------! ~~ . 1 
I 

i 
i 

aJ~\ 1~10 I 

[ @---v.·~--t : 
••il---~ 

NOTE: AMPLIFIER CIRCUIT IS IDENTICAL FOR 
BOTH TYPES EXCEPT FOR INV. tM'UT ANO 
FEEDBACK LOOP (INCLUDING R1 ANO R21. 
THESE CIRCUIT ADDITIONS, SHOWN WITH COT· 
TED LINES, APPLY ONLY TO TVPE CA31JU:M. v-

GND 
81AS 

SOURCE 
INPUT OJTPUT 
COMPENSATION 

fig. 2-SchBmatic diagram of types CA3131EMand CA3132EM. 

CB 
4700pf 

'o 
oon 

92CS- 24974 

.Bottom view 

v
GNO 

A External resistors R1 and R2 are used only with the CA3132EM. When testing theCA3131EM, 
omit Rt and R2 and connect the (+I termination of CS to Tenninal 16. Fig. 4-Printed-circuit board (actual size) containing 

the test circuit, shown in Fig. 3, for the 
CA3731EM, 

Fig. 3-Test circuit for typ6s CA3131 EM and CA3132EM. 
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CA3134G, CA3134GM, CA3134GQM 

TV Sound IF and Audio Output Subsystems 
The RCA-CA3134 combines the sound if 
and audio output subsystems on a single 
monolithic integrated circuit to provide a 
television sound system for color or black 
and white applications. Each device includes 
a multistage if amplifier-limiter, and Im 
detector, and an audio power amplifier that 
is designed to drive an 8-, 16-, or 32-ohm 
speaker. 

MAXI MUM RA Tl NGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE (Between Term. 1, 
v+ and Terms.4, audio-output ground and 
13, substrate) . 

INPUT SIGNAL VOLTAGE (Bet.;,,een 
Terms. 14 and 15) . 

DEVICE DISSIPATION: 
With Infinite Heat Sink

Up to TA = 70°C . 
Above TA= 70°C 

With no Heat Sink-
Up to TA= 250 C. 
Above TA= 25°C 

With Copper-Strap Heat Sink
Soldered to PC Board 

derate linearly 

deraJe linearly 

The CA3134 is supplied in the hermetic 
Gold-CHIP, which is of the sealed-junction 
type designed to provide protection against 
the deteriorating effects of humidity and 
0th.er surface contaminants without the need 
for a hermetic package enclosure. This 
hermetic chip is encapsulated in a 16-lead 
plastic "power stud" dual-in-line package, 
which has an inherently low junction-to-case 
(stud) thermal resistance. This package lends 
itself to a wide variety of heat-sink methods, 
depending on the application requirements. 

Up to TA = 25°0C 
Above TA =25 C 

Unsoldered 

derate linearly 

Up to TA = 25°.f 
Above TA =25 C 

THERMAL RESISTANCE 
Junction to Stud . 

AMBIENT TEMPERATURE RANGE: 
Operating 
Storage • 

derate linearly 

The CA3134G is supplied in the 16-lead 
plastic "power stud" dual-in-line package. 
The CA3134GM and CA3134GOM are simi
lar to the CA3134G except that they in
corporate a tin-plated copper-strap heat sink. 
The CA3134GQM also has quad-formed leads. 

LEAD TEMPERATURE (During Soldering): 

Features: 
•Output power 3W (typ.) at v+=24V, RL = 16!1 
• Power amplifier with current limiting and 

thermal shutdown 
•Wide power-supply range: 12V to 33V 
• Low quiescent current: 30 mA typ. 
• 5-kHz deviation sensitivity: 1W output typ. 
• 3-dB limiting sensitivity: 200 µV typ. 
• Excellent AM rejection: 50 dB typ. 

At a distance 1/16 in. ±1132 in. (1.59 ±o.79 mm) 
from case for 10 seconds max. . 

• Differential peak detector-requires one tuned coil 
• Electronic volume control with improved taper 
• Optional unattenuated audio output 
• Optional power-supply ripple by-pass 
•Hermetic Gold-CHIP 

~~~l~N~MPLI Fl ER 4 

NO CONNECTION 5 

POWER SUPPLY 6 
RIPPLE BY- PASS 

~~PDJ~ AMPLIFIER 7 

x~g16T~~~~JiD e 

I SUBSTRATE GROUND 

12 ~~~~¥~ocr?1~1:~~tN°~ATOR 

II \FM DETECTOR 
TUNING 

10 

AUDIO OUTPUT FROM 
9 ELECTRONIC 

ATTENUATOR 

92CS-25650Rt 

CA3134G 
CA3134GM, 
CA3134GOM 

33 

±3 

6.5 
83.3 

1.4 
11.1 

12 

33 v 

mWl°C 

w 
mWl°C 

3.9 w 
31.2 mWl°C 

2.5 w 
20 mWl°C 

12 °C/W 

-40 to +85 
-65 to +150 

+265 

oc 
oc 

oc 

OPTIONAL 
r---.--~--~ UNATTENUATED 
I ~ . 1 AUDIO OUTPUT 
136k<-, -LOO?. (IF~TUSEO, 
I c..,. ...,.. ~F GROUND TERM.SJ 
I < I 

~ ~ 

0.01 µ.F 

0.01~ 
OE - EMPHASIS 

ALTERNATE 
VOLUME- CONTROL 
CIRCUIT 

92CS 24l5~R3 

Fig. 1 - Terminal diagram of the CA3134G, 
CA3134GM, and CA3134GOM. 

Fig. 2 - Block diagram of the CA3134 in a typical circuit application. 



CA3134G, CA31340M, CA3134GQM 

ELECTRICAL CHARACTERISTICS 
Tlllt Conditions: TA• 25°C, v+ • +30 V (applied to Tenn. ti, DC Volume ContJQI, 

Rx• 75 kO, Rt• 16 0, unlen otherwise indicated. Refer'to Fig.2. 

CHARACTERISTIC SPECIAL TEST LIMITS 

CONDITIONS Min. Typ. Max. 

Static Characteristics 

Current into Term. 1, 11 Po=O 15 30 45 

Dynamic Charectariltics 

IF AMPLIFIER: 
Input Limiting Voltage, fa =45MHz 

V15llim) fm=400Hz - 200 400 
(at -3 dB point) /j,f = ±25 kHz 

fa= 4.5 MHz, fm = 400 Hz, 
AM Rejection, AMR Modulation Index= 0.3, 40 50 -

V15=20mV 

Input Resistance, RI V15=35mV - 25 -

Input Capacitance, C1 V15=35mV - 3 -

DETECTOR: 
Recovered af Voltage 

(Term. 9), Vo(afl fa= 4.5 MHz, fm = 400 Hz, - 700 -
Total Harmonic Distortion, /j,f = ±25 kHz, V15 = 100 mV 

- 0.8 3 (THO) 

Output Resistance, Ro At Term. 9 - 7.5 -
ATTENUATOR: 

Maximum Attenuation Rx= 0 - 10 15 

UNATTENUATED AUDIO: 
Recovered af Voltage 

(Term. 81. Volafl fa= 4.5 MHz, fm = 400 Hz, - 600 -

Total Harmonic Distortion (THO) M = ±25 kHz, V15= lOOmV - 0.8 -
AUDIO POWER AMPLIFIER: 

Voltage Gain, A(af) f = 1 kHz - 35 -
System Total Harmonic 

Distortion Po= 1W(IT=140mA typ.J - 1.5 -
THO (System) Po= 2W (IT= 180mA typ.) - 1.6 3 

Power Output, Po 
THO (System)= 10% - 5• -(IT= 210 mA typ.) 

Input Resistance, IR1(afl f = 1 kHz - 100 -

• With suitable heat sink for the CA3134G. 

UNITS 

mA 

µ.V 

dB 

kO 

pf 

mV 

% 

kO 

mV 

mV 

% 

dB 

% 

% 

w 

kO 

• • • • 10 • • ..... 
EFFECTIVE LOAD RESISTANCE CRt.l-0 HCS•JOll& 

Fig. 3 - Maximum output power as a function of 
effective load resis'tance. 

'" 
8 I I 2 I 1 10 

OUTPUT POWER(Po)-W HCS·JOIS4 

Fig. 4 - Total supply cu"ent as a function of 
output power. 

POWER OUTPUT IPol-W gzcs-l05'' 

Fig. 5 - Power dissipation as a function of 
output power. 

tlD 

• r _,V u 
REFEREN~ED TO RECOVERED AUDIOAT TERM. 9 

•20t-- VOLTAGE CONTROL AT MAX.,fo•4.5 NHz,tI•400Hz 
61 •±U kHz 

-
' I 

·40 
1 

=~ l s11aNAL-TO-NOISE RATl0(6f•O) 

.~ 2 . 2 . .. 2 • . . 
O.I RF INPUT ~EVEl AT TERMS. 14~?!5-mV IOO. 

Fig. 6 - Recovered audio~ and signal-to-noise 
ratio as a function of rf input level. 



CA31340, CA3134GM, CA3134GQM 

eowER I SUPPLY 
RIPPLE 
BYPASS 

6 

SUBSTRATE I 
GROUND 

RESISTANCE VALUES ARE IN OHMS 

AUOIO POWER 
AMPLIFIER WITH 
CURRENT LIMITING 

Fig. 7 - Schematic diagram of the CA3134 

OPERATING CONSIDERATIONS 

The CA3134GM. which incorporates the 
tin-plated copper-strap heat sink, was used 
to obtain the power measurement values 
given in this data bulletin. 

A heat sink, similar to the type attached to 
the CA3134GM, may also be used with the 
stud-type CA3134G. A recommended pro· 
cedure for attaching the heat sink to the 
CA3134G is described as follows: 

Apply a non-conductive epoxy ( Uniset 
structural adhesive or equivalent) to the top 
side of the plastic package. Then apply a 
conductive epoxy (DuPont 5504A or equiva· 
lent) in the hole of the heat sink and around 
the stud projecting from the plastic package. 
To assure good thermal conduction, use 
sufficient conductive epoxy to allow the 
excess to be forced through the hole when 
the heat sink is fitted over the stud. Stress 

applied to the stud should be limited to less 
than 0.34 newton-meters (3 in·lb) of torque 
66.7 newtons (15 lb) of tension, and 444.8 
newtons ( 100 lb) of compression. 

The assembly when soldered to a 7 .6 cm 
(3 in.) x 10.2 cm (4 in.) PC board has an 
overall thermal resistance (8 Junction-to· 
Ambient) of 32°C/W. 
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Fl9.7 - Schematic diagram of the CA3134. 



CA3135G 

TV Luminance Processor 
"G" Suffix Type - Hermetic Gold-CHIP in 

Dual-In-Line Plastic Package 

The RCA-CA3135G monolithic silicon inte
grated circuit. operates from a 12-V supply 
and is 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 de level of "black" is maintained by 
clamping the level of the ''back porch" 
(black-level reference) of the blanking in
terval. This clamping feature provides for 
100% de 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 and chrominance channels while 
maintaining black level. 

The CA3135G is supplied in the hermetic 
Gold-CHIP 16-lead dual-in-line plastic pack
age (G suffix). The 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. 

System Features: 
• Single gain control for luminance and 

chrominance channels 

• 100% de 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 

VOLTAGE REF: I 

AU1Y~:i~~ .. a~:i~rESS 2 

(OR OPTIONAt~~r ! 
CHltOMINANCE INPUT 4 

CHM>MINANCE OUTPUT 6 

VERT/~~blULSE 7 

PIX PEAKING 8 

CA3135G 

lt>P VIEW 

1 l BUF~F~f8 CLAMPED 

10 HORl1~~'t"f'L PULSE 

9 LUMINANCE OUTPUT 

92CS-28081 

Terminal Assignment 

MAXIMUM RA TINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE: 
At terminal 9 
At terminal 14 . 

DC SUPPLY CURRENT: 
At terminal 9 
At terminal 14 . 

DEVICE DISSIPATION: 
Up to TA = 55°f 
Above TA = 55 C . 

AMBIENT TEMPERATURE RANGE: 
Operating 
Storage 

LEAD TEMPERATURE (During Soldering): 

28 v 
15 v 

30mA 
50mA 

. . . . . . 750mW 

. Oerate linearly at 7.9 mW/°C 

. -40 to +85° C 

. -65 to +150°C 

At distance 1/16±1 /32 inch (1.59 ± 0.79 mm) from case for 10 seconds max. . +265°C 

STATIC ELECTRICAL CHARACTERISTICS at TA= 2s0 c (See Fig. 3) 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

S2 =closed S3 =open 

Supply-Voltage Drop S1 ,S4,S5,S6,S7,S8 = 1 130 215 300 mV 

Measure across 10 Q resistor 

S2,S3 = closed 

First-Stage Bias 
S1,S6=2 

S4,S5,S7 ,SS= 1 1.7 2.7 3.7 v 
Measure term. 13 to ground 

S2,S3 = closed 

Chroma Bias 
Sl ,S4,S5,S7 = 1 

S6,SB = 2 
7.3 8 9.1 v 

Measure term. 6 to ground 

S2 =open Ref.= +12 V 

S3 = closed 
Clamp Video Level 

Sl ,S4,S5,S6,S7.S8 = 1 
- -8.7 - v 

Measure across 82 kn 

S2 =open 

S3 =closed 

Video Bias Level Sl = 1 - 9 - v 
S4,S5,S6,S7,S8 = 2 

Measure across 1 kH 

S2 =open 

S3 = closed 

Luminance Blanking S1,S8 = 1 - -50 - mV 
S4,S5,S6,S7 = 2 

Measure across 1 kH 

Chroma Blank 
Setup same as above, 

10.38 11.2 11.58 v 
measure term. 6 

Chroma Input 
Impedance - 2.5 - kQ 

Chroma Output 
Impedance Max. horizontal input= 10 V p-p 

- 150 - n 
Luminance Input Max. vertical input= 2 V p-p 

Impedance - 50 - n 
Luminance Output 
Impedance - 10 - kQ 



DYNAMIC ELECTICAL CHARACTERISTICS at TA= 25°C (See Fig. 4) 

CHARACTl!:RISTIC TEST CONDITIONS 

S1, S2 = 1; S3, S4 = 2 
Min. Video Gain V1N = 70 mVRMS· 

f= 100kHz, V15= 12 V 

S2 = 1; S1, S3, S4 = 2 
M~x. Video Gain V1N = 70 mVRMS• 

f = 100 kHz, V15 = 0 V 

S2,S4 = 1,S1,S3 = 2 
Limited Video Gain VIN= 70 mVRMS· 

f=100kHz,V15=0V 

S1,S3=1;S2,S4=2; 
Min. Chroma Gain V15 = 12 V; chroma in= 530mVRMS• 

f = 3.58 MHz 

Max. Chroma Gain 
S3 = 1;S2= 2, V15 =O V;chroma in; 
S1 = 2, S4 = 2 
530 mVRMS• f =.3.58 MHz 

S2 = 1, s 1, S3, S4 = 2 
Video Freq. Response VIN= 70 mVRMS; V15 = 0 V; 

f = 3.58 MHz 

SJ= 1;S2= 2;V15 =O V; 
Chroma Phase Angle chroma in; S1 = 2, S4 = 2 

5JO mVRMS· f = J.58 MHz 

Chroma Gain Vary v+ from 10.8 V (REF.) to 1J.2 V 
with v+ V15 = 50% of v+;Sl, SJ= 1 
Variation S2, S4 = 2 

Video Gain Vary v+ from 10.8 V (REF.) to 1J.2 V 
with v+ V15 = 50% of v+; s1. s2 = 1 
Variation SJ, S4 = 2 
Typical max. luminance input before clopping (f = 100 kHz): 

V15 INPUT 

+12 v 2.5 Vp·p 
+6 v 0.75 Vp-p 
ov 0.45 Vp-p 

TO PIX TI.BE 
CURRENT SENSOR 

Fig. 1 - Block diagram. 

LIMITS 

Min. Typ. Max. 

0.2 0.35 0.5 

1.6 2.1 2.6 

- 0.3 -

- 0.095 -

0.5 0.65 0.8 

1 1.9 2.8 

12 19.5 27 

- 1.5 -

- 1.5 -

92CM-ZeOIOltl 

UNITS 

VRMS 

VRMS 

VRMS 

VRMS 

VRMS 

VRMS 

Degrees 

dB 

dB 

CA3135G 

CIRCUIT DESCRIPTION 

(See fig. 2 for schematic diagram). 

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 .WU the point at which the final "black"
level clamping, or de restoration, is per
formed). The capacitor at term. 15 is charged 
on the most negative excursions of the signal 
by conduction of 04. Positive signal excur
sions lift the emitter of 04 into cutoff. The 
signal voltage on R J develops a signal current 
in 06. The current passes through 07 and 
OB, 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 R 9, and fed into the cur
rent mirror, 015, 016, and 017. The output 
of the current mirror develops a voltage across 
R 1 J. The de level is shifted by withdrawing 
some current from the input to the mirror. 
The fixed de-level shifting current is de
veloped in R6 and its diode string and is 
mirrored in 01 J. Because the de level is 
altered by adjustment of the gain, compen· 
sating de currents that depend on these ad
justments are fed into the mirrors through 
R 1 J and R29. The compensations are ar· 
ranged so that, as gain is varied, the de level 
of "black" is approximately constant at the 
output term. 13. The output is driven by 
emitter follower 01 B, which has a short· 
circuit pulldown protection circuit, R 14 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 D23. The resistor R 15 prevents 
serious interaction with another current 
source mirrored from this point in case 020 
saturates. 

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 024 
is held at about 2.B 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 conduction point, about J.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 de level of 
black is preserved regardless of the levels 
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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-

VOLTAGE 
REF 

AUTOMATIC 
BRIGHTNESS 
LIMITER 
CAIL) 

GND 
OR 

OPTIONAL 
AIL 

CHROMINANCE 
INPUT 

91CL-2:1079R2 

Fig. 2 - Schematic diagram 

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-folloWf!r amplifier which drives 
the emitter of 043. 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 

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 ahering 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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Preliminary Data CA3136E 
Features: TV Video IF 

Phase-Locked-Loop 
Synchronous Detector 
for Color TV Receivers 

• PLL carrier oscillator with wide pull-in and hold-in range 

• Excellent low-level detector linearity • Automatic Fine Tuning (AFT) Detector 

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 de con
trol of the tuner; an adjustment for the 
zero-carrier de level at the video output 

• 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 

Power Supply Current 

Input Signal Voltage ~ 

Device Dissipation: 
With no Heat Sink: 

Up to TA = 25°c 

Above TA = 25°C 
With Infinite Heat Sink: 

Up to TA = 10°c 
Above TA = 10°c . 

Thermal Resistance: 

RBJS (Junction to Stud) 
Ambient Temperature Range: 

Operating 

Storage 
Lead Temperature (During Soldering): 

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

AFT TUNING 

AFT DEFEAT 

_(<>- 001 

= l"' 14 

AFT OUTPUT 

Vo~ 

r- -----
1 

I 
I 
I 
I 

I 
I 
I 
I 

AFT PHASE 
DETECTOR 

AMPL. 

. 15V 

100mA 

1 Vrms 

1.4 w 
derate I inearly at 11.1 mwt°C 

6.5W 

de rate I inearly at 83.3 mwt0 c 

. 12°ctw 

-40 to +85°c 
-65 to + 15o0 c 

INV. AMPL. 

SYNCHRONOUS 
DETECTOR 

L ~ ~ •j 
- 4 - - - ------ - - -A~ ;;S;T;;C;; l;-O;;;;S- - - @- -@- -

VIDEO IF INPUT y 
92CM-28848 

Fig. 1 - Block diagram of the CA3136 in a typical circuit application. 

• Separate output for sound take-off 

• 12-volt power supnly 

LIMITER 
TUNING 

LIMITER 
TUNING 

0 

TOP VIEW 

IO {:~~~~f!'UT 
GOING SYNC.) 

9 ~A~UE~gFF 
OUTPUT 

92CS-2884'5 

TERMINAL DIAGRAM 

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 de signal (lock). (2) Adjust the LIMITER 
TUNING coil for a minimum de voltage on 
Terminal 10. (3) Adjust the VCO TUNING 

coil for 5.2 Vdc on Terminal 5 (with 12 volt 
supply on Terminal 8). (4) Close the AFT 
DEFEAT switch and note the de voltage at 
theAFT OUTPUT (Terminal 12). (5) Return 
the AFT DEFEAT switch to its open po
sition, and adjust the AFT TUNING coil 
for the same de 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 
de on the VIDEO OUTPUT (Terminal 10). 
This final adjustment completes the alignment 
procedure. 

~ .,. 
150 mVrmt 

(MODULATION 
ENVELOPE) 

_L 

Fig. 2 - Typical detector output linearity. 
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TYPICAL ELECTRICAL CHARACTERISTICS 

At v+ = 12 voe, fc = 45 MHz, TA= 25°c 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Supply Current 19 + 110 

Video-Output Voltage V10 Zero Carrier Bias Adjust 

Noise-Inversion Offset V10 Referenced to Zero-
Voltage Carrier Level 

Sound IF-Take-Off Output Vg V10=7Voc 
Voltage 

AFT Output Voltage V12 AFT Defeat Switch Closed 

Oscillator Pull-In Range 

Oscillator Hold-In Range 

Detector Conversion Gain 

Video Bandwidth 

Carrier Rejection at Video 
Output: 

fc = 45 MHz 

2 fc = 90 MHz 

Video IF 
Parallel Input Impedance: 

Resistance at Term. 4 RP 

Capacitance at Term. 4 cP 

Sound Take-Off Output 

Resistance at Term. 9 Ro 1 MHz 

Video Output Resistance at 
Term. 10 Ro 1 MHz 

CA3136E 

VALUE UNITS 

60 mA 

7 Voe 

0.3 Voe 

7.7 Voe 

3 Voe 

3 MHz 92CS~28846 

6 MHz Fig. 4 - Tvpical AFT output of CA3136. 

30 dB 

9 MHz 

30 dB 

40 dB 

4 kn 
5 pF 

50 n 

50 n 



CA3137E 

TV Chroma Demodulator 
Features: 
• Balanced chroma demodulators 
• C!>lor difference matrix ( 65000K l 
• 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 snicon 
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. 

Tl NT CONTROL I 

SAT. OONTROL 

CHROMA INPUT 

RF BYPASS 

GROUND 

R-Y OUTPUT 

G-V OUTPUT 

B-V OUTPUT 
TOP 
VIEW 

CARRIER INPUT 
•FLESH CORRECTOR 11 

DISABLE 

Rf BV PASS 

B+ 

I CARRIER BUFFE~ 

r} PHASE SHIFT 
Q NETWORK 

92CS-26907 

Fig.1 - CA3137E terminal assignment. 

92CS-26906 

Fig.2 - DC test circuit. 

MAXI MUM RA Tl NGS, Absolute-Maximum Values at TA = 2s0 c 
DC SUPPLY VOLTAGE (between Terms. 5 and 12) 13.2V 

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 (1.59 ±0.79 mm) 
from case for 10 s max. . 

11.2 v 

IOKn 

l.2Kll 

+11.2 v. 

750mW 
derate linearly 7.9 mW/°C 

• -40 to +ss0 c 
-65 to +15o0 c 

I ---r- _____ J 
BY PASS GND 

0.0I 4 ~ 92CM-Z6908RI 

··~ -

Fig.3 - Functional.diagram and tvPical dynamic test circuit. 



CA3137E 

ELECTRICAL CHARACTERISTICS ATTA= 2s0 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 V15 - 6.7 - voe 
Oscillator Reference Inputs V9,V10 - 3.8 - voe 
R.Y, G-Y, B·Y Outputs V5,V7,Vs - 5 - voe 
Chroma Input V3 - 1.2 - voe 
DYNAMIC (See Fig.3) 

Tint and Sensitivity 
Limiting Vu V15=200 mV p-p@3.58 MHz 200 300 - mVp·p 

Tint Limiting V11 V15=800 mV p-p@3.58 MHz - 425 600 mVp-p 

Tint Amplifier* qN11 V15=400 mV p·p, 
Phase Reference Term.1 = 11.2 VDC -35 -25 -15 Degrees 

Tint Control• 
l>.<J>11 

V15=800 mV p·p, 
Range Term.1=1.2 VDC -130 -110 -80 Degrees 

Ratio G-Y to R-Y V7/V5 V15=400 mV P·P, 28 33 38 % 

Ratio 8-Y to R-Y Vs!V6 V3 =40 mV P·P 108 120 132 % 

Demodulated Chroma V15=400 mV p·p, 
Output R-Y V5 V3=40mVp·p 350 550 - mVp·p 

Color Difference Output 
(Bandwidth at 3 dB) V3=40 mV P·P - 900 - kHz 

Maximum Color Differ· 
ence Outputs: 

R-Y Vs 1.5 2.2 - Vp.p 

G·Y V7 
V15=400 mV p-p, 

0.42 0.7 -
V3 = 300 mVp·p 

8-Y Vs 1.6 2.65 -

"Flesh Detector" Set-Up: 
Reference: Term.2=1.6V 

Term.1=11.2 V 
Term.16=400 mV p-p Reference 
@ o0 Reference Angle Set-Up 

Term.3= 40 mV p·p 
@ 1 o0 Reference Angle 

S1 Closed ITerm.15 atGND) 

"Flesh Detector": 
Phase l/>11 - 0 - Degrees 

Amplitude V11 
Same Set-up except 51 open 

275 % - -

"Flesh Detector": 
Phase l/>11 Same Set-up except - 0 - Degrees 

Amplitude V11 Term.3 at 190° angle - 100 - % 

Small-Signal Output 
Resistance ITerms.6,7,8) ro - 50 - n 

Small.Signal Input 
Resistance: 

Term.3 - 3 -
ri 2.5 

k!1 
Terms.9&10 - -

• 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, CA313SQ 

TV Automatic Fine Tuning 
Circuit 
With lntercarrier 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 
• Bi polar outputs 

• Five-stage intercarrier mixer I 
amplifier 

• Internal voltage regulator 
• For use in either color or 

monochrome receivers 
The RCA-CA3139 is a 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 arid 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 so.und 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 
(CA3139Q). 

MAXIMUM RATINGS, 
Absolute-Maximum Values: 

DEVICE DISSIPATION: 
Up to TA = 25°C ................ ' . 630 mW 
Above TA= 25°C. .... derate linearly 6.7 mw1°c 

AMBIENT TEMPERATURE: 
Operating. . . . . . . . . . . . . . . . . . -40 to +85°c 
Storage ............... , . . . . -65 to + 1 so0c 

LEAD TEMPERATURE /During Soldering): 
At distance 1/16" ± J 132" 

(1.59 mm ±0.79"1m) 
from case for 10 s max ...... . 265°C 

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. 

MAXIMUM 
CURRENT RATINGS 

Terminal 1.2• 3 4• 5 6 1"" 8 9 10 11 12 13 14 l1N. 

No. •ouT 
mA 

1, 2• NO INTERNAL CONNECTION 

3 
+10 +9 +8 
-0 -1.5 -1.5 

4• +O +O 
-2 -3 

5 
+O 

-5 

6 

1"" 

8 

9 

10 

11 

12 

13 

14 
• Terminal number 7 may be connected to any 

positive voltage source greater than the 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. 

+0 
-10 

+O 
-11 

+O 

-14 

+O 
-14 

+8 +8 +8 +8 +8 +8 +8 10 
-1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 

+O +0 +O +O +O +O +0 50 
-3 -3 -3 -3 -3 --11 -11 

+2 +1 +2 +2 +2 +1 +1 1 
-5 -5 -5 -5 -5 -8 -8 

+2 +O +2 +1 +1 +O +0 
2 

-2 -2 -2 -3 -3 -10 -10 

+15 +13 +15 +13 +13 +10 +10 
50 

-0 -0 -0 -0 -0 -0 -0 

+1 +5 +5 +1 +O +0 
2 

-5 -5 -5 -5 -14 -14 

+10 +8 +8 +O +O 10 
-2 -2 -2 -10 -10 

+1 +5 +1 +1 
2 

-5 -5 -10 -10 

* * * 2 

* * 2 

+14 2 
-14 

2 

* 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. 

It is recommended that unused terminals 1 and 
2 be grounded to act as shields. 



ELECTRICAL CHARACTERISTICS at TA• 25oc, y+ = 28 V !Unless Oth-iseSpecified) 

See Test Circuit, Fig. 2 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

•Min. Max. 
UNITS 

NO SIGNAL INPUT 

Supply Current, 1+ 15 20 mA 

Low Voltage at Term. 71 v+ = 20.0 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. 

Term. 13 connected to Term. 14 6 8.5 v 13 and 14 

Quiescent Difference Voltage, 
-0.8 +o.8 v 

Terms. 13 to 14 

Quiescent Voltage at Term. 6 1.4 2.6 v 
SIGNAL INPUT= 15 mVRMS (Unless Otherwise Specified). Note 3 

f = 44.65 MHz 2.2 4.7 
Correction Voltage at f = 45.69 MHz 1.2 4.4 

Term. 13 f = 45.81 MHz 9.6 13.8 
v 

f = 46.85 MHz 9.1 12.1 

f = 44.65 MHz 9.1 12.1 
Correction Voltage at f = 45.69 MHz 9.6 13.8 v 

Term. 14 f = 45.81 MHz 1.2 4.4 
f = 46.85 MHz 2.2 4.7 

Two·Tone Input 
4.5 MHz Output fl = 45.75 MHz at 15 mV 50 200 mVRMS 

f2 = 41.25 MHz at 5 mV 

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 KU. Crossover steepens and "bow tie" 
width increases when resistor is decreased in value. Total peak swing decreases 
slightly. 

v+ 

NOTES: 
1.U.tOKOl...._n-..orMOC 

VGll ..... ,,..., ....... M.11 ... 
DC-. 

2. TypiQI No ..... DC Po111n1181a Ar1 ...... 
3. lloJl9I fl....-.i T• Po1MI. 

Lt: ACAP.N.122205 
L2: RCA r.N. 14133 

4)1, r- #22 Win, O.D .• 0.2r tTypJ 
ocu-....1 • tOOtMin.I 
t•41.25MH1 
1.......,_•0.tlJ11ttTyp.I 

Fig. 2 - Tnt circuit 

Tl· ACAP.N.14CllD7 
D Turn1 Cc.n. T•PPllll #20 Wini, 
O.D. • O.•" (Typ.J 
OCUnloldld)• 140CM6n.I 
1•46.71MHI: 
l"*'-•0.11,ill(Typ.I 

CA3139E, CA3139Q 

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) Cascade Amplifier - Consists of emitter· 
follower 01, common-emitter amplifier 
02, and common-base amplifier 03. 

21 Bias Circuit - Consists of 04 and resistors 
Rl, R4, RS, 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. 

31 lntercarrier Mixer/ Amplifier - The out
put of the cascode amplifier at terminal 9 
is also internally connected to the inter
carrier mixer/amplifier chain consisting 
of transistors 013 through Ql 7 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 Ql 6 and C3. The FM sound output 
signal is at terminal 3. The gain with 
respect to a 5-m V 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. 

41 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 08 is held constant by the 
current-mirror transistors 010, 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. 

51 Voltage Regulator - An active shunt 
regulator. consisting of Dl, 02, Zl, Z2, 
and 05, is included to reduce the dynamic 
resistance. 



CA3139E, CA3139Q 

SUBSTRATE 

IF INPUT 

')2CS-271Z5 

Fig. 3 - Terminal assignment. 
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_J 
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Fig. 5 - Schematic diagram of CA3139. 

Fig. 7 - Template of CA31390 cirr:uit board 
factual sizt1, bottom view). 
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Fig. 4 - Dynamic control-voltage characteristics. 
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Fig. 6 - Typical tuner connection. 

Fig. 8 - CA31390 circuit board with 
component1.. 
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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 

the CA31260 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. 

VIDEO INPUT 

1.5 y 

GENERAi.. RADIO 
1309A 

OR EQUIVALENT 

AC VOLTMETER 
BALLANTINE 

314 
OR EQUIVALENT 

Vl3 

+lOV 
11.8 VOLTS 
REGULATOR 

VOLTAGE 

+lOV 

Fig. 1 - Functional block diagram. 

82k'1 

CA3143E 

~~~~+---<t---055 

1 30kA . F .... 
1511.n 

NOTE; ATTENUATION AT 50 kHi MUST 
BE AT LEAST 66dB GREATER THAN 
THE ATTENUATION AT I MH:r 

/'.ig.2 - Test circuit. 

92CL-27424 

92CL-2742SRI 

POSITIVE 
HORIZONTAL 

PULSE 

POSITIVE 
VERTICAL 

PULSE 

CA3143E 

Features: 
• Black-level clamping 

• Linear de controls for brightness, 
contrast, and peaking 

• Horizontal and vertical blanking 
• Operates with standard or tapped delay line 

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.4, 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 + Vs 
= Vsum- The signal (Vsuml 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 (Vsuml is applied to an inverting in
put of the peaking amplifier. 
Low-frequency video components are un
attenuated, while high-frequency compon
ents are attenuated as a function of the 
delay-line tap points. The peaking amplifier 
is a differential amplifier, so that the output 
is proportional to V 1 minus V sum· 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 and 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 de 
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.3. Con
sider the situation where no signal is applied 
to terminal 12. Terminal 6 is biased through 
diode 02. T-he signal at terminal 6 \/Viii 
clamp its most negative excursion (sync 
pulse) to the anode voltage of 02. How
ever, if a positive pulse is applied to termi
nal 12 during the sync interval, the anode 
of 02 is forced to ground due to saturation 
of 017. The clamp is thus disabled, and 
terminal 6 will clamp to the next lower 
signal level, the black level. 
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Fig. 3 - Schematic diagram of CA3143E . 



MAXIMUM RATINGS, Absolute-Maximum Values: 

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 (1.59 ± 0.79 mm} 
from case for 10 s max. . . . 

59.5 mA 

750mW 
derate linearly 7.9 mw1°c 

-40 10 +85°C 

-65 to + 150°c 

+265°c 

* 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. 

ELECTRICAL CHARACTERISTICS at TA= 25°C 

Test Conditions 

Bias Switch Numbers u 
Characteristic Volts s~~S4li_~s~s1t"ss§is101s11 LIMITS N 

I 
"(V) Switch Positions T 

For Characteristics Measurements Min. Typ. Max. s 
STATIC 

Voltage: 
At Term. 13 (V13) 6.1 2 1 1 2 2 4 1 2 2 1 1 11 11.8 13.2 v 

Quiescent Voltage 
At Term. 4 (V4) 6.1 2 1 1 2 2 3 1 2 2 1 1 3.3 4 5.7 v 

Quiescent Voltage 
At Term. 7 (V7) 6.1 2 1 1 2 2 2 1 2 2 1 1 7.1 7.7 8.3 v 

Current into Term.13 
(Term.13 Connected 
to +11 V) (113) 6.1 2 1 1 2 2 3 1 2 2 1 2 10 19 30 mA 

DYNAMIC 

Wide-Band Gain 
(Note 1) 5.8 1 1 1 2 1 2 1 1 1 2 1 6 8.3 11 dB 

Contrast Gain 
Reduction 
(Note 2) 5.8 1 1 1 2 1 2 1 1 2 2 1 27 30 - dB 

Peaking Gain 
(Note 1) 5.8 1 1 2 2 1 2 1 1 1 2 1 15 18.4 22 dB 

Peaking 
Gain Reduction 
(Note 3) 5.8 1 1 2 2 1 2 1 1 1 2 1 16 18 - dB 

Max. Intermodulation 
Distortion: 

2V (Note 4) 5.8 1 - 1 1 1 2 - 2 1 2 1 - 20 - % 

3V (Note 5) 5.8 1 - 1 1 1 2 - 2 1 2 1 - 40 - % 

Note 1: Set 50-kHz generator for 100 mVp-p. Adjust R 1 Peaking Contra( ·(See Fig.2) for 
minimum setting. Measure wide-band gain at terminal 7. 

Note 2: 

Note 3: 

Set 50-kHz generator for 100 mVp-p. Adjust R 1 for minimum setting. Measure 
contrast gain reduction at terminal 7. 

Set 50-kHz generator for 100 mV-p-p. Adjust R 1 for maximum setting. Measure 
peaking gain reduction at terminal 7. 

Note 4: Adjust R1 for minimum setting. With S2 at switch position I and 57 at switch 
position 3, set 50-kHz generator for 2 Vp-p. Then with 52 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. 

Note 5: Repeat step 4 except that the 50-kHz generator must be set at 3 Vp-p, 

CA3143E 
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 Q6 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 de 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 de quiescent voltage at 
terminal 4. 

,._400 

I "' 

CA3143E 
TERMINALS 

2 ' 

92CS-27423 

Fifi.4 - Tapped delay line. 

MODULATED 
-----'----'--------1-MHrSIGNAL 

~ 

92CS-21'422 

A = Amplitude of 50 kHz signal at deepest trough 

B = Peak amplitude of 50 kHz signal 

Downward Modulation= B-A 
B 



CA3144G 

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 CA3126Q chroma processor and the 
CA3137E chroma demodulator, will provide 
a luminance/chrominance system having ex-

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. 

Features: 
• Black-level clamping 
• Linear de controls for brightness, 

contrast, and peaking 
• Horizontal and vertical blanking 
• "Hermetic Chip" construction 
• Silicon nitride passivated 
• Platinum silicide ohmic contacts 
• Gold-CHIP metallization 
• Operates with standard or tapped delay line 

TERMINAL ASSIGNMENT 

VIDEO OUTPUT 4 CA3144G 13 SHUNT REG.a BIAS 

SUBSTRATE 0 12 8~'H~:.~ INPUT 

CLAMP 1NPUT 6 ll PEAKING CONTROL 

CLA~J;.~00~10£0 7 10 CONTRAST CONTRa.. 

BLANKING INPUT 8 9 BRIGHTNESS 
CONTROL 

TOP VIEW 

NC• NO CONNECTION 
92CS-28107 

MODULATED 
-----~-~-------I-MHz SIGNAL 

~ 
92CS-27422 

A = Amplitude of 50-k Hz signal at deepest trough 
B = Peak amplitude of 50-k Hz signal 

B-A 
Downward Modulation = --

B 

MAXIMUM RATINGS, Absolute-Maximum Values: 

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 (1.59 ± 0.79 mm) 
from ·case for 10 s max. 

57 mA 

. . . . 750 mW 
derate linearly 7 .9 mW/° C 

. -40 to f85°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. 

ELECTRICAL CHARACTERISTICS at TA= 25oc 

Test Conditions 

Bias Switch Numbers 

Characteristic Volts stj_~3l_S4[s!il_s~s1ssisi}(s1oj_ s11 LIMITS 
(V) Switch Positions 

For Characteristics Measurements Min. Typ. Max. 

STATIC 

Voltage: 
At Term. 13 IVl 3) 6.5 2 1 1 2 2 4 1 2 2 1 1 11 12.3 13.2 

Quiescent Voltage 
At Term. 4 (V4) 6.5 2 1 1 2 2 3 1 2 2 1 1 3.3 4 5.7 

Quiescent Voltage 
At Term. 7 (V7) 6.5 2 1 1 2 2 2 1 2 2 1 1 7.1 7.7 8.3 

Current into Term.13 
(Term.13 Connected 
to +11 V) (113) 6.5 2 1 1 2 2 3 1 2 2 1 2 10 18 30 

DYNAMIC 

Wide-Band Gain 
(Note 11 7.3 1 1 1 2 1 2 1 1 1 2 1 1 3 5 

Contrast Gain 
Reduction 
(Note 2) 7.3 1 1 1 2 1 2 1 1 2 2 1 27 30 -

Peaking Gain 
(Note 1) 7.3 1 1 2 2 1 2 1 1 1 2 1 9 13 17 

Peaking 
Gain Reduction 
(Note 3) 7.3 1 1 2 2 1 2 1 1 1 2 1 16 18 -

Max. Intermodulation 
Distortion: 

3.8 V !Note 4) 7.3 1 - 1 1 1 2 - 2 1 2 1 - 20 -

5 V (Note 5) 7.3 1 - 1 1 1 2 - 2 1 2 1 - 40 -

Note 1: 
Set 50-kHz generator for 200 mV rms· Adjust R1 peaking control for minimum setting (see Fig. 2). 
Measure wide-band gain at terminal 7. 

Note 2: 

u 
N 
I 
T 
s 

v 

v 

v 

mA 

dB 

dB 

dB 

dB 

% 

% 

Set 50-kHz generator for 200 mV rms· Adjust R1 for minimum setting. Measure contrast gain reduction 
at terminal 7. 

Note 3: 
Set 50-kHz generator for 200 mV rms· Adjust R1 for maximum setting. Measure peaking gain reduction 
at terminal 7. · 

Note 4: 
Adjust R1 for minimum setting. With 52 at switch position 1 and S7 at switch position 3. set 50-kHz 
generator for 3.8 Vp-p· Then with 52 at switch position 2, set 1-MHz generator for 200 mVrms· Then 
with 57 at switch position 2, measure downward modulation of the 1-MHz signal due to the 50-k Hz signal. 

Note 5: 
Repeat step 4 except that the 50-kHz generator must be set at 5 V p-p· 
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Fig. 3 - Schematic diagram 

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· 

i.-•oo 
I " 

CA3144G 
TERMINALS 

175 175 

92CS-281 IO 

Fig. 4- Tapped delay line. 

3144G. In referring to Fig. 4, 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+ Vs= 
Vsum· The signal !V.suml 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 (Vsuml 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-
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Fig. 3- Schematic diagram 

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 de 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 03. The signal at terminal 6 
will clamp its most negative excursion (sync 
pulse) to the anode voltage of 03. However, 
if a positive pulse is applied to terminal 12 

92CL-21106 

during the sync interval, the anode of 03 is 
forced to ground due to saturation of 013. 
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 B. The pulses 
turn ON p-n·p transistor 018 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 de 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 de quiescent 
voltage at terminal 4. 

CA3144G 



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 de 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-CH IP 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 

DEVICE DISSIPATION: 
13.2 v 

. 825mW Up to TA = 55° ~ 
Above TA = 55 C Derate linearly at 

8.7 mwl°c 
AMBIENT TEMPERATURE RANGE: 

Operating. -40 to +85°C 
Storage -65 to +150°C 

LEAD TEMPERATURE (OuringSoldering): 
At distance 1/16±1/32 inch 
( 1.59 ± 0. 79 mm) from case 
for 10 seconds max. . +265°C 

Preliminary Data 
ELECTRICAL CHARACTERISTICS at TA= 25°C, y+ = 11.6 V 

TEST CONDITIONS 

CHARACTERISTIC TYPICAL UNITS s, 82 Sa Chroma In Burst In V4 V17 VALUE 

ST A TIC (See Fig. 11 

Supply Current. IT 42 mA 

R-Y, G-Y, B-Y, Out-

puts, Va.Vg.V 10 5.3 

Oscillator Reference 

Inputs, V11.V12 3.7 
Vdc 

Chroma Demodu-
lator Input, V13 2.9 

Chroma Processor 
Input, V 1 2.2 

DYNAMIC (See Fig. 2) 

Minimum Oscillator 

Pull-In Range*,V12 2 1 1 ±300 Hz 

Oscillator Level,V12 2 1 1 1.5 v 0.6 

100 Percent ACC, V13 1 1 1 1 
vp-p 

273 mVp-p ~ 
Minimum Gain 

Control, V 13 1 1 1 11.6 v 20 mVp-p 
~ 

50 Percent Gain 
Control, V 13 1 1 1 6V 50 

200 Percent % of 

ACC, V13 1 1 1 546 mVp-p 100 100% 
ACC 

20 Percent Value 
ACC, V13 1 1 1 54.6 vp-p 100 

Maximum Kill 

Output, V13 1 1 1 54.6 4 mVp-p 7V 20 

Minimum Unkill 
mVp-p mVp-p 

Output, V13 1 1 1 
30 mVp-p 400 

Overload De-
tector (OLD), 

V13 1 1 2 546mVp-p 1 

R-Y Sensitivity, vP·P 

V10 Eg = 282 1.5 v 

mVp-p•3.53MHz 1 2 1 0.8 

R-Y RatioB-Y/R-Y, 
273 mVp-p 

Vg** 1 2 1 0 120 

G-Y RatioG-Y/R-Y, 
% 

V9** 1 2 1 33 

Max. R-Y 
Output, v 10 

Eg= 2VP·P' 
3.53 MHz 1 2 1 3 vp-p 

Minimum Tint 
Control Range, OV to 

</>13 1 1 1 273 mVp-p 11.6 v 80 Degrees 

* Tune c2 to 3,579,845 Hz with s1 in position 2. Put s1 in position 1, and check for 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 V p-p· 
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Fig. 2 - "Flesh" correction of oscillator phase angle 
as a function of chroma input phase angle. 
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Fig. 1 - Functional diagram, static test circuit, and typical application circuit. 
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Fig. 3 - Dynamic test circuit. 
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CA3153G 

Television Video IF System 
"G" Suffix Type ---- Hermetic Gold
CH IP in Dual-In-Line Plastic Package 

The RCA-CA3153G is a monolithic silion 
integrated circuit designed to perform if 
amplification, video detection, and video
amplifier functions in color and monochrome 
TV receivers. The signal-to-noise performance 
has been improved compared to the RCA
CA3068*. The AGC performance has also 
been improved through the use of a sample 
and hold keyed system. The RCA-CA3153G 
is designed to interface with the RCA
CA3139# Automatic Fine Tuning (aft) cir
cuit, and intercarrier amplifier. 

• The CA3068 is described in RCA data bulletin 
File No. 467. 

FROM 
TUNER 

NO SIG. +15 V TYP. 
HIGH SIG. +I V TYP. 

The CA3153G is supplied in the hermetic 
Gold-CH IP 16·1ead dual-in-line plastic pack
age (G suffix). The transistor chips used in 
the hermetic Gold-CH IP 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. 

# The CA3139 is described in RCA data bulletin 
File No. 905. 

+15V 

JL:O Vpp TYP 

16 K TYP. 

'------__._-< +15 v 

System Features: 

• Improved age 
Fast response 
Sample and hold keyed 

• High gain wideband IF amplifiers 
• Delayed age output for tuner 
• Gain reduction with excellent stability 
• Linear video detector 
• Video amplifier 
• Low noise 
• Internal shunt regulator 
• For color or monochrome 
• Gold-chip metalization 

TERMINAL DIAGRAM 

9ZCS-)1062 

Fig. 1 - Functional block diagram of the IF amplifier-system of CA3153G with typical peripheral circuitry. 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE: 
Between Terms. 15 and 4 .......................................... 16 V 
Between 470 n connected to.Term. 12 and 4 ............................ 35 V 

DC SUPPLY CURRENT: 
At Term. 15..... . . . . . . . . . . . . . . . . . . . . . . . ................... 20 mA 
At Term. 12 ................................................. 30 mA 

DEVICE DISSIPATION: 
UptoTA=+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 distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds m~x ..... +265 • C 

ELECTRICAL CHARACTERISTICS at TA= 25°C 

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS 
Min. Max. 

Operating Supply See Note 1 
Voltage, V 15 12 14.2 v 

Supply Current, I 15 3 15 mA 

Shunt Regulator 
Voltage, V 12 10.9 13 v 

Shunt Regulator V12=10.5V 
Current, I 12 6 20 mA 

Tuner AGC High 
Voltage, V 10 18.5 21 v 

Tuner AGC Low 
Voltage, V 10 0.3 1.3 v 

AGC Current, 12 Non-Keyed 80 500 µA 

AGC Current (Peak), 12 Keyed Source Current 0.7 3 mA 

AGC Current (Peak). 12 Keyed Sink Current 150 680 µA 

Horizontal Key Input Through 1 oo kn 
connected to Term. 1 25 35 v 

Video Output High At Zero Carrier 
Voltage, V15 7 10 v 

Video Output Low At 30 mV Input 
Voltage, V15 0.9 2 v 

Sensitivity Voltage·, V 16 At 400 µV Input 0.9 5 v 
Noise - 12 m-V(RMS) 

Chroma 45.75 MHz, 10 mV; 
42.17 MHz, 3 mV 0.7 1.6 V(RMS) 

AFT Drive 35 85 mV(RMS) 

Distortion 50 kHz, 80% Modulated, 
Sync TIP Equiv. 30 
mV(RMS) - 10 % 

Delay Voltage Through 15kn. connected 
V15 to Term. 7. See note 2 0 v 

Note 1: V15 MIN. should be at least 0.6 V above Terminal 12 potential. Lower voltage may cause some 
"white" compression. 

Note 2: Zero voltage corresponds to maximum delay at signal input= 30 mV (RMS). 

CA3153G 
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SUBST -=- 14 

Fig. 2 - Schematic diagram for the CA31536. 

AGC System (See Fig. 31 

The AGC system employs a sample-and-hold 
system to allow a fast-acting age and reduce 
the effect of the vertical synchronizing signal 
on the video output stage. An override path 
is provided to allow a lower-gain age system 
when the key pulse is not I ocked to the sync 
signal (for example, during channel selection). 

The negative-going sync signal at the video 
output, Terminal 16, is applied to transistor 
041 through resistors 'R51 and R52 which 

act as current-limiting and filtering compo
nents. The sync signal is inverted and ampli
fied by transistor 041. The video portion of 
the signal is cutoff by the saturation voltage 
of 041. When the TV system is in synchroni
zation, the positive sync pulse at the collector 
of 041 is coincident with the key input at 
Terminal 1, Transistor 042 is turned off by 
the key pulse. Capacitor Cl 3 is charged by 
the positive sync pulse through diode 09. 
The amplitude of the potential at Cl 3 is pro
portional to the video-signal amplitude. The 
voltage is transfered through transistors 040, 



THIRD IF-AMPLIFIER STAGE,DETECTOR, 
ANO VIDEO-AMPLIFIER SYSTEMS 

la1s-a31I 
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NOISE-GATE AND AGC SYSTEMS 

I 034 -a•• I 
032,33,35, AND Q36 ARE EMITTER FOLLOWERS 

16 

Fig. 2 - Schematic diagram for the CA3153G. 

038, 036, and 035 to resistor R57 to form 
the charge current for the external age filter 
capacitor at Terminal 2. 

A constant-current discharge path for the 
capacitor at Terminal 2 is provided by cur· 
rent mirror components D7 and 037 during 
the key-pulse duration. Thus the external 
age filter capacitor is charged or discharged 
during the key-pulse interval only by the dif
ference in current between the charge· and 
discharge currents. At the end of the key
pulse duration, C13 is discharged, and the 

charge and discharge current paths at Ter
minal 2 are turned off. Diode DB provides a 
lower-gain age path for turn-on during chan
nel acquisition. 

Noise-Gate System (See Fig. 31 

The circuit cor.iponents, C11, R54, 032, 
033, and 043 perform the function of a sta
tistical system to reduce age gain during 
"spike" noise. The noise gate turns on for 
large amplitude fast signals and reduces the 
age loop gain. 

CA3153G 
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Fig. 3 - Noise-gate and AGC system of CA3153G (034 ->043). 
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CA3159G Prellmlnary Data 

Horizontal Processor and AGC Detector 
The CA3159G is a monolithic integrated cir
cuit designed for use as a horizontal processor 
and AGC detector in color or black-and-white 
TV receivers. It performs the functions of 
AGC, sync separation, and noise immunity, 
and a 31.5 kHz oscillator is provided for use 
with vertical-countdown circuits. 

The CA3159G is supplied in a 16-lead dual-in
line plastic package with a hermetic "Gold· 
CHIP" (G suffix). These chips are of the 
sealed-junction type designed to provide pro· 
tection against the deteriorating effects of 
humidity and other surface contaminants 
without the need for a hermetic package 
enclosure. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 
DC SUPPLY CURRENT 
DEVICE DISSIPATION: 

Up to TA = 55°0C 
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 10s max. 

+30V 
30mA 

. . . . . 750mW 
Derate linearly at 7.9 mW/°C 

. -40 to +a5:c 

. -65 to +150 C 

+265°C 

ELECTRICAL CHARACTERISTICS at TA= 25°C, v+ = 28 V, all switches open unless 
otherwise specified. (See Fig. 2) 

CHARACTERISTIC TEST CONDITIONS 
TERM. TYPICAL 

UNITS MEAS. VALUES 

AGC Voltage S1, S9 closed 1 1.85 v 
Noise Inverter 1 S2, S9 closed 1 0.7 v 

·-·-
Shift Threshold1 S2, S3 closed 1 20 v 
Sync Level S1, S9 closed 4 18 v 
Positive Pulse2 S5 closed 7 25 v 
Positive Sawtooth3 S5, S6 closed 8 3 v 
Sync Low S3, S4 closed 6 1.5 v 
Supply Current 16 20 mA 

Free-Running Freq.4 S7 ,S8,S9 closed 15 31.5 kHz 

Duty Cycle S7 ,SB,59 closed 15 48 % 

1. A=3V,B=1.2V,-1 mAtoterm.I 
2. C= 0.2 mA 

3. C = 0.2 mA, D = 5 mA 
4. Adjust LI, v+ = 20 V 

Fig. 1 - Functiorial block diagram of CA3159G. 

Features: 

• AGC voltage 

• Separated sync 

• 31.5 kHz oscillator 

•Gates AGC and sync for noise immunity 

CA3159G 
TERMINAL ASSIGNMENT 

VIDEO INPUT 3 

SYNC POS. SIGNAL 4 

SYNC INPUT 5 

SYNC OUTPUT 6 

HOR. KEY PULSE 7 

l I PHASE OET. INPUT 

10 PHASE DET. REF. 

92CS-3l036 

9ZCS- 31037 

Fig. 2 - DC test circuit. 



Fig. 3 - Schematic diagram of the CA3159G. 

Circuit Description 

The negative sync video input at terminal 3 
is the detected video if. This video signal is 
buffered and Vbe compensated by emitter
followers 028, 027, and 026. The buffered 
video signal is applied between the base 
of 021 and a temperature-stable 2-V refer
ence. 021 is normally in saturation, and the 
negative sync pulse imparts a positive swing 
to the base of 020. 020 is used as a peak 
rectifier driving a capacitor at terminal 1. 
The voltage at terminal 1 is the AGC control 
voltage that sets the if gain such that the sync 
pulses drop to just below the 2 V level, driving 
021 out of saturation. 

The above description is for a normal video 
signal; the presence of noise pulses more 
negative than the sync tip level would lower 
the gain to that level, thus disturbing the 
picture. A gated noise-inversion threshold 
is provide at the base of 032 to compensate 
for these noise pulses. The threshold is about 
1.5 V during trace time, but is reduced to 
about 1 V during coincidence of the sync 
and flyback pulses. When the video signal 
is more negative than the noise threshold, 
032 conducts and pulls the base and emitter 
of 030 low. Without noise, 023 conducts 
0.5 mA with its collector·at 7 V, which holds 

022 in cutoff. 029 has an emitter load 
provided by an external 1 kQ resistor and a 
series capacitor: when its base is switched 
low, its collector switches high. The resulting 
flow of current in 023 overrides the normal 
negative-going pulse in the direct signal path 
and holds 021 in saturation. 

The video input to terminal 3 also operates 
the sync channel, beginning with 031. Be· 
cause 032 is normally cut off, 031 acts as an 
amplifer with a moderate gain to its collector, 
and a positive sync signal appears at terminal 4. 
If the noise pulse is more negative than the 
noise threshold at the base of 032, the base of 
030 is pulled down as discussed above. In 
addition to operating the AGC noise inverter, 
the 030 current passes through 025 to the 
amplifier load resistor, R35, and cancels the 
potentially positive pulse at that point. 

The positive sync signal at terminal 4 is 
coupled through an RC network to terminal 
5 for sync separation. In essence, the network 
permits 038 to clamp the positive peaks, so 
the most positive part of the signal is ampli· 
tied by 038 while the rest is beyond cutoff. 
The separated sync, a negative pulse at the 
collector of 038, follows two paths. First, 
the sync operates an output driver to terminal 

CA3159G 
6, which drives the outboard diode phase 
detector. Second, the negative pulse cuts off 
the current through 036, which otherwise 
holds 035 in saturation, thus enabling a 
current in R41 to turn 034 on and thereby 
shift the noise threshold voltage. 

Terminal 7 receives a positive flyback pulse 
thatsuppliesR41 with the signal to complete 
the coincidence gate that alters the noise 
threshold when sync and flyback pulses are 
in phase. The buffered and clipped flyback 
pulse also turns 043 on, which, in con· 
junction with an external integrating ca
pacitor, forms a sawtooth waveform. This 
sawtooth (at flyback rate) is phase compared 
with the sync pulse that was separated from 
the video input. 

The phase detector works against an internal 
bias point brought out to terminal 10, and 
the phase detector output applied to terminal 
11 is slightly positive or negative relative to 
terminal 10. This voltage differential with 

terminal 10 determines the division of current 
between 09 and 010, which are part of the 
voltage controlled oscillator. The oscillator 
consists of the current source 011, differ· 
ential amplifier 012 and 013, and differ· 
ential amplifier 09 and 010. The frequency 
is determined primarily by a series LC circuit 
connected between terminals 13 and 14 
(terminals 12 and 13 have resistor loads to 
the positive supply). If the entire oscillator 
current passes through 010 to terminal 13, 
the oscillator operates at the frequency at 
which the phase shift in the LC circuit is 
zero. If the current is sent through 09 to 
terminal 12, however, it must go through an 
external capacitor between terminals 12 and 
13 and then through the original LC circuit 
and the circuit is tuned differently. Inter· 
mediate proportions of current division will 
produce intermediate oscillator frequencies. 
The oscillator current output from 012 
provides base drive for the 31 .5 kHz output 
at terminal 15. 



CA3183Q 

VHF /UHF Prescaler 

The RCA-CA3163G* is an integrated-circuit 
prescaler intended for use in TV frequency 
synthesis tuning systems over an input fre
quency range of 90 to 1000 MHz. It per
forms division by 256 in the uhf mode and 
division by 64 in the vhf mode. 

The mode of operation can be selected by 
means of the bandswitch and the separate 
uhf and vhf input terminals provided. The 
output is a complementary emitter-coupled 
stage with controlled slew rate for har
monic suppression. 

All input terminals should be ac coupled to 
the appropriate input signal source. Because 
of high sensitivity, unbuffered coupling from 
the local oscillator is possible in most cases. 
In the uhf mode, which is activated by 
applying a high level to the bandswitch 
input terminal, all eight divider stages are 
operative, resulting in division by 256. In 

Prellmlnary Data 

the· vhf mode, activated by a low level at 
the· vhf input terminal,· two divider stages 
are bypassed, resulting in division by .64. As 
a result, approximately the same range of 
output frequencies are generated for both 
the uhf and vhf TV bands. An internal 
amplifier/multiplexer provides this control 
while isolating both inputs and amplifying 
the vhf signal. In addition, harmonic output 
is reduced above 40 MHz by limiting output 
signal rise and fall times and maintaining a 
balanced load. 

The CA3163G is supplied in the 14-lead 
dual-in-line hermetic Gold-CHIP package. 
The chips used 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. 

• Formerly RCA Developmental No.TA 10535. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 
DC BANDSWITCH VOLTAGE 
RMS INPUT VOLTAGE 
DEVICE DISSIPATION: 

UPTOTA=70°~ . 
ABOVE TA= 70 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 10SECONDS MAX. 

v+ 

CA3163G 

* 91Cl•I0471 
y- INCLUDES CAPACITANCE OF TEST PROBE 

5.5 v 
20 v 
0.5 v 

600 mW 
derate linearly at 7.5 mwl°c 

Oto 70 oc 

-55 to +150 oc 

+265 oc 

Features: 

•Broadband operation - 90 to 1000 MHz 

• High sensitivity 

• Standard 5 V power supply 

•Dual mode operation - VHF/UHF 

•Complementary ECL outputs 

• Independent VHF & UHF input terminals 

• Hermetic Gold-CHIP construction 

TERMINAL DIAGRAM 

v+1 []VHF INPUT 
v+2 2 VHF INPUT 

~~~B~WITCH 3 N/C 

OUTPUT 4 I N/C 

O'UTPiJT 5 UHF INPUT 
N/C 6 9~ 
v- I 8 v-2 

TOP VIEW 

N/C •NO CONNECTION 

• .... 
* .... 

92CS-30471 

CRO 

*INCLUDES CAPACITANCE 
OF TEST PROBE 

IZCl•ICMTI 

Fig. 1 - DC charactedstics test circuit. Fig. 2 - AC characteristics test circuit. 



CA31830 

ELECTRICAL CHARACTERISTICS At TA= 25°C, v+ = 5 voe. v- - 0 VDC; - Figs. 1 8t 2 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

Supply Current, 1+ Terms. (1+2). Fig. 1 30 60 90 mA 

UHF Bandswitch Input Voltage, VeH High level 2.4 - v 
VHF Bandswitch Input Voltage, VeL Low level - - 0.8 v 

UHF Bandswitch Input Current, leH VeH=20VOC, Fig.1 - - 0.5 mA 

VHF Bandswitch Input Current, 1BL VeL =OVOC, Fig.1 - - -1 mA 

UHF Sensitivity Level Input f1N = 450 to 950MHz, 
Voltage, V1N(U) fouT = f1N/256, Fig. 2 - - 80 mVRMS 

VHF Sensitivity Level Input f1N =90to 275MHz, 
Voltage, V1N(V) fouT=fiN/64, Fig. 2 - - 40 mVRMS 

Output Voltage, Vo Terms, 4or 5, Fig. 2 0.65 1 - VP·P 

Output Voltage Rise of Fall 
Time, t,.t1 - 70 - ns 



CA3166E Preliminary Data 

Operational Amplifier Bandswitch 

BiMOS input operational amplifier, frequency band
select switch, and AFT mode switch 
For Frequency-Synthesizer Television Tuning Systems 

The RCA-CA3166E incorporates bipolar. 
PMOS, and CMOS processes on a single 
monolithic chip to provide three functional 
blocks for use in frequency-synthesizer type 
TV tuners. Included are an input operational 
amplifier. a band-select switch, and an AFT 
mode switch. 
The operational amplifier features internal 
bias and phase compensation, high-impedance 
PMOS input transistors, diode clipper input 
limiting, output short-circuit protection, and 
static charge protection. The operational 
amplifier is used to amplify an error signal 
that is proportional to the detected phase 

difference between the desired channel fre
quency and an internally generated reference 
signal. 

The band-select switch has two logic inputs, 
a control voltage input, and three outputs 
(UHF, VHF Low, VHF High) with a drive 
capability of 90 mA each, for controlling 
the tuner varactor diodes. 
The AFT mode switch is a CMOS trans
mission gate with static charge protection 
and an enable logic input for selecting the 
"AFT ON" or "AFT DEFEAT" mode. 
The CA3166E is supplied in the 14-lead 
dual-in-line plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, v+ 
DIFFERENTIAL INPUT VOLTAGE. 
DC SUPPLY CURRENT 1+ 
BAND-SELECT SWITCH INPUT VOLTAGE RANGE. Vas 
DEVICE DISSIPATION: 

Up to+ 70°
0
C 

Above +70 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. 

+29.5 to +35 v 
±1.5 v 
20mA 

0 to +28 V 

. . . . . . 600 mow 
Oerate linearly at 11.1 mW/ C 

o to +1o:c 
-55to+150 C 

+265°C 

Features: 

•Three independent functions - input operational 
amplifier, AFT mode switch, and band-select switch 

• Input operational amplifier has internal biasing 
circuitry and high-impedance PMOS input transistors 

• Internal diode clipper limiting at operational amplifier 
inputs and short-circuit protection at the outputs 

• Static charge protection for both PMOS and CMOS 
circuit components 

•AFT mode switch utilizes CMOS trans
mission gate and enable logic inputs control 
AFT mode 

• Logic-controlled band-select switch 
• Three band-select-switch outputs, each with 

90-mA drive capability (typ.) at input 
voltage up to 28 V de 

• High voltage-rating for wide dynamic 
control range of error signals and switch 
functions 

Bandswitch Truth Table 

LOGIC OUTPUTS 
INPUTS VHF VHF 
A B UHF LOW HIGH 

0 0 0 0 0 
0 1 0 1 0 
1 0 0 0 1 
1 1 1 0 0 

CA3166E TERMINAL ASSIGNMENT 

OP AMF' OUTPUT I 
LOGIC INPUT, 
AFT ENABLE 

AFT OUTPUT 3 

14 INV. OP. AMP. INPUT 

3 NON-INV. OP. AMP. INPUT 

L ______ _,--'-'---i---{6)s e~~o~.~~1a~~guTPUT' 

7 e~~oc~~~~~~UTPUT, 

GROUND 

BANOSWITCH OUTPUT, 
VHF HIGH 

BANDSW1TCH OUTPUT 7 
VHF LOW 

II LOGIC •e• BANDSW1TCH INPUT 

0 LOGlC "A" BANOSWITCH INPUT 

9 BANDSWITCH OUTPUT, UHF 

B BANDSWITCH INPUT 

L.,.-~~_,---"\!S ~~~DSWITCH OUTPUT, 
TOP VIEW 

GROUND 

92CS- 30900 

Fig. 1 - CA3166E Block diagram. 



Operational Amplifier (See Fig. 2) 
Electrical Characteristics at TA= 25°C, v± • 32.5 V, Vas a 18 V, Terms 4 & 5 grounded 

CHARACTERISTIC TEST CONDITIONS 
TYPICAL 

UNITS 
VALUES 

Input Bias Voltage, V13 113 = 4 mA, Feedback= 1 Mn 2.5 Voe 

Input Bias Voltage, V 13 I 13 = 6 mA, Feedback = 1 Mn 2.6 Voe 

Input Bias Voltaqe, V 14 114 = 4 mA, Feedback= 1 Mn 3.3 Voe 

Diode Voltage 
(term. 14 to term. 13) 114 = 4 mA, Term. 13 =Reference 0.8 Voe 

Diode Voltage 
(term. 13toterm. 14) l13=4mA, Term.14= Reference 0.8 Voe 

Output Voltage I 14 = 4 mA, Resistance between 
Low, Vol Terms. 1 and 12 = 10 kn 0.2 Voe 

Output Voltage V14 = 0 V, 113 = 4 mA, Resistance 
High, VoH between Terms. 1and12 = 10 kH 28 Voe 

Input Offset Voltage, V10 V13 = 0 V, Term. 1 connected to Term. 14 10 mV 

Supply Current, I+ v4 =1 V, Feedback (Terms. 1to14) = 1 Mn 14 mA 

Output Sink Current, loL 114 =4mA, V1=32.5 V 25 mA 

Output Source Current, loH 113 = 4 mA, V1 = V14 = OV -15 mA 

Input Bias V13 = 0 V, Term. 1 
Current, I IB (term. 14) connected to Term. 14 0.5 nA 

Common· Mode 
Rejection Ration, CMRR 65 dB 

Power Supply Rejection 
Ratio, PSRR 75 dB 

Open· Loop Voltage 
Gain, AoL 80 dB 

Band-Select Switch (See Fig. 31 
Electrical Characteristics at TA= 25°C, v+ = 32.5 V, VBs = 18 V, Terms. 4 & 5 grounded 
Terms. 6, 7, 9 = 100 kn to ground 

CHARACTERISTIC TEST CONDITIONS 
TYPICAL 

UNITS 
VALUES 

Logic Inputs "A" & "B" 
100 µA 

Sink Current 

Logic Inputs "A" & "B" 
lg= -90 mA, V10 = V11=2.4 V -5 µA 

Source Current 

Output Leakage Current, 
2 µA 

Terms. 6, 7, g 

Output Saturation Voltage: 
Term. 9 lg= -90mA, V10=V11 =2.4 V 0.6 v 
Term.9 lg= -60mA, V10= V11=24 V 0.3 v 
Term. 7 17 = -90 mA, V10=0V, V11 =24 V 0.6 v 

Term. 7 17 = -60mA. V1o=O v. V11=2.4 v 0.3 v 
Term. 6 15 = -90 mA, V 10 = 2.4 V, V 11 = 0 V 0.6 v 
Term. 6 15 = -60mA, V10 = 24 V, V11 =OV 0.3 v 

CA3188E 



CA3188E 

AFT Mode Switch 
Electrical Characteristics at TA= 25°C, v+ = 32.5 V, Vas= 18 V, Terms. 5, 10, 11 grounded 

CHARACTERISTIC 

Logic Input Current Low 

Logic Input Current High 

Input Current 

Output Leakage Current 

Output Sink Current 

Output Offset Voltage 

Output Voltage, "ON" 

Output Voltage, "ON" 

TEST CONDITIONS IV) 

v• VcM Vas 

Vo1 35 18 

Vo2 33 -2 

Vo3 29.5 

V04 35 

TEST CONDITIONS 
TYPICAL 
VALUES 

V2 = 0 V, RTERM. 3 = 10 MQ, V4=13.5 V -100 

V2=2.4V, RTERMS. 3 = 1 kQ, V4 ~ 1 V 2 

V2=0V, RTE RM. 3 = 10 Mn, V4 = 13.5 V 2 

V2=0.6V,V3=8V, V4=0V 1 

V2 = 2.4 V, V3 = 1.8, V4 = 0 V 2 

V2 = 2.4 V, V4 = 3 V 0.1 

V2=2.4V, RTERM. 3= 1 kn, ~4= 1 V 0.8 

V2 =2.4 V, RTERM. 3 = 1 kn. V4 = 13.5 V 10 

VRfF 

CMAR = 20109 (Vo1 . Vo2I 

200 

PSRR = 201og !Vo1 - Vo3l 
-15 5SO 

AoL - ~201og (Vo1 . Vo4) 

1000 

Vo 

Fig. 2 - Operational amplifier test circuit for CMRR, PSRR, and AoL· 

UNITS 

µA 

µA 

µA 

nA 

mA 

v 
v 
v 

TV YARACTOR 
TUNER 

CHANNEL 
DISPLAY 

Fig. 3 - Bandswitch test circuit. 

IF 

CA316BE 
7-SEGMENT 

DECODER/ 
DRIVER 

SWITCHING/ 
CONTROL LOGIC/ 

MEMORY 

Fig. 4 - Block diagram of a typical digital tuning system. 

Turner Operation 

Fig. 4 shows a typical digital TV tuning 
system employing the CA3166E. This system 
consists of a phase·locked loop (PLL) and a 
programmable divider to generate a tuner 
local-oscillator frequency that is an integral 
multiple of a reference-oscillator frequency. 
The output of the local oscillator is con
nected to a prescaler (CA3163) which divides 
the frequency to values that can be proces
sed by a programmable divider. The amount 
of division is established by the control logic 
and depends on the desired channel to be 
viewed. This signal and a reference signal are 
combined in a phase detector to produce an 
error signal proportional to the frequency 

separation. The error signal is then amplified 
by the CA3166E and filtered to provide a de 
voltage to the varactors of the tuner voltage
controlled oscillator (VCO). The VCO fre
quency is thus corrected to reduce its 
difference with the reference. 

Logic-control signals are applied to terminals 
10 and 11 (band-select switch) of the 
CA3166E, and the proper varactor circuits 
for UHF, low-band VHF, or high-band VHF 
are selected. The truth table for the selection 
logic is shown on page 3. 

An analog switch for AFT operation 1s in

cluded in the CA3166E for automatic cor
rection of frequency transmission errors. 



Prellmlnary Data 

2-Digit BCD-to-7-Segment 
Decoder /Driver 
For Common-Anode LED Displays 

The RCA-CA3168E is a monolithic integrated 
circuit intended for 2-digit display such as 
"numbers" for TV and "CB" channel se
lection, and other 0-99 numerical or counting 
for consumer or industrial indicator appli
cations. It consists of two independent 
BCD-to-7-segment decoder/drivers. Two sets 
of BCD inputs are buffered with p-n-p 
differential amplifier stages internally re
ferenced to 1. 7 V. Each of the eight input 
terminals draws less than 15 µA and is pro
vided with an internal protection circuit. 

Decoding is accomplished with 12L ROM's. 
The fourteen output terminals are buffered 
with Darlington pairs driving common-emitter 
output transistors. Each output is capable of 
sinking 25 mA for an LED common-anode 
display device. The supply-voltage range 
(Vee) is intended to be 4.5 V to 6 V. The 
output voltage (Vo) must not exceed 12V, 
which provides for a wide range of common
anode voltage sources. 

The CA3168E is supplied in the 24-lead 
dual-in-I ine plastic package. 

MAXIMUM RA Tl NGS, Absolute-Maximum Values: 

SUPPLY-VOLTAGE, Vee. 
INPUT-VOLTAGE (MIN.IMAX.) . 
INPUT CURRENT (PROTECTION CIRCUIT) 
OUTPUT VOLTAGE, Vo . 
OUTPUT SEGMENT CURRENT, lo1SPLAY 

AMBIENT TEMPERATURE RANGE: 
Operating 
Storage 

POWER DISSJPATION: 
Upto+70 0C. 
Above +70 C 

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

6V 
-0.3/Vcc v 

±10mA 
12 v 

25 mA 

. a to +1o:c 
-55 to +150 C 

...... 400 mW 
derate linearly at 8.7 mW/°C 

MSO SEGMENT 
OUTPUTS 

92C M - 3103 .. 

. +265°C 

CA3168E 

Features: 
• Separate BCD inputs and segment outputs for 

each digit 

• Input loading less than 15 µA 
• 12L logic with buffered inputs and outputs 
• Internal input overrange protection circuit 
• 5-V supply operation 
• Internal biasing circuits 
• Output drive capability of 25 mA per segment 
• Open collector outputs drive indicators directly 

CA3168E 
TERMINAL ASSIGNMENT 

MSO SEGMENT 
OUTPUTS 

TOP VIEW 

OUTPUT 
CA3l68E BUFFERS 

LSD SEGMENT 
OUTPUTS 

,,...... 1-4 ~ 
5 
~ 
> 

,--c_ _ _,..,. !§ 

H.>--t-<&~ _ _JH ~ 
,.,_,.;;.i ...... ~ 

GNO 
VQISPLAY 

(DISPLAY SUPPLY) 

92CS-31033 NOTE: Functional diagram for least significant digit is identical 
to functional diagram used for MSD with the exception 
of Terminal Assignments (see Terminal Assignment dia· 
gram). A separate LSD Bias circuit, and % of the Output 
Bias Circuit is used for LSD. 

DISPLAY SEGMENT IDENTIFICATION 

NOTE: See truth table for test sequence of input/output logic tests and 
Minimum RLOAD = VDISPLAY - VOL For each of the 14 segment 

Max. lo1SPLAY 
drive output terminals. (LEO is not used in test circuit) 

Fig. 1 - Functional diagram for Most Significant Digit (MSD}. Fig. 2 - Test circuit. 



CA3168E 

TYPICAL ELECTRICAL CHARACTERISTICS at Vee= 5 V, V1 = GND, 
VDISP. = 12 V, and TA= 25°C, See Fig. 2 
Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS LIMITS 

Min. Typ. Max. 

Input Voltage High, V1H 2.4 5 Vee 

Input Voltage Low, VIL 0 - 0.6 

Input Current High, I 1H All BCD Inputs= 5 V - - 15 

Input Current Low, lu. All BCD inputs = 0 V -10 - -
On-State Output Voltage, Vol lo(Sink) = 25 mA - - 1 

Off-State Output Current, I OH - 5 50 

Power Supply Drain Current, Ice Vee= 6 v - 17 25 

Input Capacitance, C1 - 5 -

TRUTH TABLES 

Most Significant Digit IMSD) Least Significant Digit (LSD) 

INPUTS OUTPUTS DISPLAY INPUTS OUTPUTS 

ABC D a b c d e f g ABC D a b c d e f 

0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 I I 0 0 I I I I I 0 0 0 I I 0 0 I I I 

0 0 I 0 0 0 I 0 0 I 0 2 0 0 I 0 0 0 I 0 0 I 

0 0 I I 0 0 0 0 I I 0 3 0 0 I I 0 0 0 0 I I 

0 I 0 0 I 0 0 I I 0 0 y 0 I 0 0 I 0 0 I I 0 

0 I 0 I 0 I 0 0 I 0 0 5 0 I 0 I 0 I 0 0 I 0 

0 I I 0 0 I 0 0 0 0 0 6 0 I I 0 0 I 0 0 0 0 

0 I I I 0 0 0 I I I I l 0 I I I 0 0 0 I I I 

I 0 0 0 0 0 0 0 0 0 0 8 I 0 0 0 0 0 0 0 0 0 

I 0 0 I 0 0 0 0 I 0 0 9 I 0 0 I 0 0 0 0 I 0 

I 0 I 0 0 I I 0 0 0 I [ I 0 I 0 I 0 0 I 0 0 

I 0 I I 0 0 0 I 0 0 0 R I 0 I I I 0 0 0 0 I 

I I 0 0 0 0 I I 0 0 0 p I I 0 0 I I I 0 0 0 

g 

I 

I 

0 

0 

0 

0 

0 

I 

0 

0 

0 

I 

I 

I I 0 I 0 I I 0 0 0 0 E I I 0 I 0 I I I 0 0 0 

I I I 0 I I I I I I 0 - I I I 0 I I I I I I 0 

I I I I I I I I I I I BLANK I I I I I I I I I I I 

UNITS 

v 
v 

µA 

µA 

v 
µA 

mA 

pF 

DISPLAY 

0 
I 
2 
3 
y 

5 
6 
1 
B 
9 
H 
j 

L 
F 

-
BLANK 



TV Chroma System 
"G" Suffix Type-Hermetic Gold-CHIP in. 
Dual-In-Line Plastic Package 

The RCA-CA3170G is a monolithic silicon 
integrated circuit that performs the tune· 
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. 

MAXIMUM RATINGS, Absolute-Maximum: 

DEVICE DISSIPATION:• 

The CA3170G is a TV Chroma System of 
advanced design that incorporates all the fea
tures of the CA3070E but with the added 
advantage of the modified Hue Control Char· 
acteristic. With the CA3170G, the designer 
can provide a front panel hue contre>I that 
functions linearly over its entire range, a 
particularly desirable consumer feature. 

Up to TA = 55°C , •...........•.•. , .... , .......... , •..•......••...• 750 mW 
AboveTA=55°C ......... ,., .• , •... , ......•..• , ...•... , deratellnearly7.9mW/°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 1 O s max. 

SHUNT REG 
8 BIAS CIRCUIT 

... , ....... , . . . -40 to +B5°C 

. • , .. , • , .. , .... -65 to +150°C 

.• , •...... , ........ +265°C 

V"•24V 

.. 
1-'--{"4)-;0ID--W...-<11-<J 

HORIZ 
ICEYP\JLSE 

I~--------------+-------' :\~ I CA3170G -----------l---0'>-----INPUT 

L----------~-----~ 
ALLRESllU,.nYALUE\AREINOH•S 

Ufj~~!~ ~~::~·~s!~:?!c:.~~ ~R~~r·c· I ANU VAL "JE I 

lCOllGRE•TUUEtNP'ICCFAllADS Fig. 1 - Functional block diagram of CA3170G. 

Fig. 2 - Simplified functional diagram of a two-package TV chroma 
system utilizing the CA3170G and CA3121E. 

CA3170G 

Features: 
• Voltage-controlled oscillator 
• Keyed APC and ACC de111ctors 
• DC hue control 
• Shunt regulator 

The CA3170G is supplied in the 16-lead 
dual-in-line plastic package with a hermetic 
Gold-CHIP (G suffix). The chips used in the 
hermetic Gold-CH IP plastic packages 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 utilizing a silicon nitride passivation 
layer. A multilayered, highly corrosion
resistant, terminal-connection system of 
unique design is employed. 

CIRCUIT DESCRIPTION 

The CA3170G, 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) inpuu. 
APC and ACC detection is keyed by the hor· 
izontal pulse which also inhiblu 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 in111rnally 
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 de 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 de 
offseU 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 



CA3170G 

ELECTRICAL CHARACTERISTCS, at TA= 25°C and V+ = +24 V unless otherwise specified 

LIMITS 
CHARACTERISTICS SPECIAL TEST CONDITIONS CA3170G UNITS 

MIN.lTYP.lMAX. 
Static Characteristics 

Voltage: 
See Fig.7 Hue Control, V 1 

Oscillator Input, V5 · - 2.6 -
APC Input, V13 

S1 CLOSED 
S30FF; - 5.4 - v 

Regulator, V 10 v+= 21 v 
S2,S4,S5 

11 12.3 13.5 OPEN 
Regulator Change, V 1 O v+ = 27V See Fig. 8 -0.2 - +o.2 

Horizontal Key 
14=-lOµA 5 Input, V4 - -

Currents: S1. S2. S4, S5 CLOSED, 
5.8 Oscillator Output, 12 S3 in position 2, See Fig. 8 - -

mA 
APC Output, I 11, I 12 S1. S5 OPEN, S2, S4 CLOSED, - 1.45 -
ACC Output, 115, 115 S3 in position 1, See Fig. 8 - 1.45 -

Dynamic Characteristics (See Figure 61 
Oscillator Outputs: 

Terminal No. 2, V2 

Terminal No. 3, V3 

ACC Detected Output 
V15-V15 

Oscillator Pull-
In Range 

15 K 

S1 in position 1 

S1 in position 2 

S1 in position 1 

S1 in position 1 

0.75 1.0 -
Vp-p 

0.75 1.0 -

115 150 - mV 

- ±400 - Hz 

TO OSCILLOSCOPE 

Tl: UNIVERSAL WINDING, NO. 36 WIRE 
PRIMARY: 77 TURNS, L• 11.8 J'H, Q • 40 
SECONDARY: 34 TURNS, CT, L • 9 Jol.H, Q:20 

25K 

"APC ADJ .. -:::-

NOTES: 

3 579545 

""' CRYSTAL 

I. ALL RESISTANCES IN OHMS 
2. UNLESS OTHERWISE SPECIFIED 

ALL CAPACITANCES ARE 
IN MICROFARAD$ 

3. V2 a V3 MEASURED WITH LOW
CAPAC1TY SCOPE PROBE ~ 20pf 

Fig. 5 - Dynamic characteristics test circuit. 

phase shift is accomplished by the external 
R, L, and C components that couple the 
oscillator output to the demodulator input 
terminals. The CA3170G includes a shunt 
regulator to establish a 12-volt de supply. 

'° HUE CONTROL \'OLTAGE(V1)-% OF REGULATOR VOLTAGEN1ol 

Fig. 3 - Typical hue control characteristic. 

HUE CONTROL I 

osc { 2 
OUTPUT 

p~~~~ziN~~~ 4 
GND 5 

OSC INPUT 6 

OSC. FEEDBACK{ 7 
LOOP 8 

NC• NO CONNECTION 

Fig. 4 - Terminal diagram of the CA3170G. 

DYNAMIC TEST PROCEDURE 

1. With S2 in "OFF" position, short termi
nals 11 and 12. Then with Sl in 1 posi
tion, adjust ex 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 Sl in position 1 and S2 in 
"ON" position, pattern on oscillos
cope must lock. 

5. Repeat Step 4 with CX adjusted to - 200 
Hz. 



HORIZONTAL 
KEY PULSE 

I~ 

CHllOMA 
IN~ 

47 

031 

'" APC 
AOJ 

R23 
54K 

TERMINAL 9 NO CONNECTION 
ALL RESISTOR VALUES ARE IN OHMS 

ACC APC 
INPUT INPUT 

SHUNT 
REGULATOR 

AND BIAS 
10 

R32 

22K 

OSCILLATOR 
FEEDBACK 

LOOP 
• 7 

6 OSCILLATOR 
INPUT 

22K 

Fig. 6 - Schematic diagram of the CA3170G. 
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-

L ___ _ 
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ADJUST 
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CA3121E 

~0.0~ 

-----1 
I 

~-t-'\/2·'v'1rt--o~Ut.uT 
I UK 

I 
I 

'"' ~470 

47 

47 

RESISTANCE VAL.UES ARE IN OHMS 
UNLESS OTHERWISE INDICATED. ALL CAPACITANCl 

VALUES LESS THAN I ARE IN MICROFARADS, 
I OR GREATER ARE IN PtCOFARAOS. 

92CL-l!16191tl 

CA3170G 

v+ 
92CS-27691Rl 

Fig. 8 - Static characteristics test circuit 

Fig. l - Outboard circuitry of a typical two-package chroma system for 
color-TV receivers utilizing the CA3121E and CA3170G. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-419 



CA3172G 

TV Chroma Demodulator 

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. 

7. The color-difference signals, after matrix, 
have a fixed relationship of amplitude and 
phase. 

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 

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 RATINGS, Absolute Maximum-Va/uesat TA= 25°C 

DC SUPPLY VOLTAGE (Terminal 8 to Terminal 14) ..............•.....•.... 27 V 
REFERENCE INPUT VOLTAGE . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 5 VP·P 
CHROMA INPUT VOLTAGE . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . 5 Vp-p 
DEVICE DISSIPATION: 

-UptoTA=+70°C ............................................ 530mW 
Above TA= +70'C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Derate Linearly at 6.7 mWfC 

AMBIENT TEMPERATURE RANGE: 
Operating -40 to +85°C 
Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65 to +150° C 

LEAD TEMPERATURE (During Soldering): 
At distance 1 /32 in. (3.17 mm) from seating plane for 1 Os max. . . . . . . . . . . . . . . . . +265° C 

ELECTRICAL CHARACTERISTICS, at TA= 25°C and v+ = +24 V unless otherwise specified 

CHARACTERISTICS SYMBOLS SPECIAL TEST LIMITS 
UNITS 

CONDITIONS CA3172G 

MIN.] TYP.j MAX. 

Static Characteristics• 

Supply Current 
With Output Loads IT s1 Closed 16.5 - 28.5 mA 

With No Output Loads S1 Open - 9 -
G-Y, R-Y, B-Y Outputs V9 V11.V13 S1 Closed 13 14.5 15.5 

Chroma Inputs V3,V4 s1 Open - 3.6 - v 
Reference Subcarrier V5, V7 S1 Open - 6.4 -
Dynamic Characteristicsb 

Demodulator Unbalance V9, V11. V13 V3=V4=0 - - 0.6 Vp-p 

Maximum Color Differ-
V13 V3=V4 = 0.35 Vp-p 5 ence Output Voltage - -

vp-p 
Chroma Input Sensitivity V3 - 0.2 0.35 

R-Y Output Ratio V11 
Adjust ec for 5.0 

0.95 V p-p @ term No. - -
G-Y Output Ratio Vg 13(8-Y) - 0.32 -
V DC Difference \V9\· \V11! 

Between any two \V9\ · IV13\ ec = 0 - - 0.6 v 
Output Terminals \V11\ · \V13\ • 

Input Impedance Ri6, 7 - 1.7 - kn 
Reference Subcarrier C;6, 7 - 6 - pF 

Input Impedance at R;3, 4 - 0.95 - kS1 
Chroma Inputs Ci3,4 - 6 - pF 

Output Resistance 
R09, R0 11, 

- 180 - n R0 13 

a Test circuit Fig. 3 b Test circuit Fig. 4 

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° 

Maximum Voltage and Current Ratings 
atTA=+2s0 c 

Voltage* Current 

Terminal MIN MAX Terminal 11 
No, VOLTS VOLTS No. mA 
3 0 +5 3 -
4 0 +5 4 -
6 0 +12 6 -
7 0 +12 7 -
8 0 +27 8 -
9 0 +20 9 1.0 

11 0 +20 11 1.0 
13 0 +20 13 1.0 

lo 
mA 

-
-
-
-
-
20 
20 

20 

* With reference 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 
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Fig. I - Functional diagram of RCA-CA3172. 

Fi!J. 2 - Schematic diagram for CA3172-

NOTE; 

CA3172G 

B-Y 
OUTPUT 

ALL CAPACITORS GIVEN IN pf 
UNLESS OTHERWISE NOTED. 
ALL RESISTANCES IN OHMS. 

Fig. 3 - Static characteristics test circuit. Fig. 4 - Dynamic characteristics test circuit. 



CA3189E 

FM IF System Features: 
• Exceptional limiting sensitivity: 

12 µV typ. at -3 dB point Includes IF Amplifier, Quadrature Detector, AF 
Preamplifier, and Specific Circuits for AGC, AFC, 
Tuning Meter, Deviation-Noise Muting, and ON 
Channel Detector 

• Low distortion: 0.1% typ. (with double-tuned coil) 
• Single-coil tuning capability 
•Improved S + N/N Ratio 

For FM IF Amplifier Applications in High
Fidelity, Automotive, and Communications 
Receivers 

The RCA-CA3189E* is a monolithic inte· 
grated circuit that provides all the functions 
of a comprehensive FM-IF system. Fig. 1 
shows a block diagram of the CA3189E, 
which includes a three-stage FM-IF ampli· 
tier/limiter configuration with level de· 
tectors for each stage, a doubly-balanced 
quadrature FM detector and an audio ampli
fier that features the optional use of a 
muting (squelch) circuit. 

The advanced circuit design of the IF 
system includes desirable deluxe features 
such as programmable 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 regulator.s maintain a 
nearly constant current drain over the volt· 
age supply range of +8.5 to +16 volts. 

The CA3189E is ideal for high-fidelity oper· 
ation. Distortion in a CA3189E FM-IF 

System is primarily a function of the phase 
linearity characteristic of the outboard de
tector coil. 
The CA3189E has all the features of the 
CA3089E plus additions. See CA3189E 
features compared to the CA3089E in 
Table I. 
The CA3189E utilizes the 16-lead dual-in· 
line plastic package and can operate over 
the ambient temperature range of -4ooc to 
+B5°c. 

*Formerly Developmental Type No. TA10038. 

MAXIMUM RATINGS, Absolute-Maximum Values at TA =2SoC: 

DC SUPPLY VOLTAGE (between Terms. 11 and 4) 
(between Terms. 11and14) 

DC CURRENT (Out of Term. 15) 
DEVICE DISSIPATION: 

• Externally programmable recovered audio 
level 

• Provides specific signal for control of inter
channel muting (squelch) 

• Provides specific signal for direct drive of 
a tuning meter 

• On channel step for search control 
• Provides programmable AGC voltage for 

RF amplifier 
• Provides a specific circuit for flexible audio 

output 
• Internal supply-voltage regulators 
• Externally programmable "on" channel 

step width, and deviation at which muting 
occurs 

..... 

16V 
16V 

2mA 

640mW Up to TA =85°0C 
Above TA =85 C 

AMBIENT-TEMPERATURE RANGE: 
derate linearly at 9.9 mW/°C 

Operating. 
Storage 

LEAD TEMPERATURE (During soldering): 
At distance not less than 1/32 inch (0.79 mm) from case for 10s max. 

ALL RESISTANCE VALUES ARE IN OHMS 
* L TUNES WITH 100 pF ~Cl AT 10 7 MHz 

Oo s 75 ITOKO No. KACS KS86HM OR 
EQUIVALENT.) 

47K 

Fig. 1 - Block diagram of the CA3189E. 

ON CHANl'EL 
INDICATOR 

-40to +85°c 
-65 10 + 15o0 c 

. +265°c 



ELECTRICAL CHARACTERISTICS, at TA= 25°C, v+ = 12 Volts 

TEST CONDITIONS LIMITS 

CHA RAC· SYMBOL Circuit UNITS 

TERISTIC or Min. Typ. Max. 
Fig. No. 

Static (DC) Characteristics 

Quiescent Circuit 
Current 111 20 31 40 mA 

DC Voltages: 
Terminal 1 (IF Input) V1 1.2 1.9 2.4 v 
Terminal 2 (AC 
Return to Input) V2 No signal input, 2,6 1.2 1.9 2.4 v 

Non muted 
Terminal 3 (DC 
Bias to Input) V3 1.2 1.9 2.4 v 
Terminal 15 
(RF AGC) V15 7.5 9.5 11 v 
Terminal 10 (DC 
Reference) V10 5 5.6 6 v 

Dynamic Characteristics 

Input Limiting Volt-
age (-3 dB point) V1(1im) - 12 25 µV 

AM Rejection VIN= 
(Term. 6) AMR 0.1 V, 2,6 45 55 - dB 

Recovered AF AM Mod. t0 =10.1 

Voltage (Term. 6) Vo(AF) = 30% MHz, 325 500 650 mV 

Total Harmonic 
Distortion:* fmod· = 
Single Tuned (Term. VIN= 400 Hz, 6 - 0.5 1 % 
6) THD 0.1 v 
Double Tuned 
(Term. 6) THD Deviation 2 - 0.1 - % 

Signal plus Noise to ±75 kHz 

Noise Ratio 
(Term. 6) S+ N/N 2,6 65 72 - dB 

Deviation Mute 
Frequency fDEV. fmod. = 0 4,6,7 - ±40 - kHz 

RF AGC Threshold V15 2,6 - 1.25 - v 

On Channel Step VIN= fDEV. < 
V12 0.1 v ±40 kHz 6 - 0 - v 

fDEV. > 
±40 kHz - 5.6 -

*THO characteristics are essentially a function of the phase characteristics of the network connected 
between terminals 8, 9, and 10. 

CA3189E 

~10,..F 

,_,..,_ _ _.__AUDIO 

ALL RESISTANCE VALUES ARE IN OHMS 

*r: PR!, -Oo(UNLOADEO)a 75(TUNES WITH 100 pf (Cl) 20! OF 34e ON 

7132" DIA FORM 

SEC. -Q0 (UNLOADEO);;i 75 (TUNES WITH 100 pf (C2 l 201 OF 34e ON 
7/32" DIA FORM 

kQ(PER CENT OF CRITICAL COUPLING) iii 70 % 

(ADJUSTED FOR COIL VOLTAGE Ve )~150 mV 

OUTPUT 

ABOVE VALUES PERMIT PROPER OPERATION OF MUTE (SQUELCH} CIRCUIT 

"E~ TYPE SLUGS, SPACING 4mm 

**C=0.01 JLF FOR 50 J-<S DEEMPHASIS {EUROPE) 
: 0.0!5 p.F FOR 75 p.s DEEMPHASIS (USA) 

Fig. 2 - Test circuit for CA3189E using a double
tuned detector coil. 

12 

10 

10 100 lk IOk IOOk 
1NPUT SIGNAL - ,.v 

Fig. 3 - Muting action, tuner AGC, and tuning 
meter output as a function of input 
signal voltage. 

DC POWER SUPPLY (V+)>l2 V 
AMBIENT TEMPERATURE (TA)•25•C 

200 SEE TEST CIRCUIT, .. FIG. 3 

1~ 
~ 150 5k.Q. ~A 

-15 
-100 -50 

CHANGE IN FREQUENCY (C>.f)-kHz 

100 

Fig. 4 - AFC characteristics (current at Term. 7 
as a function of change in frequency). 

150 



CA3189E 

LEVEL Dl'.TtCTQR I ICIER Cl!CU!T 

Fig. 5 - Schflmatic diagram of the CA3189E 

TABLE I - CA3189E Features Compared to CA3089E 

FEATURES CA3189E CA3089E 

Low Limiting Sensitivity (12 p.V typ.) Yes Yes 

Low Distortion Yes Yes 

Single-coil Tuning Capability . Yes Yes 

Programmable Audio Level Yes No 

S/N Mute Yes Yes 

Deviation Mute Yes No 

Flexible AFC . Yes Yes 

Programmable AGC Threshold arid Voltage Yes No 

Typical S + N/N > 70 dB Yes No 

Meter Drive Voltage Depressed at Very-

Low Signal Levels Yes No 

On-Channel Step Control Voltage Yes No 
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""" 

Fig. 5 - Schematic diagram of the CA3189E 

">®--4- AUDIO 

ALL RESISTANCE VALUES ARE IN OHMS 
*L TUNES WITH IOOpF (Cl AT I0.7 MHz 

OQCUNLOAOED)•7!5 (TOKO No. l<ACS K586HM OR EQUIVALENT) 

*"'c~o.Ol p.F FOR 50 ,., DEEMPHASIS (EUROPE) 
s 0.015 11-F FOR 75 p.1 DEEMPHASIS (USA) 

Fig. 6 - Test circuit for CA3189E using a single
tuned detector coil. 

OUTPUT 

DEVIATION MUTE DETECTOR 
ANO AFC AMPl I. 

CA3189E 



CA3189E 
DC SUPPLY VOLTAGE (V+J•l2Y 
AMBIENT TEMPERATURE (TAl•25"C 

o 5 ~ ~ ro ~ 

LOAD RESISTANCE(BETWEEN TERM. 7 ANO TERM.10)-k.12 

Fig. 7 - Deviation mute threshold as a function 
of load resistance {between Term. 7 
and Term. 10/. 

-80 

-- CA3189E ONLY 
--- CA3189E PRECEDED BY 

FILTER ANO GAIN STAGE 
- - - CA3189E PF!fCEOED BY 

2 FILTER AND GAIN STAGES 

3.3k 

10.7~ 

~~~R lnF 

2.211 

l.8k 

3.3k 390 1"'"' "'"'l 

ALL RESISTANCE VALUES ARE IN OHMS 
CF: CERAMIC FILTERS, TOKO CSFE OR EQUIVALENT 

*L TUNES WITH 100 pf (C) AT IO, 7 MHz 
Qo (UNLOADED) II 75 ITOKO No. KACS K586 HM 

OR EQUIVALENT) 

RF AGC 

10 Fig. 9 - Complete FM IF system for high-quality receivers. 
SIGNAL LEVEL-p.V 

Fig. 8 - Typical limiting and noise characteristics. 

AUDIO A.F.T. 0 V +12V 
OUTPUT 

COMPLETE FM IF SYSTEM 
FOR HIGH-QUALITY TUNERS 
The circuit, Fig. 9. provides a 
complete FM IF system for a 
high-quality receiver. Either one 
or two stages of amplification 
and bandpass filtering may be 

TUNING 
METER 

R.F. 
A.G.C. 

10.7MHz 
INPUT 

desired, depending on the receiver 
requirements. Figure 8 shows 
typical limiting and noise 
characteristics for each circuit 
configuration which can be 
compared to the CA3189E alone. 

Fig. 10 - Printed circuit·board and component layout for circuit shown in Fig. 9. 

ov 

92CS.29959R1 

+12V 

AFT 

Al.OIO 

ov 



CA3221G 

Features: TV Chroma Amplifier/ 
Demodulator • Excellent linearity in de chroma gain-controlled circuit 

Provides Complete System for Processing Chroma 
When Used with RCA-CA3070 or CA3170 

• Improved filtering resulting in reduced 7.2-MHz output 
from the color demodulators 

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

•Current limiting for short-circuit protection 
• Good tolerance to B+ supply variations 

The RCA-CA3221G is a monolithic silicon 
integrated circuit.chroma amplifier/demodu
lator with ACC, saturation control, and killer 
control for use in NTSC color TV receivers. 
It is designed to function compatibly with 
the CA3070 or CA3170 in a 2-package 
chroma system. The CA3221G is functionally 
identical to the industry standard CA3121, 
but has a modified saturation control as 
well as a modified color difference matrix. 

The CA3221 G is supplied in the 16-lead 
dual-in-line plastic package with a hermetic 

MAXIMUM RATINGS at TA= 25°C 

Supply Voltage ._ . 
Device Dissipation: 

Up to TA = 55° C 
Above TA= 55°C 

Operating Temperature Range . 
Storage Temperature Range 
Lead Temperature (During Soldering) 

Gold-CHIP (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 contaminants without the need for a 
hermetic package enclosure. The semicon
ductor junctions are sealed by utilizing a 
silicon nitride passivation layer. A multi
layered, highly corrosion-resistant, terminal
connection system of unique design is 
employed. 

.30V 

- ...... 1W 
derate linearly 10.5 mW/°C 

. -40 to +85°C 

. -65 to +150°c 

At distance 1/16" ±1/32" 11.59 ±o.79 mm) from case for 10 s max. . +265°C 

CHROMA 
INPUT 

ACC 
INPUT 

TO ACC a 
APC DET. 

ON CA3070 
OR CA3170 

3 --- • f:_ 6.N:-
SATURATIO"I REF. SUBCARRIER 
CONTROL INPUT AMPLIFIED CHROMA 92CM-30137 

Fig. 1 - Functional block diagram of the CA3221G. 

• Good temperature coefficient stability 
• Gold-CHIP for increased reliability 

.., 1500 

~ 1000 

•oo 

100 200 500 400 500 600 700 

NTSC CHROMA INPUT SIGNALCTERM.2)-111Vp-p gics-2ZU7 

Fig. 2 - Typical A CC plot for the CA3221 G when 
used with the CA3070. 

AMBIENT TEMPERATURE (TA )•H•C 

WHILE THE SATURATION CONTROL ' : 
IS SPECIFIED FOR USE FRON 0 TO+l2Y, 
TERM.6 VOLTAGES HIGHER THAN+l2Y 
WILL NOT DAMME THE OEYtcE. 

10 l!I 
TERMINAL 8 VOLTAGE-Ydc 

20 

tzCS-50/M 

Fig. 3 - Saturation control characteristic. 

.. 



CA3221G 

ELECTRICAL CHARACTERISTICS at TA= 25°C and Referenced to Test Circuit (Fig.71 

CHARACTERISTIC, 
TERMINAL MEASURED, TEST CONDITIONS LIMITS UNITS 

AND SYMBOL Min. Typ. Max. 

Supply Current, IT - - 40 50 mA 

Input Sensitivity, V2 Vary Eg; set V 11 for 2 V RMS 4 12 20 mV RMS 
S3 = 1 

Second-Stage Sensitivity, V 4 Vary Eg; set V 11for2 V RMS 30 53 75 mVRMS 
S3 = 1 

Switch Positions: S1=2, S2=2, 
Output Voltage (Killer off) S3= 1 Adjust killer potentiometer - - 70 mV RMS 

until output drops 

Saturation Control Vary Eg; set V 11 for 2 V RMS 
Characteristics: with S3 = 1. Set S3 = 2 
* V11 measure V11 0.71 0.95 1.16 V RMS 

50% Gain 

0% Gain Same as above, S3 = 3 - - 20 mVRMS 

Demodulator Characteristics: 
Output Voltages, 

V9, V10. V11 - 13.5 14.5 15.5 v 
DC Output Balance 

(Between any 2 
outputs) - -0.6 - +0.6 v 

Unbalance, 

V9, V10. V11 Eg=O; Switch Position: S1=1, 
S2=1,S3= 1 - - 0.8 Vp-p 

Relative Outputs- Vary Eg; set V 11 for 2 V RMS, 
R-Y, v10 S3 = 1 1.75 1.85 1.95 V RMS 

G-Y, V9 0.6 0.7 0.8 V RMS 

Relative Phase - Vary Eg; set V11for2 V RMS; 
R-Y, v10 read phase of V 1 o and V 9 - 90 - degrees 

G-Y, v9 with V 11 asreference - 244 - degrees 

Max. Output Voltage, V 11 Eg=750mV 2.8 - - V RMS 

*See Fig. 3 for saturation corltrol characteristic. 

CIRCUIT OPERATION 

The CA3221 G consists of three basic circuit 
sections: (1) amplifier No. 1, (2) amplifier 
No. 2, and (3) demodulator. Amplifier 
No. 1 contains the circuitry for automatic 
chroma control (ACC) and color-killer sensing. 
The output of amplifier No. 1 (Terminal 3) 
is coupled to the Chroma Signal Processor 
(CA3070 or equivalent) for ACC and auto
matic phase control (APC) operation and to 
the input of amplifier No. 2 (Terminal 4) 
containing the chroma gain control circuitry. 
The signal from the color-killer circuit in 
amplifier No. 1 acts upon amplifier No. 2 to 
greatly reduce its gain under weak signal 
conditions. 

The output from amplifier No. 2 (Terminal 
14) is applied, through a Bandpass Filter, to 

the demodulator input (Terminal 13). The 
demodulator also receives the R-Y and B-Y 
demodulator subcarrier signals (Terminals 7 
and 8) from the oscillator output of the 
chroma signal processor. The R-Y and B-Y 
demodulators and the matrix network con
tained in the demodulator section of the 
CA3221G reconstruct the G-Y signal to 
achieve the R-Y, G-Y, and B-Y color differ
ence signals. These high-level outputs signals 
with low impedance outputs are suitable for 
driving high-level R, G, B output amplifiers. 
Internal capacitors are included on each out
put to filter out unwanted harmonics. For 
additional operating information and signal 
waveforms, refer to Television Chroma 
System (utilizing RCA-CA3070, CA3071, 
CA3072), File No. 468. 



Fig. 4 - Simplified functional diagram of a two-package TV chroma 
svstem utilizing the CA3221G and CA3070 or CA3170. 

Fig. 5 - Schematic diagram of CA3221G. 

CA3221G 

92CM-30l42 



CA3221G 

CHROMA 

IN~ 
47 

••• 

47 

20K 
APC 
ADJ 

I 0.04 
I 
I 
I 
I 
I 
I 
I L ___ _ 

100 

390K 

1.2M 

CA3221G 

I 

. --_:-4>-T~-- .... vt_I __ __J o.aµ 0.01 

2-5K 
B.2 K 470 470 

2.5K 

IOO 12 50 + 24 v 
1.8 M 

680 2.7 K 470/l w 

180 

20 K 
ACC 
AOJ 

47,1<H 15,1<H 6.8_-H 

50 

IK 

HORIZ. KEY PULSE 
+4V,4.51>S 

INPUT 
RESISTANCE VALUES ARE IN OHMS. 

UNLESS OTHERWISE INDICATED, ALL CAPACITANCE 
VALUES LESS THAN l ARE IN MICROFARADS, 
I OR GREATER ARE IN PICOFARADS. 

160 

~470 

Fig. 6 - Outboard circuitry of a typical two-package chroma system for color· TV 
receivers utilizing the CA3221G and CA3170. 



TO 
TERM.I 

~~~~.---+-~~~~~~~-+-~~---4......-l~
(l 01 

KILLER 

47' 

• 30 pF 8 3.9 k&l VALUES MAY BE AD..IUSTED TO 
GIVE THE DESIRED ffE:SPONSE 

r1: ~~~~~:~,:Ai~c~~:.:~ ~'::::s ;z:;:o 
+24V 2-7k 

NOTE: 
2.2·k0 LOADS ONLY FOR TEST PURPOSE, 3.5-11.0LOADS RECOMMENDED FOR APPLICATIONS. 
RESISTANCE VALUES ARE IN OHMS. 

CAPACtTANCE VALUES ARE IN MJCROFARADS UNLESS OTHERWISE INDtCATED. 

Fig. 7 - Typical characteri•ticl r .. r cin:uit for the CA3221G. 

92CM-30139 

·-· OUTPUT 

CA3221G 
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3N128, 3N143 

Silicon MOS Transistors N-Channe1 Depletion Types 

For Amplifier, Mixer, & Oscillator Applications in Military & 
Industrial VHF Communications Equipment Operating up to 250 MHz 

RCA-3Nl28 and 3Nl43 are N-channel depletion-type silicon 
insulated-gate field-effect transistors utilizing the MOS* 
construction. The 3N!28 is intended primarily for VHF 
amplifier service in military and industrial applications. It 
also is extremCly well suited for use in de and low-frequency 
amplifier applications requiring a transistor having high 
power gain, very high. input impedance, and low gate leakage. 

The 3Nl43 is designed for use as a VHF mixer and oscillator. 
Because of their improved transfer characteristic and in· 
creased dynamic range the 3Nl28 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 T0-72 metal packages. 

ELECTRICAL CHARACTERISTICS, (At TA= 25°C) 

Maximum Ratings, Absolure-Maximum Valws at TA ,. 25° C: 

·DRAIN-TO-SOURCE VOLTAGE, Vos . ' ... +20 v 
•DRAIN-TO-GATE VOLTAGE, Voo ........... +20 V 
•GATE-TO-SOURCE VOLTAGE, Veg: 
Continuous de . . . . . . +I, -8 V 
Peakac ±ts V 

·DRAIN CURRENT, lo ' ................. 50 mA 

"TRANSISTOR DISSIPATION, 1>-r: 
At Arnb_ient up to 25°[; ..... 
Temperatures above 25 . 

•AMBIENT TEMPERATURE RANGE: 

......... 330 mW 

.... Derate 2.2 mW/°C 

Storage and Operating . . .... ~65 to +175°C 

•LEAD TEMPERATURE (During soldering): 
At distances not closer than 1/32 inch to 
seating surface for lO seconds maximum . . . . . . . 265 ° C 

"'In accordance with Jed.cc Registration Data Format JS9-RDF1 lB. 

Measured with Substrate Connected to Source Unless Otherwise Specified. 

CHARACTERISTIC SYMBOL CONDITIONS 

Vos,.; 0, VGs = -8 v TA = 25°C Gate Leakage Current IGss Vos =0, VGs=-8V TA= 125°C 

Zero-Bias Drain Current loss Vos=l5V,VGs=0 

Drain·to-Source Cutoff Current lo(ofl) Vos= 20V, VGs = -8 v 

Gate-to-Source Cutofl Voltage VG~off) Vos= 15V, 10 =50µA 

Forward Transconductance gfs Vos= 15V, 10 = 5mA, f =!kHz 

Drain-to-Source Channel Resistance ros(on) Vos= o, VGs = o, f = t kHz 

Small·Signal Shorl-Circuit 
Reverse Transfer Capac_itance• Crss Vos= 15V, lo=5mA,f=O.l to !MHz 

Small-Signal Short-Circuit Input Capacitance Ciss Vos=l5V,lo=5mA,f=O.lto !MHz 

Common-Source Configuration 
Input Admitlance Yis f = 200MHz 
Forward Transfer Admittance Yss Vos= 15 Volts 
Output Admitlance Yos lo=5mA 

Maximum Available Power Gain MAG Vos= 15V,lo =5mA,f =200MHz 
Insertion Power Gain (Fixed Neutralization) 

See Fig. 1 Gps 

Power Gain (Conversion Vos= 15 v, lo= 1mA,fin=200MHz 
(See Fig. 3) Gps(c) •out= 30MHz 

Noise Figure JSee Fig. 1 & 2) NF Vos= 15 v, lo =5mA, f = 200MHz 

•1naccordance with JEDEC Registration Data Format JS9·ROF·llB • 
.&niree-Terminal Measurement: Source Returned to Guard Terminal. 

LIMITS 
3Nl28 3Nl43 ).!NITS 

MIN. TYP . MAX. MIN. TYP. MA.X. 

- 0.1 50 - 0.1 1000 pA 
- - 5 - - 200 nA 

5 15 25 5 15 30 mA 

- - 50 - - 50 µA 

-0.5 -3 -8 0.5 -3 -8 v 

5,000 7,500 12,00( 5,000 7,500 12,000 µmho 

- 200 - - 200 - [l 

0.15 0.25 0.35 0.12 0.25 0.38 pf 

- 5.5 7 - 5.5 7 pf 

- 0.4 + Jl.3 - - - - mm ho 
- 7 -J2 - - - mm ho 
- 0.28 + J 1.8 - - - - mm ho 

21 - - - - dB 

13.5 t6 - - - - dB 

- - - 10 13.5 - dB 

1- 3.5 5 - - - l -

Cr c 2: ~;~~~a~:~~able air capacitor: E. F. Johnson Type 160-102 

I 

' INPUT IOO'f 

~ I >On~ 
I 

I 4,7K I 
I I 
I I 
I I RFC I 

: EXTERNAL~ (~~~~rgRrE~~V.I :, 
I SHIELD I I 

L __ -- ~Q _____ L _______ 7--·--_J 

Al! Ru••'""" '" ohms ud I 4 W 
u•lusoth••..,usp.i:•l••d 

All Copc1<0tofS '"pf 

'TUBULAR CERAMIC 
• OIK CERAMIC 

C3: j~~~[o~i~~~~~g~5~:11~~;i:!:e~iacito1: JFD Type vAM-010, 

c4, c5: ~.tif:r P~:?~~%~~ variable air capacitor: Roanwell Type 

Li: ~i~~~ sil~:;~!jt~~a~·~t!: :;c~in~.i~~n-~-08.'~S'!~dew~~~f:~ 
length approx. 0.65n. Tapped at 1-1/2 turns from Ct end 
of winding 

L2: Same-as L1 except winding length approx. 0.7•; no tap. 

Fig. 1 - Test circuit used to measure 200-MHz maximum 
.1sable power gain and noise figure for 3Nt 28 

Performance Features 
• Large dynamic range 
• Greatly reduces spurious responses in rceiver front ends 
• Permits use of vacuum-tube biasing techniques 
•Excellent thermal stability 
• Superior crossmodulation capability 

Device Features 

• Low noise figure (3N128) - 3.5 dB typ. at 200 MHz 
• High VHF amplifier gain (3N128) - 16 dB typ. at 200 MHz 
• Low input capacitance - 5.5 pf typ. 
• Htgh transconductance - 7500 µmho typ. 
•High input resistance- 101411: typ. 
•High conversion gain 13N143, mixer) - 13.5 dB typ. at 

200MHz 

Applications 

• VHF amplifiers, mixers, converters and if-amplifiers in 
communication receivers. 

•High-impedance timing circuits 
• Detectors, oscillators, frequency multipliers, phase 

splitters', pulse stretchers and current litniters 
• Ektctrometer amplifiers 
•Voltage-controlled attenuators 
• High impedance differential amplifiers 

VHF NOISE 
SOURCE 

HP No. 343 OR 
EQUIVALENT 

TERMINAL DIAGRAM 

Drain 

· Source 

3 - Insulated Gate 

4 · Bulk (Substrate) 
and Case 

NOISE FIGURE 
METER 

HP No. 342A OR 
EQUIVALENT 

Fig. 2·Hoise figure measurement setup for 3N128 

10sro 1 z~io Q_ 
L1 "'4 Turns 1/4" dia .• 3/8" long -=- = -=-

No. 22 Bare-Tinned Wire 
Q"' JN143 Voo' 16 v 

Fig. 3 ·Conversion power gain test circuit for 3Nt43 



SOUflCE ANO SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE ITAl•Ui•c 

:'(E.·TO·SOIJ~CE VOLTS IVGs)•+-I 

+0.5 

0.0 

-1.5 _, 
5 IO 1:5 

DRAIN-TO-SOURCE VOL TS IVosl 

-2.5 
20 

Fig. 4•Drain cuTtent YS, tlrain·to-source yo/toge 

COMMON-SOURCE CIRCUIT 

:i:.~~:~~~~~~~~';E ~~.N~5E_~ '""';f.;ffi;;,'!lll1~$. 
§g 00000 ; ::i~~_'~c,\:J~:~LTS IVosl•+oO ''.· :;: ii~; ~~ ~~i 

~~ aooo 

ffii il .. 6000 

e:.; 
0 - 4000 

I 
2000 

4 6 8 10 
DRAIN MILLIAMPERES ltol 

Fig. 7 •Forward transconductance YS, Jrain current 

4 • • 
ORAIN MILLIAMPERES llp) 

Fig. JO·ReYerse transaJmittance Ys. Jrain current 

_, 

COMMON-SOURCE CIRCUIT 
SOUACE AND S1J8STRATE GRQ\.nlJ[D 
AMBIENT TEMPERATURE lTA I• 25•c 
FREQUENCY lt1 •ZOO MHt 
OAAIN Ml~~LAMPERES 1Iol•5 ... 

... 
10 1:5 20 

DRAIN-TO-SOURCE VOLTS IVDSI 

Fig. 13-ForworJ transaJmittonce YS. Jrain·to-source 
yo/tage 

0 ., 

Fig. S·Droin cuu•nt Ys. gate-to-source YoJtage (VGsJ 

COMMON·SOURCE CIRCUIT 
SOURCE ANO SUBSTRATE GROUNDED 
AMII ENT TEMP£RATURE (Ta)= 25"C 

10 ~:i?: .. E./4oc.:'~;~~~~.fs 1v051•+t5 

4 • • 
DRAIN MILLIAMPERES Clo) 

Fig. 8 -Input admittance YS, Jrain current 

-1.0 
0 

111,. IS NEGLIGIBLE AT THIS FAECUENCY 

... 

s 10 15 
ORAIN-10-SOURCE llOLTS IYosl 

" 

i::+w: 
t:: h"l: 

H 

20 

Fig. 11 ·ReYerse transoJmittance YS. Jrain·to•source 
yo/toge 

Fig. 14·0utput admittance YS, Jroin current 

3N128, 3N143 

0 _, 
·2 ·I 0 

GATE-TO-SOURCE VOLTS !VGsl 

Fig. 6- Forward transconductance YS. gate bias yo/toge 

ICOMMoN-souRCE c1Rcu1r 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE !TA)•25"C 
FREQUENCY (fl= ZOO MHz 
DRAIN MILLIAMPERES (Io)= 5 

Iii• 

5 JO IS 
DRAIN-TO-SOURCE VOLTS tVosl 

20 

Fig. 9-lnput aJmittonce n. Jroin•fo .. source Yoltoge 

Fig. 12 ·Forward transodmittance vs. Jroin current 

COMMON- SOURCE CIRCUIT 
lol SOURCE MD S1JISTRATE GROUNDED 
~ AMllENT TEMPERATURE IT1.1•25• f 3 fRlQUEMCT tn •200 MHt 
w DRAlll MILLIAMPERES !Ipl• 5 

t 
!ij 
:n· ... 

... 
5 10 15 20 

DRAIN-TO-SOURCE. VOLTS tVosl 

fig. 1S·Output admittance Ys, drain•to·source Yo/toge 



3N138 

SILICON INSULATED-GA TE FIELD-EFFECT TRANSISTOR N•Channel Depletion Type 

For Critical Chopper Applicatilns and Multiplex Service in 
Instrumentation and Control Ci'cuits 

RCA-3N138 is a silicon, insulated-gate field
eff ect transistor of thL• N-chanm·I d('plt'tion typt•, 
utilizing the MOS* construdion. 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 1 ~ 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 <0.18pF typ.l and zero inherent 
offset voltage. 

The 3Nl38 is hermetically sealed in the JEDEC 
T0-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 

• Metal-Oxide-Semiconduct.or. 

Maximum Ratings, Absolute-Maximum Values: 
(SnbRlrafr (·1m111'("if'rl to .<:0111·c1• 1rnlf'SS ofhenrise sp1'cified) 
DHAIN~TO-SOURCE 

VOLTAGE, \'r1s -.;35 max. V 

DRAIN-TO-SUBSTRATf: 
\'OLTAGE. \'nu ·35.-0.:!max V 

SOURCE-TO-SUBSTRATE 
VOLTAGE, Vss ·:35,-.0.:Jmax. V 

DC GATE-TO-SOURCE 
\'OLTAGE, Vc;s ··10max. V 

PEAK GATE-TO-SOURCE 
VOLTAGE, V1;s · 14 max. V 

PEAK VOLTAGE, GATE-TO-ALL 
OTHER TERMINALS: Vcs, V,;r), 
V1;11 •. non-repetitive · 45 max. V 

DRAIN CURRENT, lo IPulsedurat1on 
20ms,d14yfactcr S. 0.101 •• , ••• ,... 50 max. rnA 

TRANSISTOR DISSIPATION. P-r: 
At ambient temperatures up to 2s 0 r. 330 max. mW 
above 2s0 c. Derate linearly al 2.2·mW/oC 

AMBIENT TEMPERATURE 
RANGE: 
Storage -65 to +150 "C 
Operating -65 to +125 QC 

LEAD TEMPERATURE 
(During Soldering): 
At distances~ 1/32" to seating sur-
face for lp seconds max. 265 max. QC 

TERMINAL DIAGRAM 

MAIN-TO-SOURCE VOLTS •15 
AMBIENT TEMPERATURE (TA)•2!S•c 

-2 -I 

1 ·Drain 

2 ·Source 

3 - Insulated Gate 

4 • Bulk (Substrate) 
and Cose 

GATE ·TO- SOURCE \IOL TS (\/GS) 

Fig. 1 - Drain Current vs Gate-to-Source Voltage 

,0 20 
ORA.IN-TO-SOURCE VOLTS (\los) 

Fig. 2 - Drain Current vs Drain Voltage 

ELECTRICAL CHARACTERISTICS, at TA = 25° C, Unleu Otherwise Specified. Substrate Connected to Source. 

LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS Type 3Nl38 UNITS 

Min. Typ. Max. 

Gate-Leakage Current lio:<.-; V1a1 =±IO, Vrn1"" 0, T.\ = 25°C 0.1 10 pA 
V1a1"" ± 10, V1111 = 0, T.\ "" 125°C 10 100 pA 

Vc;11 = 0, Vos"" 0, I = I KHz, T.1 "" 25°C 140 350 II 
Drain-to-Source ''ON" Resistance ru!l(On) Vw1 = +10, V1>}\ = 0, f = I KHz, T.1 = 25QC 135 II 

V(:s = 0, Vos= 0, I= I KHz, T.1 = 125°C 350 II 

Drain-to-Source "OFF'' Resistance Rus(off) Vns = -10, V11i-: = +t 2x10a 1010 

Orain-lo·Source Cutoff Current 1,~off) 
V,;11 = -10, V1~'l = +1, T.1 = 25°C 0.01 5 nA 
V,;i:. = -10, Vos = + l, T.1 = 125°C 0.01 0.5 µA 

Small-Signal, Short-Circuit, Reverse c, .. V1oi:. =-IO, V1,i:. = 0, f =I MHz 0.25 0.4 pf Transfer Capacitance 

Sm~tl-Signal, Short-Circuit, Input C,., V,;.-< = -10, Vui:. = 0, I= l MHz pf Capacitance 

Zero-Gale-Bias Forward Transconductance g,. V11i:. = 12, 10 ~ 5 mA 6000 µmho 

Offset Voltage v,. v .. ,,. = ± 10. v,,~ = o o• 

* 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 be minimized by the use of solder 

having a low thermal e.m.f. such as Leeds & Northrup No.107· 1.0.1, 
or equivalent. 

'o' 

. . 
,0 ' . 
'0 ' . 
' 

Features 

excellent thermal stability 
uro inherent offset voltage 
low leakage current: 10 pA max. 
low "on" resistance -

r1·~lon) = 240fi typ. IVGs :;.; OVI 
high "off" resistance -

R11~(off) 101nn typ. 
low feedback capacitance -

C,_. 0.18pF typ. 
low input capacitance -

C, .. '· 3pF typ. 

Applications 
Servo Amplifiers 
Telemetry Amplifiers 
Computer Operational Amplifiers 
Sampling Circuits 
Electrometer Amplifiers 

4 

GATE-TO-SOURCE \IOLTS (VGs l 

Fig. 3 - Drain Cu"ent vs Gate-to-Source Voltage 

SUBSTRATE CONNECTED TO SOURCE 
AMBIEl'IT TEMPERATURE (TA)• 25" C 

~ioo>r---t---i---r--r-MJ"7'--t--! •o>f--t----t----Jti~.-i"'~--t---,---
~ 

DRAIN-TO-SOURCE MILLl\IOLTS (Vosl 

Fig. 4 - Low-level Drain Current vs 
Drain-to-Source Voltage 

SUBSTRATE CONNIECTEO TO SOURCE 

:~:;~0~:u~~T~~T~T~r~1~:~· 

I\ 

l 
I'--. ,0 

" -
GATE-TO-SOURCE VOLTS lVGS) 

92CS·l46!2Rl 

Fig. 5 - Drain-to-Source Static Resistance vs 
Gate-to-Source Voltage 



(1 

SILICON MOS TRANSISTOR N-Channel Depletion Type 

For Audio, Video, and RF AmplHier Applications in 
Communications, Instrumentation and Control Circuits 

RCA 3N139 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 amplifier designs. The 
insulated gate provides a very high input resistance 
(1Q14 D. typ.) which is relatively insensitive to tempera
ture and is independent of gate-bias conditions (positive, 
negative, or zero bias). The 3Nl39 also has a high 
transconductance, a low value of input capacitance 
C3 pF typ.), and a very low feedback capacitance 
<0.19 pF typ.>. 

The 3N139 is hermetically sealed in the standard 
4-lead JEDEC T0-72 package. 

Maximum Ratings, Absolute-Maximum Values: 

DRAIN-TO-SOURCE VOLTAGE, Vos. • • +35 max. V 

DRAIN-TQ..SUBSTRATE VOLTAGE, Voe +35. -0.3 max. V 

SOURCE-TO-SUBSTRATE 
VOLTAGE, Vse ••.•••••••••••• +35. -0.3 max. V 

DC GATE·TQ.SOURCE VOLTAGE, Vas. ±10 max. V 
PEAK GATE-TO-SOURCE VOLTAGE, VGS ±14 max. V 
PEAK VOLTAGE, GATE-TO-ALL OTHER 

TERMINALS; Vos. Vao. Vas, non· 
repetitive •••••• , • • • • • • • • • • • • ±42 max. V 

DRAIN CURRENT, Io ••••.••..• · · 50 max. mA 

TRANSISTOR DISSIPATION, PT: 
At ambient temperatures up to 25°C..... 330 mW 

above 25°C .........••..•.•.•.. Derate linearly at 2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 
Storage •••• , , • , • , •• , , • • • • • • • -65 to + 175 °c 
Operating • , • • • • • • • • • • • • • • • • • -65 to + 175 °c 

LEAD TEMPERATURE <During Soldering): 

At distance not closer than 1132 inch to 
seating surface for 10 seconds max ••• 

• Metal-Oxide-Semiconductor 

265 max. 0c 

ELECTRICAL CHARACTERISTICS, at T /1. = 25° C Unless Otherwise Specified. Bulk (Substrate) Connected to Source 

FREQUENCY 
CHARACTERISTICS SYMBOLS 

I 

MHz 

Draln·to-Source Cutoff Current lalOFF} 

Zero-Bias Drain Current* loss 

TA= 25°C 
Gate Reverse Current IGSS 

TA= 100°c 

~ata-to-Source Cutoff Voltage VGslOFF} 

Small:.Signal, Short-Circuit 
Revene-Transfer Capacitance Crss I 
(Drain-to·Gate) 

Input Resistance ns 100 

Input Capacitance Ciss 100 

Output Resistance ros 100 

Output Capacitance Ccss 100 

Forward Transconductance Qh 1 kHi! 

GATE-TO·SOURCE VOLTS (VGS l 

Fig. 2 - Drain Current vs Gate-to-Source Voltage 

TEST CONDITIONS 

DC 
DRAIN· TO· 

SOURCE 
VOLTAGE 

v .. 
v 

15 

15 

o 

0 

15 

15 

15 

15 

15 

15 

15 

DC DC 
GATE· TO· DRAIN LIMITS 
SOURCE CURRENT 

VOLTAGE 
v •• 
v 

-· 
o 

±10 

±10 

L 

In 

mA Min. Typ. 

- -

5 15 

- -

- -

0.05 
_, -4 

5 0.05 0.2 

5 12 

5 - 3 

5 6 

5 - 1.4 

5 5 

FREQUENCY (f)•lkHI 
ORAIN-TO·SOURCE VOLTS•l5 
SOUlltC€ AltO SUBSTRATE GROUNOf.D 

~:~81.~T TEMPERATU~- tTAl•25"C 

I ~~~"~" .. 
~ 
~ ! 2 

e I . 
CRAIN MILLIAMPERES (ID) 

UNITS 

Max. 

50 ,A 

25 mA 

1 nA 

100 nA 

--· v 

0.4 pf 

- k{l 

IO pf 

- "" 
- pf 

- mm ho 

Fig. 3 - 1 I< Hz forward transconductance vs drain current 

FEATURES 

•high input resistance 
RGs 0 1014 D typ. 

•low input capacitance 
ciss = 3 pf typ. 

•·low feed '-ck! capacitance 
Crss = 0.2 pf typ. 

•low gate leakage current 
lGSS o 0.1 nA typ. 

3N139 

•high drain-to-source voltage: +35 max. V 

TERMINAL ARRAllGEMEllT 

10 

1 - Drain 

2 ·Source 
3 • Insulated Gate 

4 • Bulk (Svbstrote) 
and Cose 

DRAIN-TO-SOURCE VOLTS !Vos) 

Fig. 1 - Drain Current vs Drain Voltage 

7fREQUENCY(f)•lkHI 
DRAIN-TO-SOURCE VOLTS•l5 j 6 AMBIENT TEMPERATUREITAl·2r.•c"'.o 

.!.,. ,,_cf',,,., 
§ 5 .p"" 

~ -:yJ: 
~ 4 ~~ 

,• 

_, 
GATE-TO-SOURCE VOLTS (Vos l 

Fig. 4 - 1 l<Hz forward transconductance vs gate-to-source 
vol rage 



3N140, 3N141 

SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 
For Amplifier and Mixer Applications Up to 300 MHz 

N~Channel Depletion Types 

APPLICATIONS 

RCA-3Nl40 and 3Nl41* 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. 

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

DRAIN-TO-SOURCE VOLTAGE, VDs.. 0 to +20 v 
GATE No.I-TO-SOURCE VOLTAGE, VG1s: 

Continuous (de) . -8 to + 1 V 

Peak ac -8 to +20 V 

GATE No.2-TO-SOURCE VOLTAGE, VG2s: 

Continuous (de) 

Peak ac ..... 

....... -8 to 40% of VDs V 

-8 to +20 v 
DRAIN-TO-GATE VOLTAGE, 

VnG1 OR Vno2 ........ . '20 v 
DRAIN CURRENT, In 

The 3Nl40, 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 3N 141 provides excellent isolation be
tween the oscillator and rf signals because each of the 
two signal frequencies being mixed has its own control 
element. 

(Pulsed): Pulse duration < 20 ms, 
duty factor 5_ 0.15 •.... :-. , •.. 50 mA 

TRANSISTOR DISSIPATION, PT: 

At ambient l up to 2s0 c ..... , , . 400 mW 

The mixing function performed by the 3Nl41 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 conveRtional "square law" 
mixing, which can only· be accomplished in the non
linear region of the device transfer characteristic, 

temperatures ~ above 2s0 c . , .... . 
AMBIENT TEMPERATURE RANGE: 

derate linearly at 
2.67 mW/°C 

Storage and Operating • , , , ...• , -65 to +175 °c 
LEAD TEMPERATURE (During soldering): 

At distances > 1/32 inch from 
seating sur!aCI! for 10 seconds max •• 265 

The use of the 3Nl41 as described provides high useful 
conversion gains at all vhf frequencies, and the reduc
tion in spurious responses, is substantial and easily 
obtainable in simple circuits. 

The 3Nl40 and 3Nl41 are hermetically sealed in metal 
JEOEC T0-72 packages. 

* Fonnerly Dev. Nos. TA2644 and TA7274, respectively. 

** Metal•Oxide-Semiconductor. 

ELECTRICAL CHARACTERISTICS, at TA= 25°C Unless Otherwise Specified. Common-Source Circuit. 

CHARACTERISTICS 

Gate No.1-to·Source Cutoff Voltage 

Gate No.2-to-Souice Cutoff Voltage 

Gate No.I Leakage Current 

Gate No.2 Leakage Current 

Ze10-B1as Drain Cunent 

Forward Transconductance 

(Gate No.I to D1ain) 

Cutoff Forward T1ansconductance 

(Gale No.l to Drain} 

Small-Signal, Short-Circuit 

Input Capacitance• 

Small-Signal, Sho1t-Circuit Reverse 

Transfer Capacitance {Drain to 

Gate No.Ii• 

Small·Signal Short·Cucuit 

Output Capacitance 

Power Gain (See Fig.I 

for Measurement Circuit) 

Conversion Power Gain 

(See Fig.2 for Measurement Circuit) 

Measured Noise Figure 

(See Fig.I for Measu1ement Circuit) 

SYMBOLS 

VG2s(off) 

ioISS 

1oss • 

,,, 

NF 

TEST CONDITIONS 

v 0s = +1sv. 10 = 200 µA 

VG2S = +4V 

Vos = +16V, 10 = 200 µ,A 

VGlS = 0 

VGIS = -20V, VG2S = O 

Vos°' 0, TA= 2s0 c 

VGlS = -20V, VG2S = 0 
Vos 0, TA - 12s 0c 

VG2S -20V, VGl~ = 0 

VOS = 0, TA = 25 C 

VG25 = +lV 
Vos= D, VGls = o, TA= 250c 

VG2S = ·20V, VGlS = 0 
Vos= 0, TA= 12s 0c 

v 00 = +I4v. vats= o, 
VG2S = +4 

V00 = +14V, 10 = 10 mA 

VG2S = +4V, f = 1 kHz 

Voo = t l4V, Vets = -0.5V 

VG2S = ·2V, f = l kHz 

VOS" +13V, lo= 10 mA 

VG2S = +4V, f"" I MHz 

V0 s=+l3V,lo" lOmA 

VG2S = +4V, f = l MHz 

Vos= +13V, lo= 10 mA 

VG2S = +4V, f ,- 1 MHz 

v00 = + I5v, Rs= 21on 

I ., 200 MHz, RG = 50\l 

v00 = +1sv. Rs= 1200, 

'iN = 200 MHz, 'our = 30 MHz 
Osc1l!ato1 1n1ect1on voltage• 

= 2.5V {rms) 

v00 = + tsv, Rs.,. 2100 

I = 200 MHz, RG = 500 

TYPE 3Nl40 
RF AMPLIFIER 

LIMITS 

TYPE 3N141 
MIXER 

MIN. TYP. MAX. MIN. TYP. MAX. 

-2 -4 -2 -4 

-2 -4 -2 -4 

0.2 0.2 

0.2 0.2 

lB 30 18 30 

6000 10000 18000 6000 10000 18000 

100 

s.s s.s 

0.01 0.02 0.03 0.01 0.02 0.03 

2.2 2.2 

16 18 

13 17 

3.S 4.S 

UNITS 

oA 

µA 

oA 

oA 

µA 

mA 

µmho 

. ...:mho 

pf 

pf 

pf 

dB 

dB 

dB 

• Pusle test: Pulse du18'tion < 20 ms, duty factor< 0,15. 

•Capacitance between Gate No.1 and all other terminals. 

'Three-Terminal Measurement with Gate No.2 and Source Returned to 
Gua1d Terminal. 

•Measured from gate No.2 to source. 

• RF amplifier and mixer in military and industrial 
communications equipment 

• aircraft and marine vehicular receivers 

• CATV and MATV equipment 

telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• wide dyflamic range permits large-signal handling 
before overload 

• duol-gate permits simplified age circuitry 

• virtually no age power required 

• greotly reduces spurious responses in fm receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single.gate FET's 

DEVICE FEATURES 

• low gate leakage currents - -
IG 155 II. IG255 = 1 nA mcx. at TA= 25°C 

• high forward transconductance - -
gfs = 6000 µ.mho min. 

• high unneutralized RF power gain - -
Gps = 16 dB min. ot 200 MHz 

• low VHF noise figure - - 4.5 dB max. at 200 MHz 

TERMINAL DIAGRAM 

LEAD 1 • DRAIN 

LEAD 2 • GATE No.2 

LEAD 3 ·GATE No.l 

LEAD 4 • SOURCE,. SUBSTRATE-. 
ANO CASE 

,...-------·-.-

' ' I ' 
I 
I 
I 
I 

VAGCf 

' 1:2 ___ fi_Q _ _l -- __ tiQ_ - - - - _J 

Q "3NI40. 

,. Oise ceramic. All 1esisto1s in ohms 

*Tubular ceramic. All capacitors in pf 

# Fe111te bead (l,'2 used); Indiana General No.Hl742C·(A-147), 
F-1157-I-H 

c1, Ci l.5·5 pf variable air capacitor: E,F. Johnson Type 160-102 
or equivalent. 

C3: ~i~~ fo~a~i:~~nT~:ee 433~:~1 1e e~i~i~:r:n~'.tor: JFDTypeVAM· 

C4: ~·J:i3 ~:'" ~iusit~;j~~~.e variable air capacitor: Roanwell Type 

L 1: 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 tums from Ct end of 
wmd1ng. 

L2: Same as L1 except wil'lding length approx. 0.7 ";no tap. 

Fig.1 -200 MHz power gain and noise figure test circuit 
for type 3N140. 
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~j-81 ~60 ~ L_ _ - - - - - - - - - 1 

MH1~: : 

: QI C4 ~~"1:'~zT 
I ' I 5.&• 

INPUT 

20~. 

i 
I 27K 
I 
I 
I 
I 
L __ _ 

Q '3Nl41. 

"Disc ceramic. 
•Tubular ceramic. 

All resistors in ohms 

All capacitors in pF 

c 1, C2: ~;~~~ai!~.able ai1 capacito1: E,F. Johnson Type 160-W2 

C3: 5i~~ '3~i:C,~f!f~:ee 43~J:~: e~~i~:lpe~1'.tor: JFDTypeVAM

C4: ~-~:i3 ~~ ~:i~~i!~te variable air capacitor: Roanwell Type 

L 1: ~b~r~s s11~~~~~~~t~~a~!!; t~:c~, 0~~8 '!O~os0:2~i~e w~~r~~ 
length approx. 0.65~ Tapped at 1-1/2 turns from Ct endof 
windin1. 

L 2: Ohmite Z-144 RF choke or equivalent. 

L3: J.W. Miller Co. #4580 0.1 µH RF choke or equivalent. 

Note: If SOD meter is used in place of sweep detector, a low pass 
filter must be provided to eliminate local oscillator voltage 
from load; 

FJg.2 • Conversion power gain test circuit 
f0< type 3H141. 

.. 

-2 

IJJ'AIH MILLIMPERESIIl)I 

Fig.4 - HF v• lo. 

AMBIENT TEMPERATUREITAl•25"C [" 

OAAllll-!O-SOURC~ v~rs1,v~~~-1~ rt$ .. . ):; 
'I;+-+ +-r'" .. 

I 

o. 

GATE No 2-To-SOURCE 
VOL.TS.tv62sl•-lr-

-I 0 I 

.•-

GATE No. I-TO-SOURCE VOLTS IV&1sl 

Fig.7 - lo n VGJS· 

... 
I 2 3 4 S & 7 8 9 10 II 12 11 14 15 

DRAU.-TO-SOURCE VOLTS IVosl 

Fig.JO. y05 vs Vos· 

I , .. 
0 

F;9.s. Gps vs VGzs (For 3H140J. 

::;sTo::: .. ~=T (~:!~a::~ INPUT~ 
DRAIN-TO-SOURCE VOLTS lVp51:13 t 
GATE No.I-VOLTAGE C"G1sl IS A.OJUSTED : 

FOR Io •I0111a. WHEN VG2s•4 v 
GATE No.2 AT AC-GROUND POTENTIAL 

-4 -3 -2 -I 0 I 2 3 

IO 

B 
~ -· _,o 

GATE No.2-TO-SOUACE VOLTS IVGHl 

F;9.s -10 v• vGzs· 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITAl•Zs•c 
FREQUENCY (fl• 200 MHr 
DRAIN MILLIAMPERES(:lp)•B 
GATE No.2-TO-SOUftCE \l'Ol.TS tVGZsl•4 

... 

••• 
0 ' ~ 

DRAIN· TO-SOURCE VOLTS IV05) 

Fig.II - Y/s vs Vos· 

.. 
0 

~ 

i 
~ 
i 
ffi 
~ 

~ 
~ 
~ 

3N140, 3N141 
COMMON-SOURCE Cl!tCWT, GATE No. I 1NPUT 
AMBENT TEMPERATURE lTAI • 25 "C 
FREQUENCY ttl•200MHr 
ORAIN-TO-SOUltCE VOLTS 1Vosl•13 
GATE No.I-VOLTAGE (VG1sl IS ADJUSTED .. , 

POTENT/Al. 

GATE No. 2-TO-SOURCE VOl.TSIVGzsl 

Fig.3 -HF vs VGzs· 

Fig.6. GPS(CJ vs VLD (For 3Hl41). 

-LS 

-2 
0 

COMMON-SOURCE CIRCUIT 
MBENT TEMPERATIJRE: ITAl•2S'"C 
FREQUENCY !fl• 200 WHr 
~ Ml..LIAWER£SCT.ol•8 
GATE No.Z-TO-SCJl..R:E \oOlTS ( .. zsl•+ .. 

" 
.,, 

5 IO tS 
DRAIN-TO-SOURCE VOLTS IVosl 

F;g.9 - Y;s vs Vos· 

COWON-SOURCE CIRCUIT 

o,,· 

' ,0 
DRAIN-TO-SOURCE VOLTS IVosl 

Fig.12 - Yrs vs Vos· 



3N140, 3N141 

0.5 
0 

~ ii~~:T-~~~iEER_if~~~ 1 1TAl•2S•c 
FREQUENCY (fl• 200 MH1 
DRAIN-TO-SOURCE VOLTS (Vos!• 15 

GATE N0.2-TO-SOURCE VOLTS (VGzsl•4 

!5 10 IS 
DRAIN MILLIAMPERES nol 

Fig.13 - Y;s vs lo· 

COMMON-SOUffCE CIRCUIT 
AMBIENT TEMPERATURE (TA)•2s•c 
FREQUENCY (f)•200 MH1 
DRAIN-TO-SOURCE VOLTS (Vosl• 15 

10 a 

GAT,E No.2-TO-SOURCE "?L,TS '(VG2sl•4 

... 

... 

5 10 1!5 
DRAIN MILLIAMPERES (IQ) 

Fig.16 - Yrs vs 'o· 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAI' 2s•c 
FREQUENCY (I)• 200 MH1 
DRAIN-TO-SOURCE VOLTS IVos) • 15 
GATE No. I-TO-SOURCE VOLTS IVG1sl. -0.6 

0 2 4 6 
GATE No 2-TO-SOURCE VOLTS (VG2sl 

Fig.19 - Y/s vs VG2S· 

GATE No. l·TO-SOURCE VOLTS IVG1sl 

Fig.22 - 9/s v. VGIS· 

... 

~~ z~~~~~-~;i~,ir, ~-. 
:;__, :-;:_: :::: ;···::::COMMON-SOURCE CIRCUIT 

!:--' 1.5 ... • .. AMBIENT TEMPERATURE (TA)*25•c 
..,i . .,.:::;fREQUENCY(fl•200MHz 
~ .!. ···: DRAIN-TO-SOURCE VOLTS 1Vos1. +15 

~ 3 ···- - ........ : GATE N0.2-TO-SOURCE VOLTS (VG2sl•+4 

!lo: <: ....... 1.,::~rn::~~~'.~~:~: 
o~Wr ::~ ~:: .::1 i 

5 6 1 9 9 IO It 12 13 14 15 

DRAIN MILLIAMPERES (Iol 

Fig.14 - Yos vs lo. 

-· COMMON-SOURCE CIRCUIT 
AM81ENT TEMPERATURE (TA)• 25• C 

" 'FAEQUENCY(l)•200MHr 
:::-:-~ OAAtN-TO-SOURCE VOLTSCVos) .. ·13 

:::: :-::: : GATE No.1-T~SOUAtE VOLTS ('IG1s) •-0 6. 

i o.e 

! 0.7 

~ 
~ Q6 

llis 

b; 

-4 -2 0 2 4 6 
GATE No. 2· TO-SOURCE VOl TS IYG2$1 

F;g.17 - Y;s vs Vc25. 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAI •25•C 
FREQUENCY (fl• 200 MHr 
DRAIN-TO-SOURCE VOLTS (Vos)· 15 
GATE NO. I -TO- SOURCE VOLTS (VG1Sl • -0.6 

... 
f ... 

' . 
GATE No 2-TO-SOUACE VOLTS (\t2sl 

F;9.20 - Yrs vs Vc25. 

·:S -2 -I 

GATE NO. 2-TO-SOURCE VOLTS IVG2sl 

F;g.23 - 9fs2 vs V G2S· 

e ~ 
' . 
6 . 

" 0 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAl•25•c 
FREQUENCY (f J • 200 MHr 
DRAIN-TO-SOURCE VOLTS (Vosl• 15 

GATE NO. 2-TO-SOURCE VOLTS {VG2sl·-~ 

:h- t1!.filH .Tu ... 
+· 

... 
' " DRAIN MILLIAMPERES !Iol 

Fig.JS - Yfs vs 10 . 

GATE NO 2-TO-SOUACE VOLTS (VG2S l 

Fig.18 - Yos vs Vc2s· 

GATE NO. 2-TO-SOURCE VOLTS (VG2sl 

Fig.21 - 9fs anJ 'o VS Vc2s· 

i= ITTi 



3N142 
Silicon MOS Transistor N-c ..... , .,. ... , ... r, .. 
For Industrial and Military Applications to 175 MHz 

Performance Features 

• Large dynamic range 
• Enhanced signal-handling capability for low 

cross-modulation 

The-3N142 is a silicon. insulated-gate field-effect 
transistor of the N--cha.nnel depletion type utilizing the 
Mffi• construction. 

The-3Nl42 is intended primarily for use as the rf 
amplifier in FM receivers and general amplifier applica
tions at frequencies up to 175 MHz. 

The wide dynamic range of the 3Nl42 reduces cross
modulation effects in AM receivers and .minimizes the 
generation of spurious responses in FM receivers. 

• ~tal-Oxide&miconductor 

Applications 

•RF ampllfi•r, Mixer, and Oscillator in: 
CB and Mobile Communication Receivers 
Aircraft and Marine Receh,ers 
CATV and MATV Equipment 

•Industrial Control Circuits 
• Variable Att.nuotors 
• Current Limiters 
• Instrumentation Equipr11ent 
•High-Impedance Timing Circuih 

Moximum Rotings, Ahsolut•·Moximum ~'alues at TA " 25° C 

•DRAIN.TO-SOURCE 
VOLTAGE, V.,s 

•DRAIN.TO-GATE 
VOLTAGE, Vf)f; 

*GATE-TO-SOURCE 
VOLTAGE, \'1;s: 

Continuous , •... 
Pc•11k Ill' , , , , . 

·20 

·:W 

. ..... +I to -8 
. t• 

*DRAIN CURRENT, In . . . . . . . . 50 

*TRANSISTOR DISSIPATION, PT: 

,. 

\' 
\' 

mA 

At ambient \ up to 25'·C .•.... :J;lO mW 
temperatures I above 25QC .... , , Derate 11l 2.2mW/''C 

*AMBIENT TEMPERATURE 
RANGE: 
Storage .. , • , . , 
Operating 

•LEAD TEMPERATURE 
(During Soldering) : 

-65 to +175 
-6500+175 

At distances ;:::: 1/32" from seating 
surface for 10 seoonds max. . . . . 265 

*In ttccordtmce with JEDEC Registration Dato Format JS-9 
RDFll-B 

'C 
'C 

·c 

•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 copocitonce - 0.35 pf max. 
• Low noise figure - 2.5 dB typ. 
•High useful power gain -

neutralized - 16 dB min. at 100 MHz 
•Hermetically sealed TO - 72 metal package 

TERMINAL DIAGRAM 

~ 
~ 

LEAD 1- DRAIN 

LEAD 2- SOURCE 
LEAD 3- INSULATED GATE 

ELECTRICAL CHARACTERISTICS, (At TA - 25° C) LEAD4- BULK (SUBSTRAlE) ANDCAs°E 

INPUT 

••• GEllEfU1TOR 

I 

Measured uilh Substrate Connc>cte1J lo Sauret> Unl<•ss Otht•ru'is1• t;pc>cifi<>li 

LIMITS 
CHARACTERISTICS SYMBOLS CONDITIONS UNITS 

Mtn. ill.c Max. 
Vos • 0. VGs • ·8 V, TA - 15° c 0.0001 l nA 

Gate Leakage Current 
Vos ·O. VGs··8V, TA-125°c 200 nA 

IGss .Vos - 0, VGs - d, TA - 15° c 0.0001 l nA 
Vos - 0, VGs - d, TA - 115° c 100 nA 

Zem·B1as Drain Current•• ioss Vos - 15 V, VGs - 0 5 15 25 mA 

Drain·to-Source Cutoff Current llJ{Oll\ vos 10 V, VGS · ·8 V 50 µ.A 

Gate-lo·Source Cutoll Voltage VGs(ofO vos 15v.10 50 .. A -0.5 -3 ·8 v 
Forward Transconductance &Is Vos - 15 v. ID 5 mA. I l kHz 5000 7500 11.000 1.rnho 
Drain-to-Source Channel Resistance r0~onl Vos - 0, VGs . 0. I I kHz 200 [l 

Small-Signal Shoft·Circu1t 
·Reverse Transfer Capac1tancet C1ss Vos• 15 V. ID• 5 mA. I• 0.1 lo I MHz 0.10 0.22 0.35 pF 

Small·Stgnal Short·Cncu1l Input Capacitance C1ss Vos - 15 v.10 5 mA. I - 0.1 lo I MHz 5.5 7 pF 

Input Admillance vis Common Source Configuration - lo.155+JJ.45l - mmho 
I• 100 MHz 

Forward Transfer Admittance v,, Vos· 15v -l 1.5-Jo.9I- mmho 

Ottput Ad mitlance Vos 10 • 5 mA -l 0.2l+J0.9l - mm ho 

Maximum Available Power Gain ~ . :x . 
Maximum Usable Power Gain MUG 17 

dB 
(Fixed Neutralization) Vos - 15 V. ID - 5 mA. I• 100 MHz 

~i~~ -;:-~:;Ii~:~~~ Gps 16 dB 

Noise Figure•• NF Vos• 15 V. ID• 5 mA. I -100 MHz 2.5 4 dB 

• In accordance with JEDEC Re11istration Data Format JS-9 RDF-118 l Three· Terminal rvteasurement: Source Returned to Guard Terminal 

**See Fi2. 1 

T1 N1 =6Turns•20TinnadCopperWire:'A''l.O.%"long 
Clo= 21'.!i, N1/N2"' 4.85 

T2 N1+N4=6% Turnst'20 Tinned Copper Wire '4'" l.D. ~,;Long 
Oo,.190N1/N2"'1.9 N1/N3,.12.3 N1/N4=8 

L ____________ _J ________ ~e,! ___ _J C1 .. 10 pF Variable Air Capacitor (Hammarlund Mac-10 or Equivalent) 
C2.. 5 pf Variable Air Capacitor !Hammarlund Mac-5 or Equivalent) ga: ~~~~~F Piston-Type Variable Air Capacitor (Erie 535C or Equivalent) 

+16V 
9tcS-t70$4 

Fig. 1 - Tut Set Up for 100 MHz Insertion PowtH" Gain and 
Noise Figure 

For characteristics curves, refer to types 3N128 and 3N143. 



3N152 

Silicon MOS Transistor N-Chame1 Depletion Type 

For Low-Noise RF Applications in Military & 
Industrial VHF Communications Equipment 
Operating up to 250 MHz 

RCA-3Nl52 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. 

Maximum R•tings, Abtolute-Maximum Values at TA = 25°C: 

Features 

• Low gate leakage current -
IGss • 0.1 pA typ. 

• Low feedback capacitance -
Crss = 0.25 pf typ. 

• High forward transconductance -
9fs = 7500 µmho typ. 

• High vhf power gain -
Gpg "' 16 dB typ. at 200 MHz 

• Low vhf noise figure -
NF = 2.5 dB typ. at 200 MHz Because of its improved transfer characteristic and ex

ceptionally wide dynamic range, the 3NI 52 with the 
substrate in the reversed bias mode can provide substantially 
better cross-modulation performance in 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 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 3Nl52 utilizes full-gate construction and 
is hermetically sealed in a JEDEC T0-72 metal package. 

*DRAIN-TO.SOURCE VOLTAGE. Vos +20 max. v 
*DRAIN·TO-GATE VOLTAGE, VoG +20 V • Exceptionally good cross-modulation characteristics 

• Metal-Oxide-Semir..-oncluctor. 

itGATE·TO·SOURCE VOLTAGE, VGS: 
* CONTINUOUS Ide) 
* PEAK ac 
*DRAIN CURRENT, Io . 

TRANSISTOR DISSIPATION: 
Atambient lupto25°r 
temperaturesf above 25°C 

•AMBIENTTEMPERATURE RANGE: 
Storage. 
Operating ... 

....... +l,·8 max. 
±J5max. 

v 
v 

50max. mA 

. . . . . . . . . J30max. mW 
....... derate at 2.2 mW/oC 

-65 to+l75 oC 
-65 to+l75 oC 

*LEAD TEMPERATURE (During Soldering): 
Al distances not closer than 1/32 inch to 
seating surface for IO'«!condsmaximum . 265 max. <>c 

1t In accordance with Jedec Registration Data Fonnat Js-9 RDF 1 l·B. 

Performance 

• Large dynamic range 

• Greatly reduced spurk>us responses 

• Permits use of vacuum-tube biasing techniques 

• Excellent thermal stability 

• Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 

ELECTRICAL CHARACTERISTICS AT TA= 2s•c 
Measured with Substrate Connected to Source Unless Otherwise Specified 

CHARACTERISTICS SYMBOLS CONDITIONS . Gate Leakage Current 1oss 
V05-o.vGS ~.av. TA ~25°c 

:Vo5mO,VGS ~ -SV, TA -125°<: 

" Zero-Bias Drain Current 1oss IVos = 15 V, Vos= 0 

Drain·ta:-Source Cutoff Current •otom v 05 • 20 v. v 05 =-av. 

• Gate-to-Source-Cutoff Voltage VGs!off) VCJS-15V,lo~50,uA 

• Forward Transconductam:e "' Vos isv. to •5mA.f. 1 kHt 

Drain-to.Source Channel Resistance ro5fon) Vos= o. v 05 - o. 1 - , kHz 

• Small-Signal ShOrt·Circuit 
Reverse Transfer Capacitance4 Crss Vos 15 v, 10 5mA. I 0 l to I MHz 

Small-Signal Short-Circuit Input Capacita~ce C1ss Vos 15 V. lo- 5mA, 1-0.1w1 MH1 

Input Admittance 
Common Source Conl1gura11on 

v,. I 200MH1 

Forward Tranl!fer Admittance Yf> Vos 15 V, 

Output Admittance vo, 'o 5mA 

Power Gain 
Maximum Available Gain MAG 

Insertion Power Gain IFi><ed 
Neutrali~zationl See Fig.1 

.iza1tonl Gps Vos 15 V, lo 5mA,f 100MH1 

Noise Figure {See Figs. 1 & 21 NF Vos 15 V, to 5mA,t 100MHz 

A Three-Terminal Measurement. Source Returned to Guard Terminal. 
• In accordance with JED EC Registration Data Format JS·9 RDF-11 B. 

Q ~ 31\1154 voo 
'--------__.-D+1~v 

Mon. 

·0.5 

5000 

0 16 

14.5 

AllRHl1lar11ftohmaM1'4W 
uni. ..... ., ..... ,.,.m..i. 

AllCe,.citor1iepf. 

" TUllUl.AR CERAMIC 
0 DISCCERAMIC 92CS-148\!12F11 

LIMITS 
3N152 

Typ, Ma11. 

0.0001 I 

200 

15 30 

50 

.3 ~ 

7500 12,000 

200 

0.25 0.35 

5.5 

UNITS 

oA 

,. 
1o1mho 

pF 

pF 

TERMINAL ARRANGEMENT 

~ 
~ 

1 ·Drain 

2 - Sovrce 

3 • Insulated Gate 
ti. Bulk (Substrate) 

and Case 

0.4. J7 3 

0.28. J1.8 mmho VHF NOISE 
SOURCE 

NOISE FIGURE 
METER 

21 ,. 
2.5 

dB 

35 

HP No. 343 OR 
EQUIVALENT 

*SEE FIG I FOR CIRCUIT 

Fig. 2 • Noise figure measurement setup. 

C1, 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 

C4, C5: 0.3-3 pf piston-type variable air capacitor: Roanwell T.ype 
MH-13 or eqL1ivalent 

L1: 5 turns silver-plated 0.02" thick, 0.07"-0,08" wide copper 
ribbon. Internal diameter of winding= 0.25"; winding 
length approx. 0.66". Tapped at 1·1/2 t!Jrns from C1 end 
of winding 

L2: Same as L1 except winding length approx. 0.7"; no tap 

HP No. 342A OR 
EQUIVALENT 

For characteristics curves, refer to types 3N 128 and 3N 143. 

Fig. 1 · Test circuit u#KI to measure 200-MHz maximum usable power gain and noise Figure. 



SILICON INSULATED GATE FIELD-EFFECT TRANSISTOR 
N-Channel Deplet~n __ Tyiie1 

Maximum Ratings, A~:solut•·MaKimum Values: 
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. 

(Substrate connected 10 source unless otherwise specified) 

DRAIN-TO-SOURCE VOLTAGE, Vos ... +20 max. V 

The insulated gate provides a very high value of 
input resistance ( 1010 ohms typ) which is relatively in
sensitive to temperature and is independent of gate-bias 
conditions (positive, negative, or zero bias>. The 3Nl53 
also features extremely low feed.back capacitance 
<0.34 pF typ) and virtually zero inherent offset voltage. 

DRAIN-TO-SUBSTRATE VOLTAGE, VDB· +20, -0.3 max. V 
SOURCE-TO-SUBSTRATE 

VOLTAGE, VsB' .•............. +20, -0.3 max. v 
DC GATE-TO-SOURCE VOLTAGE, Vos. -t6, -8 v 
PEAK GATE-TO-SOURCE 

VOLTAGE, VGS· .... , .•. ,. ±14 mex. V 
DRAIN CURRENT, Io 

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 appreciablychange the measured 
device feedback capacitance, it -permits the use of 
external inter-tenninal shields to reduce the feedback 
due to external capacitances, particularly on printed 
circuit boards. This feature makes it passible to mini
mize f'eedthrough capacitance. 

!Pulse duration 20 ms, duty factor 
{:_O.lOl • . . . • . . . . . . . . . . • . . . 50 mA 

TRANSISTOR DISSIPATION, PT: 

Air!:b~e5ttote~~~t~.e~ .. , . , . . . 400 max. mW 

above 25°C • , .... , .. , . derate linearly at 2.67 mW/°C 
AMBIENT TEMPERATURE RANGE: 

Storage ....•...... , ..• , , , . , . . -65 to +175 °c 
Operating .•.. , .•.• , . , .. , , , . -65 to +175 °c 

LEAD TEMPERATURE 
(During soldering): 
At distance~ 1/32" to seating 
surface for 10 seconds max. . , . . . . . . 265 max. °c 

The 3N153 is hermetically sealed in the JEDEC 
T0-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 

* Metal·Oxide·Semiconductor 

EL!CTRICAL CHARACTERISTICS, at TA= 25°C, UnlHs Otherwise Speclfl•d. Substrat• Connect.d to Sourc•. 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS Type 3Nl53 UNITS 

Min. Typ. Max. 

Gate-Leakage Current IGss 
VGs =•6,-iV; Vos =OV; TA= 1s0c 0.1 50 pA 
VGs =•6,-8V; Vos =OV; TA= 115°C I nA 

Static Drain-to-Source 
"ON" Resistance 

'os(on) VGS = OV, Vos= ov 100 300 fl 

Drain-to-Source 
"OFF" Resistance 

Ros( off) VGs = -8V, Vos=' IV 109 1010 fl 

Drain-to-Source 10(off) VGs=-8V,Vos=•IV,TA = 15°c 0.1 I nA 
Cutoff Current VGs=-8V,Vos='1V,TA =115°C 0.1 I µA 

Small-Signal, Short·Circuit, 
Crss 

VGS =-8V;Vos =OV, f =I MHz 0.34 0.5 pF 
Reverse Transfer Capacitance Vos =15V, lo =5 mA, I= I MHz 0.25 0.38 pF 

Small-Signal, Short-Circuit, 
Ciss VGs = -8V, Vos= OV, I= I MHz 6 8 pF 

Input Capacitance 

Sma1 I-Signal, Drain-to-Source Cds Vos =OV, VGs =-8V, I= I MHz 3 pF 
Capacitance 

Zero·Gate-Bias 
gfs VGs = OV, Vos=' 15V 10,000 µ.mho 

Forward Transconductance 

Offset Voltage Vo VGs = •6,-8V; Vos= ov o• v 

• In measurements of Offset Voltage, thermocouple effects and contact potentials In the measurement setup may cause erroneous readings of 
1 microvolt or more. These enors may be minimized by the use of solder having a low thermal e.m.f., such as Leeds & Northrup No.107-1.0.1, 
or equivalent. 

3N153 
FEATURES 

• excellent th•rmal stability 

• virtually zero inherent offset voltag• 

• low lealcage curr•nt: 50 pA max. 

• low "on" resistanc•- 'DS(an) = 2000 typ. 

•high "off' resistance-RDS(off) = 1010 ll typ. 

•low feedback capacitanc•-Crss = 0.34 pf typ. 

•low input capacitanc•-Ciss = 6 pf typ. 

APPL/CATIONS 

• Chopp•r• 

• Multiplex•rs 

• Servo Amplifiers 

• Comput•r Op•rational Amplifi•rs 

• Sampling Circuits 

• Electrom•ter Amplifi•r• 

TERMINAL DIAGRAM 

~ 
~ 

1 - Drain 

2 ·Source 
3 - lnsolated Gate 
4 - Bulk (Substrate) 

and Case 

SUBSTRATE CONNECTED TO SOURCE 
AMBIENT TEMPERATUR£ (TA l•H•C 

• • 2 

"os•O 

·I 

-2 

-· -t 
l!I 10 11!1 20 

DRAIN-TO-SOURCE VO.TS l\fosl 

HCl-1494!1 

F;g.1 - Drain cur,..nt vs. Jraln-fo-source vo/tag•. 

SUBSTRATE CONNECTED TO SOURCE 
DRAIN-TO-SOURCE VOLTS IVosl .. 1 
AMBIENT TEMPERATURE ITA)•25•C 

8 ISO 

i ~ 
-15 -25 0 25 75 125 

DRAIN-TO-SOURCE MILLIVOLTS !Vosl 

Fig.2 - Low-level Jrain current 
vs. drain-to-source voltage. 

, .. 
, .. 
••' 
o• 

o' 
, .. 
o• 

' -10 -15 -2.5 2.5 
GATE-TO-SOURCE VOLTS IVGS) 

Fig.3 - Droin-to-sourc• static rHistance 
vs. gate-to-sourc• voltog•. 

,. 



3N154 

Silicon MOS Transistor N-Channel Depletion Type 

For Critical Amplifier Applications in Military & Industrial 
VHF Communications Equipment Operating up to 250 MHz 

RCA 3Nl54 is an n-channel depletion-type silicon 
insulat.ed-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. 

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

*DRAIN-TO-SOURCE VOLTAGE. Vns ••••• 

*DRAIN-TO-GATE VOLTAGE, Voo ...... . 
*GATF.-TO-SOURCE VOLTAGF., Vos= 

CONTINUOUS (dcl .•••.•••••••••. 
PEAK ac ••••.•••••••••••.••• 

*DRAIN CURRENT, lo•····••········ 
*TRANSISTOR DISSIPATION: 

+20 

+20 

+I, -8 
± 15 

50 

v 
v 

v 
v 

mA 
Because of its improved transfer characteristic and 

exceptionally wide dynamic range, the 3N154 can irovide 
substantially better crossmcx:lulation performance in 
linear amplifier applications than conventional bipolar 
transistors. The extremely low gate leakage· current 
eliminates diode-current loading of the input circuit 
underst.rongsignaJconditions, a problem which is common 
to junction-type FET's. These features, in addition to 
low feedback capacitance, permit the design of circuits 
providingsuperiorhigh-frequency operation and high gain 
without neut.ralization. The 3Nl54 utilizes full-gate 
construction and is hermetically sealed in a JEDEC 
T0-72 metal package. 

At ambient } up to 25°C • • • • • • • . • • • 330 mW 
temperatures above 25°C •••••• , , derate at 2.2 mW/"'C 

*AMBIENT TEMPERATURE RANGE: 

•Metal-Oxide-Semiconductor 

Storage ••••• , •••• , ••• , •••• , • • • -05 to + 175 °C 

Operating • , • , •••••••• , • • • • • • • • -65 to + 175 °C 

LEAD TEMPERATURE (During Soldering>: 

At diRtances not closer than 1132 inch to 
seating l!urface for 10 seconds maximum • 265 °C 

In accordance with JEDEC Registration Data Format JS9-ADF·11 B 

•Pulsed: 

Pulse duration ~ 20 ms 

Duty factor~ 0.15 

ELECTRICAL CHARACTERISTICS: (At TA= 25° C) 

Measured uith Substrate Connected to Source Unless Otherwise Specified 

CHARACTERISTICS SYMBOLS CONDITIONS 

Gale Leakage Current IGss 

Vos = 0, VGs =-8 v, TA= 25° c 
Vos=O, VGs=·8 v, TA=l25°C 
Vos=O, VGs=+I, TA=15°C 
Vos=O, VGs=+l, TA= 125° c 

Zero-Bias Drain Current loss Vos= 15 V, VGs = 0 

Drain-to·Source Cutoff Current Io( off) Vos= 21J v, VGs =·8 v 

Gate-to-Source Cutoff Vollage VGs(ofO Vos= 15 v, 10 = 50µ.A 
Forward Transsconductance gfs Vos= 15 V, lo= 5 mA, f = I kHz 
Drain-to-Source Channel Resistance ros<•n) Vos = 0, VGs = 0, f = I kHz 

Small-Signal Short-Circuit 
Crss Vos= 15 v, 10 = 5 mA, t =O.l to 1 MHz Reverse Transfer Capacitance 

Small-Signal Short-Circuit Input Capacitance• Ciss Vos= 15 v, lo= s mA, t =O.l to lMHz 

Input Admittance Vis Common Source Configuration 

Forward Transfer Admittance Yrs 
I =21JO MHz, 
Vos= 15 v, 

Outpul Admittance Vos 10 = 5 mA 

Maximum Available Power Gain MAG 

Insertion Power Gain (Fixed Neutralization) 
Vos = 15 v, 10 = 5 mA. 1 = 21JO MHz 

(see Fig. 1) Gps 

Noise Figure(see Figs.I & 1) NF Vos = 15 v, 10 = 5 mA, f = 200 MHz 

*In Accordance with JEDEC Resistration Data Format JS-9 RDF·llB 

• Three· Terminal Measurement: Source Returned to Guard Terminal 

VHF OOISE 
SOURCE 

HP No 343 OR 
EQUIVALENT 

*SEE FIG I FOR CIRCUIT 

NOISE-FIGURE 
METER 

HP No. 342A OR 
EQUIVALENT 

LIMITS 

3Nl54 UNITS 

Mfn. m. Max. 
0.0001 0.05 nA 

5 nA 
0.0001 0.05 nA 

5 nA 

IO 15 25 mA 

50 µ.A 

-0.5 -3 ·8 v 
!IJOO 7500 IZOOO µ.mho 

200 0 

0.15 0.25 0.35 pF 

5.5 7 pF 

- 0.4 +Jl.3. - mmho 

.- 7-J2 - mmho 

- 0.28 +Jl.8 mm ho 

11 dB 

13.5 16 dB 

3.5 5 dB 

Device Feature: 

•Closely controlled IDSS - 10 to 25 mA 
•Low gate leakage current - IGSS = 0.1 pA typ. 
• Low faedback capacitance - Crss = 0.26 pf typ. 
• High forward transconductance - !Ifs = 7500 µmho typ. 
•High vhf power gain - GPS • 16 dB typ. at 200 MHz 
• Low vhf noise figure - NF = 3.6 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 transiston 

O•JNls.! 

TERMINAL DIAGRAM 

1 ·Drain 

2 - Source 

3 - Insulated Gote 

4 - Bulk (Substrote) 
and Case 

15* "f 
I 
I 
I 
I 
I 
I 
I 
I 

I ~HCMITE TYPE I 
Ell:TERNAL~ Z2350RE0UJV) 1

1 

SHIELD I t 

~-----L _______ ~-----1 

~-------_.__,..,v~l~V 
All Rn1sto11 ·~ohms and 1/4 W • TUBULAR CERAMIC 

Alluc~·~~i~~:·:·;F•pKif1ed • DISC CERAMIC 

Cl' C2: ~;~~~:ar_:~able air capacitor: E. F. Johnson Type 160-102 

C3: }~~'!.f!:,gi~~";~fls7:ri~b~:~le~~acitor: JFD Type VAM-010, 

C4, C5: ~if.I/:,P~:~?~%~t variable air capacitor: Roanwell Type 

Q = 3Nl54 

L1: 5 turns silver-plated 0.02~ thick, 0.07''-0.08" wide copper 
ribbon.. Internal diameter of windins = 0.25"; winding 
length approx. o.ss•. Tapped at 1-1/2 turns fiom Cl end 
ofwindins 

L2: Same as L1 except windins lensth approx. o.r; no tap. 

Fig. 1 · Tat circuit used to measure 200-MHz maximum 
usable power gain and noise figure 

Fig. 2 - Noise figure measurement setup For characteristics curves, refer to types 3N128 and 3N143. 



3N159 

SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTOR 
Fir MbJ and Industrial Law-Noise RF·A•lifier 
Applications Up ta • MHz 

N-Cllannel Depletion Type 

PERFORMAHCE FEATURES 

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 chaMels, each channel having an 
independent control gate. 

Type 3Nl59 has an exceptionally low.noise figure, which 
makes this type particularly suitable for critical vhf 
applications. When used in a common-sowce 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 
T0-72 package. 

** Metal-Oxide-Semiconductor. 

APPLICATIOHS 

• RF amplifier in military and industrial communications 
equipment 

• aircraft, marine and vehicular rec•ivers 

• CATV and MATV oquil""•nt 

• telemetry and multiplex equipment 

Maximum Rotin91, Absolute.-Maximwn Values: 

otTA~zs"C 

DRAJN-TO.f50URCE VOLTAGE, VDS ..•.•••• 0 to +20 V 

GATE-No.l-TO-SOURCE VOLTAGE, Vais: 
Continuous (de) •. , •.•.•••..•••.•••• -8 to +l V 
Peak ac •.••••••••• , • . . • . • • • • • • -a to +20 V 

GATE No.2-TO-SOURCE VOLTAGE, VG2s: 
Continuous (de) .• , •••. , • • • • • • -8 to 40% of v08 V 
Peak ac •••••.•••.•••• , ••..•••.. -a to +20 V 

DRAIN-To-GATE VOLTAGE: 

VDGI or V DG2 ••. , •••• , •• • • • • , , •••• ' • • +20 V 

DRAIN CURRENT, 'o 
PUised: Pulse duration ~ 20 ma, 

duty factor ~ o.15 •....•...•....•...... so mA 

TRANSISTOR DISSIPATION, PT: 
At ambient } up to 2s°C •••.•••••••• , • , • 400 mW 

temperatures above 2s0 c .......... derate linearly at 
2.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 
Storage and Operatin1 .•.•••••••.••• -65 to +175 °c 

LEAD TEMPERATURE (Dw-U.1 aolderins): 
At diatancea > 1/32 inch from seating 
surface for 10.econda max. • •••• , • • • • • • • • • 265 °c 

ELECTRICAL CHARACTERISTICS, at TA= 25°C unlo11 othorwiso specified 

CHARACTERISTICS SYMBOLS 

Gate-No.I-to-Source Cutofl Voltage VGIS(olfj 

Gate·No.2-to·Source Culofl Voltage VG2S(ofl) 

Gate-No.I-Leakage Current lciss 

Gate·No.2-Leakage Current IG2SS 

Zero·Bias Drain Current loss· 

Forward Transconductance 
gfs (Gate·No.1-to-Drain) 

Cutoff Forward Transcooductance 
Bts(olf) (Gate·NO.l ·IO·Drain) 

Small-Signal, Short-Circuit 
Ciss Input Capacitance' 

Small·Signal, Short-Circuit, Reverse Transfer 
Crss Capacitance (Drain-to-Gate No.I)• 

Small-Signal; Short-Circuit 
Coss Output Capacitance 

Maximum Usable Power Gain MUG 
(See Fig.I for Measuremeri Circuit) 

Measured Noise Figure NF 
(See Fig.I for Measurement Circuit) 

* Pulse Test: Pulse duration < 20 ms, duty factor < o.15. 
A Capacitance between Gate N;.1 and all other termi;;"als. 

TEST CONDITIONS 

v 0s = +1sv, 10 = 200 µA 
~·+4V 

v0s = +1sv, 10 = 200 µA 
VGIS = 0 

VGIS = ·20V, Yc2~ = 0 
"Ill= o. 1A = 25 c 
VGIS =+IV, VG2~ = 0 
Vos = o. TA = 2S c 
VGIS = ·20V, VG2S = 0 
Vil.!.. o. !A_= 125oc 

Vc2s = ·20V, VG!~. 0 
~. 0, :!A= 25 c 

Vc2s = +1. Vos= o 
".'.las = o, r A • 25•c 

V G2S • ·20V, VGls = 0 
Vos =O, TA· 125•c 

v 00 = +14V, v61s = o 
VG2S = +4V 

Yoo = +14V, lo= 10 mA 
VG2S • +4V, f =I kHz 

Yoo= +14V, VGIS = --0.SV 
VG2s = ·2V, f =I kHz 

Vos= +13V, lo = 10 mA 
VG2s = +4V, r =I MHz 

Vos= +I3v, 10 = 10 mA 
Yc2s = +4V, f =I MHz 

Vos = +13V, lo= 10 mA 
VGZS_= +4V, f =I MHz 

Yoo = +ISV, Rs= 210n 
R6 =son, f = 200 MHz 

v00 = +15V, Rs= 21on 
t = 200 MHz, R_it =son 

•Three-Terminal Measurement with Gate No.2 and Source Returned to Guard Terrrlnal. 

For characteristics curves refer to types 3N140, 3N141. 

LIMITS 

3NIS9 UNITS 

Min. Typ. Max. 

-2 ·4 v 

·2 ·4 v 

I nA 

I nA 

0.2 µA 

I nA 

I nA 

0.2 µA 

5 18 30 mA 

7000 10,000 18,000 µmho 

100 µmho 

3 S.5 7 pf 

0.01 0.02 0.03 pf 

2.2 pf 

16 18 22 dB 

2.S 3.S dB 

• wide dynamic range permits large .. slgnal handling 
before offrload 

• dual-got• permits simplified age circuitry 

• virtually no age power required 

• greatly reduce• spurious responses in FM receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross·madulotlon performance and greater 
dynamic rang• than bipolar or s.ln9l .. gc1te field-effect 
transistors 

DEVICE FEATURES 

• low pte leakage Currents - -
IG1SS & IG2SS = 1 nA rnax. 

• high forward transconductance - -
Ifs= 7000 1o1mha min. 

• high unneutralized Rf power gain - -
Gps = 16 dB min. at 200 MHz 

• low vhf nai H figure - -
NF = 3.5 dB max. at 200 MHa 

TERMINAL DIAGRAM 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 

LEAD 3 - GATE No.l 
LEAD 4 - SOURCE, SUBSTRATE AND CASE 

I 
I 
I 

~---ir-l ___ T- _____ J 

'" -....---_,,.,.,... __ ,,, 
,[" u----~'""1:~1 

V,t,GC'i'. 

• Tubularceramic 
•Disc ceramic 
# Ferrite bead {1/2 used); Indiana General No. H 1742C{A-147) or 

FU57-l-Horequivalent. 
t VHF plug in so:kel JettronCD72-l48andCDnt49(parl No.7977-11 

or equivalent. 

C1. C2: J.5·5pFvariable air capacitor: E. F. Johnson Type 160·102 
Ol'equivalent. 

Cr 1-10 pF piston-type variable air capacitor: JFD Type 
VAM·OlO, Johanson Type 4335, or equrvalenl. 

Cf 0.3-3 pF pislon·type variable air capacitor: Roanwell Type 
MH·130I' equivalent. 

L1: 5 turns silver-plated 0.02" thick, 0.07"·0.08" wide copper 
1ibbon. Internal diameter of wiNling = 0.25'~ wiOOmg 
length approx. 0.65". Tapped at 1-1 2 turns from C1 end 
of winding. 

Lr Same as Lt except winding length approx. 0.7"; no tap. 

Fig.l - 200-Mffz power·gain and noise-figure test 
circuit for type 3H159. 



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-3Nl87 is an n-channel silicon, depletion type, 
dual insulated-gate field-effect transistor. 

Special back-t<rback diodes are diffused directly into 
the MOS• pellet and are electrically connected between 
each insulated gate and the FET' s source. The diodes 
effectively bypass any voltage transients which exceed 
approximately ±10 volts. This protects the gates against 
damage in all normal handling and usage. 

A feature of the back-to-back diode configuration is 
that it allows the 3Nl87 to retain the wide input signal 
dynamic range inherent in the MOSFET. In addition, the 
junction capacitance of these diodes adds little t.o the 
total capacitance shunting the signal gate. 

The excellent overall performance characteristics of 
the RCA-3Nl87 make it useful for a wide variety of rf
amplifier applications at frequencies up to 300 MHz. 
The two ser.ially-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 3Nl87 also makes 
possible a desirable reduction in feedback capacitance 
by operating in the common-source configuration and ac
grounding Gat.e No. 2. The reduced fapacitance allows 

Device Features 

• Back-to-back diodes protect each gate against hand Ii ng and in-circuit tran'sients 
•High forward transconductance - gfs = 12,000 µmho (typ.) 

: t~~ ~~r;;~t~~~~z~i~u~= ~o;~rdl:{it~;)~f~~O ~H~B(typ.) at 200 MHz 

operation at maximum gain without neutralization; and, 
of special importance in rf-amplifiers, it reduces local 
oscillator feedthrough to the antenna. 

The 3Nl87 is hermetically sealed in the metal JEDEC 
T0-72 package. 

A Metal-Oxide-Semiconductor 

Maximum Ratings, 

Absolute-Maximum Values, at TA =2S°C 

URAIN-TO-SOURCE VOLTAGE, Vos. ' . -0.2 to +20 
GATE No. 1-TO-SOURCE VOLTAGE, YGlS: 

Continuous (de) , , ••• , , •.• , , ••• , -6 to +3 
Peak ac • , ••• , ••••• , .• , • , •••• -6 to +6 

GATE No. 2-TO-SOURCE VOLTAGE, VG2s= 
Continuous (de) •••••.•.••••• ·6 to 30% of Vos 
~~- ..................... ~~~ 

*DRAIN-TO-GATE VOLTAGE, 

v 

v 
v 

v 
v 

v Vom OR voa2 .••........•... +20 

*DRAIN CURRENT, Io •...... , . . . . . 50 
•TRANSISTOR DISSIPATION PT: 

mA 

At ambient }up to 25°C •••• , • • • • 330 
temperatures above 25°C •••• , •• derate linearly at 

2.2 mW/OC 
•AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 
*LEAD TEMPERATURE <During Soldering): 

At distances .?::'. 1132 inch from 
seating surface for 10 seconds max. 265 

•In accordance with JEDEC Registration Data Format 
,JS-9 RDF-19A 

1.s• T #F~'.01Je1n~Odo\ 4J'.o71r~.1~0'.co~i-3·;~a~~~~i~e~~. 2 01~~ 1~:ram1c. 
I All resistors 1n nhms *Tubular ceramic. 

1 All capacitors 1n pF 

mW 

I Ci: ~;8e~~(Jaftnt~a11able a11 capac1\01: E.F. Johnson Type 1GIJ..l04, 

I Cz; l.S-5 pF ~ariable air capacitor: E.F. Johnson Type 160.102, 
or equivalent. 

Cr j;~~io~ ~i;;~o4 ~Js~ ~~r~~~:~at~r0 f,apac1tor: JFD Type VAM-010; 

C4: Yar1able air capacitor: Ene 560.013 or 

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 Features 

•Superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET's 

•Wide dynamic range permits large-signal handling 
before over! oad 

•Virtually no age power required 
•Greatly reduces spurious responses in FM receivers 

TERMINAL DIAGRAM 

LEAD 1 ·DRAIN 
LEAD 2-GATE No. 2 
LEAD 3-GATE No. 1 
LEAD 4·SOURCE. SUBSTRATE 

AND CASE 

COMMON-SOURCE CIRCUIT, GATE No.I INPUT 
AMBIENT TEMPERATURE (T,Al•25°C 
FREQUENCY (fl• 200 MHz 
DRAIN-TO-SOURCE VOLTS \IJos)• 15 
GATE No I-VOLTAGE (1JG1sl IS ADJUSTED 

FOR IQ•IOmAWHEN "G2s•4V 
GATE No 2 AT AC-GROUND POTENTIAL 

' 4 
GATE No. 2-TO-SOURCE VOLTSIVG2sl 

Fig. 1. 200-MHz Power gain and noise-figure test circuit Fig. 2- NF vs. VGzs 

COMMON SOURCE CIRCUIT, GATE No. I INPUT 
AMBIENT TEMPERATURE lTAl•25°C 
FREQUENCY (fl • 200 MHJ 
ORAIN-TO-SOORCE VOLTS (IJosJ•l5 
GATE No.2-TO-SOURCE VOLTS (1JG2sl•4 
GATE No;l-T':>:SOURCE VOLTS IV'G1sl IJARIED 

DRAIN MILLIAMPERES \IQ) 

Fig. 3 · NF vs. ID 

z 
3 -10 

i 
• -20 

-6--4-·2-I I 34 
GATE No. 2-TO-SOURCE VOLTS (Va2s> 

Fig. 4- Gps vs. VG2s 

COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)•2S•c 

~~~ :~\~l~!s~~~i~i;j~ ~f~:~::~. T 4 

30 

100 300 400 
FREQUENCY (tl·MHz 

Fig. 5. MAG. vs. f 



ELECTRICAL CHARACTERISTICS, ot TA= 25°C unless oth .. wise specified 

CHARACTERISTICS SYMBOL 

• Gate No. l·to-Soorce Cutoff Voltage VGlS(off) 

• Gate No. 2-to-Source Cutoff Voltage VG11(ofl) 

• Gate No. I-Terminal Forward Current IGtSSF 

• Gate No. I-Terminal Reverse Current IGlSSR 

• Gate No. 2-Terminal Forward Current IG2SSF 

• Gate No. 2-Terminal Reverse Current IG1SSR 

• Zero-Bias Drain Current 1os 

Forward Transconductance 
Rts (Gale No. !-to-Drain) 

• Small-Signal, Shocl-CircuitlnputCapacitancet Ciss 
' Small-Signal, 91ort-Circuit, 

Reverse Transfer Capacitance 
(Drain-to-Gate No. l) • 

Crss 

• Small-Signal, Shoct-CircuitOutputCapaci lane Coss 
Power Gain (see Fig. l) Gps 

tiaximum Available Powe1 Gain MAG 

Maximum Usable Power Gain (unneutralized) MUG 

Noise Figure (see Fig. l) NF 
Magnitude of Forward Transadmittance IY1sl 
Pltase Angle of Forward Transadmittance (J 

Magnitude of Reverse Transadmittance IYrsl 
Angle of Reverse Transadmittance Its 
Input Resistance 1iss 
Output Resistance 1oss 
Gate-to-Source 
Forward Breakdown Voltage: 

Gate No. l "i.!lBJi;lSSF 
Gale No.1 V(BR)G2SSF 

Gate-to-Source 
Reverse Brealldown Voltage: 

Gale No. I 'fte!ll§.!SSR 
Gate No. 2 V(BR)G2SSR 

•umited only by practical desian considerations. 
t Capacitance between Gate No. 1 and all other lerminals 
• Three·lerminal measurement with Gate No. 2 and 

Source reblrned to lfOWld terminal. 
•In accordance with JEDEC Reelstration Data Format J5-9 RDF•J9A 

AMIENT TEMPl:RATlltE: ITAl•25•c 
DRAIN-TO-SOURCE VOLTS CVosl•l5 

15 
~ "' .. 

~ 
; 10 

I 
~ • 
I • 

E No.2-TO-SOUACE 
VOLTS lVG 1•-I 

0 -· -I 0 I 
GATE No. I-TO-SOURCE 'llOLTS CV015l 

Fig. 6- lo ••· VGIS 

TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

Vos =+15 v, 10 = 50 µA 
-0.5 -2 -4 v 

VG1S = +4 V 

Vos = •15 v, 10 = 5o µA -0.5 -1 -4 v 
Vc1s = o 

Vc1s = •l v ~=1s0 c - - 50 nA 
VG1S =Vos -o TA= 100 C - - 5 µA 

Vms =·6 v ~=1soc - - 50 nA 
VG1S = Vos=O TA=100°c - -. 5 µA 
VG1S = +6 V TA= 1s0 c - - 50 nA 
Vms - Vos=O Tr !OODC - - 5 µA. 

· VG1S =·6 V TA= 15° C - - 50 nA 
Vms =Vos=O TA=lOOOC - - 5 µA 

v0s = +15 v 
VG1S = +4 V 5 15 30 mA 
VGlS = 0 

Vos=+ 15 V, lo= 10 mA 
7000 11,000 18,000 µmho 

VG1S = +4 V, f = lkHz 

4.0 6.0 8.5 pf 

Vos·· +15 v.10 = lOmA 
VG1s = +4 v. f - l MHz 0.005 0.02 0.03 pf 

- 1.0 - pf 

16 18 11 dB 

- 10 - dB 

- 20• - dB 

- 3.5 4.5 dB 
Vos=+ 15 V, lo= 10 mA - 12,00~ - µmho 
VG2S = +4 V, f = 200 MHz - -35 - Degrees 

- 25 - µmho 

- -25 - Degrees 

- l.O - kfl 

- 2.8 - kfl 

IGlSSF • IG1SSF = 100 µA 6.5 10 - v 

IGlSSR = IG2SSR •-100 µA -6.5 -10 - v 

OPERATING CONSIDERATIONS 

The flexible leads of the 3N 187 are usually soldered to the 
circuit elements. As in the case of any high-frequency 
semiconductor device. the tips of soldering irons MUST 
be grounded. 

d' 

I 10 

3 7.5 

i 

I • ... 
0 -· 

-SOURCE CIRCUIT,GATE No.I INPUT 
AMBIENT TEMPERATURE (TAl•ZS•C 
DRAIN-TO-SOURCE VOLTS (Vosl•IS 

GATE No.I-VOLTAGE <va1sl IS ADJUSTED 
FDR lo • 10• A WHEN VQ2s • 4 V 

GATE No.2 AT ~-MOUND POTENTIAL 

-3-2-10123 
GATE No.2-TO-SOURCE VOLTS IV02sl 

Fig. 7. lo ••• VG2s 

~ 1.2 

3 . 
I 
i. 

~ 

•.. 

3N187 

0 

COMMON SOURCE CIRCUIT 

AMBIENT TEMPERATURE ITAl•25"C 
FREQUENCY Ul•WO MH1 
DRAIN MILLIAMPERES llol• 10 
GATE No 2-TO-SOURCE VOlTS IV025le+4 

Qis 

·-

s ro 1s 
DRAIN-TO-SOURCE: VOL.TS !Vosl 

Fig. s. r;5 vs. Vos 

OMMON - SOURCE CIRCUIT 
AMBIENT TEMPERATURE !TAJ. 2s•c 
FREQUENCY It l • 200 MHr 

I DRAIN Ml LU AMPERES llol •10 

?~!~.N0.2·TO·S,OURCE,. VOLTS {VG2sl•4 

I 2 3 

Fig. 9 • Yo• ••· Vos 

S 10 IS 

DRAIN~TO-SOUltCE VOLTS l"os) 

Fig. 10. Yls ••· Vos 

... 

DRAIN-TIMOURCE YO.. n (Vos> 

Fig. 11. Yrs ••· Vos 

12 g 
~ 
~ 
I 

10 '! 
~ 
~ . tt 

92CS·'4183R1 



3N187 

COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)•25°C 

~ FREQUENCY (t)•200 MHz 
o 1.2 DRAIN-TO- SOURCE VOLTS (Vos)• 15 
~ GATE N0.2-TO-SOURCE VOLTS IVGzsl•-+4 
:; 

t 
~1.0 
~ 

~ 
8 0.8 

0.6 
10 15 

DRAIN MILLIAMPERES (%ol , 

Fig. 12- Yis vs. ID 

COMMON-SOURCE ClllCUIT 

i :::~E~~~~~-R:::~, (TA) • 25" C 
' O.Ol DRAIN- TO-SOURCE VOL n (Vos) • H 

.,: GATE NO. 2~TO-SOURCE vOLn {V 

~ 

~ i 0.02 

~ 

iii 
~ 
"'0.01 
~ 

0 

-2 

~ 0.5 

8 0.2 

~ 0.1 

JY,.I 

... 

DRAIN IULLIJJilPERES (lol 

Fig. 15- Yrs vs. lo 

GATE N0.2-TO-SOURCE VOLTS I V925 I 

Fig. 18- Yls vs. VG2S 

COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAJ•2s•c 
DRAIN-TO-SOURCE VOLTS (Vpsl• 15 
DRAIN MILLIAMPERES (Iol• IO • 
GATE NO. 2-TO- SOURCE VOLTS (VG25'"+4 

~01 

FREQUENCY (fl- MHz 

Fig. 21 - Yos vs. frequency 

20 

400 

3 COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE lTAl ·~"C 
FREQUENCY (fl •ZOO MH1 

25 ORAIN-TO-SOURCE VOLTS !Vosl• 15 
a; 2 GATE NO. 2-TO-SOURCE VOLTS (Vozsl. 4 

~i 
~g 2 

~' 
~J 15 

~~ 
8:i 
I-~ I 

~~ 
0 "'o.5 

... 

... 
456789!01112131415 

ORAJN MILLIAMPERES(Iol 

Fig. 13 - Yos vs. lo 

COMMON-SOURCE CIRCUIT 
UlfllENT TEMPERATURE IT4)• 2!!"C 

g I 2 ~:i~~~~!s~fJRcl~L~sH( Vosl. I!! 3 GATE NO (-TO-SOURCE VOLTS ( VGlsl•-06 . 
~ LO 

~ 
~ 

~ 8 0.8 

~ 0.04 

~ 
~ 
~ 0.03 

~ 
~ 0.02 

~ 0.01 

.-
0 • 

... 
.,. 

GATt N0.2-TO-SOORCE VOLTS (VQ2S) 

Fig. 16- Yis vs. VG2s 

COMMON-SOURCE CIRCUIT 
.1.MBIEHT TEltlPERATIJRE (TA) 
FREQUEHCY (l) • 200 MH• 
DRAIN· TO· SOURCE VOL TS (Vos) • \5 
iETVc1sFORlo• HlmAATVG2i" 4V 

... 

CA TE NO. 2-TO-SCILIRCE VOL TS (Vc;25) 

Fig. 19- Yrs vs. VG2S 

200 300 
FREQUENCY (tl -MHI 

Fig. 22- Yfs vs. frequency 

• il 

J • ,. i 
j 

• 0 

COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITAl•25"C 
FREQUENCY ltl•ZOO MHr 

I ORAIN-TO-SOURCE VOLTS (Vos!•l!I 
GATE N0.2-TO-SOURCE VOLTS NG2s)•4 

0 
_ilO 

MILLIAMPERES- tlQ) 

Fig. 14 - Yfs vs. ID 

COMMON-SOURCE CIRCUIT 
AMB!ENT TEMPERATURE (TA)• 25"C 
FREQUENCY (f) • 200 MHz 

~ ~~~i:-N:~ .-~ 5~~~~~u~~~ T~~~~ i~~:sl• -o 6 
~ 0.5 

i ... l 0.4 

·' 
~ 0.3 . .. 

' . 
GATE N0.2-TO-SOURCE VOLTS {VGHl 

Fig. 17- Yos vs. VG2S 

~ ' 

"'° 200 
FREQUENCY (fl- MHt 

Fig. 20- Yis vs. frequency 

Fig. 23. - Yrs vs. frequency 

1 • § 

I 

15 ~ . 
0 . 
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IO:!, 

400 



3N187 
Co.tON SOURCE ceRCUl'T I :::'.::.C\11~~~1..UR£ CTal•ae•c l.I DRAIN-TO-SOURCE VOLTS (Yos»•ll 

GATE NllZ-lO•SOURCE VOi.TS •+4 

! 

.. 
.. 

-z -t +I 
&ATE NO. 2-TO-SOURCE VOLTS cv,251 GATE ND. l-T0-90URCI VDt.TI I ¥919 I I l 

UTE WO.Z-TO-IOURCE VOLTS (¥9291 

F19. 24- ffs and ID ••· VG2S Fi9. 25. - 9fs vs. VGJS 
Fig. 26- ,,,2 ••· VG2S 



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 
±10 volts. This protects the gates against damage in all 
normal handling and usage. 

A feature of the back-to-back diode configuration is that it 
allows the 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-3N200 make it useful for a wide variety of rf-amplifier 

Mllximum R•tinp.Abso{ute·Maximum Values, at TA= 25oc 

OAAIN·TO-SOURCE VOLTAGE, Vos.... -0.2 to +20 
GATE No.1·TO-SOURCE VOLTAGE, VG1s 

Continuous (de) . -6 to +3 
Peakac .................... , .. -6to+6 

GATE N'l.2·TO-SOURCE VOLTAGE, VG2s: 
Continuous (dcl. -6 to 30% of Vos 
Peakac ............... ,. -6to+6 

*DRAIN-TO-GATE VOLTAGE, 
VoG1 OR VoG2 .. 

*DRAIN CURRENT, IQ ........ . 
*TRANSISTOR DISSIPATION, Pr: 

!~;;~~:~:es } ~f:o~~ ~~~~ 
*AMBIENT TEMPERATURE RANGE: 

+20 
50 

330 
derate linearly at 

2.2 mWt°C 

v 

v 
mA 

mW 

Storage and Operating . . . . . . . . . . 65 to +175 oc 
*LEAD TEMPERATURE (During soldering): 

At distarices21/32 inch from 
seating surface for 10 seconds max. 265 oc 

"'In accordance with JEDEC registratioo data foimat (JS-9 RDF-19A) 

applications at frequencies up .to 500 MHz. The two 
serially<onnected channels with independent control gates 
make possible a greater dynamic range and lower cross
modulation than is normally achieved using devices having 
only a single control element. 

The two-gate arrangement of the 3N200 also makes possible a 
desirable reduction in feedback capacitance by operating in 
the common-source configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization; and, of special im
portance in rf-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 3N200 is hermetically sealed in the metal JEDEC T0-72 
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 age circuitry 
•Virtually no age power required 
•Greatly reduces spurious responses io FM receivers 

Device Features 
•Back-to-back diodes protect each gate against 

handling and in-circuit transients 
• High forward transconductance -

• ~i~h= u~~·2~1~Ji~~~ ~r~ower gain -

GP• ~ 1~·~~~t~~~r·Jt ·~4o~~~z 
•Low VHF noise figure - 3.9 dB (typ.) at 400 MHz 

3.0 dB (typ.) at 200 MHz 

y and s Parameters vs. Frequency 
TEST CONDITIONS: Droin-to-Source Volt• (VDs) = 15, Drain Miiiiamperes (Ip)= 10, 

Gote No. 2-to-Saurce Volt• (V G2S) = 4 

CHARACTERISTICS SYMBOL FREQUENCY (MHz) 

100 200 300 400 

Maximum Available Power Gain MAG 32 24 17 .5 13 
Maximum Usable Power Gain (Unneutralized)' MUG 32 24 17.5 13 

Y Parameters 

Input Conductance &is 0.25 0.8 2.0 3.6 
Input Susceptance brs 3-4 5.8 8.5 11.2 
Magnitude of Forward Transadmrllance I Yfsl 15.3 15.3 15.4 15.5 
Angle of Forward Transadmittance LYfs - 15 -25 -35 -47 
Output Conduclance &os 0.15 0.3 0.5 0.8 
Oulpul Susceptance bos 1.5 2.7 3.6 4.25 
Magnitude of Reverse Transaclmillance I Y1sl 0.012 0.025 o.~ 0.14 
Angle of Reverse Transaclmittance Ly rs -60 -25 0 14 

S Paramelers ----
Magnitude of Input Reflection Coeff. I sisl 0.97 0.90 0.84 0.78 
Angle of Input Reflection Coeff. LSis - 20 -32 -55 -68 
Magnitude of Forward Transmission Coelf. . I Sfsl 1.50 1.40 1.15 I.I 
Angle of Forward Tra11smission Coeff. LSfs 153 133 111 90 
Mangitude of Output Refleclion Coeff. I sosl 0.985 0.95 0.93 0.92 
Angle of Oulpul Reflection Coeff. LSos - 7.5 -16 -22 -28 
Magnitude of Reverse Transmission Coeff. I Srs I 0.001 0.0025 0.005 0.010 
Angle of Reverse Transmission Coeff. £srs 100 125 141 150 

•Limited only by p1actical design consideJations 

UNITS 
500 

10 dB 
10 dB 

6.2 mm ho 

15.5 mm ho 
16.3 mmho 
-60 degrees 
I.I mmho 
5.0 mm ho 
0_26 mm ho 

20 degrees 

0.70 
-82 degrees 
0.9 

70 degrees 
0.91 
-34 degrees 
0.0165 
141 degrees 

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 l ·ORAIN 
LEAD 2-GATE No. 2 
LEAD 3·GATE No. 1 
LEAD 4 -SOURCE, SUBSTRATE 

ANO CASE 

,--------,------~! 

I 2 l t-++o'--_,~~*-01 
llHfR ; 

DISC Cj IHAOLESSI 

I ~ 

All resistances in ohms 
All capacitances in pF 

C1, c2: 1.3-5,4 pF variable ai1 capacitor: 
Hammerland Mac 5 type or 
equivalent 

C3: 1.9-13.B pF variable air capacitor: 
Hammer land Mac 15 type 01 

equivalent 
C4: Approx. 300 pf- capacitance fo1m

ed between socket cover & chassis 
C5: 0,8-4.5 pF piston type variable 

air capacitor: Erie 560-013 01 
equivalent 

LpL2: Inductance to tune circuit 

Fig. ·7 - 400 MHz power gain and noise figure test circuit 

~ 10 

~ 
::11.s 

I s 

AMBIENT TEMPERATURE !TAl • 15"C 
DRAIM-TO·SOIJRCE VOLTSlVos>- JS 

GATE MO. l·TO·SOURCE VOL TS (VGJS) 

Fig. 2-lo vs. VGJS 
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ELECTRICAL CHARACTERISTICS 
"'r_. .. 2s0c 
unless otberwise specififf 

Gale No. I-lo-Source Cutoff Voltage 

Gale No. 2-to-Source Cutoff Voltage 

Gate No. I-Terminal Forward Currenl 

Gate No. I· Terminal Reverse Current 

Gate No. 2-Terminal Forward Current 

Gate No. 2-Terminal Reverse Current 

Zero-Bias Drain Current 

Forward Transconductance 
(Gate No. I-to-Drain) 

Small-Signal~ Short·Circuil Input 
Capacitance 

Small-Signal, Short-Circuit, 
Reverse Transfer Ca~acitance 
(Drain-to-Gale-No. ll' 

Small-Signal, Shorl-Circuit Outpul 
Capacitance 

Power Gain (see Fig. I) 

Noise Figure (see Fig. I) 

Bandwidth 

Gale-to-Source Forward 
Breakdown Voltage Gate No. I 

Gate No. 2 

Gate-lo-Source Reverse 
Breakdown Voltage Gale No. I 

Gate No. 2 

•1n accord .. ce witti JEDEC re1isl1Mion data f01mat 
(Js-9RDF·l9A.) 

SYMBOLS 

VGIS:otn 

VG2S:oll) 

IGISSF 

IGISSR 

1c2ssF 

IG2SSR 

los 

Ifs 

Ciss 

Crss 

Coss 

Gps 

NF 

BW 

V(BR)GISSF 

V(BR)G2SSF 

V(BR)GISSR 

V(BR)G2SSR 

AMBIEHTTEMPERATURE{TA)•25oC 
DRAffol-TO-SOURCEVClt.TS(Vosl•IS 

0 
-2 

GATEIOO. 2·TD·SOURCE YOLTS(VG2S) 

Fig. 3 - lo vs. V G2S 

LIMITS 
TEST CONDITIONS UNITS 

Min. Typ. Max. 

Vos·• 15 v, 10 • SOµA -0.1 -I -3 v 
VG2S =. +4 V 

Vos= •15V, lo =SOµA 
-0.1 -I -3 v VGIS = 0 

VGls=•IV TA=25°c - - 50 nA 
VG2s=Vos•o TA= 100°c - - 5 "'A 

VGls=-6V TA= zs0c - - 50 nA 
VG2S =Vos= 0 TA= 100°c - - 5 "'A 

VG2S = +6V TA=25°C - - 50 nA 
VGIS =Vos =0 TA= 100°c - - 5 "'A 

VG2s=-6V TA= zs0c - - 50 nA 
VGIS =Vos =0 TA= 100°q - - 5 "'A 

Vos= +15V, VGIS =0 0.5 5.0 12 mA 
VG2S = +4V 

f = lkHz 10,000 15,000 20,00ll "'mho 

4.0 6.0 8.5 pF 

Vos=. 15v 
lo=IOmA I= I MHz 0.005 0.02 0.03 pf 
VG2S = +4V 

- 2.0 - pf 

10 12.5 - dB 

f =400MHz - 3.9 6.0 dB 

28 - 38 MHz 

IG!SSF = 

IG2SSF = VG2s =Vos· o 
6.5 - 13 v 

IOO"'A VGls =Vos= o 

IGISSR = 
1G2SSR • VG2s=Vos=O 
IOO"'A -6.5 - - 13 v 

VGIS =Vos. 0 

t Capacitance between Gate No. I and all other terminals. 
•Thrffoterm1nal me1surement with Gate No. 2 and 

Sawce 1etU1ned to IU8fd terminal. 

AlllllEMTTEMPERATURE{T1,)•2S"C 
ClATEMD.2-TO-SOURCEVOLn(VG2s)•4 

6 8 10 12 

DRAIH-TO.SOLRCEVOLnfVoS) 

Fig. 4. 10 vs. Vos 

-G.2 

3N200 

AMBIEMTTEMPERATURE(T,t,)•25"C 
MAJ(. POWER GAIN(Gp1)• lldB 

"'" 

AUTOMATIC GAIN CONTROL VOLTS(V,t,GC) 

Fig. S. VAGC vs. VG1S 
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~ 
J. 

L 
~' 
i • I 

AllBll!NT TEMP!aATUfl! fT,t,) • 25"'C 
FIEQUEMCYlfl • 4DO.llH2 
DRAlllllllLUAllPOES(lo)• 10 
GA.TENO. Z·fG.SOURCE VOLTS(VG15) • • 

'· 

6 I 111 12 

DRAIN·fO..SOURCEVOLTStVos) 

Fig. 6·r;s vs. Vos 

10 12 

DRAIN· TO.SOURCE VOL TS IVos) 

Fig. 7. Yos vs. Vos 

AMBIENTTEMPERATURE(T,t,1=25oC 
f"REllUENCY(l)•4DOlllH• 
ORAINMILLIAMPERE5Uol•lll 
GATE NO. 2·T0·50URCEVOLTS(VG25l- t 

ORAIM·TO·SOURCEVOLTS!Vosl 

Fig. 8- Y/s vs. Vos 
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3N200 

Fig. 9- Yrs vs. Vos 

MllPTT!llPDATUlll!(TA)• Zl"C 
l'RICIUINCY(l)•a ... I .... =,. .... ;,:. .. 

I 
ii" • ~~10 

I'' 

L•• 

, .. 

I M 12 
DllAHI MllLIMPl!Rlb llo) 

Fig. 12-rls ••·lo 

AllllSITTIMl"ERATURl!ITAl • 25-c 
,Rmll!ttCYll)• 4DllMM1 

I 
=·=.:'l~(~v ;,':G2S" 4V 

3 • 
1 ~. 

I 

~ 
~ 0.75 

~ 
i 0. 

I! 0. 

I 

GATEM0.2·T0·50URCEYOLTS(VG25) 

Fig. IS- Yos ••• VG2s 
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AlllllEMTTEMPERATUREITAI• 25-c 
DRAIM-TC>-SOURCI! VOLTSfVos) • 15 

•.. 

. ' ' 
GATI! MO. HO-SOURCE Y0t. TS IYGlsl 

Fig. 18- g•"< "'· VG2S 

DRAIN ltlLLIAllPERESOol 

Fig. 10- Yis vs. lo 

AlllatTTHl'ERATURE(lA)• Z5"C 
FM!llll!MC'Jfl)•d0 .. 1 

DRAIK·TO-SOURCE VOL.TS {VDS) • 15 
GlTl!MO. Z·TO·SOURCE'IOLTS(YGn)• 4 

1~ 

PRAIM lllLLIAllf'DES (I.,> 

Fig. 13- Yrs vs. lo 

AlllENTTl!MPl!ltATURIE !TAJ• Zi"C 
FltEQUl!NCT(l)•4Dlllllh 

~ ::·::~~:.:o~(~~ :11:G2S • 4't 
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GATE NO. 2·T0·50URCE YOLTS(Y02sl 

Fig. 16- Yls vs. VG2S 
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Fig. 19- gls ••. VG1s 

~ DRAIM·TO-SOURCEYOLTS{Vos)• 15 
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Fig. 11-y05 vs. ID 
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GATE HO. 2·TO-SOURCEVOLTSIYGJS) 

Fig. 14- Yis ••• VG2s 

-l -1 
GATE MO. z.TO.SOURCEYOLTSCYQSJ 

Fig. 17- Yrs ··- VG2s 
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Fig. 20- Noise ligure vs. generator source aJmittance 



3N204, 3N205, 3N206 
Features: Silicon Dual-Insulated-Gate 

Field-Effect Transistors 
• Low Crss - 0.03 pf max. 

• High IYtsl- 14 mmho typ. for 3N204 and 3N205 

• Integrated gate-protection diodes 
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. 

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. I-TERMINAL FORWARD CURRENT• 

* GATE No.2-TERMINAL FORWARD CURRENT• 
* GATE No.I-TERMINAL 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 1116±1/32 inch (1.59 ±0.79 mm) 
from case for 10 seconds max. . 

30 v 
30 v 
25 v 
10 mA 
10 mA 

-10 mA 
-10 mA 

50 mA 

360 mW 
2.4 mW!°C 
1.2 w 

8 mWf'C 

-65 to +175 oc 

-65 to +200 oc 

+300 oc 

The 3N204 is intended for use in vhf rf 
amplifiers and delivers linear, low-noise ampli
fication. I ts 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. 

.A. 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 JEOEC registration data format (JS-9 RDF-198) 

OPERATING CHARACTERISTICS at TA= 25oc 

CHARACTERISTIC TEST CONDITIONS 

3N204 

Common-Source Spot Noise 
Figure, NF 

* Small-Signal Common-Source Voo=18 V, VGG=7 V, 
Insertion Power Gain, Gps f = 200 MHz, See Fig.13 

* Bandwidth, BW 

* Gain-Control Gate-Supply Voo=18 v. L'>Gps=-30dB,1 
Voltage, VGG(GC) f=200 MHz, See Fig. 13 

* Common-Source Spot Noise 
Vo=15 v. VG2s = 4 V, Figure, NF 

* Small-Signal Common Source 
f = 450 MHz, lo= 10 mA, 

Insertion Power Gain, Gps 
See Figs. 15 and 16 

3N205 

* Small-Signal Conversion 
Voo=18 V, fLQ=245 MHz,3 

Power Gain, Gps (conv) 

Bandwidth, BW fR F=200 MHz, See Fig.17 

3N206 

* Common-Source Spot Noise 
Figure, NF 

Small-Signal Common-Source Voo=24 V, VGG=6 V, 
Insertion Power Gain, Gps f=45 MHz, See Fig. 14 

* Bandwidth, BW 

* Gain-Control Gate.Supply Voo=24 V, l'>Gps=-30dB,2 
Voltage, VGG(GC) 1=45 MHz, See Fig. 14 

*In accordance with JEDEC registration data format (JS-9 RDF-198). 

1. 6Gps is defined as the change in Gps from the value at V GG = 7V. 

2. OOps is defined as the change in Gps from the value at VGG = 6V. 

3. Amplitude at input from local oscillator is 3 V RMS. 

LIMITS 

Min. Typ. 

- -

20 -

7 -

0 -

- -

14 -

17 -

4 -

- -

25 -
3 -

-1.6 -

Max. 

3.5 

28 

12 

-2 

5 

-

28 

7 

4 

35 

6 

0.6 

UNITS 

dB 

dB 

MHz 

v 

dB 

dB 

dB 

MHz 

dB 

dB 

MHz 

v 

DRAIN-TO-SOURCE VOlTS (Vosl 

F ig.1 - Drain current vs. drain-to-source volts 
(pulse-tested with pulse duration= 
300 µs, duty cycle .;;,2%). 

GATE No.I-TO-SOURCE VOLTS { Yo1s l 
92CS·27948 

Fig.2 - Drain current vs. gate-No.1-to-source volts 
(pulse-tested with pulse duration = 300 JJ.S, 
duty cycle ,.;;;, 2%). 



3N204, 3N205, 3N206 

ELECTRICAL CHARACTERISTICS, At TA= 25°C (unless otherwise specified) 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

MIN. MAX. 

* Drain·to·Source Breakdown lo= 10µA, 

Voltage, V(BR)DS VG1s=VG2s= -5V 25 -

Gate No.1 ·to·Source Forward 
IG1=10mA, VG2s=Vo5=0 6 30 

Breakdown Voltage, V(BR)G1SSF1 
* 

Gate No.1 ·to·Source Reverse 
IG1= -10mA, VG2s=Vos=0 

Breakdown Voltage, V(BR)G1SSR1 
-6 -30 * 

Gate No.2·to·Source Forward 

Breakdown Voltage, V(BRIG2SSF1 
IGrlOmA, VG1s=Vos=O 6 30 * 

Gate No.2-to-Source Reverse 
IGr ··10mA, VG1s=Vos=O 

Breakdown Voltage, V (BRIG2SSR 1 
-6 -30 * 

* Gate No.1-Terminal Forward 

Current, I Gl SSF 
VG1s=5V, VG2s=Vos=O ·- 10 

Gate No.1-Terminal Reverse VG1s= -5V, TA=25°C - -10 * 
Current, IG1SSR VG2s=Vos=O TA=150°C - -10 

* Gate No.2·Terminal Forward 

Current, I G2SSF 
VG2s=5V, VG1s=Vo5=0 - 10 

Gate No.2-Terminal Reverse VG2s= -5V, T A=25°C - -10 * 
Current. I G2SSR VG1s=Vo5=0 TA=150'C - -10 

Zero-Gate No.1-Voltdge v os= 15V, VG1s=O, 3N204 6 30 

Drain Current, los2 VG2s=4V 
3N205 6 30 
3N206 3 15 

* 

Gate No.1 ·to Source Cutoff 
v0 s=15V. 

VG2s=4V, -0.5 -4 
Voltage, VGlS(off) lo=20µA 

* 

Gate No. 2·to·Source Cutoff 
v0 s=15V, 

VG1s=O, -0.2 -4 
Voltage, V G2S(off) 

lo=20µA 

* 

* Small-Signal Common-Source v0 s=15V, 3N204 10 22 

Forward Transfer Admittance, VG1s=O, 3N205 10 22 

IYtsl 3 VG2s=4V, 
3N206 7 17 

f=1 kHz 

Small·Signal Common-Source 
Vos=15V, VG2s=4V, 

Reverse Transfer Capacitance, 0.005 0.03 

Crss 
lo= 10mA, f = 1 MHz 

* 

*In accordance with JEOEC registration data format (JS-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 (tw = 300µs. duty cycle~ 2%). 

3. This characteristic must be measured with bias voltages applied for !ess than 5 seconds to 
avoid overheating. The signal is applied to gate No.1 with gate No.2 at ac ground. 

UNITS 

v 

v 

v 

v 

v 

nA 

nA 

µA 

nA 

nA 

µA 

mA 

v 

v 

mm ho 

pF 

20 . 

100 
fREQUENCY !fl-MHz 

Fig.3 - Y;s vs. f 

GATE No.2-TO- SOURCE VOLTS (VG2sl 

Fig.4 - Y;5 vs. va2s 

;!~ 151------l-·-·...j ·- + ·+-1- . --.J..---1-......j___j__j 

-~ •• +--+--+--
~ ~ 1ot----- H g f'-...- I 
u~ 5f--+-·~-+-1--1-+--Lc..-----'~>.1---+-+...j '• r ~.!. I '\.. 
8 f 0 ... i----f+-+---- 1\ ! 

~~ _5 N DJ 
H ~ l\ 
l-u·tOl------1---+-1--1-L---J..I_ ..___c:.,,,..~.J.--kl \~ 
~~ COMMON-SOURCE CIRCUIT ~ 
s~ -l~~:A~~E-~6-~~~~~~A~~~ ![~;1:~;c f---- - t-+-
lt GATE No. 2 TO-SOURCE VOLTS ( VGzsl•4 
~DRAIN CURRENT (to)• 10 mA 

10 2 4 6 e ,2 4 
1000 

fREQUENCY !I J-MHl 

Fig.5 - Y fs vs. f 

GATE No.2-TO-SOURCE VOLTS (VGzsl 

Fig.6 - y fs vs. V G2S 



-· -3 -2 

.. , 
FREQUENCY !ti-MHz 

Fig.7 - Y 0s vs. f 

GATE No.2-TO-SOURCE VOLTS IV02sl 

Fig.10-C0 .,vs. Va2s 

GAIN-CONTROL GATE SUPPLY VOLTAGE[VGGlotj-V 

92CS-27957 

Fig.11 - !::.Gps vs. VGG(GC) 

COMMON- SOURCE CIRCUIT 
AMBIENT TEMPERATURE lTAl•2S-C 

t~~~-~U~~c\~~ cvos1·1• 
SEE FIG.13 

30 ADJUST VQG Rift ID 

-20 

DRAIN CURRENT lD:..mA 92CS·279!18 

Fig.13- Gps vs. lo 

·2 

3N204, 3N205, 3N206 

GATE No.2-TO-SOURCE VOL.TS IV02sl 
92CS-279:i4 

Fig.8 - y OS vs. v G2S 

NOTE; 
Cl, C2, 8 C3: LEADLESS DISC CERAMIC, 0.001 l'F 
C4: ARCO 462, 5-80 pF, OR EQUIVALENT 
Ll: 3 TURNS No. 18 WIRE, 3/16 INCH-DIA. ALUMINUM SLUG 
L.2:9 TURNS No. 20 WIRE, 3116 INCH-DIA. ALUMINUM SLUG 

GATE No.2-TD·SOURCE VOLTS 1Vozs1 

Fig.9 - C;ss vs. Va2s 

92CS-21HO 

Fig.12 - 200-MHz power gain, gain-control voltage, and noise-figure test circuit for 3N204*. 

* In accordance with JEDEC registration data format (JS-9 RDF-198}. 

NOTE: 
Cl: LEAOLESS DISC CERAMIC, 0.001 l'F 
C2:L£ADLESS DISC CERAMIC, 0.0ll'F 
LI :e TURNS No. 28 WIRE' 5/32 INCH-DIA. FORM, TYPE "J" SLUG 
L2:9 TURNS No.28 WIRE, 5/32 INCH-DIA.FORM, TYPE "J"SLUG 

Fig.14 - -45-MHz power-gain and noi"se-figure test circuit for 3N206*. 
* In accordance with JEDEC registration data format (JS-9 RDF-198). 

I 
I 
I 

92CM-27959 



3N204, 3N205, 3N206 

i.,o.5oo 
I .i2.701'! 

ok I 
04.211 I 
l_ __ + 

NOTES: 

cr,ce 
C9 

C6 

CIO 

0.12• µ,~g~g.~ 
(3.181 

--*-.--,.--------~ 
oV - -+ No.IODRtLL (9'2) 4 EA. o.,,. - + --- + 
(9t -+ : 
.. ~JW, I I 
L .. ~__,_ ___ .__-' 

RF CONNECTOR UG-290/U 

l f.370 ~ 134.93) 
0.50 0 375 rl270 ~I 

L_---.<_L 

VIEW A 

92CL-Z796Z 

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 kn resistor, the source and gate-2 socket pins, 

and insulating stand-off terminals (ISOT) soldered into the fold of 
L 1 and L2 respectively for mechanical support, ar.e not shown in 
view A. 

D. C1 and C2 (C3 and C4) consist of shim brass and the "C" portion of 
L 1 ( L2) separated by air and the mylar tape covering the "C" portion 
of L1 (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.15 - -450 MHz power-gain and noise-figure test fixture*. 

* In accordance with JEDEC registration data format (JS-9 RDF-196). 
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3N204, 3N205, 3N206 

r 
~~-1 r--1-----: 
I ..... cs I 
I I 
I I 
I I 
I I 

I 
I 
I 
I 
I 

I -T--
1 I L2 

c• ea C9 _J CIO 
L--:i01--y--rj----~ -------Jl----_J 

Vais Vos 
(ADJUST FOR lo•IOmAI 

NOTE: 

FOR TESTFIXTURE, KE PICTORAL. DRAWING IN FIGURE II 
Cl THRU C4 :SU: FIG'-"E 18,NOTE O 
CS: 0.001 ~F LEAOLESS DISC CAPACITOR 
C8 THRUCIO•ALLEN-BRADLEY F!lAU 0.001,..F FEED-THROUGH CANCITORS,OR EQUIVALENT 
LI & L2: SEE FIGURE II 

Fig. 16 - -46<J..MHz power.gain and noise-figure test circuit for 3N2()4.*. 
• In accordance with JEDEC registration data format (JS-9 RDF-198). 

NOTE: 

10 
kQ 

Cl C2 

91 kQ 

C1: ARC0<462, 5-80 pf, or EQUIVALENT 
C2: ARC0460, 1.5-16 pf, OR EQUIVALENT 
L1: 4TURNSNo.14WIRE, 1/41NCH INSIDE DIA. 

•oo 

I···· =2100 1~~1 = 

T1: PAI: 16 TURNS No.30WIRE CLOSE WOUND 
ON 1/4 INCH DIA. FORM, TYPE "J" SLUG 

SEC: 5 TURNS Na.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 IJS-9 RDF-198). 



3N211, 3N212, 3N213 

Silicon Dual-Insulated-Gate Field-Effect Transistors 
N-Channel Depletion Types 

3N211 - RF Amplifiers 
3N212 - Mixers 

Features: 
With Integrated Gate-Protection Circuits 
For VHF TV Applications 

• Low Crss - 0.05 pF max. 

3N213 - TV IF Strips • High IV fsl - 30 mmho typ. for 3N211 and 3N212 
• Integrated gate-protection diodes 

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. 

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 .......... . 

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. 

3N213 

40 v 
40 v 
35 v 

GATE No.1-TERMINAL FORWARD CURRENT* 

GATE No.2-TERMINAL FORWARD CURRENT* 
GATE No.1-TERMINAL REVERSE CURRENT. 

GATE No.2-TERMINAL REVERSE CURRENT. 

mA 
mA 

mA 

mA 
CONTINUOUS DRAIN CURRENT .......... . 

DEVICE DISSIPATION: 

Up to TA= 25°C ..................... . 

Above TA= 25°C derate linearly ......... . 

UptoTc=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. 

-- -65to +175 --

-- -65 to +200 --

--- +300 ----

mA 

mW 

mWfC 

mW 

mWfC 

oc 
oc 

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. 

4V 
8 .5 AM81ENT TE MPERATURE (TA)• 2s•c 

DRAIN-TO- SOURCE VOLTAGE (VI) sl"15V 

"' 3V 

2V 

1 
I 
0 
!:! 50 

IV Ii 
I 
~ ~ ~MBIENT TUIPERATURE (TAl• 2s•c 

i 
GATE No. 2-TO-SOURCE VOLTAGE {VG2sl• 4 v .. 

GATE ~-~!;fb;.SOIJRCi~\.~~E IVG1sl•O\t~ 

.• ., 
1 ~ 

~ •• I 
'.#'. ~ 50 ~ 

~ I 
.. 

~ a .. l? 
~ 

# 
~~ 

~ ov 
-IV 0 -IV . 10 15 20 ~ . 

DRAIN-TO-SOURCE VOLTAGE (Vosl-V GATE No. I-TO-SOURCE VOLTAGE IVG1sl-V 

Fig.1-Drain current vs. drain-to-source voltage 
for all types. 

Fig.2-Drain current vs. gate No. 1-to-source 
voltage for all types. 

. 
' I 

" 

10 

TERMINAL DIAGRAM 

Bottom View 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3-GATE No.1 
LEAD 4 - SOURCE, 

SUBSTRATE AND CASE 

AMBIENT TEMPE'.RATURE !TA)•25•c 
DRAIN-TO-SOURCE VOLTAGE (Vosl•l!IV 

-0.5V 

2V 

OV 

·IV 
-1.2!i -1 -<>:rs -o.s -0.25 o 

GATE No.I-TO-SOURCE \o'OLTAGE (VG1sl-V 

92CS-26170 

Fig.3-Drain current vs. gate No. 1-to-source 
voltage for all types. 

~ 
" ~ 
~ 

GATE No 2-TO-SOURCE VOLTAGE IVG2sl-V 

Fig.4-Drain current vs. gate No. 2-to-source 
voltage for all types. 

(Figures 1 - 4 are pulse tested. Pulse duration= 300 µ.s, duty cycle ..:2%.) 



ELECTRICAL CHARACTERISTICS, At TA= 25°C (unless otherwise specified) 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

MIN. MAX. 

* Drain-to-Source Breakdown lo= lOµA, 3N211 27 -
Voltage, V(BR)DS VG1s=VG2s= -4V 3N212 27 -

3N213 35 -
Gate No.1-to-Source Forward 

IG1=10mA, VG2s=Vos=O 6 -
Breakdown Voltage, V(BR)G1SSF1 

* 

Gate No.1-to-Source Reverse 
IG1= -lOmA. VG2s=Vos=O -6 -

Breakdown Voltage, V(BR)G1SSR1 
* 

Gate No.2-to-Source Forward 
IGr10mA. VG1s=Vos=O 6 -

Breakdown Voltage, V (BR)G2SSF1 
* 

Gate No.2-to-Source Reverse 
1Gi=-10mA. VG1s=Vos=O -6 -

Breakdown Voltage, V(BR)G2SSR1 
* 

* Gate No.1-Terminal Forward 

Current, IG1SSF 
VG1s=5V, VG2s=Vos=O - 10 

* Gate No.1-Terminal Reverse VG1s= -5V, TA=25°C - -10 

Current, IGl SSR VG2s=Vos=O TA=150°C - -10 

* Gate No.2-Terminal Forward 
VG2s=5V, VG1s=Vos=O 10 -

Current, IG2SSF 

Gate No.2-Terminal Reverse VG2s= -5V, TA=25°C - -10 * 
Current, IG2SSR VG1s=Vos=O T A=150°C - -10 

Zero-Gate No.1-Voltage Vos=15V, VG1s=O, 
6 40 

Drain Current, 1052 VG2s=4V 
* 

v 05=15v. 3N211 -0.5 -5.5 
Gate No_ 1-to-Source Cutoff 

VG2s=4V, 3N212 -0-5 -4 
Voltage, VGlS(off) lo=20µA 3N213 -0_5 -5_5 

* 

v 05=15v, 3N211 -0.2 -2.5 
Gate No-2-to-Source Cutoff 

VG1s=O. 3N212 -0.2 --4 
Voltage, V G2S(off) 

lo=20µA 3N213 -0.2 -4 

* 

* Small-Signal Common-Source v 05=15v. 3N211 17 40 

Forward Transfer Admittance, VG1s=O, 3N212 17 40 
1Ytsl3 VG2s=4V, 

3N213 15 35 f=l kHz 

* Small-Signal Common-Source 
Vos=15V. VG2s=4V, Reverse Transfer Capacitance, 0_005 0.05 

Crss 
10 =1mA, f=lMHz 

*In accordance with JEDEC registration data format (JS-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 hw = 300µs, duty cycle~ 2%). 

3. This characteristic must be measured with bias voltages applied for less than 5 seconds to 
avoic4 ""'""'"eating. The signal is applied to gate No.1 with gate No.2 at ac ground. 

UNITS 

v 

v 

v 

v 

v 

nA 

nA 

µA 

nA 

nA 

µA 

mA 

v 

v 

mmho 

pF. 

3N211, 3N212, 3N213 

I A•llENT TEMP£RATURE (TAl•25•C !.~if 
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~ 0 

-I 

Fig. 5- IYrslvs_ Va2sfor3N211and3N212_ 

I 
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t + lli.illl: + 
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.i:+ : ... :::.l:!ill'f: 
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Fig_ 6- IY rsl vs_ VG2S for 3N213. 
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Fig. 7- IYrslvs. va1sfor3N211,and3N212. 
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Fig. 8- IYrsl vs. Vais for3N213. 



3N211, 3N212, 3N213 

OPERATING CHARACTERISTICS at TA= 25°C 

LIMITS 
CHARACTERISTIC TEST CONDITIONS UNITS 

Min. Typ. Max. 

3N211 

* Common-Source Spot Noise 
Figure. F - - 3.5 dB 

* Small-Signal Common-Source Voo=18V, VGG=7V, 
Insertion Power Gain, Gps f = 200MHz, See Fig.9 24 - 35 dB 

Bandwidth, B 5 - 12 MHz * 
* Gain-Control Gate-Supply Voo=18V,l1Gps= -30dB, 1 

Voltage, VGG(GC) f=200MHz, See Fig.9 0 - -2 v 

* Common-Source Spot Noise 
Figure, F - - 4 dB 

* Small-Signal Common-Source Voo=24V, VGG=6V, 
Insertion Power Gain, Gps f=45MHz, See Fig.10 29 - 37 dB 

* Bandwidth, B 3.5 - 6 MHz 

* Gain-Control Gate-Supply Voo=24V, llGps= -30dB,2 
Voltage, VGG(GC) f=45MHz, See Fig.10 - - ±1 v 
3N212 

* Small-Signal Conversion Voo=18V, fLo=245MHz,3 
Power Gain, Gps (conv) fRF=200MHz, See Fig.11 21 - 28 dB 

Bandwidth, B 4 - 7 MHz * 
3N213 

* Common-Source Spot Noise 
Figure, F - - 4 dB 

* Small-Signal Common-Source Voo=24V, VGG=6V, 
Insertion Power Gain, Gps f=45M Hz, See F ig.9 27 - 35 dB 

Bandwidth, B 3.5 - 6 MHz * 
* Gain-Control Gate-Supply Voo=24V, llGps= -30dB,2 

Voltage, VGG(GC) f=45MHz, See Fig.9 - - ±1 v 
*In accordance with JEDEC registration data format (JS~9 RDF·19B). 2. L\Gps is defined as the change in Gps from the value at VGG"' 6V. 

1. &;ps is defined as the change in Gps from the value at V GG "" 7V. 3. Amplitude at input from local oscillator is adjusted for maximum 

v6 G v00 Gps(conv)· 

470 . pf 
,-----H-1 I 
I 10 •n I 2.2 I 

~H I 

I
I c•Ii l-_,.,!--1-_,.vr,.__-.,_..-l~·Ll To son \ I LOAD 

FROM son~01 ~F I 
SOURCE I' I I 

I 21 110 • I 
II pf.I kll ·1 4 .LfC3 L __ T __ J 

NOTE' L__ -- - __ _L ___ r 

C4 

270 
n 

__ J 

Cl, C2, 6 C3: LEADLESS DISC CERAMIC, 0.001 µF 
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 

* JEOEC REGISTERED DATA - - JEDEC 
RELEASE No. 6438. 

92CM-26176 

Fig.9-200 MHz power gain, gain control voltage, and noise figure test circuit for 3N211 *. 



3N211, 3N212, 3N213 

NOTE: 

470 
pF 

-H-1 

Voe 

I 
I 
I 

Cl: LEADLESS DISC CERAMIC, 0.001 l'F 
C2: LEADLESS DISC CERAMIC, 0.01 µ.F 
LI: 8 TURNS No. 28 WIRE, 5/32 INCH-DIA. FORM, TYPE "J" SLUG 
L2:9 TURNS No. 28 WIRE, 5/32 INCH-DIA. FORM, TYPE "J" SLUG 

* JEDEC REGISTERED DATA- -
JEDEC RELEASE No. 6438. 

Fig.10-45 MHz power gain and noise figure test circuit for 3N211and3N213*. 

,-----
~i~oM~~ r-1 I pf 
son 

I Cl 

200 MHz LipFo.001,.F 
son )' 

I L2 

L_ --
NOTEo 

110 
kn 

TEST CIRCUITS (CONT'D) 

LI: 7 TURNS No. 34 WIRE, 114 INCH DIA. ALUMINUM SLUG 
L2:5 1/2 TURNS No. 20 WIRE, 114 INCH DIA. ALUMINUM SLUG 

92CM-26J77 

L3: 7 TURNS No. 24 WIRE, 1/4 INCH DIA. AIR CORE 92CM-26178 
Tl: PRI: 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 

g~:: ~~~ ;;PLEE:~~Es~-~~~F * JEOEC REGISTERED DATA - - JEDEC 
C3:0.0l l'F LEAOLESS OISC RELEASE No. 6438. 

Fig.11-200 MHz-to-45 MHz circuit for conversion power gain for 3N212*. 



40467A 

Silicon MOS Transistor •-c•anne10ep1e11onlyp• 

For VHF Tuners and Other VHF Amplifier 
Applications in Industrial & Commercial Electronic Equipment 
Operating up to 220 MHz 

RCA-40467 A is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the Mos• 
construction. It is intended primarily for vhf-amplifier 
applications in industrial and commercial electronic 
equipment. 

The 40467A is useful in vhf applications requiring 
devices capable of providing high useful power gains 
at frequencies up to approximately 220 MHz. 

The 40467 A features high forward transconductance, 
high de gate-t;o..source resistance, and low feedback 
capacitance. Because of the improved transfer charac
t.eristic and increased dynamic range, the 40467A 
provides substantially better cross-modulation per
fonnance 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 hennetically sealed in the 

T0-72 metal case and utilizes full-gate construction. 

• :O.letal-Oxide Semiconductor 

Maximum Ratings, Absolute-Maximum Values at TA=25°C 
DRAIN-TO-SOURCE VOLTAGE, Vos +20 v 
DRAIN-TO-GATE VOLTAGE, VoG ... +20V 
GATE-TO-SOURCE VOLTAGE, VGS' 

CONTINUOUS Ide) . . . . . . +1, -8 V 
PEAK ac 

DRAIN CURRENT, lo 
TRANSISTOR DISSIPATION: 

........ +15 v 
50 mA 

At ambient fup to 2s0 c .. 
temperatures l above 25°C . 

. . 330mW 
derate at 2.2 mW/OC 

AMBIENT TEMPERATURE RANGE: 
Storage . 
Operating . 

LEAD TEMPERATURE (During Soldering): 
At distances not closer than 1 /32 inch to 
seating surface for 10seconds maximum 

-65 to +1750C 
-65 to +175oc 

2ss0 c 

Device Features: 
• Low feedback capacitance - Crn = 0.25 pf typ. 
•High fo1Ward transconductance - Its .. 7500 µmho typ. 
• Hi_. vhf power gain - Gps = 16 dB typ at 200 MHz 
•Low vhf noise figure- NF• 3.5 dB typ at 200 MHz 
• Exceptionally good cross-modulation characteristics 

Performance Features: 

• Large dynamic range 
• Greatly reduced spurious responses 
• Permits use of vacuum-tube biasing techniques 
• Excellent thermal stability 
• Superior cross-modulation performance and greater 

dynamic range than bipolar transiston 

TERMINAL DIAGRAM 

1 • Qrgin 

2 - Source 

3 - lnsulgted Gote 

4 - Bulk {Subs1rote) 
ond Cose 

ELECTRICAL CHARACTERISTICS AT T ~= 25°C WITH BULK (SUBSTRATE) CONNECTED TO SOURCE 

TEST CONDITIONS LIMITS 

DC 
DRAIN- DC 

CHARACTER~TICS SYMBOLS FREQUENCY TO- DRAIN RCA UNITS 
SOURCE CURRENT 40467A 
VOLTAGE 

I Vos lo 

MHz v mA Min Typ. Max. 

Gate-to-Source Cutoff Voltage Vasi off) 12 0.1 -8 v 

0 Vas = +1v 1 nA 
Gate Leakage Current 1ass 0 Vas= -BV 1 nA 

Zero-Bias Drain Cunent 1oss 15 Vas= o 5 15 30 mA 

Smal!·Signal. Short-Circuit 
Forward Transconductance gfs 1 KHz 15 5 4000 7500 µ.mho 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance Crss 1 15 5 0_12 0_25 0.35 pf 
(Drain-to-Gate) 

Small Signal Short-Circuit 
Ciss I 15 5 5.5 pf 

Input Capacitance 

Input Admiltance Yis Common Source Configuration 0.4 + j7_3 

Forward Transfer Admittance Y1s 
I• 200 mHz 
Vos= 15v 

7-fl_ 

Oulpul Admittance y OS 10 = 5 mA 0.28 +Jl.8 

Maximum Available Power Gain M_AG 100 15 5 11 dB 

Maximum Usable Power Gain 
(unneutralized) MUG 100 15 5 12 dB 

Maximum Usable Power Gain MUG 100 15 
(neutralization) 

5 12 16 dB 

Noise Figure NF 100 15 5 3.5 5 dB 

For characteristics curves, refer to types 3N128 and 3N143. 



MOS Silicon Transistors 
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 MOS* 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 
AN3535 "An FM Tuner Using Single-Gate MOS Field
Effect Transistors as RF Amplifier and Mixer". 

The wide dynamic range of these transistors re
duces cross-modulation effect.a 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 (typ.) can be realized without 
neutralization. 

* Metal-Oxide-Semiconductor. 

N-Channel Depletion Types 

Performance Features: 

• reduced spuriow responses in FM tuners 

• reverse billl on substnne improves linearity 

• reduced c:ross-modulltion effects in AM recaiven 

Ma•i11u111 Ratings, Absolule-Maximum Values at T,\ = 25°C: 

DRAIN-TO-SOURCE VOLTAGE, Vos. . . . . • +20 v 

DRAIN-To-GATI-: VOLTAGE. Vnc . . . . . . . +20 v 

GATE-TO.SOURCE VOLTAGE, VGs: 
CONTINUOUS (de~ . . • . . . . . . . . . +I. -8 V 

PEAK ac. . . . • • . . . • . . . . . . • • . . • . . ± 15 V 

DRAIN CURRENT. Jo . . . • • • . . • . . . . . . 25 mA 

TRANSISTOR DISSIPATION: 
At ambient } up to 25°c. , , . . . . . 330 mW 
temperatures above 25°C .. , . . clerute nt 2 2 mw1°C 

AMBIENT TEMPERATURE RANGE: 
Storage • . . • . . . . . . . • . • . . . • . • • . . -65 to + 175 °C 
Operating ......•.. , •• , ••..... , -65 to + 175 °C 

LEAD TEMPERATURE CDuring Soldering!: 
At distances not closer than l/32 inch. to 
seating surface for 10 seconds maximum . 265 •c 

ELECTRICAL CHARACTERISTICS, at TA = 25"C 
With Bulk (Substrate) Connected to Source Unlen OtherwlH Specified 

40468A,40559A 
Device Features: 
• high forw•rd tnlnscondumnce - -

gfs - 7500 µmho typ. for 40468A 

• low feedback apacitllnce - -
c,.. - 0.35 pf m11x. for 40468A 

0.38 pF max. for 40669A 

• high useful power gains - -
neutralized · 17 dB typ. 
unneutralized - 14 dB typ. 

• hermetically IOOled in T0·72 metal pocklllJO 

TERMINAL DIAGRAM 

~ 
~ 

LEAD 1 - DRAIN 
LEAD 2 - SOURCE 
LEAD 3 ·INSULATED GATE 
LEAD 4 - BULK (SUBSTRATE) AND CASE 

TEST CONDITIONS LIMITS 

DC DC 

Characteristics Symbols Frequency Drain-to- Ura in RCA-40468A RCA·40559A Units 
Source Current RF Amplifier M~er 

f Vps ID 

MHz v mA Min. Typ. Max. Min. Typ. Max. 
Drain-to-Source Cutoff Current lo(oll) 12 VGS = ·8V 100 500 µA 

Gate Leakage Currenl IGSS 0 VGS = ·8V I. I nA 
0 VGS =+IV I I nA 

Zero-Bias Drain Current ioss 15 VGS = 0 5 15 30 5 15 30 mA 

Small-Si1P1al, Shorl-Circuit gfs 1 kHz 
Forward Transconductance 

15 5 7500 µmho 

Small-Signal, Shorl.Circuit 
Reverse-Transfer Capacitance Crss 1 15 5 0.25 0.35 0.25 0.38 pF 
(Drain-lo-Gate) 

lnpul Capacitance Ciss 1 15 5 5.5 5.5 pF 

Admittance - RF}Mi•er RF Mixer - - -
lnpul Admittance Vis JOO MHz 15 5 3 0.155 + j 3.45 0.14 + j 3.38 mmho 
Forward Transfer Admittance YiS 100 MHz 15 5 3 7.4+]0.9 miiilio 

Outpul Admittance Yos lOOJ 10.7 
MHz MHZ 

15 5 3 0.21 + j 0.9 0.076 + j 0.153 mmho 

Forward Conversion Transconductance gfs(C) 1 kHz 15 3 2800- µmho 

Maximum Available Power Gain MAG 100 15 5 26 dB 

Maximum Usable Power Gain MUG 
(Unneutralized) 

100 15 5 - 14 dB 

Maximum Usable Power Gain 
(Neutralized) 

MUG 100 15 5 14 17 dB 

Maximum Available Cgnversion MA Ge lin = 100 15 3 22 dB 
Gain lout= 10.7 

Noise Figure NF JOO 15 5 3.5 5 dB 

* Bulk (Substrate)·to-Soorce Volts (Ves) = -3. 

For characteristics curves, refer to types 3N128 and 3N143. 



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 MOS construction. These devices have char
acteristics which make them highly desirable for rf-ampli
fier applications (40600), mixer applications (40601), 
and first-if-amplifier applications (40602) in vhf TV re
ceivers and other types of commercial equipment oper
ating at frequencies up to approximately 250 MHz. 

These transistors feature a series arrangement of 
two separate channels, each channel having an inde
pendent control gate. In amplifier applications the 40600 
and 40602 with their wide dynamic range provide sub
stantially better cross-modulation performance than is 
obtainable with bipolar or single-gate field-effect tran
sistors. In mixer applications the 40601 provides ex
cellent isolation between the oscillator and rf signals 
because each of the two signal frequencies being mixed 
has its own control element. The wide dynamic- range 
of the 40601 minimizes cross-modulation which is gener
ally encountered in mixer stages. 

Provision of two insulated gates also results in 
extremely low feedback capacitances (0.02 pF typ.), a 
feature which enables the 40600 and 40602 to provide 
high maximum useable power gains in unneutralized 
circuits - for example, 20 dB at 200 MHz typ: for the 

ELECTRICAL CHARACTERISTICS, at TA= 25°C 

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 age voltage to gate No.2 and age delay is easily ob
tained. Virtually no age power is required for full gain 
reduction. 

Types 40600, 40601, and 40602 are hermetically 
sealed in m_etal JEDEC T0-72 packages. 

APPLICATIONS 

• VHF TV Reciriver 
40600 for rf amplifier opplicotions 
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 use of vacuum-tube biasing techniques 

•excellent thermal stability 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 
40600, 40601, 40602 

UNITS 

Gate No.Mo-Source Cutoff Voltage 

Gate No.2-to-Source Cutoff Voltage 

Gate No.l Leakage Current 

Gate No.2 Leakage Current 

Drain Cu11ent 

VGlS{Offl 

IGlSS 

IG2SS 

loss 

Vos = +1sv, 10 "'200 µA 

VG2S = -+4V 

Vos= +15V, l'[) = 200 µA 

VG}S "'0 

VG}S "'-20V, VG2S "'0, Vos= 0 

VG2S "'-20V, VGlS "'o, Vos"' 0 

Vos= +13V, VGlS = 0, VG2S = +4V 

Min. Typ. Max. 

-2 

-2 

oA 

oA 

18 mA 

Forward T1ansconductance .,, Vos "'+13V, 10 = io mA 

VG2S "'+4V, f "'1 kHz 
10000 fLmho 

TYPICAL PERFORMANCE CHARACTERISTICS, ot TA= 25°C 

CHARACTERISTICS SYMBOLS 

Output Capacitance Coss 

Input Capacitance 

Input Resistance riss 

Output Resistance ross 

Magnit~~e of Forward Transadm1ttance IYts\ 

Maximum Available Powe1 Gain MAG 

p~:'F?;.t fo1 measu1ement circuit GPS 

Noise Figure NF 

40600 
RF AMPLIFIER 

f = 200 MHz 

0.02 typ. 

0.03 max. 

2.2 

5.5 

1.2 

2.8 

11000 

·46 

·20 

20• 

17.5 

5 max. 

40602 
IF AMPLIFIER 

f "'44 MHz 

0.02 typ. 

0.03 max. 

2.2 

5.5 

10 

12 

11000 

·11 

35 

1 Stage 28 
2 Stages 26 
3 Stages 24 

40601 
MIXER 

f = 200 MHz 

Local•osci llator injection 
Voltage on 

Gate No.2 = 750 mv 
Vos = isv 

VG2s = +0.6V 
VGIS = 0.75V 

0.02 typ. 

0.03 max. 

2.2 at f 44 MHz 

5.5 

1.2 

12 at f = 44 MHz 

2700* 

14** 

UNITS 

PF 

pf 

pf 

Kf2 

Kil 

µmho 

degrees 

dB 

dB 
dB 
dB 

dB 

dB 

"' Magnitude of forward conve1sion transadmittance *•Maximum available conversion gaiP • Limited by practical design considerations 

DEVICE FEATURES 

•extremely low feedback capacitance 
c,.. : 0.02 pf typ. 

• high power gain 
MU Gu= 20 dB typ. for 40600 
MAG : 35 dB typ. for 40602 
MAGc = 14 dB typ. lo• 40601 

TERMINAL DIAGRAM 

4 

leod 1- D«iin 
lead 2 - Gate No. 2 
lead J - Gole No_ 1 
lead 4 - $out"Ce, Substrate ond (01• 

Maximum Ratings, Absolute-Maximum Values at TA "'zs 0 c: 

DRAIN-TO-SOURCE VOLTAGE, Vns . 

GATE No.I-TO-SOURCE VOLTAGE, VGts; 
Oto +20 V 

Continuous (de) +1 to-8 V 
Peak ac .. -+20to-8 V 

GATE No.2-TO-SOURCE VOLTAGE, VG2s; 

Continuous (de) . . . -8to400"oofVJ)S V 

Peak ac -8 to +20 V 

DRAIN-TO-GATE VOLTAGE, VDGl ot VDG2· +20 V 

DRAIN CURRENT, lo (Pulsed): 

~~/;~a~~~~ti~.4s2.0. ~s.' . 50 mA 

TRANSISTOR DISS IP AT ION, PT: 

At ambient l up to 25°c .. . 
temperatures ~above 2s0 c .. . 

400 mW 
... derate linearly at 

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 10seconds max. 265 

r---------,--- ··- -- ---- -
I ' 
I ' ' I 

"c 

I 
I 
I 
I 

OIJTPUT 

*Tubular ce1amic. 
~ Disk ceramic. 

#Ferrite bead (ih used); Indiana Gene1al No. Hl742C-(A-147) 
or Fll57-l-H, or equivalent. 

I 
I 
I 
I 
I 

C1, C2: 1.S-5 pf variable air capacitor: E. F. Johllson Type 160-1('?, 
or equivalent. 

c3: }~t~~{o~~~~~~fi5~:/~~iva~\e~~~acitor: JFO Ty~, VAM-010, 

c4: ~·itit,~,P~~t~i~·!r:;t.variable air capacitor: Roanwell Type 

Li: ~i~~~~ s,~~::~~: ~:m~t~~" o~h~~~di~·~7~ -o~2~~;· ~ii~~i~~pper 
length approx. 0.65". Tapped at 1-1/2 turns from Cl end 
of winding. 

L2: Same as L1 except winding length apprnx. 0.7"; no tap. 

Fig.1 - 200 MHz Power Gain and Noise Figure Test Circuit 
fo• 40600 and 40602 

For characteristics curves, refer to type 3N140. 



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 transistor!; 
utilizing the MOS construction. 

These devices have exceptional characteristics for 
rf-amplifier (40603) and mixer applications (40604) in 
FM tuners and other ·commercial equipment operatini 
at frequencies up to approximately 150 MHz. These trBn
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 "squbre law" mixing, which can only be 
accomplished in the non-linear region of the device trans
fer characteristic. 

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

DRAIN-TO-SOURCE VOLTAGE, Vos ••.. 

GATE No.1-TO-SOURCE VOLTAGE, Vats: 

Continuous (de) ..........•..... 

Peakac .. , ••• ,, .. ,, •.... ,.,. 

GATE No. 2-TO-SOURCE VOLTAGE, Vo2s: 

D to +20 

-8 to +l 

-8 to +20 

v 

v 
v 

Continuous (de) ••••••• , •••. , ••. -8 to 40"/a of VDS V 

Peak ac ...••••.•. , ...•• , , •• , -8 to +20 V 

DRAIN-TO-GATE VOLTAGE, 
VDGI or VDQ2 •••.•• • · • • • • • • • • • 

DRAIN CURRENT, Io (Pulsed): 

~:t~f.~~:t~O.~s2.0.~s.' •.•.••.•••. 

TRANSISTOR DISSIPATION, PT: 

v 

50 mA 
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 ~f stage can be controlled by apply
ing age voltage to gate No. 2. Virtually no age power is 
required for full gain reduction. 

At ambient l up to 2s0c • • • . • • • • . 400 mW 
temperatU?es r above 2S°C ..•.....• derate linearly at 

2.67 mW/°C 
AMBIENT TEMPERATURE RANGE: 

The 40603 and 40604 are hermetically sealed in 
JEDEC T0-72 packages. 

ELECTRICAL CHARACTERISTICS, •• TA = 25°C 

Storage and Operating .•. , •...••.. 

LEAD TEMPERATURE (During soldering): 

At djstances > 1/3211 from seating 
surface for urseconds max. . ....••. 

LIMITS 

401113 40604 

-65 to +175 °c 

CHARACTERISTICS SYMBOLS TEST CONOITIONS RF AMPLIFIER MIXER UNITS 

Gate No.1-to..Source Cutoff v615(off) 
Voltage 

Gate No.2-to-Source Cutoff 
Vo2s<offl 

Von ace 

Gate No. I Leakage Current IGlSS 

Gate No.2 Leakap Current 102ss 

Zero·Bias-Voltage Drain Current ioss 
Small-Sianal, Short-Circuit 

Reverse-T1ansfe1 Capacitance Crss 
f Drain·to-Gate-No. l) 

Input Capacitance Ciss 

Output Capacitance Coss 

Input Resistance 'is 

Output Resistance 'os 

Forward Transconductance "' 
Maximum Available Power Gain MAG 

Maximum Uaable Powe1 Gain 
MUG 

(Unneutralized) 

Noise Figure NF 

*conversion transc~~~~tance 
•or limlteC..."--F . ...,_ Kdesign considerations 

v05 = +is v, 10 = 200 µA 

va2s = +4V 

Vos" +15 v, 10 = 200 µA 

va1s"' o 
VGIS; -20 V, Vo2s "'0, Vos= 0 

v62s = -20 v, va1s "' o, v05 = o 

va2s = +4 v, Vo1s = o, Vos= +13 v 

Vos= +13 v, lo= to mA, f = 1 MHz 
Vo2s = +4 v 

Vos= +13 V, IO= 10 mA 

VG2S = +4 V, f = l MHz 

Vos= +13 v, 10 = 10 mA 

VG2s = +4 v, I = 100 MHz 

Vos= +13 v, lo= 10 mA 

VG2S = T4 V, f = 100 MHz 

Vos=- +13V 
lo - lOmA 

Vo25=-+4V 

I= lOOMHz 

f.,. 10.7MHz 

Vos = +13 v, lo = 10 mA 

Vo2s = +4 v, f"" 1 kHz. 

Vos= +13 V, to= 10 mA 

Vo2s = +4 v 
f - 100 M!fa, lout for 40604 

(mixer)= 10.7 MHz 

Typ. Max. Typ. Max. 

-2 -2 

-2 -2 

"A 

"A 

18 18 mA 

0.02 0.03 0.02 0.03 pf 

5.5 5.5 pf 

2.1 2.3 pf 

3.5 3.5 ,r; 

kfl 

20 kfl 

10,000 2800* 11111ho 

26 21 dB 

25• dB 

2.5 dB 

40603, 40604 
PERFORMANCE FEATURES 

• large dynamic range permits large-signal handling be
fore overload 

• dual gates allow product mixing with extremely low 
harmonic generation 

• greatly reduc•• spurious responses in FM receivers 

•permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

•superior cross-modulation performance and greater dy. 
namic range than bipolar and single-gate field-effect 
transistors 

DEVICE FEATURES 

•extremely low feedback capacitance 
c, .. = 0.02 pf typ. 

•high unneutralized RF power gain 
MUG = 25 dB (typ.) for 40603 

• low noise figure 
HF = 2.5 dB typ. for 40603 

TERMINAL DIAGRAM 

L.ad 1-Drain 
L.ad 2 - Gcrt. No. 2 
L ... d 3-Gcrt. No. 1 
l"d 4 - Source, .S..rot. and C-. 

For characteristics curves, refer to type 3N140. 



40673 

SILICON HU INSULATED-GATE FIELD-EFFECT TRANSISTOR 
I-Channel Depletian Type Wit• lntegratd 
Gate .Pratectia1 Circuits 
Far RF Amplifier Applicatim up to 400 MHz 
R~A-40673 is an n~hannel silicon, depletion type, dual 
insulated.gate field-effect transistor. 

Special back-to-back diodes are diffused directly into t~e 
MOS* pellet and are electrically connected between each 
insulated gate and the FET's source. The diodes effectively 
bypass any voltage transients which exceed approximately 
±10 volts. This protects the gates against damage in all 
normal handling and usage. 

the common-5ource configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neu'tralization; and, of special im· 
portance in rf'"3Jtlplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 40673 is hermetically sealed in the metal JEDEC T0-72 
package. 

*Metll-Ol1Clde-5emiconductor. 

A feature of the back-to-back diode configuration is that it 
allows the 40673 to retain the wide input signal dynamic 
range inherent in the MOSFET. In addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate. 

Maximum Rati1'181,Absolute·Maximum Values, at TA= 2soc 
DRAIN-TO-SOURCE VOLTAGE, Vos... ·0.2 to +20 
GATE No.1-TO.SOURCE VOLTAGE, VG1s: 

Continuous Ide) . -6 to +1 
Peak ac . . . . . . . . . . . . . . . . . . . . . . . . . -6 to +6 

The excellent overall performance characteristics of the 
RCA40673 make it useful for a wide variety of rf-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. 

GATE No.2-TO-SOURCE VOLTAGE, Va25: 
Continuous (de). . . . . . . . • . . . • . . . . -6 to 30% of Vos 
Peakac ................... -6to+6 

DRAIN·TO·GATE VOLTAGE, 
VoG1 OR VoG2 ........... . 

~~:~~.~~=ED~~l~Ai1Q·N;p;.;. 
~~=~ J ~t:o~~ro~ : : . 

AMBIENT TEMPERATURE RANGE: 

+20 
50 

330 
derate linearly at 

2.2 mW!°C 

Storage and Operating ....•. , • . . -65 to +175 
LEAD TEMPERATURE (During solderingl: 

At distances~1/32 inch from The two gate arrangement of the 40673 also makes possible a 
desirable reduction in feedback capacitance by operating in seating surface for 10 seconds max. 265 

ELECTRICAL CHARACTERISTICS, It TA• 26"C unlall otherwl• ,...;tied 

CHARACTERISTICS SYMBOLS 

Gete-No. 1 ·to-Source Cutoff Voltage VG1S(offl 

Gate-No.2-to-Source Cutoff Voltage VG2S(offl 

Gate-No.1 ·Leakage Current IG1SS 

Gata-No.2-Leakage Current IG2SS 

Zero-Bias Drain Current loss 

Forward Transconductance 
(Gate-No.1 ·to·Drainl !Ifs 

Small-Signal, Short-Circuit Input 
Ciss Capacitance t 

Small-Signal, Short-Circuit, 
Reverse Transfer Capacitance c,,. 
(Drain-to-Gate No.1) • 

Small.Signal, Short-Circuit Output 
Coss Capacitance 

Power Gain (see Fig. 1) Gps 

Maximum Available Power Gain MAG 

Maximum Usable Power Gain 
MUG (unneutralizecO 

Noise Figure (see Fig. 1) NF 

Magnitude of Forward Transadmittance lvnl 
Ph- Angle of Forward Trans- a admittance 
Input ResiltlnC& riss 

Output Resistance 'oss 

Protective Diode Knee Voltage Vknee 

•Limited only by piactical desi.an considerations. 

tcapacitance between Gate No. 1 and all other terminals 

TEST CONDITIONS 

Vos= +15v.10 • 2ooµA 
VG25 = +4V 

Vos= +15V, 10 • 2ooµA 
VG1i = 0 

VGlS = +1 or-6 V 
Vos= o. VG2S = 0 

VG2S = ±6V 
Vos= o. -VG1S"" 0 

v0 s = +15v 
VG2S = +4V 
VG1S = 0 

Vos"' +isv, 10 = lOmA 
VG2S"' +4V,f = lkHz 

Vos= +isv, 10 = 10mA 

VG25""+4V,f•1MHz 

v 05 "". +isv. 10 = 10mA 

VG2S = +4V, f"' 200 MHz 

lo100E(REVERSEl=•100µA 

•Three-tetmlnal measurement with Gate No. 2 and Source returned to guard terminal. 

LIMITS 

Min. Typ. Max. 

- -2 -4 

- -2 -4 

- - 50 

- - 50 

5 15 35 

- 12,000 -

- 6 -

0.005 0.02 0.03 

- 2.0 -
14 18 -

- 20 -

- 20" -

- 3.5 6.0 

- 12,000 -

- -35 -

- 1.0 -

- 2.B -

- •10 -

UNITS 

v 

v 

nA 

nA 

mA 

µmho 

pf 

pf 

pf 

dB 

dB 

dB 

dB 

µmho 

degrees 

kO 

kO 

v 

v 

v 
v 

v 
v 

v 
mA 

mW 

oc 

oc 

For characteristics curves, refer to WP• 3N187. 

APPLICATIONS 

• RF amplifier, mixer, and IF amplifier 
in military, industrial, and consumer 
communications equipment 

• aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate F ET s 

• wide dynamic range permits large-signal handling 
before overload 

• dual-gate permits simplified age circuitry 

• virtually no age power 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 -
IG1ss & IG2SS = 20 nA(max.l at TA= 25°C 

• high forward transconductance -
!Ifs= 12,000 µmho (typ.I 

• high unneutralized RF power gain -
Gps = 18 dB(typ.I at 200 MHz 

• low VHF noise figure- 3.5 dB(typ.) at 200 MHz 

L------~-----

TERMINAL DIAGRAM 

LEAD 1 ·DRAIN 
LEAD 2-GATE No. 2 
LEAD 3-GATE No. 1 
LEAO 4-SOURCE, SUBSTRATE 

AND CASE 

#Ferrite bead (4); Pyro<erric Co •. "Carbooyl J" 
0.09 in. OD; 0.03 in. ID; 0.0631n, lluckness. 

Q• 40673 
• Disc ceramic. 
•Tubular ceramic. All resistors in otims 

All capacitors in pf 
C1: 1.8- 8.7 pf variable aircapacitor: E.F. Johnson Type 161l-104, 

or equivalent. 
C2: 1.5- 5 pf variable air capacitor: E.F. Johnsoo Type 160-102, 

or equivalenl 

C3: 1- !0pf piston·type variable air capacitor: JFD Type VAM-010; 
Johanson Type 4335, or e<JJivalent. 

C4: 0.8-4.5pf pistoo type variable air capaci!or:Erie 560-013 or 
e(J.livalent. 

L1: 4 rums 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~ turns silver:plated 0.02·in. thick, 0.085-0.095·in, wide, 5/16·in. 
ID. Coil = .90m. long. 

Fig. J. 200-MHz Powe' gain onJ noise
ligure test circuit 
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Silicon Dual-Insulated-Gate Field-Effect Transistor 
N~Channel Depletion Type 

With Integrated Gate-Protection Circuits 

For RF Amplifier Applications up to 250 MHz 
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. 

RCA-40819 is an n-channet silicon, depletion type, dual in
sulated-gate field-effect transistor (FETJ. 

The excellent overall performance characteristics of the 
RCA-40819 make it useful for a wide variety of rt-amplifier 
applications at frequencies up to 250 MHz. The two serially
connected channels with independent control gates make 
possible a greater dynamic range and lower cross-modula
tion than is normally achieved using devices having only a 
single control element. 

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= 250 C unless otherwise specified 

CHARACTERISTICS SYMBOLS 

Gate-No.1-to-Source Cutoff Voltage VGJSlaff) 

Gate-No.2-to-Source Cutoff Voltage VG2S(aft) 

Gate-No.1-leakatie Current IGJSS 

Gate-No.2-leakage Current IG2SS 

Zero-Bias Drain Current loss 

Forward Transconductance (Gate-No.1-to-Drain) 9fs 

Small-Signal, Short-Circuit Input Capacitancet 

Small-Signal, Short-Circuit, 
Reverse Transfer Capacitance 
(Drain-to-Gate No.11• 

Small-Signal, Short-Circuit Output Capacitance Coss 

Power Gain (see Fig. 11 GPS 

Mallimum Available Power Gain MAG 

Maximum Usable Power Gain (unneutralized) MUG 

Noise Figure (see Fig. 1} NF 

Magnitude of Forward Transadmittance 

Phase Angle of Forward Transadmittance 

Input Resistance 

Output Resistance ross 

Protecti11e Oiode Knee Voltage 

TEST CONDITIONS 

Vos· +15 v, 10 • 200 µA 

VG2S • +4 V 

Vos· +15 v, 10 ·zoo µA 

VGJS • 0 

VGJS • ± 6 V 
Vos. 0, VG2S. 0 

VG2s•±6V 
Vos. 0, VGJS. 0 

Vos·+ 15v 
VG2S -+4 V, VG JS• 0 

Vos• +15 V, lo • 10 mA 
VG2s = +4 V, f = 1 kHz 

Vas= +15 V, lo= 10 mA 

VG25 = +4 V, f = 1 MHz 

Vos· +15 v, lo· 10 mA 
VG2s. +4 V, I. 200 MHz 

!diode (reverse) =±JOO µA 

LIMITS 
UNITS 

Min. Typ. Max. 

-2 -4 v 

-2 -4 

50 nA 

50 nA 

15 35 mA 

12,000 µmha 

pF 

0.0115 0.02 0.03 pF 

pF 

14 lB dB 

20 dB 

20· dB 

3.5 6.0 dB 

12,000 µmha 

-35 degrees 

kn 

2.B kn 

- ±10 v 

• Limited only by practical design considerations. t Capacitance between Gate No.1 and all other terminals. 

I Three-terminal measurement with Gate No.2 and Source returned to guard terminal. 

L------1--:::t_.----
ooo-=-

' I 
I 

' - ' ' 
I Z~35 OR EQUIV.) I 

-~----1---~----_J 
IOOO- 1000-

#ferrite bead (4}; Pyroferric Co. 
"Carbonyl J" 0.09 in OD; 0.03 
in ID; 0.063 in thickness. ~ 

All resistors in ohms 

All capacitors in pF 

Q= 40673 
•Oise ceramic. 
* Tubular ceramic. 

C1: 1.8 - 8.7 pF variable air capacitor: E. F. Johnson 
Type 160-104, or equivalerit. 

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. 

C4: 0.8 - 4.5 pF piston type variable air capacitor: Erie 
560-013 or equivalent. 

L1: 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: 4-1/2 turns silver-plated 0.02 in thick, 0.085-0.095· 
in wide, 5/16-in; ID Coil = .90 in long. 

Flg. 1. 200 MHz power gain and noise flgure rest circuit 

For characteristics curves, refer to type 3N187. 

40819 
The back-to-back diode configuration permits the 40819 to 
retain the wide input signal dynamic range inherent in the 
MOSFET. In addition. the low junction capacitance of these 
diodes adds little to the total capacitance shunting the signal 
gate. 

The 25-volt drain-to-source rating permits the use of higher 
voltage power supplies. 

The 40819 is hermtically sealed in the metal JEOEC T0-72 
package. 

TERMINAL DIAGRAM 

LEAD 1 • DRAIN 

LEAD2·GATENo.2 ~3 
LEAD 3 ·GATE No.1 
LEAD 4 ·SOURCE, 

SUBSTRATE, AND CASE 

' 4 

Device Features 
• back-to-back diodes protect each gate against handling B(fd 

in-circuit trMlsients 
• high forward transconductance: 9fs = 12,000 µmho (typ.) 

• high unneutralized RF power gain: Gps = 18 dB hyp.) at 
200MHz 

• low VHF noiSe figure: 3.5 dB (typ.) at 200 MHz 

• low gate leakage currents: IG1ss & IG2SS = 50 nA at TA= 250 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 MATVequipment 

• . tetemetry and multiplex equipment 

Absolute Maximum Values, at TA = 25° C: 

Drain-tO..Source Voltage, Vos. 

Gate Terminal Current, 
lms or IG2s . 

Orain·to-Gate Voltage, 
Voo1 or Voo2. 

Drain Current, lo .. 
Transistor Dissipation, PT: 

-0.2 to +25 

±100 

+31 

50 

330 

v 

µA 

v 
mA 

mW At TA up to 2!f'c 
At TA above 2!f'c derate linearly 2.2 mW/OC 

Ambient Temperature Range: 
Operating end Storage . -65 to +175 oc 

Lead Temperature (During Soldering): 
At distances 1/32 in from seating 
surface for 10 s max ......... . 265 oc 

Maximum Ratings 
Continuous Working Voltage#, at TA= 25°C: 

Gate No.1-to-SOurce Voltage, Vo1s . -6 to +3 V 

Gate No.2-to-Source Voltage, VG2S . . -6 to +6 or V 

Drain-to-Gate Voltage, VoG1 or 
VoG2 ·· 

40% of v05 

(whichever value is less) 

+25 v 

Continuous Working Voltage Aanng5 must t:>e observea tu rnaintam 
device characteristics. These ratings are based on long-term con· 
tinuous voltage operation but may be exceeded for short durations 
!e.g. testing of device characteristics). provided the absolute Maxi
mum Ratings are not e)(ceeded. 



40820, 40821 

Silicon Dual•lnsulated ·Gate Field• Effect Transistors 
N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 
For VHF-TV Tuner Applications 

40820 - RF Amplifier 40821 - Mixer 

Device Features 

• back-to-back diodes protect each gate against handling and in-circuit transKtnts 

• high forward transconductance: 9fs "" 12,000 µmho (typ.) 
• high unneutralized RF power gain: Gps = 17 dB (typ.) at 200 MHz (40820) 

• low VHF noise figure: 3.5 dB (typ.) at 200 MHz (40820) 

• low gate leakage currents: IG1SS & IG2SS = 50 nA 

RCA-40820 and 40821 are n-cnannel 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. 

Performance Features 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

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. 

• wide dynamic range permits large-signal handling 
before overload 

• virtually no age 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. 

TERMINAL DIAGRAM 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3- GATE No.1 
LEAD 4- SOURCE, SUBSTRATE, AND CASE 

Virtually no AGC power is required because of the high gate lnteg-al back·to·back diodes protect the gates against damage 
input resistance of the MOS F ET types. Automatic AGC in normal hand ting and usage by limiting transient voltages 
delay can be achieved with a very slight change in the input that exceed ±10 volts. The 40820 and 40821 are hermeti· 
impedance by the application of AGC voltage to Gate No. 2. cally sealed in metal JED EC T0-72 packages. 

A Metal-Oxide-Semiconductor. 

Maximum Ratings 
Continuous Working Voltage#, at TA= 25°C: 

Gate No. 1-to-Source Voltage, VG1S 

Gate No. 2·to·Source Voltage, V G2S 

Drain-to-Gate Voltage, VoG1 or VoG2·. 

Absolute Maximum Values, at TA= 25°C: 

Drain-to-Source Voltage, Vos 
Gate Terminal Current, IG1S or IG2S . 
Drain·to·Gate Voltage, VoG1 or VoG2 
Drain Current, Io ................ . 
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. 

40820 

-6to +3 
-6 to +6 or 40% of Vos 

(whichever value is less) 
• +20 

-0.2 to +20 
±100 
+26 
50 

330 

40821 

-4.5 to +3 
-4.5 to +4.5 or-4.5 to 40%of Vos 

(whichever value is less) 
+20 

-0.2 to +20 
±100 
+24.5 

50 

330 
derate linearly 2.2 mWfC 

-65 to +175 -65 to +175 

265 265 

v 
v 

v 

v 
µA 
v 

mA 

mW 

oc 

oc 

::; Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings are 
not e)(ceeded. 

I 21K 

I 
! 
I 
I 
L __ _ 

I 
I 

Q = 40821 
'YOisc. ceramic. 
"Tubular ceramic. 
All resistors in ohms 
AU capacitors in pF 

C1, 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. 

C4: 0.9-7 pF compression-type capacitor: ARCO 400 
or equivalent. 

Lt: 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 C1 end of winding. 

L2: Ohmite Z-235 RF choke or equivalent 

L3: J. W: Miller Co. #4580 0.1 µH RF choke or 
equivalent. 

Note: If son meter is used in place of sweep detector, a 
low pass filter must be provided to eliminate local 
oscillator voltage from load. 

Fig. t - Conversion power gain test circuit for type 40821. For characteristics curves, refer to type 3N187. 



40820, 40821 
ELECTRICAL CHARACTERISTICS at TA"' 2s0 c 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 40820 40821 UNITS 

Mm Typ Ma1<. Mm Typ ... 
Gate No 1 to source Culolf Voltaqe VGIS!olfl Vos .. +16V •• o .. 200"A, VG2s .. +4V ·3 

Gate No ? to SOurce Cutoft Voltage VG2S(olt) Vos· +1!5V,lo•200"A,V.G1s•O -3 -3 

Gate to Source Forward Breakdown Volldoge 1G1SSF 
Gate No 1 V!BR1G1SSF 1G?SSF VG2S Vos 0 

Gate No 2 V(BR!G2SSF 100µA 
VGIS Vos 0 11 

Gale to Source Reverse Breakdown Voltaqe IGlSSR 
Gate No 1 V18R)GISSR IG2SSR VG2S Vos 0 11 

Gate No "} VIBR!G2SSR 100µA 
VG1S Vos 0 

Gate No 1 Ter1rnnal Fo1wardC•IHl!nT 0 
VG\S 6V 50 oA 

IGISSF Vos VG2S 
VGIS 45V 50 

Gate No 1 Terminal Rl!\elSe Curren! 0 
VGIS 6V 50 oA 

IGISSR Vos VG2S 
~ <5V 50 

Gate No 2 Termmal Forward Current 0 
VG2s 6V 50 

1G2SSF Vos VG1S 
VG2S 45V 50 oA 

VG25 -6\' 50 
Gate No 2· Terminal Reverse Current IG2SSR Vos VG1S 0 

'5V 50 VG2S 

Zero-Bias Drain Curren! 'os Vos •15V, VGIS 0,VG2S 05 " 
Forward Tram.conductance 
!GateNo.1·t~ra1ro) 9f~ I 1 kHf 01000 2000 µmho 

Sm~ll S1groal, Short Circuit lnpu1 Capacitance* CISS 85 ,, 
Small Signal, Short Circuit, Reverse Transfer 

Crss Vos •15V 0005 002 003 0005 002 004 pf Cap.acotance tOrain to Gate No 1)6 
'o 10mA 

Small S1gni1I. Short Corcu11 Output Ci1pac1tance Con VG2S •<V pf 

Power Gam fsee Fig. 6) GPS dB 

Noise Figure (see Fig. 6) ' ?OOMH1 dB 

Con11ers1on Gain Gps\C) ' 200144 MH1 dB 

• Capacitance between Gate No 1 and all other rerminals 6 Three termmal measurement wofh Gate No 2 and Source rl!lurned to ~ard terminal 

,---------- -_7-_____ ----------1 

l AGC• -4 TO ti~TERNAL SHIELD,.. ' ''' Q C4 OUT~UT 

' 
;:;"Fiirrite bead (4); Pyroferric Co 

"Carbonyl J" 0.09 in OD; 0.03 
in ID. 0.063 in thickness. 

All resistors in ohms 

All capacitors in pF 

Q"' 40820 
•Di!ICceramic. 
•Tubular ceramic. 

~1: i:pe-l:ci~lg:, ~~·~~~~a~!~t~apacitor: E. F. Johnson 

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. 

1:4· 0.8 - 4.5 pF pis1on type variable air capacitor. Erie 
560·013 or equivalent. 

L 1 · 4 turns silver-plated 0.02·m thick, 0.075·0.085 in 
wide, copper ribbon. Internal diameter of winding~ 
0 25 in, winding leng1h approx. 0.80 in. 

v,, 
~-------------•1511 9ZCS-17465 

L2 4·1/2 turns silver·plated 0.02 in lhick, 0.085·0095 
in wide, 5/16·in; ID Coil ~0.90 in. long. 

Fig.2 - 200 MHz power gain and noise figure test circuit for type 40820. 

Table 1 - v parameters vs. frequency 

CHARACTERISTICS SYMBOL 
FREQUENCY (MHz) 

UNITS 
50 100 200 250 

Y Parameters 
Input Conductance gis 0.08 0.33 1.0 1.6 mm ho 

Input Susceptance bis 1.8 3.6 7.5 9.8 mmho 

Magnitude Forward Transadmittance IYi.1 12 12 12 12.3 mmho 

Angle of Forward Transadmittance <vts -2 -13 -35 -45 degrees 

Output Conductance 9os 0.10 0.18 0.36 0.42 mmho 

Output Susceptance bos 0.5 1.0 2.0 2.6 mm ho 

Magnitude of Reverse Transadmittance IYrsl 8 12 25 140 µmho 

Angle of Reverse Transadmittance <vrs -88 -73 -25 -10 degrees 



40822-40823 

Silicon Dual-lnsulated·Gate Field·Effect Transistors 
N-Channel Depletlon Types Device Features 
With Integrated Gate-Protection Circuits 

For FM Tuner Applications 
• back-to-back diodes protect each gate against handling and in-circuit transients 

• high forward transconductance: 9fs = 12,000 µmho (typ.) 

40822 - RF Amplifier 40823- Mixer • high unneutralized RF power gain: Gps = 24 dB(typ.) at 100 MHz (40822) 

• low VHF noise figure: 2 dB (typ.) at 100 MHz (40822) 
RCA-40822 and 40823 are n-channel silicon. depletion type, 
dual-insulated.gate, field-effect transistors for RF amplifier 
(408221 and mixer (40823) applications in FM receivers and 
other commercial equipment operating at frequencies up to 
150 MHz. 

Performance Features • low gate leakage currents: lo1ss 8t IGzss"" 50 nA at TA= 25°C 

These devices designed for VHF performance, provide 
excellent power gain, low-noise figures and have wide 

• 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 age power required 
• greatly reduces spurious responses in FM receivers 

• dual gate permits simplified AGC circuitry . dynamic range. The dualiJBte feature offers good cross· 
modulation performance over the AGC r~nge and reduces 
feedback capacitance by shielding Gate No. 1 from the drain. 
The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces local oscillator feed
through to the antenna. 

arrangement also makes it possible to isolate the local 
oscillator signal from the incoming signal by applying each 
signal to a specific gate. 

Virtually no power is required in AGC utilizing the 40822 
and 40823. In addition, these devices minimize input 
impedance variations and automatically achieve AGC delay 
when AGC is applied to Gate No. 2. The dual-gate 

Maximum Ratings 

Back-to-back diodes, diffused directly into the MOS pellet, 
protect the gates against damage in normal hand I ing and 
usage by limiting transient voltages that exceed +10 volts. 
The 40822 and 40823 are hermetically sealed in metal 
JEDEC TD·72 packages. 

Continuous Working Voltage#, at TA ~ 25°C: 
40822 

Gate No. 1·to·Source Voltage, VG1S . . . . . . . . . . . . . . . . . . . -6 to +3 

Gate No. 2-to·Source Voltage, vG2s ........... -6 to +6 or 40% of Vos 
(whichever value is less) 

Drain-to-Gate Voltage, VoG1 or VoG2·................. +20 

Absolute Maximum Values, at TA = 2ff' C: 

Drain-to-Source Volt199, Vos ........................ -0.2 to +18 
Ga_te Terminal Current, IG1S or IG2S . . . . . . . . . . . . . . . . . . ±100 
Drain-to-Gate Voltage, VoG1 or VoG2 . . . . . . . . . . . . . . . . . +24 
Drain Current, Io . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Transistor Dissipation: 
M~~w•c .............................. = 

40823 

-4.5w+3 
-4.5 to +4.5 or 40% of Vos 

(whichever value is less) 
+20 

-0.2 to +18 
±100 
+22.5 

50 

330 
At TA above 25°C ..... , . . . . . . . . . . . . . . . . . . . . . derate linearly 2.2 mWfC 

Ambient Temperature Range: 
Operating and Storage . . . . . . . . . . . . . . . . . . . . . . . . -65 to +175 -65to +175 

Lead Temperature (During Soldering): 
At distances 1 /32 in from seating 

surface for 10 s max. . . . . . .. . .. . . .. .. . . . . . . 265 265 

v 
v 

v 

v 
µA 

v 
mA 

mW 

•c 

•c 

# Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings are 
not exceeded. 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 40822 . 40823 

Min. J>O, Max. Min. Typ. Max. 

Gate No. 1 ·to·Source Cutoff Voltage VGl..fil.olfl v 05- +16V,10•200µA,Va2s"" +4 -2 -4 -2 -4 

Gate No. 2·to·Source Cutoff Voltage Vos= +16V, lo"'200µA, va1s•O -2 4 -4 

1G1SSF = 

UNITS 

v 

Gate·tO·Source Forward Breakdown G~~!t~.: 1 V IBRlGl SSF 

Gate No. 2 VtBR)G2SSF 
1G2SSF • f'~"°" ... -'~--·.;_O-+-+-'--+-+--t--t-+--1 
100µA 

11 

Gate·to·Source Reverse Breakdown Voltage: 
Gate No. 1 VtBRIG1SSR 

Gate No. 2 V(BRIG2SSR 

Gate No. l·Terminal Forward Current 

Gate No. !·Terminal Reverse Current 

Gate No. 2·Terminat Reverse Current 

Zero·Bias Drain Current 

Forward Transconductance 
(Gate No. l·to-Orainl 

1os 

... 
Small·Signal, Short·Circuit lnput Cilf)acitance t Ciss 

Noise Fi~re (see Fig. 6) NF 

Convenion Gain GPS(CI 

t Capacitance between Gate No. 1 and all other terminals. 

VG1s=Vos=o 

lG1SSR = 
102ssR = VG2s =Vos= o 
100µA 

VG1s =Vos= o 

"os = Vo25 = o 
VG1s=8V 

~·4.SV 

50 

Vos=Vo25=0 
vG1s=-6v 

:!sils,.= -4.5V 

50 

Vos= vG1s = o 
llms_·. v 
VG2S = 4.5 V 

50 

Vo2s =-6 v 50 
Vos= vG1s = o 

VG2S = -4.5 V 

Vos .. +15 v. VG1s = O,VG2S .. +4 v 15 30 

f ~ 1 kHz 12000 -

6.5 9.5 

f.= 1 MHz 0.005 0.020 0.039 0.005 

19 24 

f"' 100MHz 3.5 

t=100to 10.7MH 14 

11 

11 

11 

50 

50 

50 

nA 

50 nA 

15 36 mA 

2000 .u.mho 

6.5 10 pF 

0.025 0.045 pF 

pf 

•• 
dB 

18 dB 

6 Three·terminal measurement with Gate No. 2 and Source returned to guard terminal. 

1.3-5 pf variable air capacitor: E.F. Johnso~ Type 160-102 or 

equivalent. 

2.7-19.6 pf variable air capacitor: E.F. Johnson Type 
160-110 or equivalent. 
80 pf max. compression-type capacitor: Arco 405 or 
equivalent 
8 turns No. 22 wire on 1 /4" diameter air core. One turn 
spacing between windings. Tapped at one turn from low end. 
37 turns No. 34 wire on 3/16" diameter air core. Unloaded a 
• 63 
40823c 

Fig.1 - 100110.7-MHz conversion power gain test circuit 
for type 40823. 

I 
I 
I 
I 
I 

•• I 
~1i~~ 1000 _____ 1_ pf 

.£. 15 Voo 

Fig.2 • 1<XJ.MHz power gain and noise figure test circuit 

for type 40822. 

TERMINAL DIAGRAM 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3- GATE No.1 
LEAD 4- SOURCE, SUBSTRATE AND CASE 

For characteristics curves, refer to type 3N187. 



Silicon Dual· Insulated Gate Field· Effect Transistor 
N-Channel Depletlon Type 

With Integrated Gate-Protection Circuits 

General-Purpose Economy Type for Applications 
from DC to 500 MHz 

RCA-40841 is an n-channel silicon, depletion type, dual
insulated gate, field-effect transistor intended for general· 
purpose applications from DC to frequencies up to 500 MHz. 

This MOS/FET provides excellent power gain, linear-circuit 
operation and has a wide dynamic operating range. Its 
square-law characteristics result in low cross-modulation 
performance over the 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 bv applying the two signals 
to separate gates. The very low feedback capacitance of this 
device eliminates the need for neutralization in circuits using 
the dual-gate configuration. Use of the device in the RF 
input stage of a receiver reduces local oscillator feed-through 
to the antenna. The 40841 requires negligible AGC power, 
provides automatic delay when AGC is applied to Gate No. 
2, and exhibits sliWlt 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 
functilln 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. 21 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 JEOEC T0-72 package. 

Maximum Ratings 

Abaolute Maximum Values, at TA = 2!1'C: 

Device Features: 

•back-to-back diodes protact gate insulation against damage 
due to static changes frequently encountered during handlint 

• hith forward transconductance: 9fs "" 12,000 J,.mho (typ.) 
•high power gain: Gps = 32 dB (typ.) at 44 MHz 

•gate leakage currents: IG1SS and IG2SS = 60 nA (max.) 
atT A• 25"C 

• hiF Input impedance 
•excellent thermal stability 

Performance Features: 

•superior cross-modulation performance and .-w dynamic 
range than bipolar and junctton-gate FETs 

•wide dynamic range p•mlts large-si ... I handling before 
overloading 

•virtually no age power required 
•.,.atty reduced spurtous respon• in AM and FM raceiv.s 

•dual-gate configuration p•mits llmplif'led AGC circuitry 
•op.ates at frequencies to 600 MHz without nMltralization 

in circuits utilizint the dual"'911ta configuration 
•operates up to UHF with low-noise perfonnance 

The following dual.gate MOS/F ET types are specified for 
appltcations requiring premimum-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 ... 

Dual-Gate Single-Gate 
Configuration Configuration 

Orain·to-Source Voltage, Vos ...•......................... ~.2to+18 -0.2 to +18 v 
Gate Terminal Current, IG1 Sor IG2S ...................... . ±100 µA 
Gate Terminal Current, IGS .................... · .......... . ±100 µA 
Drain-to·Gate Voltage, VoG1 or VoG2 ..................... . +24 v 
Drain-to-Gate Voltage, VoG .......................•....... +24 v 
Drain Current, lo .....................................•. 50 50 mA 
Transistor Dissipation: 

At TAUP to 25°C .......... ' ....................... . 330 330 mW 
At TA above 25oc .................................. . derate linearly 2.2 mW/OC 

Ambient Temperatllre Range: 
Operating and Storage ................................ . -65 to +175 -66 to +175 oc 

Lead Temperature (During Soldering): 
At distances 1/32 in from seating surface for 10 s max. , .. 265 265 oc 

Continuous Working Vo/rage#, at TA = 25"C: 

Gate No.1-to-Source Voltage, VGtS .................. . -4.5 to +3 v 
Gate No. 2-to·Source Voltage, VG2S ....................... . -4.5 to +4.5 or 40% of Vos 

(whichever value is less I 
v 

Gate-to-Source Voltage, V GS ........................... · · · -4.5to+3 v 
Drain-to-Gate Voltage, VoG1 or VOG2· ........ - ........ - . · · · +20 v 
Drain-to-Gate Voltage, VoG .......................... · · · .. +20 v 
#Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuou1 

voltage operatiOfl but may be exceeded for short durations (e.g. testing of device ch•acteristictl, provided ttle Absolute Maximum Ratings 
are not exceeded. 
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-0.5 

DRAIN-TO-SOURCE llOl.TS ~•15 
AMBIENT TEMl"fRATURECTAl•25•C 
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GATE N0.2-TO-SOURCE VOLTS {VG2sl 

Flg.2-IO "'· VG2S· 

GATE N0.2-TO-SOURCE WLTSIVGzsl•4 ~ 
AMllENT TEMPERATURE (TA)• 25'"C ~ 

IO GATE NO.I-TO-SOURCE VOLTS IV61Sl•O 

-0.2 

-0.4 

-0.6 

-o.e 

-1.0 

-1.2 

4 • • ~ 12 ~ 16 

CRAIN-TO-SOURCE VOLTS tVosl 

Ftg.3-to .._ Vos. 

40841 
Applications: 
• DC amplifiers •choppers 
• RF amplifiers • voltage-controlled attenuators 
• mhcen • constant-currant source 
• IF amplifiers • voltage regulators 
• video amplifiers 
•differential amplifiers 
• frequency multipliers 
•phasesplitt.s 

• telemetry & multiplex 
• servo amplifiers 
• proximity switches 

• industrial timers - long time delays 
•thyristor trigger circuits 

3 
i 

TERMINAL DIAGRAMS 

SINGLE-GATE CONFIGURATION 

m 
~ 

LEAD 1-0RAIN 
LEADS-2 AND 3-GATE 
LEAD 4-SOURCE, 

SUBSTRATE AND CASE 

DUAL-GATE CONFIGURATION 

LEAD 1-DRAIN 
LEAD 2-GATE No.2 
LEAD 3-GATE No.1 
LEAD 4-SOURCE 

SUBSTRATE AND CASE 

DRAIN-TO-SOURCE VOLTStVosl•I 
AMBIENT TEMPERATURE ITA)•2''"C 

10 
2 

Fig.I-ID"'· VGt$ 

COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE ITAl•H•C 
FR£QUENCY (f)• ll<Hr 
ORAIH-TO-SOURCE VOLTS CVosl•IS 

GATE N0.2-TO-SOURCE VOLTS[V: )•+4 

.. 
·• •I 

GATE NO.I-TO-SOURCE VOLTS (Vorsl 

Fig.4-gfs w. VGIS· 



40841 

ELECTRICAL CHARACTERISTICS at TA• 25"C 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS CONFIGURATION 
DUAL-GATE SINGLE.QA.TE 

UNITS 

MIN. TYP. MAX. MIN. TVP. MAX. 

G.te-to-Source Cutoff Voltage: 
Duel-Gme (No. 1) Vos• +115V,'lo•200µA, Vo2s- +4V -2 
Otlll-o.t:e(No.2) VG2Soff 

_, 
SingieGWt VGS(offJ V05•+15V,I0-2oo,.iA 1.6 

G11:e-to·Source Forward Breakdown Voltage: IG1SSF = 

-~:-:~::~:~,ill::~::-!:~------+..~:~:~~:~~~~$~;,~:s::= ~~~F~~=15~:-~~~~~-=~~+--l--;.--+--+-+--l---+~-I 
Single-Gete Y(BRIGSSF IGSSF =-~~·Vos .. _~-

Gate-to-Source Reverse Breakdown Voltage: IG1SSR = 

o=~-'~·G_• .. _(=N•_·="------+V,;(~··~1G~l=$=1R 1G2SSR= ,,.v,,,G~~·-V.,=o~·-·~0+--1-=+--+---+--1----+~-I 
Duel·G•te (No. 21 VtBR)G2SSR 100µA __IYG1S .. Vos" 0 
Single-Gate V(BR)GSSR IGSSR = 100µA, Vos .. 0 

Gate Terminal Forwerd Current: 

Ouel·Gete !No. 11 IG1SSF 
Dual Gate (No. 2J IG2SSF 

IGSSF 

GateTerminill R81111rsaCurrent: 

Dual-Gate (No. 1) lG1SSR 
Dual-Gate (No. 21 IG2SSR 

Single-Gate IGSSR 

Zaro·Bin Drain Current: 
Oual·Gate ios 

ioss 

Forward Transconductance (Gate·to·Drainl 
Dual-Gate 

Small-Signal, Short·Circuit Input Capacitan«t Ciss 

Audio Spot Noise Figure" 
Dual-Gate 
Single-Gate 

Power Gain 

Conversion Gain 

NF 
NF 

Gps(Cl 

Vos"' Vo2s= o.vo1s= av 

Vos'° O.VGS" 6V 

Vos= VG2S"' O,VG1s= -6V 
Vos= VG1s = (), VG2S = -6 v 
Vos= O,VGs .. --6V 

Vos"' +15V,VG1s"' o.va2s= +4V 
Vos= +15V,Vas= o 

1 kHz 

f"' 1 MHz 

I= 1 kHz 

f= 1 kHz 

44 MHz 

t Capacitance between Gate No. 1 and all other terminals ~Dual-Gate), Gate and all other terminal$ !Single-Gate) 

6 Thrff·terminal measurement with Gate No. 2 and Source returned to guard terminal (Dual-Gate) 

6Q 

60 

60 
60 

10 -

12000 -

6.5 -
0.02 -

0.46 -

32 -
24 

• Noise fi{P.Jre"' 1() log10 [1 + ~ where K = 1.38 x 10-23; T = Temiwreture in °Kelvin; BW"' Bandwidth in Hz; 
4 KT BW Raj Rg = Generator resistance 

··1 ,. ,. 
120 ,. ,. ,. 
120 AA 

mA 
3.7 mA 

- µmho 

7000 µmho 

11 pf 

0.54 pf 

pf 

dB 
0.29 dB 

dB 

dB 

-2 -I I 

GATE NO. 2-TO-SOURCE VOLTS (VG2sl 

Fig.5-gr.2 vs. V G2S· 

" 10 100 lk 
FREQUENCY !fl-Hz 

Fig.6-en vs. f. 

TYPICAL CHARACTERISTICS FOR 40841 IN SINGLE-GATE CONFIGURATION 
(Terminals 2 and 3 tied together to comprise effective single-gate) 

0 
-2 -1.5 -I -0.5 1.5 

DftAIN-TO-SOUACE VOLTS IVosl 

Fig.7-to vs. Vos-

TYPICAL CHARACTERISTICS FOR 40841 IN 
SINGLE-GATE & OUAL-GATE CONFIGURATION 

I 
2 4 ea 

•O IOOk 

Fig.10-sn vs. f. 

2-5 5 7.5 10 12-5 15 
DRAIN-TO-SOURCE VOLTS IY05I 

Fig.8-to vs. Vos. 

;.o~~~ R~N£~ 
I I 

I I 

ALL RESISTANCE VALUES 
ARE IN OHMS 

~ 2.5 

I 

DRAIN-TO-SOURCE VOLTS IVosl •15 
FREQUENCY (f)•I kHz 
AMBIENT TEMPERATURE (TA)•25•C 

5 10 15 
DRAIN MILLIAMPERES IXol 

Fig.9-gr. vs. IO· 

VERTICAL 
GAINICAL 

Fig. 11-Typical differential amplifier utilizing die 40841 in the vertical input ltage of a so/id..,tate oscil/olcopll. 



SOLID-STATE TIMER FOR INDUSTRIAL APPLICATIONS 

o~~~~~~~~~~~~--.-~~~~~~~~~~~~-.--~~ 

r Si 100,_.F 

IZOVACt !IOVOC 

6o(z ,n~g& R,t 

Dz lk .. 
l.2k 
2W 

o, ,. 

Cornetl·Dubilier Electronics-Ty~ MMW or equivalent. 

01 
RC• 

40041 

A controls duration of time delay. At A= 60 Mn up to 
5-minute delay ( IAC resistor, Type CGH or equivalent) 
This circuit can also be u58d at supply voltages of 240 V AC 
and 24V AC (60Hzl by changing the values of R1 and 03. 

o, 
fYPE 

IN3754 

Q.I ~ F 
CERAMIC 

TIMING CIRCUIT CHARACTERISTICS 

TA = -.25°C to +60°C 
Accuracy: ±10% !over temperature) 

Repeatability: ±3% (at 2soc) 

Reset Time: Less than 150 ms 

Fig.12-Typica/ timingcirt:uit utilizing the 40841 in a single-gate configuration. 

02: VoRM = 60V 

IGT = 200µA 

IT"' 0.BA 

03: IA= 1nA 

VR = 60V 

40841 
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Dimensional Outlines 

1 :r: ~·~n11: 
NOTES:.::,~--;-
Refer to Rules for D1mensiomng IJEDEC Pubhcallon No. 951 
for A1ual Lead Product Outlines. 

1. When this device IS supplied soklar·dipped, the maximum tead 
thickness !narrow portt0n) will not exceed 0.013". 

2. Leads w1thm 0.005" (0.12 mm) radius of True Pos1t1on ITPI at 
guage plane with maximum material cond1t1on and unit installed. 

3. 'A apphes m zone L2 wben unit installed. 

4. n apphas to spread leads prior to mnallat1on. 

5. N is the ma11.1mum quantity of lead po11t1ons 

6. N 1 1s the quantity of allowable m1ssm9 teads 

CERAMIC DUAL-IN-LINE PACKAGES 
(D) Suffix (D) Suffix 
(JEDEC M0-001-AD) 14-Lead IJEDEC M0-001-AE) 16-Lead 

-·. 

SYMBOL 
INCHES MILLIMETERS 

NOTE 
MIN. MAX. MIN. MAX. 

jsvMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.t20 O.t60 3.05 4.06 A 0.120 0.t60 3.05 4.06 

At 0.020 0.066 0.5t 1.86 At 0.020 0.065 0.51 1.66 

B O.Ot4 0.020 0.356 0.508 B O.Ot4 0.020 0.356 0.508 
Bt 0.050 0.066 t.27 t.lli B1 0.035 0.065 0.89 1.65 
c 0.006 O.Ot2 1 0.204 0.304 
D 0.745 o.no t8.93 t9.55 
E 0.300 0.325 7.62 8.25 

Et 0.240 0.260 8.to 8.60 

•t 0.100TP 2 2.54 TP 

c 0.006 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 

E1 0.240 0.260 6.10 6.60 

•A 0.300TP 2,3 7.62 TP ., 0.100TP 2 2.54 TP 

L O.t25 O.t50 3.t8 3.8t eA 0.300TP 2. 3 7.62 TP 

L2 0.000 0.030 0.000 0.76 L 0.125 0.150 3.18 3.81 
a 00 ju;o 4 00 Tt&o L2 0.000 0.030 0.000 0.76 
N t4 5 t4 

Nt 0 6 0 
. O" 15° 4 O" 15° 

N 16 5 16 
Ct 0.050 0.066 1.27 2.t5 

s 0.066 0.060 1.116 2.28 

92SS.4411R2 

Nt 0 6 0 

at 0.050 0.08!> 1.27 2.15 

s 0.015 0.060 0.39 1.52 

92SS-4286R5 

DUAL-IN-LINE PLASTIC AND FRIT-SEAL CERAMIC PACKAGES 

(El and (G) Suffixes (JEDEC M0-001-AN) IE, IF) and (G) Suffixes IE), IF), and (Gl Suffixes 
8-Lead Plastic (Mini-DlP) (JEDEC M0-001-AB) 14-Lead IJEDEC M0-001-AC) 16-Leaa 

SYMBOL 
INCHES 

MIN. MAX. 
NOTE 

MILLIMETERS 

MIN. MAX. 

A 0.155 0.200 3.94 5.08 

A1 0.020 0.050 0.508 1.27 

B O.Ot4 0.020 0.356 0.508 

Bt 0.035 0.066 0.889 t.66 

c 0.008 O.Ot2' t 0.203 0.304 

D 0.370 0.400 9.40 t0.t6 

E 0.300 0.325 7.62 8.25 

Et 0.240 0.260 6.10 6.60 

•1 0.100 TP 2 2.54 TP 

•A 0.300 TP 2, 3 7.62 TP 

L 0.125 0.150 3.18 3.81 

L2 0.000 0.030 0.000 0.762 

a 0 t5 4 o· 15" 

N 8 5 8 

Nt 0 6 0 

Ct 0.040 0.075 1.02 1.90 

s O.Ot5 0.060 0.38t 1.52 

92CS- 24026 RI 

I 
TERMINAL "h 

- - ~ r- - - 1 
I 
I 
I 
I 
I 

1 
1 
I 
1 

I ~~DEX ~ I AREA 

I 
I 
I 

I - - _ _, ,_ - -
I I I I 

1 2 3 

--! t-• -H-. -1 • f--l 1--

z 1 

SYMBOL 
INCHES 

MIN. MAX. 
NOTE 

MILLIMETERS 

MIN. MAX. 

A O.t55 0.200 3.94 5.08 

At 0.020 0.050 0.51 1.27 

B 0.014 0.020 0.356 0.508 

Bt 0.050 0.065 t.27 t.66 

c 0.006 O.Ot2 t 0.204 0.304 

D 0.745 0.770 t8.93 t9.55 
E 0.300 0.325 7.62 8.25 

Et 0.240 0.260 6.to 6.60 

•t O.tOOTP 2 2.54 TP 

•A 0.300 TP 2, 3 7.62 TP 

L O.t25 0.150 3.t8 3.8t 

L2 0.000 0.030 0.000 0.76 . 00 150 4 00 t50 
N 14 5 t4 

Nt 0 6 0 

Ct 0.040 0.075 1.02 1.90 

s 0.065 0.060 1.66 2.28 
92SS-4296R3 

CERAMIC FLAT PACKS 

NOTESo 
1. Refer to Rules for Dimensioning (JEOEC Publication No. 951 

for Axial Lead Product Outlines. 
2. Leads within .005" (.12 mm) radius of Tru" Position (TP) at 

maximum material condition. 

3. N is the maximum qu.,tity of lead positions. 
4. Z and Z 1 deutrmine a zone within which all body and lead 

irregularities lie. 

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 0.506 

B1 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 

E1 0.240 0.260 6.10 6.60 

•1 0.100 TP 2 2.54 TP 

"A 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 

0 O" 15° 4 O" 15° 

N 16 5 16 

N1 0 6 0 

a1 0.040 0.075 1.02 1.90 

s O.D15 0.060 0.39 1.52 

92CM-15967R4 

(Kl Suffix 
(JEDEC M0-004-AFI 14-Lead 

SYMBOL 
INCHES NOTE ~-l'!'~L_i,_l_ME!_E..,~ 

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 T o.35o 3.9 J0a 
N 14 3 14 

0 0.005 0.050 0.13 1.27 

s 0.000 0.050 0.00 1.27 

z 0.300 4 7.62 

Z1 0.400 4 10.16 

l 

92SS-4300R3 



T0-5STYLEPACKAGES 

(T) Suffix (JEDEC M0-002-AL) 8-Lead T0-5 Style 

92CS-19431R2 

NOTES 

Refer 10 JEDEC Publication No 95 for Rules for Dimensioning 
Axial Lead Product Outlines 

Leads at gauge plane within 0.007" {Q.178 mm) radium of True 
Position (TPl 8t maximum ma1enal condition 

3. <> B applies between L 1 and L2.~B2 applies between L2 and 
0.500" (12.70 mm) from seating plane. Diameter is uncontrolled 
in L 1 and beyond 0.500" (12.70 mm) 

INCHES MILLIMETERS 
SYMBOL 

MIN. j_ MAX. 
NOTE 

MIN. j_ MAX. 

a 0.200 TP 2 5.88 TP 

Al 0.010 0.050 0.26 1.27 

A2 0.165 0.185 4.20 4.69 

oB 0016 0.019 3 0.407 0.482 

oB 1 0.125 0.160 3.18 4.06 

082 0016 0.021 3 0.407 0.533 

oD 0.335 0.370 8.51 9.39 

0D1 0.305 0.335 7.75 8.50 

Fl 0.020 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 

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 
a 45"TP 45 TP 
N 8 6 8 

Nl 3 5 3 

Measure from Ma,... 410 

Nt 1s the quantity of allowable missing leads. 

N is the ma)(1mum quantity of lead positions 

(Tl Suffix (JEDEC M0-006-AF) 10-Lead T0-5 Style 

NOTES' 

I 
CENTER 

LINE 

1. Refer to Rules for Dimensioning Axial Lead Product Out
lines. 

2. Leads at gauge plane within 0.007" !0.178 mm~ radius of 
True Position (TP) at maximum material condition. 

3. 418 applies between L 1 and L2. 4182 applies between L2 
and 0.500" (12. 70 mm) from seating plane. Diameter is 
uncontrolled in L1 and beyond 0.500" (12.70 mm). 

INCHES MILLIMETERS 
SYMBOL NOTE 

MIN. MAX. MIN. MAX. . 0.230 TP 2 5.84 TP 

~1 0 0 0 0 

& 0.166 0.185 4.19 4.70 

•• O.D16 0.019 3 0.407 0.482 

••1 0 0 0 0 

••2 0.016 0.021 3 0.407 0.533 

•D 0.335 0.370 8.51 9.39 

•D1 0.305 0.335 7.75 8.50 

F1 0.020 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 

L1 0.000 0.050 3 0.00 1.27 

L2 0.250 0.500 3 6.4 12.7 

LJ 0.500 0.562 3 12.7 14.27 
0 360 TP J60TP 
N 10 6 ~-

Nl 1 5 1 

4. Measure from Max. 410. 

5. N1 is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 

92CS-15835 

Dimensional Outlines 

(SI Suffix 8-Lead T0-5 Style with 
Dual-In-Line Formed Leads (OIL-CAN) 

' . ~~ ~ ~R~~)EDIA. f'tic>f"ct-Ti:t ( ~-~~i~~~51) 

.100± .010 
12.54±.254) 
13 SPACES) 

(V) Suffix 

.300±.010 
17621.254) 

NON CUMULATIVE 

92CS-20296R3 

10 Formed Leads Radially 
Arranged T0-5 Type 

92CS-14638 R2 



Dimensional Outlines 
T0-5 STYLE PACKAGE (Cont'd) 

(T) Suffix(JEDEC M0-006-AG l12-Lead T0-5 Style 

JEDEC T0-72 PACKAGE: 

BOTTOM 
VIEW 

!;; 
I 

~ 

J~~k 

92CS-19774 

I 

NSULATION 

92CS-17444 RI 

SYMBOL 

a 
A1 

A2 

•a 
•l!i 
q,82 

¢0 

¢01 

F1 
j 
k 

L1 

L2 
L3 . 
N 

N1 

SYMBOL 

A ... .,.,, 
"'° "'°' . . , 
h 

I 
k 
I ,, 
•2 . 

INCHES 
MIN. MAX. 

0.230 
0 0 

0.165 0.185 
0.016 0.019 

0 0 
0.016 0.021 

0.335 O.J70 
0.305 0.335 

0.020 0.040 
0.028 0.034 
0.029 0.045 
0.000 0.050 

0.250 0.500 
0.500 0.562 

30° TP 
12 , 

INCHES 

MlN. MAX 

0.170 0.210 
0.016 0.021 
0.016 0.019 
0.209 0.230 
0.178 0.195 

0.100 T.P. 
0.050 T.P. 

0.030 
0.036 0.046 
0.028 0.048 
0.500 

0.060 
0.250 

45° T.P. 

NOTE MILLIMETERS 
MIN. MAX. 

2 5.84 TP 
0 0 

4.19 4.70 
3 0.407 0.482 

0 0 
3 0.407 0.533 

8.51 9.39 
7.75 8.50 

0.51 1.01 

0.712 0.863 
4 0.74 1.14 
3 0.00 1.27 

3 6.4 12.7 
3 12.7 14.27 

30 TP 
6 12 
5 1 

MILLIMETERS 
NOTES 

MIN MAX. 

4.32 5.33 
0.406 0.533 2 
0.406 0.483 2 
5.31 5.84 
4.52 4.95 

2.54 T.P . • 
1.27 T.P . • 

0.162 
0.914 1.11 
0.711 1.22 3 

12.10 2 
1.27 2 

6.35 2 
45D T.P. 4, 6 

1. Refer to Rules for Dimensioning Axial Lead Product Out· 
lines. 

2. Leads at gauge plane within 0.007" 10.178 mm) radius of 
True Position ITP) at maximum materia~ condition. 

3. ¢8 applies between L 1 and L2. tt>B2 applies between L2 
and 0.500" (12.70 mm) from seating plane. Diameter is 
uncontrolled in L1 and beyond 0.500'' (12.70 mml. 

4. Mnwre from Max. 410. 

5. Nt is the quantity of allowable missing leads. 

8. N is the maximum quantity of lad positions. 

Note 1. !Four lnd'I Maximum number INd$Om11ted 1n this outhne. 
.. none .. !OJ The number and pos1t1on of leads.ctutlly present are 

1nd1cated m the product reg1strat10n Outhne des19A1t1on deter 
mined by the location and m1n1mum angular or hnur spacing of 11nv 
two ad1acen1 leads 

Note 2 (All leads) Ob;io apphH between 1, and 12 Qt> apphes 
between 1 ;io and 500 .. c 12 70 mm! from seatmg plane Diameter is 

uncontrolled 1n I 1 and beyond 500" 112 70 mm) from seatu'ICJ plane 

Note 3 Measured from ma111mum diameter of the product 

Note 4· Leads ha11m9 ma111mum diameter 019 .. I 483 mml meawred 1n 
9191ngplane 0&4''11J7mml1 001''1025mril - OOO'"(OOOmml 
below the seating plane of the product shall be w1tl\m 001·· ( 178 mm) 
ol their true pos1t1on relative to a mai111mum width lab 

Note S· The produc1 may be measured by direct methods or by gage 

Note 6: Tab centerhne 

QUAD-IN-LINE PLASTIC PACKAGES 
(Q) Suffix 14-Lead Staggered 

•oo 
(I0.16) 
TYP. 

.300 
17.62) 

TYP. 

.008-0.0131 

-11--10.20•~0.330) 

L 
1. Body wKlth is measured 0.040'' 11.02 mm) from top,,R.1rface. 
2. Seating plane denned as the junction of the angle with the 

narrow portion of the laad. 

OimenUom in parenthe•s are millimeter 
equivalents of the besic inch difnamions. 

92CS-14872R2 

Recommended Mounting - Hole 
Dimensions and Spacing 



Dimensional Outlines 

(W) Suffix 16-Lead Staggered 
QUAD IN-LINE PACKAGES (Cont'd) Recommended Mounting - Hole 

Dimensions and Spacing 

. 400 TYP. 
(10.16) 

.252 
(6.40) 
MAX. 

NOTE I 

jl .200 
(S.08) 
TYP. 
.100 

(2.54 
TYP . 

. 008-.013 
(.204 ~.330) 

(Q) Suffix 16-Lead 
.745 18.93 .785 (19.93)J 

.025l.64)R~ 14 I> 12 II 10 9 _l 

·~:::-~i:::::: J::r.~J 
125451781 

J (~.~~) .200 ! 
.300 
(7.621 
TYP 

20-Lead Shielded 

1~
60(1.90) 

.01!5 .39 __1 
,050 1.27 
.020 ( . 51 ) .200 (5.08) 

t !--- .155 3.94 

~ JL~ ~:;( .. 65) ,.ii~) (2.54) .035 .89 

MIN. TYP. .020 (.508) 
. 014 .356 

92CS-17!535RI 

.008-.013 
I 203-.3301 

INDEX 
NOTCH 

2 3 4 5 6 7 8 9 ID 

.050 (1.27) 

.020 .51 
.045-.065 

[(1.14-1.65) 

~ 
r----

.100 
(2.541 

MIN. 

NOTE: TERMINALS II AND 20 ARE OMITTED. 

.400 
(10.161 

TYP-

92CS-17!587AI 

O.IOO 
12.!541 
TYP . 

0.200 
1!5.081 

0.100 
12.!54) 

TOP 
VIEW 

92CS-Zl9H 

NOTES: 

1. Body width is measured 0.040" (1.02 mm) from top surface. 
2. Seating plane defined as the junction of the angle with the 

narrow portion of the lead. 

Dimensions in parentheses are millimeter 
equivalent1 of the basic inch dimensions . 

Recommended Mounting - Hole 
Dimensions and Spacing 

.k-~--$--$--/~~i~ 
··;+~-$-$-}~~ . 
.200 I------ --- --- TOP VIEW 

(5.081 TERMINAL No.I 

'©-$-$-$
___ \ $-$-$-

1 I ·2,05~) ~.030(.76)01A, 
--j t-< • 16 HOLES 

TYP. (IN CIRCUIT BOARD I NOTES: 

1. Body width is measured 0.040" (1.02 mm) from top surface . 
2. Seating plane defined as the junction of the angle with the 

narrow portion of the lead. 

Dimensions in parentheses are millimeter 
equivalents of the basic inch dimensions. 

92CS- t7590 

Recommend.ed Mounting - Hole 
Dimensions and Spacing 

_L_ __ ~-$-$-$~ 
(Z1.~~I __J_d, ,+. ,+. ,t-i - ' 'j'_'f'_'f'_'f'_ 

.200 ~' ___ --- _ --- TOP VIEW 
15.08) / TERMINAL No. I 

j__ !:""©-$-$-$
/ -©-! $-d:i--$-$-'><.10 .;FI I .100 ~~030(,76) DIA 

(3,58 -l r-12,541 18 HOLES 
TYP. TYP (IN CIRCUIT BOARD) 

92CS-17!!181 

NOTES: 

1. Body width is measured 0.040" (1.02 mm) from top surface. 
2. Seating plane defined as the junction of the angle with the 

narrow portion of the lead. 

Dimensions in pa"entheses are millimeter 
equivalents of the basic inch dimensions. 



Dimensional Outlines 

DUAL-IN-LINE ANO QUAD-.IN-LINE PLASTIC PACKAGES 
(Power Stud and Heat-Sink Types) 

(El Suffix 
16-Lead "Power-Stud" Package 

~'"'::::.:.~.,~:: ~:: :1§F~ ... ~ I I • 0.104(2.642) 
0.035(0.89) j t 0.107 (2.717) DIA. 
0.0650.65) 0.040(1.02 

0.014(0.356) 0.075(1.90) 
0.020(0.508) -.---
g ~~~«~;~)J_ 

002~~ 0 050(1 27) 

0015(039) - ~ 
0 060(152) 

0 100 (2 54)TY~ 

DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 

**sTUD CENTERLINE IU COINCIDES WITH BODY 
CENTERLINE WITH IN ±0.015 

92CS- 24\34R3 

(Q) Suffix 
Modified 16-Lead with Integral Bent Down Wing-Tab Heat Sink 

0035-0.065 'I-~---(0.89-1.65) ..., - ______l 

MECHANICAL~-~ - __ 0.240-0.260 INDEX (6.10-6.60) 

INDEX AREA - I - 1-----, 
I ~ ~~~1 l- I L (6.38) 

0.745-0.785 ! 
(18.93-19.93) __. 

,-- 0.230 {5.842) 

I l(~:~~g~~ .. 6~~) ""0,053 DIA. 

I l Q.020-Q.Q70 (1.35) -0.04~-0075 
I _r-<os1-1.1n 2HOLEs - <1.02 1.90) 

L; r~~I, ~,-_ -_-- ,-:0-0110 

i. _,, 0 ' (2.29-2.79) 

SEATING Ii *'!1""":0·014-Q.023 IT 
PLANE I I i<D-356-0-58~ ~- 0100 12 54) 

0.015-o.oso I~ i-0.035-0.055 ] TYP. 
(0.39-1.52) -ir- (0.89-!.65) 

DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 

1 0.400 ,._ 
(IQ 16) i_ 

TYP. 1 

r' 0300 ~ 
'- -

(7.62) ;_ 
TYP. 

I 

' 

' 
11 0.100 (2.54) TYP 

I :. l------ 0.200 (5.08) TYP. 

I .jf-o.ooa-0.013 : 
I (0.204-0.330): 

r- ---- 0.677 - ----. 
(17.20) 

92CM- Z5044R3 

(EMI Suffix 
Modified 16-Lead with Integral Heat Sink 

T 
.850 

(21.59) 
MAX 

(QM) Suffix 

.920 
(23.37) 

MAX 

1 
.920~ (23.37) 
MAX. 

DIMENSIONS IN PARENTHESES ARE IN 
MILLIMETERS AND ARE DERIVED 
FROM THE BASIC INCH DIMENSIONS 
AS INDICATED. 

,, 
'' 

Modified 16-Lead with Integral Flat Wing-Tab Heat Sink 

MECHANICAL 
INDEX 

0.053 DIA. 
(1.35) 
2 HOLES 

,LJ--L~~~~...,______l 
0.240-0.260 
{6.10-6.60) 

0.100 (2.54) 
TYP 

DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 

0.650 
(16.51) 



(EM) Suffix 

Dimensional Outlines 

DUAL-IN-LINE AND QUAD-IN-LINE PLASTIC PACKAGES. 
(Power Stud a d Heat-Sink Types) 

(QM) Suffix 
16-Lead with Integral Strap Heat Sink 16-Lead Staggered with Integral Strap Heat Sink 

(3~~~5°.oi'f J_ 
J__ 

0.020-0.050r 
co.s1- r.211 

ENO ALIGNMENT OF HEAT SINK 
f.----0.745-0-785---J TO CENTER OF PLASTIC BODY 
In. .J ll.8.93-19.93) A ,n, 11 I 

0.093-0.157 
(2.36-3.99) 

'i. 0.250 
(6.35) 

HEAT SINK 
~--,.___0.280(7.11) MAX, IN 

OEBOSSING AREAS 
Q.030-Q.05 
(0.76-0.91) 

CONDUCTIVE EPOXY 

EPOXY (2 DABS) 

n 
·i :to• . 15° 

25-0.150 ]~ 
. Q.1()()(254)TYP: .IB-3.0ll 0.~(7.62)TYP. 

L ' CENTER OF LEAD 

o.ooa-0.013 
Po~1:.:?-~2Ef 92CM-2!1649RZ co.204-0.3301 

c:?s1~-s~oif J_ 
J__ I 

0.020- 0.050TJ 0.100 (2.54) TYP. 
<0 ·51 -1.211 Lo.01s-o.oso 

10.39-1.52) 

ENO ALIGNMENT OF HEAT SINK 
TO CENTER OF PLASTIC BODY 

HEAT SINK 

'---il--0.280(7.11) MAX. IN 
OEBOSSING AREAS (2) 

Q.030-0-036 
(0.76-0.91) 

T0-220-STYLE (VERSA-VI PLASTIC PACKAGE 
VERTICAL MOUNT HORIZONTAL MOUNT (M Suffix) 

l 
I 

SYMBOL INCHES Ml LLIMETERS SYMBOL INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

A 0.876 0.896 22.25 22.75 A 0.726 0.746 18.44 18.94 

B 0.396 0.408 10.06 10.36 B 0.396 0.408 10.06 10.36 

c 0.173 0.182 4.395 4.622 c 0.173 0.182 4.395 4.622 

D 0.604 0.619 15.35 15.72 D 0.604 0.619 15.35 15.72 
E 0.263 0.273 6.681 6.934 E 0.263 0.273 6.681 6.934 

F 0.168 0.188 4.268 4.775 F 0.221 0.251 5.614 6.375 

G 0.100 0.104 2.540 2.641 G 0.100 0.104 2.540 2.641 

H 0.320 0.340 8.128 8.638 H 0.143 0.163 3.633 4.140 

J 0.246 0.254 6.249 6.451 J 0.246 0.254 6.249 6.451 

K 0.046 0.054 1.169 1.371 K 0.046 0.054 1.169 1.371 

L 0.496 0.508 12.60 -12.90 L 0.496 0.508 12.60 12.90 

M 0.140 0.150 3.556 3.810 M 0.140 0.150 3.556 3.810 

N 5 5 N 5 5 
p 0.015 0.020 0.381 0.406 p O.Q15 0.020 0.381 0.406 
Q 0.033 0.040 0.839 1.016 Q 0.033 0.040 0.839 1.016 

R 0.129 0.139 3.277 3.530 R 0.129 0.139 3.277 3.530 

s 0.600 0.630 15.24 16.00 

T 0.680 0.710 17.27 18.03 
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RF Applications of the 
Dual•Gate MOS FET up to 500 MHz 
by L. S. Baar 

The RCA dual-gate protected, metal-oxide silicon, 
field-effect transistor (MOS FET) is especially useful for 
high-frequency applications in RF amplifier circuits. The 
dual-gate feature permits the design of simple AGC circuitry 
requiring 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 applications. The 
3N200 has good power gain and a low noise factor at 
frequencies up to 500 MHz, offers especially good cross
modulation performance, and has a wide dynamic range; its 
low~feedback capacitance provides stable performance 
without neutralization. 

Gate-Protection Diodes 
Fig. 1 shows the terminal diagram for the 3N200. 

Gate No. I is the input signal electrode and Gate No. 2 
is normally used to obtain gain control. The back-to-back 
diodes are connected from each of the gates to the 
source terminal, lead No. 4. If short duration pulses 
greater than ii O volts, generated for example b}t static 
discharge, are inadvertently applied to either gate, the 
protective diodes limit these voltages and shunt the current 
to the source terminal. Thus the gates, under normal 
operating conditions, are protected against the effects of 
overload voltages. l 

LEAD 1 · DRAIN 
LEAD 2 ·GATE NO. 2 
LEAD 3 ·GATE NO. 1 
LEAD 4 ·SOURCE, SUBSTRATE, 

AND CASE 

Fig. 1 - Terminal diagram for the 3N200. 

Operating Conditions 
Typical two-port characteristics at 400 MHz including 

both .. y" and "s" parameters, are given for the 3N200 in the 
RCA technical bul1etin, File No. 437. This note makes use of 
the '"y" parameters; however, designers who prefer. the 
alternate method can, by parallel analysis, make use of the 
.. s" parameters. 

A recommended operating drain current (Io) for the 
3N200 is approximately 10 milliamperes with Gate No. 2 
sufficiently forward biased such that a change in the bias 
voltage does not greatly affect the drain current. An 
adequate Gate No. 2-to10urce voltage CVG2S) is approxi
mately +4 volts. The forward transadmittance (yfs) increases 
with drain current, but saturates at higher current levels. The 
increase in RF performance at drain currents above 10 
milliamperes is achieved only with less efficient use of input 
power. 

To establish the optimum operating conditions for a 
type, consideration must be given to the range of variations 
in characteristics values encountered in production quantities 
of the type. 2 One important measure of type variation is the 
range of zero bias drain current (IDS). The current range 
given in the 3N200 technical bulletin for IDS is from O.S mA 
to 12 mA. A fixed bias condition intended to center the 
range of drain current at the desired level, still will produce 
an operating drain current range of 11.S milliamperes with a 
resultant wide range of forward transconductance (gfs). The 
drain current can be regulated by applying de feedback with 
a bypassed source resistor (Rs). A good approximation of Rs 
(where IDQ ~ los/2) can be calculated by the use of the 
following fonnuta•, assuming that VGIS vs. IDS is linear 
over the current range under consideration: 

( 
I ) Rs" ---

Sf,(min.) 
(

ti.IDS_ 1\ 

tl.IDQ '} 

Eq. l 

where: 
6.Ios is the current range given in the 3N200 technical 

bulletin 

6.IDQ is the desired range of operating current 

8fs(min.) is the minimum forward transconductance 
at 1000 Hz 

With the value of Rs established, then the Gate-No. 
Voltage (VG1) can be calculated from the equation 

VG1 = VGIS + IDQ Rs Eq. 2 

where VGtS is estimated by: 

Eq. 3 
8fs(avg.) 

where: 
8fs(avg.) is the average forward transconductance 

To establish the Gate-No. 2 Voltage (VG2). follow the 
same procedure described for ca1culating the Gate-No. I 
Voltage, except that a fixed VG2S of approximately 4 volts 
is adequate. 

If gain control is desired, apply a negative-going voltage 
to Gate No. 2. Because Gate No. 2 has little control in the 
voltage range of + 2 to +5 volts, this characteristic may be 
used to effect AGC delay of the device in order to maintain 
the low noise figure until the RF signal is out of the noise-level 
range. 

Stability Considerations 

Typical "y" parameter data as a function of frequency 
are given in Table 1. Maximum available gain (MAG) cal
culated from these data are also included to indicate ideal 
gain performance (i.e., Yrs= 0). The ability of the MOS FET 
to approach these gain levels depends on the device main
taining stable performance at the required operating fre
quency. 

There are several methods which may be used to test for 
gain vs. stability. One of these methods, the Llnvill Criteria 
{C), is defined by the equation: 

Eq.4 

CHARACTERISTICS SYMBOL 

y Parameters 

Input Conductance 9is 

Input Susceptance bis 

Magnitude of Forward Transadmittance \ Yfs \ 

Angle of Forward Transadmittance /.:!_ts 

Output Conductance 9os 

Output Susceptance bos 

Magnitude of Reverse Transadmittance jv., I 
Angle of Reverse Transadmittance t!.rs 
Maximum Available Gain MAG 

A value for C which is less than 1 indicates uncondi
tional stability. Applying the 400-MHz values taken from 
Table 1 to the Linvill Criteria yields a value of C = 0.615; 
substantial1y less than the value indicating unconditiona1 
stability .. 

The following equation for Maximum Usable Gain 
(MUG)J is: 

2K j Yfs I 
MUG= 

IYrsl(l+cos8) 

where: 
O = LYrs + Lyrs 

K = skew factor 

Lyrs = angle of reverse transadmittance 

LYfs = angle of forward transadmittance 

Eq. 5 

The skew factor, introduced in this equation, is a safety 
measure that establishes an arbitrary degree of skewing in the 
frequency response which may be introduced by regenera
tion. A value of0.2 for K has been established on the basis of 
past experience. The value of MUG calculated at 400 MHz is 
13.8 dB. This value of MUG is greater than the value of 
MAG, again indicating unconditional stability, since MAG, 
ignoring inherent feedback, is the conjugately matched gain. 
Therefore, neutralization or circuit loading is not required to 
insure stable performance, and the gain can approach MAG, 
limited only by circuit losses. 

Reverse transadmittance (Yrs) is composed of several 
components, but the major ones are feedback capacitance 
(Crss) and source-lead inductance (Lg). Therefore, care must 
be exercised in the application of the Yrs values, shown in 
Table 1, at the upper end of the usable frequency range. The 
3N200 utilizes a JEDEC T0-72 package that has 4 leads. The 
data in Table I was compiled with the use of a socket which 
contacts the leads of the 3N200 as close as possible to the 
bottom of the package as specified by the JEDEC Standard 
Proposal SP-1028 "Measurement of VHF-UHF "y .. Para· 
meters". The leads are shielded from each other to eliminate 
stray capacitance between the leads, but some lead induct· 
ance is inevitable. If the device is soldered directly to the 
circuit components using commercial production techniques 
rather than by precise laboratory methods, then additional 
source lead inductance can be expected. Also, some 
additional capacitive coupling may result if the input and 
output circuits are not completely isolated from each other. 

FREQUENCY (MHz) UNITS 
100 200 300 400 500 

0.25 0.8 2.0 3.6 6.2 mm ho 

3.4 5.8 8.5 11.2 15.5 mm ho 

15.3 15.3 15.4 15.5 16.3 mm ho 

-15.0 -25.0 ·35.0 ·47.0 -60.0 degrees 

0.15 0.3 0.5 0.8 1.1 mm ho 

1.5 2.7 3.6 4.25 5.4 mm ho 

0.012 0.025 0.06 0.14 0.26 mm ho 

·60.0 ·25.0 0 14.0 20.0 degrees 

32.0 24.0 17.5 13 10.0 dB 

*See Appendix Table 1 - "y" Parameters from 100 to 500 MHz 



Because the published Yrs value for the 3N200 is very 
small, the circuit Yrs values may differ significantly from the 
Yrs values shown in Table I and hence, may result in an 
unstable operating condition. It is impossible to provide data 
for all possible mounting combinations, lherefore, a recom
mended mounting arrangement is shown in Fig. '.!. The 
source and substrate in the T0-72 package of the 3N200 are 
internally connected to lead No. 4 and the case. The 

source-lead inductance can be reduced, if the case is used as 
the source connection. Fig. 2 illustrates a partial component 
layout in which the case is held by a clamp or other fingered 
device. The clamp is soldered to a feedthrough capacitor to 
provide an effective. very-low inductance bypass to RF 
signals. This mounting arrangement still permits the use of a 
source resistor for DC stability, and enables the case to 
provide isolation between the input and output circuit in 
addition to the isolation afforded by the shield. 

TOP VIEW 

SHIELD 

'"""~ CAPACITOR Cz CLAMP 

FEEOTHROUGH 
CAPACIT'OR C7 

SIDE VIEW 

Fig. 2 - Partial component layout of 400-MHz amplifisr 
circuit 

The reduction of source-lead inductance provides in 
addition to greater stability, a lower input and output 
conductance. Table 2 shows the differences in 6 'y" parameter 
values at 400 MHz when measured with the source con· 
nection made to lead No. 4 (in accordance with. the 
published data for the 3N200) and when measured with the 
case connected directly to the ground plane of the test jig. 
The magnitude of reverse transadmittance is halved with a 
significant change in its phase angle. The input conductance 
is reduced by 30%, and the output conductance is reduced by 
13%. A recalculation of the expressions for MAG, MUG, and 
Linvill Criteria (C) shows a significant improvement in gain 
and circuit stability. 

While it is difficult to provide accurate information on 
the effects of shielding between the input and output 
circuits, its effect can be demonstrated when au other 
feedback components have been reduced to negligible values. 
The circuit, shown in Fig. 3 (for component layout see Fig. 
2), was measured both with and without a shield. The 
maximum gain, without the shield, averaged 0.8 dB lower 
than with the use of the shield. 

•• 2700 

Fig. 3 - 400-MHz amplifier circuit 

When receiver sensitivity is an important consideration 
in the design of an RF amplifier, a compromise must be 
made in the circuit power gain to achieve a lower noise 

factor. A contour plot of noise figure as a function of 
generator source admittance is shown in Fig. 4. Each contour 
is a plot of noise figure as a function of the generator source 
conductance and susceptance. Data for the noise figure were 
obtained from a test amplifier designed with very low 
feedback. Even though the area of very low-noise figure in 
the curves in Fig. 4 cover a broad range of source admittance, 
impedance-matching for maximum power gain could result in 

i E '5;1---J--J..-.J,.. ..... ::iB'....i,_.::::+:_:_::f'.".--j--j 

1-
~ 12.5•1---l--J...;.-+-1---+-"l--+---t--l 
~ 

i IOf--+_Jl+-E-:A 

i 
~ •l----'"-d---4.~.!--'--"~-.l--l+--/-f--.,,<I--~ 

~ 
i 

OL--l---L-.L.._JL----1.---'--'-_.-~ 
-22.!!I -20 -175 -1!5 -12 !!I -10 -7.!5 -!5 -2.5 0 

GENERA.TOR SOl.lf'CE SUSCEPTl.NCE lb11 l-lllltlho 
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gain, especially in an RF amplifier intinded for the input 
stage of a receiver. 

In addition to the protection afforded in normal 
handling, the diodes also provide in-circuit protection against 
events such as: static discharge due to contact with the 
antenna, delay in transmit-receive switching, or connection 
of an antenna with an accumulated charge to the receiver. 

Croamodulltion 
Crossmodulation is an important consideration because 

it is an inherent device characteristic where circuit considera· 
tions are secondary. Crossmodulation is the transfer of 
modulation from an undesired signal on a desired signal 
caused by the non-linear characteristics of a device. 

Crossmodulation is proportional to the third-order term 
of the expansion of the Io - VGS curve. It is normally 
specified. as the undesired signal voltage required to produce 
a crossmodulation factor of 0.01. The crossmodulation 
factor is defined as the percent modulation on a desired 
carrier by the modulated undesired signal divided by the 
percent modulation of the undesired signaI.4 

Inspection of the lo - VGtS curve of Fig. S offers an 
insight to the possible crossmodulation as a function of 
gain--reduction performance. When both channels of the 
3N200 are fully conducting current, as shown by the VG2S = 
4-volt curve, the device approximately follows a square-law 
characteristic. If the ID - VG IS curve was ideal, the 
third-order term would be zero; but in practical cases, the 

Fig. 4 - Noise factor vs. generator source (input} admittance 

(y;,J 
third-order term and crossmodulation have some low wlues. 

a relatively poor noise figure. As shown in Table 2, the input 
conductance (gis) with the case grounded is 2.5 mmho. With 
the reactive portion tuned out, the noise factor at power 
matched conditions is almost I dB higher than the optimum 
noise figure. However. matching to 5.0 mmho results 
in a near optimum noise factor with a loss of only 0.5 dB in 
gain. In addition, impedance matching to high conductance 

also benefits crossmodulation performance, as will be djs.. 
cussed in a later section. 

GalB-lon Dlod• 
The diodes incorporated into RCA dual-gate MOS 

FETs, for gate protection, have been designed to minimize 
RF loading on the input circuits. The smaJI amount of RF 
loading results in ,only a fraction of a dB loss in power gain 
and a negligible increase in the noise figure. The advantages 
of diode protection, greatly outweigh the slight loss in power 

AMBIENT TEMPERAl\IRECTA)•H•c 
DRAIN-TO-SOUftCE VOLTS IVDSl•15 

-I 0 0.4 I 
GATE No.I-TO-SOURCE VOLTAGECV01sl-V 

Fig. 5- Drain current (IQ} n. lllllfl No. t-to-sourr::fl VO,.,. 

IVGlsi 

CHARACTERISTICS SYMBOL FREQUENCY (f) = 400 MHz UNITS 

Normal Case 
Connection Grounded 

Maximum Available Power Gain MAG 13.0 15.7 dB 

Maximum Usable Power Gain (unneutralized) MUG 13.B 19.4 dB 

Linvill Stability Factor. C c 0.615 0.335 mmho 

"y" Parameters 

Input Conductance 9is 3.6 2.5 mmho 

Input Susceptance bjs 11.2 11.7 mmho 

MB{Jlitude of Forward Transadmittance I Yfs I 15.5 15.5 mmho 

Angle of Forward Transadmittance /:!Js ·47.0 ·40.0 degrees 

Output Conductance !los 0.8 0.65 mmho 

Output Susceptance bos 4.25 4.25 mm ho 

Magnitude of Reverse Transadmittance Iv,. I 0.14 0.07 mmho 

Angle of Reverse Transadmittance /!_rs 14.0 49.0 degrees 

Table 2 - ""y·• Parameters at 400 MHz with source connection to lead No. 4 and with case connected to ground plane 

of-jig 
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When the gain is reduced, by the application of bias to Gate 
No. 2, the square-law characteristic changes to a curve with a 
knee. Sharp curvatures usually result in larger high-order 
terms and poorer crossmodulation performance can be 
expected at lower gain conditions. If in Fig. 6, Circuit A, we 
assume a ftxed bias {VG IS) of approximately +0.4 volt, then 
the expected variation in crossmodulation is determined at 
the points where the ordinate at VGJS = +0.4 volt crosses 
the curves. Crossmodulation performance at values of V G2S 
= +4 volts to cutoff is as follows: good (low crossmodula
tion) at +4 volts, poorer at +2 volts, poorest at + 1 volt, and 
again improves from z'ero volts to cutoff. 

Voo Yoo 

GATE 
NO. 2 

CIRCUIT B 

Fig. 6 - Biasing circuits using the 3N200 

GATE 
N0.2 

Yoo 

Curve A, Fig. 7 shows a curve of the undesired signal 
with a crossmodulation factor of 0.01 as a function of gain 
reduction. The curve indicates performance is poorest when 
gain reduction is in the 3- to 15-dB region; this region repre
sents a Gate No. 2-voltage range of approximately 0.5 volt to 
2 volts. The exception to the poor crossmodulation perfonn-

OESIREO SIGNAl.(lol •56MHi Ll 
·l\_ 1 UNDESIRED SIGNALClu)•65MH1 

·~ 
J !l ----~, '· 

GENERATED 
CURVE 0, , / v FROM FIG. 6, 

'C-- !~;~1i~::. v.e- F- "TTC 
~· 

(HIGHER • CURVE A, 
INITIAL lo) _L_ "Jr- GENERATED 

,.Jl Y._ [ ~f~c't1~GA 6 

' 
~'$ P'" 
~ ........... 

\ 

' , , I . 
' ,..4-CURVE 8, \ ' 
\ 
~-

____ ... 
GENERATED 

\,, .. 
FROM FIG 6 

0 

I 
5 
g 100 

' 
CIRCUIT 8 

0 
'0 

GAIN REDUCTION (d8) 

fig. 7 - Crossmodulation vs. gain reduction using biasing 

circuits shown in Fig. 6 

ance in this range is the sharp peak which occurs at the 5-dB 
level and is due to a curve inversion that takes place just prior 
to the knee. Beyond the 15-dB level, crossmodulation 
generally shows an improvement. 

If Gate No. 1 is also reverse biased in conjunction with 
Gate No. 2 in the manner shown in Fig. 6, Circuit B, then the 
overall performance is poorer because the Gate No. 1 voltage 
will tend to follow the knee of each curve. This occurrence is 
evident in Fig. 7, Curve B. If Gate No. 1 is biased as shown in 
Fig. 6, Circuit C, the Gate No. I-to-Source voltage intercepts 
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the Gate No. 2 curves where the curvature is less severe, 
indicating as shown by Fig. 7, Curve C an improvement in 
crossmodulation performance. A further slight improvement 
is possible by the use of a higher initial operating drain 
current, which effectively moves the intercepts to the right 
on each curve. This improvement is indicated in Fig. 7, 
Curve D. 

The curves in Fig. 7 establish that the biasing 
arrangement which provides optimum crossmodulation 
performance is the one in which Gate No. I forward bias 
increases as Gate No. 2 controls the gain. This biasing 
arrangement is easily accomplished by the use of a fixed Gate 
No. 1 voltage and a source resistor. As the Gate No. 2 bias 
voltage reduces the drain current, there is also a decrease in 
source voltage and an increase in the Gate No. I-to-Source 
voltage. The gate-to-source voltage ratings must not be 
exceeded under any circumstances. 

Summary 
An RF amplifier, ideally, should provide high gain, a 

]ow-noise figure, and low crossmodulation. The 3N200 offers 
a good compromise in providing these three features. As 
indicated in the section on "Stability Considerations" a 
mismatch at the circuit input to a higher conductance level, 
provides an improved noise figure. The same mismatch 
condition also improves crossmodulation performance. The 
input signal at the gate of the device, when mismatched as 
indicated above, is lower than if it is power matched. The 
same ratio applies to any undesired signal and, thus, reduces 
the possibility of crossmodulation interference. 

Appendix 
The drain current of a device is established by the 

re1ationship 

where: 
Ins= drain current 

at: 

VGJS = 0, YG2S = +4 volts. 

If a source resistor is used, as shown in Fig. Al, the gate 
No. I ·to-source voltage is 

vc1s=Vc1 -lo Rs 
then 

Io=gr,(VG1-Io Rs)+Ios or 

!lfs Vc1 Ios 
Io=---+ 

I+ !lfs Rs I+ gfs Rs 

Fig. A 1 - Bias circuit using the 3N200 

The typical curves in Fig. A2 show drai}l current vs. 
Gate No. I-to.Source Voltage as a function of IDS level. 
These curves are almost linear when the typical operating 
drain current is in the I 0-milliampere region. For the 
remainder of the analysis a linear relationship will be 
assumed for the required range of quiescent current. The 
assumption of linearity dictates that Us is a constant. 

The required range of drain current is 102 - lot 

where: 
gr, VG 1 Ios (max.) 

102=--- + 
I+gr,Rs I+gr,Rs 

8fs Vc1 Ios (min.) 
101=---+---

l+ gr, Rs I+ Sfs Rs 

Alo= 102 -101 = Ios (max.) - Ios (min.) - Alos 
I+gr,Rs I+gr,Rs 

Solving the above equation for Rs gives 

(Aios/Aio)- 1 
Rs=---

gfs 

where: 
gfs is equal to the expected minimum value at the 

required Io 

v05 •+15v 
VGzs •+4 V IJ.1 lJ. l 1---~--+--+--i ~ 1··..+--+---i 

"l ::::-81 i 12.5 ~ /---tl--hl/f-+-f-f--1 

o ;I-+ L_,,_~.__, _ _,_ _ _, 

! :: /L1l-1l 
~ 5 r----+---1 ~ --~lL _ _,,__.,_-+--+---1 

··>-----+---r~v ~~.--'---./~_L,-~£.L_,L;~O--'--+,--'---c'-~ 
GATE No.I- TO- SOURCE VOLTAGE. { VG1sl-V 

Fig. A2 - Drain current vs. gate No. 1-to·source voltage 
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Some Appllcatlons of a Programmable 
Power/Switch Ampllfler 

by L. R. Campbell and H. A. Wittlinger 

The RCA-CA3094 unique monolithic programmable power 
switch/amplifier IC consists of a high-gain preamplifier driving 
a power-output amplifier stage. It can deliver average power ol 
3 watts or peak power of 10 watts to an external load, and 
can be operated from either a single or dual power supply. 
This Note brieHy describes the characteristics of the CA3094, 
and illustrates its use in the following circuit applications: 

Class A instrumentations and power amplifiers 

Class A driver-amplifier for complementary power tran· 
sisters 

Wide-frequency-range power multivibrators 

Current- or voltage-controlled oscillators 

Comparators (threshold detectors) 

Voltage regulators 

Analog timers (long time delays) 

AJarm systems 

Motor-speed controllers 

Thyristor-firing circuits 

Battery.charger regulator circuits 

Ground-fault-interrupter circuits 

Circuit Description 
The CA3094 series of devices offers a unique combination 

of circuit flexibility and power-handling capability. All hough 
these monolithic IC's dissipate only a few microwatts when 
quiescent, they have a high current-output capability (100 
milliamperes average, 300 milliamperes peak) in the active 
state, and the premium-grade devices can operate at supply 
voltages up to 44 volts. 

Fig. I shows a schematic diagram of the CA3094. The por
tion of the circuit preceding transistors 012 and 013 is the 

preamplifier section and is generically similar to that of 
the RCA-CA3080 Operational Transconductance Amplifier 
(OTA).1,2 The CA3094 circuits can be gain-programmed by 
either digital and/or analog signals applied to a separate 

Amplifier-Bias-Current <IAerl terminal (No. 5 in Fig. I) to 
control circuit sensitivity. Response of the amplifier is es
sentially linear as a function uf the current at terminal 5. 
This additional signal input "port" provides added flexibility 
in many applications. Thus, the output of the :unplifier is a 
function of input signals applied differentially at terminals :! 
and 3 and/or in a single-ended configuration at terminal 5. The 
output portion of the monolithic circuit in the C'A.1094 con
sists of a Darlington-connected transistor pair with access pro
vided to both the collector and emitter 1erminals to provide 
capability to "sink" and/or "snurce .. current. 

Fig. '-CA3094 circuit $Chf1f71atic diagram. 

The CA3094 series of circuits consists of six types that dif· 
fer only in voltage-handling capability and package options, as 

shown below; other electrical characteristics are identical. 

Package Options 

CA3094S; CA3094T 
CA3094AS; CA3094AT 
CA3094BS; CA3094BT 

Maximum Voltage Rating 

24 v 
36V 
44V 

The suffix .. S .. indicates circuits packaged in T0-5 enclosures 
with leads formed to an 8-lead dual·in-line configuration (0.1" 
pin spacing). The suffix "'T" indicates circuits packaged in 8-
lead T0-5 enclosures with straight leads. The generic CA3094 
type designation is used throughout this Note. 

Clau A lnnrumentatlon Amplifiers 
One of the more difficult instrumentation problems fre

quently encountered is the conversion of a differential input 
signal to a single-ended output signal. Although this conver
sion can be accomplished in a straightforward design through 
the use of classical op-amps, the stringent matching require
ments of resistor ratios in feedback networks make the con
v.ersion particularly difficult from a practical standpoint. 
Because the gain of the preamplifier section in the CA3094 
can be defined as the product of the transconductance 
and the load resistance (gm RL)• feedback is not needed to 
obtain predictable open.Jaap gain performance. Fig. 2 shows 
the CA3094 in this basic type of circuit. 

NO'TES: -lOV 

PRE-AMP. GAJN IAvl• ~m RL. (5)(I0-3) C3&1(103}•180 
!OUTPU'T AT TERMINAL t I 

l~l~~·=~::o~~ATION: DIFFERENTIAL INPUT :!I :!:26 mvj 

DEVIATION FROM 
LINEARl'TYI 

OUTPUT VOLTAGE (Eol•Av (hdittl • !1801lt26 inVI• t4.7 V 

OU'TPVT CURRENT, Io .. ~. 8.35 mA 

Io., ltm RL~~· d1HI 

Fig.2-0pen-loop instruhl§nrarion amplifier with difkr.ntial 
input and single·ended output. 

The gain of the preamplifier section (to terminal No. I) is 
Sm Rt = (5 x 10-3) (36 x HP~ = 180. The transcon
ductance &n is a function of the current into terminal No. 5, 
IABC• the amplifier-biaS<urrent. In this circuit an IABC of 
260 microamperes results in a 8m of 5 millimhos. The oper
ating point of the output stage is controlled by the 2-kilohm 
potentiometer. With no differential input signal (ediff = 0), 
this potentiometer is adjusted to obtain a quiescent output 
current Io of 12 milliamperes. This output current is estab· 
lished by the 560-ohm emitter resistor, RE, as follows: 

(g,,,RJ) (ediff) 
lo"' RE 

Under the conditions described, an input swing ediff of ±26 
millivolts produces a variation in the output current lo of 
±8.35 milliamperes. The nominal quiescent output voltage is 
12 milliamperes times 560 ohms or 6.7 volts. This output 
level drifts approximately -4 millivolts, or -0.0595 per cent, 
for each °C change in temperature. Output drift is caused by 
temperature-induced variations in the base-emitter voltage of 
the two output transistors, 012 and 013· 

Fig. 3 shows the CA3094 used in conjunction with a re
sistive-bridge input network; and Fig. 4 shows a single-supply 

amplifier for thermocouple signals. The RC networks• con
nected between terminaJs I and 4 in figs. 3 and 4 provide 

compensation to ussure stable operation. 

ICAN·8048 

1 
OUTPUT 
IVOl..T 
FULL 
SCALE 

__ I 
Fig..3-Single-supply diffdrsntial./Jridge amplifiar. 

THEFIMO
COUPLE 

100 A . , .. 
1201C 

M ~~v"':ROM 
THERMOCOUPLE 
PRODUCES 
FULL·SCALE 
OUTPUT CURRENT 

9109 ., .. 

9ZCS·ZOtlO 

Fig.4-Sinfl•-supp/y ampllfi• ftu thermocoupla •ifnflh· 

"1ass A- Ampllfian 
The CA3094 is attractive for pQwer-amplifier service be· 

cause the output transistor can control current up to I 00 
milliamperes (300 milliamperes peak), the premium devices 

*The components of the RC network are chosen so that 

2w~C "'2MHz. 

(CA30948) can operate at supply voltages up to 44 volts, and 
the T0-5 package can dissipate power up to 1.6 watts when 
equipped with a suitable heat sink that limits the case temper
ature to 55°C. 

Fig. 5 shows a Class A amplifier circuit using the C A3094A 
that is capable of delivering '.'!80 milliwatts to a 350-ohm re· 
sistive load. This circuit has a voltage gain of 60 dB and a 

(RI 
IOICQ +15V 

-15V +15V 

Vou"T 

Fig.5-Class·A amplifier - 280-mWcapability into a 
resistive load. 

J-dB bandwidth of :1bout 50 kHz. Operation 1s stable without 
the use uf a phase-compensation network. Potentiometer R is 
used to establish the quiescent operaling point for class A 
operation. 
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The circuit of Fig. 6 illustrates the -use of the C A3094 in a 

dass A power·amplifier cin::uit driving a transformer-coupled 
load. With dual power supplies of +7.5 volts and -7.5 volts, a 

*GEN. RADIO TYPE 1840-A 
OUTPUT POWER METER 
OR EQUIVALENT 

Fig.6-Class-A amplifier with transformer-coupled load. 

base resistor Rs of 30 kilohms, and an emitter resistor RE of 
:SO ohms, CA3094 dissipation is typically 625 milliwatts. With 
supplies of +I 0 volts and - l 0 volts, RB of 40 kilohms, and 
RE of 45 ohms, the dissipation is 1.5 watts. Total harmonic 

distortion is 0.4 per cent at a power-output level of 220 
milliwatts with a reflected load resistance Rp of 310 ohms, 
and is 1.4 per cent for an output of 600 milliwatts with an 
Rp of 128 ohms. The setting of potentiometer R establishes 
the quiescent operating point for class A operation. The 
I-kilohm resistor connected between terminals 6 and 2 pro
vides de feedback to stabilize the collector current of the out
put transistor. The ac gain is established by the ratio of the 
I-megohm resistor connected between terminals 8 and 3 and 
the I-kilohm resistor connected to terminal 3. Phase compen
sation is provided by the 680-picofarad capacitor connected 

to terminal 1. 

Class A Driver-Amplifier for Complementary Power 
Transistors 

The CA3094 configuration and characteristics are idea] for 
driving complementary power-output transistors;3 a typical 
circuit is shown in Fig. 7. This circuit can provide I 2 watts of 
audio power output into an 8-ohm load with intermodulation 
distortion (IMO) of 0.2 per cent when 60-Hz and 2-kHz sig
nals are mixed in a 4: 1 ratio. Intermodulation distortion is 
shown as a fuo~tion of power output in Fig. 8. 

The large amount of loop gain and the flexibility of feed
back arrangements with the C A3094 make it possible to incor
porate the tone controls into a feedback network that is 
closed around the entire amplifier system. The tone controls 
in the dn::uit of Fig. 7 are part of the feedback network con
nected from the amplifier output Uunction of the 330- and 
47-ohm resistors driven by the emitters of 02 and 03) to 
terminal 3 of the C A3094. Fig. 9 shows voltage gain as a 
function of frequency with tone controls adjusted for ··nat" 
response and for responses at the extremes of tone-control 
rotation. The use of tone controls incorporated in the 
feedback network results in excellent signal-to-noise ratio. 
Hum and noise are typically 700 microvolts (83 dB down) at 
the output. 

In addition to the savings resulting from reduced parts 
count and circuit size, the use of the C A3094 leads to further 
savings in the power-supply system. Typical values of power
supply rejection and commol\-mode rejection are 90 dB and 

100 dB, respectively. An amplifier with 40-dB gain and 90-dB 
power-supply rejection would require a JI-millivolt power
supply ripple to produce one millivolt of hum at the output. 
Therefore, no filtering is required other than that provided by 
the energy-storage capacitors at the output of the re.ctifier sys
tem shown in Fig. 7. 

FOr applications in which the operating temperature range 
is limited (e.g., consumer service} the thermal compensation 
network (shaded area) can be replaced by a more economical 
configuration consisting of a resistor-diode combination (8.2 
ohms and 1 N5391} as shown in Fig. 7. 

FOR ST.t,MCl.t,RO IHP\JT: SHORT t2: R1 •250Mll 
C1 •0.04T,.F; RElllOYE R2 

fOR CERUllC C...RTlllDGE INPUT: C1•0.00'471'F 
25 R1•2.5111tl,Rt:1110VE JUMPER FROM Cz;lEAYE R2 

j1r''Wv-o---'Vvv--~_,,,,,,,__~~_._~+-~~ 

For 12-W Audio Amplifier Circuit 

Power Output <Bn load, Tone Control set at "'Flat") 
Music (at 5% THO, regulated supply) 15 w 
Continuous lat 0.2% IMO, 60 Hz & 2 kHz millled in a 4:1 ratio, 

unregulated supply I See Fig. 8 12 w 
Total Harmonic Oistoration 

At 1 W, unregulated supply .. 
At 12 W, unregulated supply. 

Voltage Gain .. 
Hum and Noise (Below continuous Power Output) .. 
Input Resistance . 
Tone Control Ran!!e 

0.05 % 
0.57 % 
40 dB 
B3 dB 
250 kn 

. .. See Fig. 9 

Fig.7- 12-watr amp/if;er cif'Cuit featuring true complemt1ntary· symmetry output stage with CA3094 in driver •t.,.. 

2 
~'t!t_TEO SUPPLY 

ll 
'-'>---+---+--+--+----+---!--ff-+----< 

0 •>---+--+---+---+---+----hff-f-+'~--1 

0.4f---+---+---+---60 Hz 8 12 KHr-Hf,1--1----.< 

0.2 60Hz82~ 

60 Hz 8 7K•h 
4 6 8 10 12 
POWER OUTPUT (Pour )-W 

92CS-20550 

Fig.8-fntermodufation distortion VS". power output. 

t4eet4ee24 
10 100 1000 

FREQUENCY (f)-H1 

Fig.9-Vo/tage gain u. fmqUllflCy_ 

Power Multivibrators (Astable and Monostable) 

• \io. 

The C A3094 is suitable for use in power 'multivibrators 
because its high-current output transistor can drive low-imped
ance circuits while the input circuitry and the frequency-deter
mining elements are operating at micropower levels. A typical 
example of an astable mul~ivibrator using the C A3094 with a 

dual power supply is shown in Fig. I U. l'he output frequency 
four is determined as follows: 

foUT = 2RC1n[(2RJ/R2) + !) 
If R2 is equal to 3.08 R1, then four is simply the reciprocal 
of RC. 

... 151/ 

'our"' s KH: 

NOTE: 'our•--' 2-,- : If A2•3.08A1 ,lour·~ 
2AC ht~ f.1) 

92CS-20290 

Fig.10-Astable mufrivibrator using dual supply. 

Fig. 11 is a single-supply astable multivibrator circuit which 
illustrates the use of the CA3094 for flashing an incandescent 
lamp. With the component values shown, this circui~ producei; 
one flash per second with a 25-per-cent .. on"-time while de
livering output current in excess of 100 milliamperes. During 

• (F~~:~:E15sEc 1osc' 2~ctn[12R1/R2+1)] WHERE A.~::.~: 
• 25"1'o DUTY CYCLE 

• ~~5~uE6N-~i JNoDlPENOENT OF v+ 

Fig. 11-Asrabfe multivibrator using single supply. 

the 75-per-cent "off'-time it idles with micropower consump
tion. The flashing rate can be maintained within ±2 per cent 
of the nominal value over a battery voltage range from 6 to 15 
volts and a temperature excursion from 0 to 70°C. The 
C A3094 series of circuits can supply peak-power output in 



excess of 10 watts when used in this type of circuit. The fre· 
quency of oscillation fosc is determined by the resistor 
ratios. as follows: 

where 

fosc = 2RCln 1<2 R1/R2J +I] 

RARB 
RI= RA+ Rs 

Provisions can easily be made in the circuit of Fig. I I to 
vary the multivibrator pulse length while maintaining an es
sentially constant pulse repetition rate. The drcuit shown in 
Fig. I:! incorporates a potentiometer Rp for varying the 

width of pulses generated by the astable mullivibrator to drive 
a light-emitting diode (LED). 

+30V 

!t2CS·20408 

Fig.12-Astable power multivibrator with provisions for 
varying duty cycle. 

Fig. 13 shows a dn:uit incorporating independent controls 
<RoN and RoFFl to establish the "'on" and .. orr· periods of 
the current supplied to the LED. The network between points 
"A,. and "B" is analogous in function to that of the 100-
kilohm resistor R in Fig. I:!. 

+30V 

471CA 

471CA 

92C:S-20151515 

Fig. 13-Astable power multivibrator with provisions for 
independent control of LED "on-off .. pttriods. 

The C A3094 is also suitable for use in monostable mult1-
vibrators, as shown in Fig. 14. In essence, this circuit is a pulse 
counter in which the duration of the output pulses is inde
pendent of trigger-pulse duration. The meter reading is a func
tion of the pulse repetition rate which can be monitored with 
the speaker. 

~n ,,_._ ...... ·'--~ ,_ 

.... 

J..UT JI FULL - SCALE DU'LECTION • II PULSES/Sl,':C 

Fig. 14-Power monostable multivibrator. 

Current- or Voltaga-Controlled Oscillaton 

100 A 

Because the transconductance of the CA3094 varies lin
early as a function of the amplifier bias current 0Aec) sup
plied to terminal 5, the design of a current- or voltage-con
trolled oscillator is straightforward, as shown in Fig. 15. 
Fig. 16 and 17 show oscillator frequency as a function of 
IABC for a current-controlled oscillator for two different 
values of capacitor C in Fig. 15. The addition of an appropri-

,..------...---..--+JS V 

47KSl 

80UTP~ 

47KSl 

"" <" 
vcr:.~i~E~ 

Fig.15-Current· or voltage-contro/16d oscillawr. 
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... :::: :m :] ;::: m: "" rn;ffij_! . 
:::; :::: :::: :::: ::::~ m:. . 

'°"iiiif:~ii[iiiiiilliiili::~. 

'°0 "" .; rn; rn mm~~ t 
::~i~ifi~~i~;~ 

l:il!'ii'''"'"'"llifi ·;!f!l" 
100 200 300 400 500 
AMPLIFIER BIAS CURRENT IIAacl-llA 

Fig. ,6-Frequency as a function of I ABC for C• 1000 pF 
for circuit in Fig. 15. 

ate resistor (R) in series with terminal 5 in Fig. 15 converts the 
circuit into a voltage-controlled oscillator. Linearity with re
spect to either current or voltage control is within I per cent 
over the middle half of the characteristics. However, variation 
in the symmetry of the output pulses as a function of fre
quency is an inherent characteristic of the circuit in Fig. 15, 
and leads to distortion when this circuit is used to drive the 
phase detector in phase-locked-loop applications. This type of 
distortion can be eliminated by interposing an appropriate 
flip-flop between the output of the oscillator and the phase
locked discriminator circuits. 

100 200 300 400 500 
AMPLIFIER BIAS CURRENT trAacJ-llA 

HCS·IOH4 

Fig.11-Fniquency as a function of I ABC for C•100 pF 
for circuit in Fig. 15. 

Comparators !Threshold Detecitors) 
Comparator circuits are easily implemented with the 

CA3094, as shown by the circuits in Fig. 18. The circuit of 
Fig. l S(a) is arranged for dual-supply operation; the input volt
age exceeds the positive threshold, the output voltage swings 
essentially to the negative supply-voltage rail (it is assumed 
that there is negligible resistive loading on the output ter

minal). An input voltage that exceeds the negative threshold 
value results in a positive voltage output essentially equal to 
the positive supply voltage. The circuit in Fig. 18(b). con
nected for single-supply operation, functions similarly. 
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UPPER THR£SHOlD = v+ 
.---"T-----(1!5 V} 

Hl~.l 
OUTPUT 

LOWER THRESttDLOs 

R1+Rb [ ] [ .. "•) ] 
v+ (::~bb)+Ra 

IOOKD 

Cit) SINGLE SUPPLY 

Fig.18-Cotnplllllton (thrnhold detactoraJ - dual- and singJ...upply 
'YP"L 

Fig. 19 shows a dual-limit threshold detector cin.:uif in 
which the high-level limit is established by polcntiomeler RI 

-}--HIGH 
DEAD 
ZONE 

--LOW 

Fig.19-0uaf·limit threshold detector. 

OUTPUT 

and the low-level limit is set by potentiometer R:! to actuate 
the C' A3080 low-limit detector .1 ,:? A positive output signal is 
delivered by the C A3094 whenever the input signaJ exceeds 
either the high-limit or the low-limit values established by the 
appropriate potentiometer settings. This outpul voltage is ap· 
proximately 12 volts with the circuit shown. 

The high current-handling cap'ibility of the C A3094 makes 
it useful in Schmitt power-trigger circuits such as that shown 
in Fig. 20. In this circuit. a relay coil is switched whenever the 

2.7MQ 

INPUT 

IOOKA 

UPPER TRIP POtNT•30 ___!!.L_ 
R1+R2+R3 

IOOA 

'2V 

•. ... 
., 
24Kn 

LOWER TRIP POINT•l30-0.026ffiR::Rl 

Fig.20-PrBCision Schmitt powt1r·trigger circuit. 
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input signal traverses a prescribed upper or lower trip point. as 
defined by the following expressions: 

Upper Trip Point= 30 (RI + ~ + R3 ) 

Lower Trip Polm =: (30 - 0.026RI) R:! ~J RJ 

The circuit is applicable, for example, to automatic ranging. 
With the vaJues shown in Fig. 20, the relay coil is energized 
when the input exceeds approximately 5 .9 volts and remains 
energized until the input signal drops below approximately 
5.5 volts. 

Power.Supply Regulators 
The CA3094 is an ideal companion device to the CA3085 

series regulator circuits4 in dual-voltage tracking regulators 
that hand1e currents up to JOO milliamperes. In the circuit of 
Fig. 21. the magnitude of the regulated positive voltage pro
vided by the C A3085A is adjusted by potentiometer R. A 
sample of this positive regulated voltage supplies the power 
for the C A3094A negative regulator and also supplies a refer-

•V+ IMPUT 

A[G\llUIOM" 

10"-A 

'" 

I 
[ """" llETUllli 

003 ~f 

lllAl LINE' II Vour ••00•0075 .. /V 

[ VourCIMITIAl~ll.V1M 

lllULOAD• :o~;INlllALl ••00•0075 .. Vour 

lll FROlll I T050,,.AI 

Fig.21-Dual·voltage tracking regulator. 

ence voltage to its terminal 3 to provide tracking. This circuit 
provides a maximum line regulation equal to 0.075 per cent 
per volt of input voltage change and a maximum load regula
of 0.075 per cent of the output voltage. 

Fig. 22 shows a regulated high-voltage supply similar to the 
type used to supply power for Geiger-Mueller tubes. The 
CA3094, used as an oscillator, drives a step-up transformer 
which develops suitable high voltages for rectification in the 
RCA44007 diode network. A sample of the regulated output 
voltage is fed to the (' A3080A operational transconductance 
amplifier through the 198-megohm and 910-kilohm divider to 
control the pulse repetition rate of the CA3094. Adjustment 
of potentiometer R determines the magnitude of the regulated 
output voltage. Regulation of the desired output voltage is 
maintained within one per cent despite load-current variations 
of 5 to 26 microamperes. The de-to-de conversion efficiency 
is about 48 per cent. 

Timen 
The programmability feature inherent in the CA3094 (and 

operational transconductance amplifiers in general) simplifies 
the design of preset table timers such as the one shown in 
Fig. 23. long timing intervals(e.g., up to 4 hours) are achieved 
by discharging a timing capacitor Ct into the signal-input ter
minal (e.g., No. 3) of the CA3094. This discharge current is 
controlled precisely by the magnitude of the amplifier bias 
current IABC programmed into terminal 5 through a resistor 
selected by switch S2. Operation of the circuit is initiated by 
charging capacitor C 1 through the momentary closing of 
switch S1. Capacitor Ct starts discharging and continues dis
charging until voltage Et is less than voltage E2· The differ
ential input transistors in the CA3094 then change state, and 
terminal 2 draws sufficient current to reverse the polarity of 

the output voltage (tenninal 6). Thus, the CA3094 not only 
has provision for readily presetting the time delay, but also 
provides significant output current to drive control devices 
such as thyristors. Resistor Rs limits the initial charging cur
rent for CI· Resistor R1 establishes a minimum voltage of at 
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'" •' 

Fig.22-Regulated high·voftage supply. 

least I volt at tenninal 2 to insure operation within the 
common-mode-input range of the device. The diode limits the 
maximum differential input voltage to 5 volts. Gross changes 
in time-range selection are made with switch S2, and vernier 
trimming adjustme,nts are made with potentiometer R(;. 

120V 301/ 
AC OC 

TIME 
R1 •0.51 MO-~ R5•2.7K.0. 
Rz• 5.IMO - 30MIN. R&•50 K.0. 
R3•22 MO - 2HRS. R7•2.7 Kli 
R4•4•0.Ul - 4HRS. R(l•l.51<0 

40529 TURNS "OFF" AFTER 
EXPIRATION Of TIME DELAY 

Fig.23-Pres11ttable an•log tim.r. 

In some timer applications, such as that shown in Fig. 24, 
a meter readout of the elapsed time is desirable. This circuit 
uses the CA3094 and the CA3083 transistor array5 to con-

trOI the meter and a load-switching triac. The timing cycle 
starts with the momentary closing of the start switch to charge 
capacitor Ct to an initial voltage determined by the SO-kilohm 
vernier timing adjustment. During the timing cycle, capacitor 
C1 is discharged by the input bias current at tenninal 3, 
which is a function of the resistor value Rt chosen by the 
time-range selection switch. During the timing cycle the out· 
put of the CA3094, which is also the collector voltage of Q1, 

is "high". The base drive for Ot is supplied from the positive 
supply through a 91-kilohm resistor. The emitter of Oi, 
through the 75-ohm resistor, supplies gate-trigger current to 
the triac. Diode-connected transistors Q4 and Q5 are con
nected so that transistor 01 acts as a cOnstant-current source 
to drive the triac. As capacitor CI discharges, the CA3094 
output voltage at terminal 6 decreases until it becomes less 
than the VcEsat of 01. At this point the flow of drive cur
rent to the triac ceases and the timing cycle is ended. The 
20-kilohm resistor between terminals 2 and 6 of the CA3094 
is a feedback resistor. Diode-connected transistors Qz and Q3 
and their associated networks serve to compensate for non
linearities in the discharge-circuit network by bleeding cor· 
rective current into the 20-kilohm feedback resistor. Thus, 
current flow in the meter is essentially linear with respect to 
the timing period. The time periods as a function of R1 are 
indicated on the Time-Range Selection Switch in Fig. 24. 

"" 

Fig.24-Presettable timer with linear readout. 



Alarm Circuit 
Fig. 25 shows an alarm circuit utilizing two "sensor" 

lines. In the .. no-alarm" state, the potential at tenninal 2 is 
lower than the potential at terminal 3, and terminal 5 (I ABC) 
is driven with sufficient current through resistor Rs to keep 
the output voltage "high". If either .. sensor" line is opened, 
shorted to ground, or shorted to the other sensor line, the 
output goes .. low" and activates some type of alarm system .. 

The back-to-back diodes i:onnei:1ed between terminals:! and 3 
protect the CA3094 inpul terminals against exi:essive differen
tial voltages. 

,, 
1001<11 

,, 
5101Ctl. 

Fig.25-Alarm system. 

Motor-Speed Controller System 
Fig. 26 illustrates the use of the CA3094 in a motor-speed 

controller system. Circuitry associated with rectifiers o1 and 
D:! comprises a full-wave rectifier which develops a train of 
half-sinusoid voltage pulses to power the de motor. The motor 
speed depends· on the peak value of the hair-sinusoids and the 
period of time (during each half-cyde) the SCR is conductive. 

The SCR conduction, in turn, is controlled by the time dura
tion of the positive signal supplied to the SCR by the phase 
comparator. The magnitude of the positive de voltage sup
plied to terminal 3 of the phase comparator depends on 
motor-speed error as detected by a circuit such as that shown 
in Fig. 27. This de voltage is compared to that of a fixed-am
plitude ramp wave generated synchronously with the ac-line
voltage frequency. The comparator output at terminal 6 is 
.. high" (to trigger the SCR into conduction) during the period 

when the ramp potential is less than that of the error voltage 
on terminal 3. The motor<urrent conduction period is in
creased as the error voltage at terminal 3 is increased in the 
positive direction. Motor-speed accuracy of ±I per cent is 
easily obtained with this syste'm. 

Motor-5peed Error Detector. Fig. 27(a) shows a motor
speed error detector suitable for use with the circuit of Fig. 26. 
A CA3080 operational transconductance amplifier is used as a 
voltage comparator. The reference for the comparator is es
tablished by setting the potentiometer R so that the voltage 
at terminal 3 is more positive than that at terminal 2 when the 
motor speed is too low. An error voltage EI is derived from a 
tachometer driven by the motor. When the motor speed is too 
low, the voltage at terminal 2 of the voltage comparator is 
less positive than that at terminal 3, and the output voltage at 
terminal 6 goes ••high". When the motor speed is too high, the 
opposite input conditions exist, and the output voltage at ter
minal 6 goes ·~tow". Fig. 27(b) also shows these conditions graph· 
ically, with a linear transition region between the "high" and 
"low .. output levels. This linear transition region is known as 
.. proportional bandwidth". The slope of this region is deter-

mined by the proportionaJ bandwidth control to establish the 
error-correction response time. 

ff 
RECTIFIED ANO FILTERED (a) VOLTAGE COMPARATOR 
SIGNAL DERIVED f'ROM 
TACHOMETER DRIVEN 8'1' 
NOTORSEING CONTROLLED 

Eour 
TO PHASE 

COMPARATOR 

q~cs -2027& 

Fig. 27-Motor lpelld error dett1Ctor. 

Synchronous Ramp Generator. Fig. 28 shows a schematic 
diagram and signal waveforms for a synchronous ramp gener
ator suitable for use with the motor-controller circuit of 
Fig. 26. Terminal 3 is biased at approximately +2.7 volts 
(above the negative supply voltage). The input signal E1N at 
terminal 2 is a sample of the half-sinusoi4s (at line frequency) 
used to power the motor in Fig. 26. A synchronous ramp sig· 
nal is produced by using the CA3094 to charge and discharge 
capacitor Ct in response to the synchronous toggling of E1N· 

.,. 
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C DISCHARGING (RAMP) ,., 
Eouy 

Cl CHARGING 

(0) ---------(b)____ 92.CS-20214 

Fi11.28-Synchronous ramp generator with input and output 
waveforms.. 

The charging current for CI is supplied by terminal 6. When 
terminal 2 swings more positive than terminal 3, transistob 
012 and Ot 3 in the CA3094 (Fig. I) lose their base drive and 
become non-conductive. Under these conditions, C 1 discharges 
linearly through the external diode D3 and the 010. D6 path 
in the CA3094 to produce the ramp wave. The Eout signal is 
supplied to the phase comparator in Fig. 26. 

Thyristor Firing Circuits 

Temperature Controller. In the temperature control system 
shown in Fig. 29, the differential input of the CA3094 is con
nected acrnss a bridge circuit comprised of a PTC (positive
temperature-coefficient) temperature sensor, two 75-kilohm 
resistors, and an arm containing the temperature set control. 

111'V 
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IN914 

10 
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'°"' 
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When the temperature is "low", the resistance of the PTC-type 
sensor is also low; therefore, terminal 3 is more positive than 
terminaJ 2 and an output current from terminal 6 of the 
CA3094 drives the triac into conduction. When the tempera
ture is .. high", the input conditions are reversed and the triac 
is cut off. Feedback from terminal 8 provides hysteresis to the 
control point to prevent rapid cycling of the system. The 
1.5-kilohm resistor between tenninal 8 and the positive supply 
limits the triac gale current and develops the voltage for the 
hysteresis feedback. The excellent power-supply-rejection and 
common-mode-rejection ratios of the CA3094 permit accurate 
repeatability of control despite appreciable power-supply rip· 
pie. The circuit of Fig. 29 is equally suitable for use with 
NTC (negative-temperature-coefficient) sensors provided the 
positions of the sensor and the associated resistor Rare inter· 
changed in the circuit. The diodes connected back-to-back 
across the input terminals of the CA3094 protect the device 
against excessive differential input signals. 

Thyristor Control from AC-Bridge Sentor. Fig. 30 shows a 
line-operated thyristor-firing circuit controlled by a CA3094 

that operates from an ac-bridge sensor. This circuit is particu
larly suited to certain classes of sensors that cannot be oper· 
ated from de. The CA3094 is inoperative when the high side of 
the ac line is negative because there is no IABC supply to 
terminal 5. When the sensor bridge is unbalanced so that 
terminal 2 is more positive than terminal 3, the output stage of 
the CA3094 is cut off when the ac line swings positive, and the 
output level at terminal 8 of the CA3094 goes ''higft". Cur
rent from the line flows through the IN3193 diode to charge 
the 100-microfarad reservoir capacitor, and also provides cur
rent to drive the triac into conduction. OU.ring the succeeding 
negative swing of the ac line, there is sufficient remanent en
ergy in the reservoir capacitor to maintain conduction in the 
triac. 

92CS-2041l 

Fig.30-Line-operated thyristor-firing circuit controlled by 
ac-bridge sensor. 

When the bridge is unbalanced in the opposite direction so 
that terminal 3 is more positive than terminal 2. the output of 
the C A3094 at terminal 8 is driven sufficiently "low" to 
"sink" the current supplied through the IN3193 diode so 
that the triac gate cannot be triggered. Resistor R1 supplies 
the hysteresis feedback to prevent rapid cycling between turn
on and turn-off. 

Battery-Charger Regulator Circuit 
The circuit for a battery-charger regulator circuit using the 

C A-1094 is shown in Fig. JI. This circuit accurately limits the 
peak output voltage to 14 volts, as established by the zener 

IN914 

Fig.29- Temperature controller. SZCll 20210 
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dtode connected across terminals 3 and 4. When the output 
voltage rises slightly above 14 volts, signal feedback through a 
I OD-kilohm resistor to terminal 2 reduces the current drive 
supplied to the 2N3054 pass transistor from terminal 6 of the 
CA3094. An incandescent lamp serves as the indicator of 
charging-current flow. Adequate limiting provisions protect 
the circuit against damage under load-short conditions. The 
advantage of this circuit over certain other types of regulator 
circuits is that the reference voltage supply doesn't drain the 
battery when the power supply is disconnected. This feature 
is important in portable service applications, such as in a 
trailer where a battery is kept "on-charge" when the trailer is 
parked and power is provided from an ac line. 

Fig.31-Batt8ry-chsrgsr r8gulator circud. 

Ground-Fault Interrupters (GFI) 
Ground-fault-interrupter systems are used to continuously 

monitor the balance of current between the high and neutral 
lines of power-distribution networks. Power is intenupted 
whenever the unbalance exceeds a preset value (e.g., 5 milliam
peres). An unbalance of current can occur when, for example, 
defective insulation in the high side of the line permits leakage 
of current to an earth ground. GFI systems can be used to re
duce the danger of electrocution from accidental contact with 
a "high" line because the unbalance caused by the leakage of 

current from the "high" line through a human body to ground 
results in an interruption of current flow. 

the CA3094 is ideally suited for GFI applications because 
it can be operated from a sJngle supply, has adequate sensi
tivity, and can drive a relay or thyristor directly to effect 
power interruption. Fig. 32 shows a typicaJ GFI circuit. 
Vernier adjustment of the trip point is made by the RTRIP 
potentiometer. When the differential current sensor supplies a 

NOTES· 
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fig.32-Ground fault interrupter (GFIJ and waveform pertinent 
ro ground fault d8tector. 

signal that exceeds the selected trip-point voltage level (e.g., 
60 millivolts), the CA3094 is toggled "on" and terminal 8 
goes "low" to. energize the circuit-breaker trip· coil. Under 
quiescent conditions, the entire circuit consumes approximate
ly I milliampere. The resistor R, connected to one leg of the 
current sensor, provides current limiting to protect the 
CA3094 against voltage spikes as large as 100 volts. Fig. 32 
also shows the pertinent waveform for the GFI circuit. 

Because hazards of severe electrical shock are a potential 
danger to the individual user in the event of malfunctions in 

· GFl apparatus, it is mandatory that the highest standards of 
good engineering practice be employed in designing equipment 
for this service. Every consideration in design and application 
must be given to the potentially serious consequences of com
ponent malfunction in such equipment. Use of ••reliability
through-redundancy" concepts and so-called "fail-safe" fea
tures is encouraged. 
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An IC Operational-Transconductance-Amplifier 
(OTA) With Power Capability 
'by L. Kaplan and H. Wittlinger 

In 1969, RCA introduced the first triple operational
transconductance-amplifier or OTA. The wide acceptance of 
this new circuit concept prompted the development of the 
single. highly linear operational-transconductance-amplifier. 
the CA3080. Because of its extremely linear transconduct
ance characteristics with respect to amplifier bias current, the 
CA3080 gained wide acceptance as a gain-control block. The 
CA3094 improved on the performance of the CA3080 
through the addition of a pair of transistors; these transistors 
extended the current-carrying capability to 300 milliamperes, 
peak. This new device, the CA3094, is useful in an extremely 
broad range of circuits in consumer and industrial 
applications; this paper describes only a few or the many 
consumer applications. 

WHAT IS AN OTA? 
The OT A, opera tional·transconductance·amplifier, con

cept is as basic as the transistor; once understood, it will 
broaden the designer's horizons to new boundaries and make 
realizable designs that were previously unobtainable. Fig. I 
shows an equivalent diagram or ~the OTA. The differential 
input circuit is the same as that found on many modern 
operational amplifiers. The remainder or the OTA is 
composed or current mirrors as shown in Fig. 2. The 
geometry or these mirrors is such that the current gain is 
unity. Thus, by highly degenerating the current mirrors, the 
output current is precisely defined by the differential-input 
amplifier. Fig. 3 shows the output-current transfer-character
istic of the amplifier. The shape of this characteristic remains 

19 2 • l A8C 
lm111ho1l (111Al 

Ro ~ 1'!'}/ lABC 
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!ABC tlouT• XABC 
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Fig. 1- Equiva/entdiagramoftheOTA. 

v• 

Fig. 2- Current mirrors W, X, Y, and Z used in the OTA. 

constant and is independent or supply voltage. Only the 
maximum current is modified by the bias current. 

The major controlling factor in the OTA is the input 
amplifier bias current IABc; as explained in Fig. I, the total 
output current and gm are controlled by this current. In 
addition, the input bias current, input resistance, total supply 
current, and output resistance are all proportional to this 

amplifier bias current. These factors provide the key to the 
performance of this most flexible device, an idealized 
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Fig. 3- The outpUt-current tranlfer-charactt1ristic of the 
OTA is the same a1 that of an idftlized differential 

amp/ifitN. 

differential amplifier, i.e., a circuit in which differential input 
to single-ended output conversion can be realized. With this 
knowledge of the basics of the OTA, it is possible to explore 
some of the applications of the device. 

DC Gain Control 
The methods of providing de gain-control functions are 

numerous. Each has its advantage - simplicity, low cost, high 
level control, low distortion. Many manufacturers who have 
nothing better to offer propose the use ·of a four-quadrant 
multiplier. This is analogous to using an elephant to carry a 
twig. It may be elegant but it takes a lot to keep it going! 
When operated in the gain-control mode, one input of the 
standard transconductance multiplier is offset so that only 
one half of the differential input is used; thus, one-half of the 
multiplier is being thrown away. 

The OT A, while providing excellent linear amplifier 
characteristics, does provide a simple means of gain conirol. 
For this application the OTA may be considered the 
realization of the ideal differential amplifier in which the full 
differential amplifier gm is converted to a single-ended 
output. Because the differential amplifier is ideal, its gm is 
directly proportional to the operating current of the 
differential-amplifier; in the OTA the maximum output 
current is equal to the amplifier bias current IABC· Thus. by 
varying the amplifier bias current, the amplifier gain may be 
varied: A = Gm RL where RL is the output load resistance. 
Fig. 4 shows the basic configuration of the OTA de 
gain-control circuit. I 

As long as the differential input signal to the OT A 
remains under SO-millivolts peak-tO..peak, the deviation from 
a linear transfer will remain under 5 percent. Of course, the 
total harmonic distortion will be considerably less than this 
value. Signal excursions beyond this point only result in an 
undesired "compressed" output. The reason for this 
compression can be seen in the transfer characteristic of the 
differential amplifier in Fig. 3. Also shown in Fig. 3 is a curve 
depicting the departure from a linear line of this transfer 
characteristic. 

CON;:.~ ,,._ ______ ~ 

Fig. 4- Basic configuration of the OTA de gain-control 
circuit. 

ICAN·6077 
The actual perfonnance of the circuit shown in Fig. 4 is 

plotted in Fig. S. Both signal-to-noise ratio and total 
harmonic distortion are shown as a function of signal input. 
Figs. S(b) and (c) show how the signal-handling capability of 
the circuit is extended through the connection of diodes on 
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Fig. 5- Performance CUfYf!S for the circuits of Figs. 4 and 6. 

the input as shown in Fig. 6.2 Fig. 7 shows total system gain 
as a function of amplifier bias current for several values of 
diode current. Fig. 8 shows an oscilloscope photograph or 
the CA3080 transfer characteristic as applied to the circuit of 
Fig. 4. The oscilloscope photograph of Fig. 9 was obtained 
with the circuit shown in Fig. 6. Note the improvement in 

'" 

TRANSISTORS 
FROM CA3046 
ARRAY 

AGC SYSTEM 
WITH EXTENDED 
INPUT RANGE 

Fig. 6- A circuit showing how the signal·hand/ing 
capability of the circuit of Fig. 4 can be extended 
through the connection of diodes on the input. 
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Fig. 7- Total system gain as a function of amplifier bias 
current for several values of diode current. 
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Fig. 8- Oscilloscope photograph of the CA3080 transfer 
characteristic as applied to the circuit of Fig. 4. 

0 5VIOIV. HORIZONTAL 
!10,u.AIOll/VERTICAL 

IAac•IOO,.A 
DIODE CURRENT•! mA 

Fig. 9- Oscilloscope photograph of the CA3080 transfer 
characteristic as applied to the circuit of Fig. 6. 

linearity of the transfer characteristic. Reduced input 
impedance does result from this shunt connection. Similar 
techniques could be used on the OTA output, but then the 
output signal would be reduced and the correction circuitry 
further removed from the source of non-linearity. It must be 
emphasized that the input circuitry is differential. 

Simplified Differential-Input to Single-Ended 
Output Conversion 

One of the more exacting configurations for operational 
amplifiers is the differential-to.single-ended conversion 
circuit. Fig. 10 shows some of the basic circuits that are 
usually employed. The ratios of the resistors must be 
precisely matched to assure the desired common-mode 
rejection. Fig. 11 shows another system using the CA3080 to 
obtain this conversion without the use of precision resistors. 
Differential input signals must be kept under ±26-millivolts 
for better than 5-percent non-linearity. The common-mode 
range is that of the CA3080 differential amplifier. In 

addition, the gain characteristic follows the standard . 
differential-amplifier Gm-temperature coefficient of 
-0.3%/"C. Although the system of Fig. 11 does not provide 
the precise gain control obtained with the standard 
operational-amplifier approach, it does provide a good simple 
compromise suitable for many differential transducer· 
amplifier applications. 

D"FE"N'IAL~ 
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Fig. 10- Some typ;cal differential-to-single-ended conversion 
circuiti. 

THE CA3094 
The RCA CA3094 offers a unique combination of 

characterit!tics that suit it ideally to use as a programmable 
gain block for audio power amplifiers. It is a transconduct
ance amplifier in which gain and open-loop bandwidth can be 
controlled between wide limits. The device has a large reserve 
of output-current capability, and breakdown and power
dissipation ratings sufficiently high to allow it to drive a 
complementary pair of transistors. For example, a 12-watt 
power-amplifier stage (8-ohm load) can be driven with peak 
currents of 35 milliamperes (assuming a minimum output
transistor beta of 50) and supply voltages of ±18 volts. In 
this application, the RCA CA3094A is operated substantially 
below its supply-voltage rating of 44-volts max. and its 
dissipation rating of 1.6-watts max. Also in this application, a 
high value of open-loop gain suggests the possibility of 
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Fig. 11- A differential-to-single-ended convsrsion circuit 
without precision resistors. 

precise adjustment of frequency~response characteristics by 
adjustment of impedances in the feedback networks. 

Implicit Tone Controls 
In addition to low distortion, the large amount of loop 

gain and flexibility of feedback arrangements available when 
using the CA3094 make it possible to incorporate the tone 
controls into the feedback network that surrounds the entire 
amplifier system. Consider the gain requirements of a 
phonograph playback system that uses a typical high-quality 
magnetic cartridge.3 A desirable system gain would result in 
from 2 to S watts of output at a recorded velocity of 1 cm/s. 
Magnetic pickups have outputs typically ranging from 4 to 
10 millivolts at S cm/s. To get the desired output, the total 
system needs about 72 dB of voltage gain at the reference 
frequency. 

Fig. 12 is a block diagram of a system that uses a passive 
or ••tosser" -type of tone~control circuit that is inserted ahead 
of the gain control. Fig. 13 shows a system in which the tone 
controls are implicit in the feedback. circuits of the power 
amplifier. Both systems assume the same noise input voltage 
at the equalizer and main-amplifier inputs. The feedback 
system shows a small improvement (3.8 dB) in signal-t<rnoise 
ratio at maximum gain but a dramatic improvement (20 dB) 
at the zero gain position. For purposes of comparison, the 
assumption is made that the tone controls are set "flat" in 
both cases. 

CostAdva.._ 
In addition to the savings resulting from reduced parts 

count and circuit size, the use of the CA3094 leads to further 
savings in the power-supply system. Typical values of 
power-supply rejection and common-mode rejection are 90 
and 100 dB, respectively. An amplifier with 40 dB of gain 
and 90 dB of power-supply rejection would require 316 
millivolts of power-supply ripple to produce one millivolt of 
hum at the output. Thus, no further filtering is required 
other than that given by the energy-storage capacitor at the 
output of the rectifier system. 

POWER AMPLIFIER USING THE CA3094 
A complete power amplifier using the CA3094 and three 

additional transistors is shown schematically in Fig. 14. The 
amplifier is shown in a single-channel configuration, but 
power-supply values are designed to support a minimum of 
two channels. The output section comprises QI and Q2, 
complementary epitaxial units connected in the familiar 
"bootstrap" arrangement. Capacitor CJ provides added base 
drive for QI during positive excursions of the output. The 
circuit can be operated from a single power supply as well as 
from a split supply as shown in Fig. 15. The changes required 
for 14.4-volt operation with a 3.2-ohm speaker are also 
indicated in the diagram. 

The amplifier may also be modified to accept input from 
ceramic phonograph cartridges. For standard inputs 
(equalizer preamplifiers, tuners, etc.) Cl is 0.047, RI is 250 
kiloluns, and R2 and C2 are omitted. For ceramic-cartridge 
inputs. CI is 0.0047, RI is 2.5 megohms, and the jumper 
across C2 is removed. 

Output Biasing 
Instead of the usual two-diode arrangement for establish

ing idling currents in QI and Q2, a .. Vbe Multiplier", 

transistor Q3, is used. This method of biasing establishes the 
voltage between the base of Q 1 and the base of Q2 at a 
constant multiple of the base-to-emitter voltage of a single 
transistor while maintaining a low variational impedance 
between its collector and emitter (see Appendix A). If ' 
transistor QJ is mounted in intimate. thennal contact with 
the output units, the operating temperature of the heat sink 
forces the Vbe of Q3 up and down inversely with heat-sink 
temperature. The voltage bias between th~ bases of QI and 
Q2 varies inversely with heat-sink temperature and tends to 
keep the idling current in Qt and Q2 constant. 

A bias arrangement that can be accomplished at lower 
cost than those already described replaces the Vbe multiplier 
with a 1N5391 diode in series with an 8.2-ohm resistor. This 
arrangement does not provide the degree of bias stability of 
the Vbe multiplier, but is adequate for many applications. 

Tone-Controls 
The tone controls, the essential elements of the feedback 

system, are located in two sets of parallel paths. The bass 
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Fig. 12- Block diagram of a system using a "losssr"-type tone-control circuit. 
Fig. 13- A system in which tone controls aTe implicit in the feedback circuit of the 

power amplifier. 
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Fig. 15- A Po- amp/ifitw-ated from a singJo iupply. 

network includes RJ, R4, RS, C4, and CS. C6 blocks the de 
from the feedback network so that the de gain from input to 
the feedback takeoff point is unity. The residual dc-output-

R 11 + R12 
voltage at the speaker terminals is then IABC Rt ---itU 
where Rt is the source resistance. The input bias current is 

I ABC (V cc - Vbe) 
then~= - ~-The treble network consists of 

R7, RS, R9, RIO, C7, CS, C9, and CIO. Resistors R7 and R9 
limit the maximum available cut and boost, respectively. The 
boost limit is useful in curtailing heating due to finite 
turn-off time in the output units. The limit is also desirable 

when there are tape recorders nearby. The cut limit aids the 
stability or the amplifier by cutting the loop gain at higher 
rrequencies where phase shifts become significant. 

In cases in which absolute stability under all load 
conditions is required, it may be necessary to insert a small 
inductor in the output lead to isolale lhe circuit from 
capacitive loads. A 3-microhenry inductor ( l ampere) in 
parallel with a 22-ohm resistor is adequate. The derivation of 
circuit constants is shown in Appendix B. Curves of control 
action versus electrical rotation are also given. 

Performance 
Fig. 16 is a plot of the measured response of lhe 
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Fig. 17- Total harmonic distortion of the amplifier with an 
unrsgulated power supply. 

complete amplifier at the extremes or tone-control rotation. 
A comparison or Fig. 16 with the L-omputed curves of 
Fig. 84 (Appendix 8) shows good agreement. The total 
harmonic distortion of the amplifier with an unregulated 
power supply is shown in Fig. 17; IM distortion is plotted in 
Fig. 18. Mum and noise are typically 700 microvolts at the 
output. or 83-dB down. 

COMPANION RIAA PREAMPLIFIER 
Many available preamplifiers are capable of providing the 

drive for the power amplifier or Fig. 14. Yet the unique 
characteristics of the amplifier its power supply, input 
impedance, and gain ·- make possible the design of an RIAA 
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preamplifier that can exploit these qualities. Since the input 
impedance of the amplifier is essentially equal to the value of 
the volume-control resistance (250 kilohms), the preamplifier 
need not have high output-current capability. Because the 
gain of the power amplifier is high (40 dB) the preamplifier 
gain only has to be approximately 30 dB at the reference 
frequency (I kl-tz) to provide optimum system gain. 

Fig. 19 shows the schematic diagram of a CA3080 
preamplifier. The CA3080, a low·cost OTA, provides 
sufficient open-loop gain for all the bass boost necessary in 
RIAA compensation. For example, a gm of to,000 
micromhos with a load resistance of 250 kilohms provides an 
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Fig. 18- IM distortion of the amplifier with an unregulated 
supply. 

open-loop gain of 68 dB, thus allowing at least 18 dB of loop 
gain at the lowest frequency. The CA3080 can be operated 
from the same power supply as the main amplifier with only 
minimal decoupling because of the high power-supply 
rejection inherent in the device circuitry. In addition, the 
high voltage-swing capability at the output enables the 
CA3080 preamplifier to handle badly over-modulated (over
cut) recordings without overloading. The accuracy of 
equalization is within ±I dB of the RIAA curve, and 
distortion is virtually unmeasurable by classical methods. 
Overload occurs at an output of 7 .S volts, which allows for 
undistorted inputs of up to 186 millivolts (260 millivolts 
peak). 

Fig. 19-ACA3080pn111mplifisr. 

APPENDIX A - Vbe MULTIPLIER 

The equivalent circuit for the Vbe .multiplier is shown 
in Fig. At. The voltage Et is given by: 

Rll ~ RI ] 
E1• {i+l•Vbell•R2(P•I) (AI) 

The value of Vbe is itself dependent on the emitter 
current of the transistor, which is, in turn, dependent on 
the input current I since: 

The derivative of Eq. Al with respect to yields the 
incremental impedance of the Vbe multiplier: 

(AJ) 

where KJ is a constant of the transistor QI and can be 
found from: 

(A4) ffi,, 
' 

I 

. 
Fig. A 1-Equivalent circuit for the Vbe multiplier. 

Eq. A4 is but another form of the diode equation:4 

( 
qVbe ) 

le= Is e KT -- 1 (AS) 

Using the values shown in Fig. 14 plus data on the 
2N5494 (a typical transistor that could be used in the 
circuit), the dynamic impedance of the circuit at a total 
current of 40 milliamperes is found to be 4.6 ohms. In 
the actual design of the Vbe multiplier, the value of IR2 
must be greater than Vbe or the transistor will 
become forward biased. 

APPENDIX B - TONE CONTROLS 

Fig. Bl shows four operational-amplifier circuit con
figurations and the gain expressions for each. The asymp
totic low-frequency gain is obtained by letting S approach 
zero in each case: 

Bass Boost: 

Bass Cut: 

Treble Boost: 

Treble Cut: 

ALow • RI+~;•R3 

ALow • R~:.i;:J 

ALow"c1;;4 

ALow"c~;4 

The asymptotic high-frequency gain is obtained by let ting 
S increase without limit in each expression: 

Bass boost; 

Bass cut: 

Treble boost: 

Treble cut: 

AHigh" R~:2 

Rl>R2 
AHigh"!i2 

( C3>C4) AHigh • I •Cl CJC4 

C2 + CIC4 
AHigh"~ 

CI +C2 

Note that the expressions for high-frequency gain are 
identical for both bass circuits, while the expressions for 
low-frequency gain are identical for the treble circuits. 

Fig. 82 shows cut and boost bass and treble controls 
that have the characteristics of the circuits of Fig. Bl. 
The value REFF in the treble controls of Fig. Bl is 
derived from the parallel combination of RI and R2 of 
Fig. 82 when the control is rotated to its maximum 
counterclockwise position. When the control is rotated to 
its maximum clockwise position, the value is equal to 
RI. 

To compute the circuit constants, it is necessary to 
decide in advance the amounts of boost and cut desired. 
The gain expressions of Fig. BI indicate that the slope of 
the amplitude versus frequency curve in each case will be 
6 dB per octave (20 dB per decade). If the ratios of 
boosted and cut gain are set at 10, i.e.: 

Bass circuit: 

Treble Circuit: 

ALow(Boost) • IO AMid 

A Mid 
ALow(Cut)"IO 

AHigh (Boost)• I 0 A Mid 

IOAMid 
AHigli(Cut)" - 1-0 -

then the following relationships result: 

Bass circuit: 

Treble circuit: 

RI• IOR2 

RJ •99 R2 

Cl•IOC4 

C2· 1~4 

The unaffected portion of the gain (A high for the bass 
control and A low for the treble control) is 11 in each 
case. 

To make the controls work symmetrically, the low
and high-frequency break points must be equal for both 
boost and cut. 
Thus: 

Bass Control: 

and 

since 

Cl R3 (Rl+R2) _ C2 R2R3 
RI+R2>R3 - R2+R3 

CI RJ • C2 :i~~~~~~2) 

R3 ~ R2>R3, C2 • IOCI 

Treble Control: RI (CIC4~~~>CICJ) 

and 

since 

·:11,~ (Cl>C2) 

R2CJ jRlR2 )(CIC4>C2C4>CIC2) 
\RI+R2 (Cl>C4) 

Cl~ IOOC2,C2•C3 and Cl 
• IOC4, RI• 9R2 

To make the controls work in the circuit of Fig. 14, 
breaks were set at 1000 Hz: 

for the base control 0.1CIR3 = 2trx!ooo 

and for the treble control RlC3 = Z7rx!ooo 

Response and Control Rotation 
In a practical design, it is desirable to make .. flat" 

response correspond to the SO-percent rotation position 
of the control, and to have an awal sensation of smooth 
variation of response on either side of the mechanical 
center. It is easy to show that the .. flat" position of the 
bass control occurs when the wiper arm is advanced to 
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Eo 'o 
'o 

A 0 ~~:C4) [:•SRett l~J 
l•SR911IC1•Cz! 

(al BASS BOOST 

(cl TREBLE BOOST (d) TREBLE CUT 
(tllBASSCUT 

Fig. 81-Four operational-amplifier circuit configurations and the gain expressions for each. 

R3 CCW 

BASS CONTROL 

"' 

TREBLE CONTROL 

"' 
Fig. 82- Cut and boost bass and treble controls that have the 

characteristics of the circuits of Fig. 81. 

•i----------+--+--------+---+--T-
1000 HZ 
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.. 0.0 

ELECTRICAL ROTATION OF BASS CONTROL 

Fig. 83- A plot of the response of the circuit of Fig. 14 with t;;;~ ::tnd treble tone 
controls combined at various settings of both controls. 
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.2 ,.0 
ELECTRICAL ROTAT!Ofll OF TRIEILE CONTROL 

91-percent of its total resistance. The amplitude response 
of the treble control is, however, never completely ••nat"; 
a computer was used to generate response curves as 
controls were varied. 

Fig. 83 is a plot of the response with bass and treble 
tone controls combined at various settings of both con· 
trols. The values shown are the practical ones used in the 
actual design. Fig. 84 shows the information of Fig. 83 
replotted as a function of electrical rotation. The ideal 
taper for each control would be the complement of the 

I 00-Hz plot for the bass control and the 1 O·kHz response 
for the treble control. The mechanical center should 
occur at the crossover point in each case. 

I. "Applications of the CA3080 and CA3080A High
Performance Operational Transconductance Ampli
fiers," H. A. Wittlinger, RCA Application Note ICAN-
6668 

2 ... A New Wide-band Amplifier Technique," B. Gilbert, 
IEEE Journal of Solid State Circuits, Vol. SC-3, No. 
4, December, 1968 . 

3 ... Trackability," James A. Kogar, Audio, December 
1966 

4. RCA Linear Integrated Circuits Manual, RCA Tech
nical Series IC-42 

Fig. 84- The information of Fig. 83 plotted as a function of electrical rotation. 
*RCA publications available through RCA Solid State 
Division, Box 3200, Somerville, N.J., 08876. 
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Applications of the CA3085-Series 
Monolithic IC Voltage Regulators 
by A. C. N. Sheng and L. R. Avery 

The RCA.CA3085, CA3085A, and CA3085B monolithic 
IC's are positive-voltage regulators capable of providing output 
currents up to I 00 milliamperes over the temperature range 
from -ss0 to +t2soc. They are supplied in 8-lead T0-5 type 
packages; their characteristics and ratings are given in RCA 
Data File No. 491. The following tabulation shows ·some key 
characteristics and salient differences between devices in the 
CA3085 Series. 

V11~(V1) VoUJ{Vo) Max. Max. Load 

Type Range Range lourOo) Regulation 
_v _ __ v_ --1!!A_ ~ 

CA3085 7.5-30 1.8-26 12• 0.1 
CA308SA 7.S-40 1.7-36 100 O.IS 
CA308SB 7.5-SO 1.7-46 100 0.IS 

•This value may be extended to 100 mA; however. regulation 
is not specified beyond 12 mA. 

In additiQn to these differences. the range of some specified 
performance parameters is more tightly controlled in the 
CA308SB than in the CA308SA, and more in the CA308SA 
than in the CA3085. 

This Note describes the basic circuit of the CA3085-series 
devices and some typical applications that include a high
current regulator ,constant-current regulators, a switching regu
lator, a negative-voltage regulator, 11 dual-tracking regulator, 
high-voltage regulators, and various methods of providing cur
rent limiting. A circuit in which the CA3085 is used as a gen
eral-purpose amplifier is also shown. 

CIRCUIT DESCRIPTION 

The block diagram of the CA3085-series circuits is shown 
in Fig. I. Fundamentally, the circuit consists of a frequency· 
compensated error-amplifier which compares an internally 
generated reference voltage with a sample of the output voltage 
and controls a series-pass amplifier to regulate the output. The 
starting circuit assures stable latch-in of the voltage-reference 
circuitry. The current-limiting portion of the circuit is an op
tional feature that protects the IC in the event of overload. 

Term.mat S provides a source of stable feferet1ee voitqe for 
auxiliary use; a current of about 250 microamperes can be 
supplied to an external circuit without significantly disturbing 
reference-voltage stability. If necessary, filtering of the inherent 
noise of the reference-voltage circuit can be accomplished by 
connecting a suitable bypass capacitor between terminals 5 
and 4. 

co.H:MSA TION AND 
EXTl!ltHALIHHIBIT 

Fig. 1- Block diagram of CA3085 sBti& 

Terminal 6 (the "inverting input" in accordance with opera
tional-amplifier terminology) is the input through which a 
sample of the regulated output voltage is applied. 

The collector of the series-pass output transistor is brought 
out separately at terminal 2 ("current booster") to provide 
base drive for an external p-n·p transistor; this approach is one 
method of regulating currents greater than 100 milliamperes. 

Because the voltage regulator is essentially an operational 
amplifier having considerable feedback, frequency compensa
tion is necessary in some circuits to prevent oscillations. 

Termi~al 7 is provided for external frequency compensation; it 
can also be used to '"inhibit" (strobe, squelch, pulse, key) the 
operation of the series-pass amplifier. 

Brief Description of CA3GI& Schomatic Dlognm 
The schematic diagram of the CA308S-series circuits is 

shown Jn Fig. 2. The left-hand section includes the starting cir
cuit, the voltage-reference circuit, and the constant-current 
circuit. The center section is basically an elementary opera-

ALL RESISTANCE VAl.UU 
ARE IN OtMS 

Fig. 2- &:hematlc m.,,.,,, of CA3086 lllrit11. 

tional amplifier which serves as the voltage-error amplifier. It 
controls the serie11>ass .Darlington pair (Ql3, QI4) shown in 
the right-hand section. When controlled by an appropriate ex
ternal sensing network, transistor QIS serves to provide pro
tective current-limiting characteristics by diverting base drive 
from the series-pilss circuit. For operation at the highest cur
rent levels, terminals 2 and 3 are tied together to eliminate the 
voltage drop which would otherwise be developed across 
resistor RS. 

Voltqe-Referenca Circuits 
The basic voltage-reference element used in the CA308S is 

zener diode D3. It provides a nominal reference voltage of 5.S 
volts and exhibits a positive temperature coefficient of approx· 

imately 2.5 millivolts/DC. If this reference voltage were used 
directly in conjunction with the error-amplifier (QS, Q6, etc.), 
the IC would exhibit two major undesirable characteristics: 
(I) its performance with temperature variations would be poor, 
and (2) its use as a regulator would be restricted to circuits in 
which the minimum regulated output voltages are in excess of 
S.5 volts. Consequently, it is necessary to provide means of 
compensating for the positive temperature coefficient of 03 
and at the same time provide for obtaining a stable source of 
lower reference voltage. Both temperature compensation and 
the reduction of the reference voltage are accomplished by 
means of the series divider network consisting of the base
emitter junction of QJ. diode 04, resiston R2 and R3, and 
diode S. 

The voltage developed across D3 drives the divider network 
and a voltage of approximately 4 volts is developed between 
the cathode of D4 and the cathode of OS (tenninal 4). The 
current through this divider network is held nearly constant 
with temperature because of the combined temperature coef
ficients of the zener diode (DJ), QJ base-emitter junction, D4 
DS,and the(esiston R2 and RJ. This constant current through 
the diode OS and the resistor R3 produces a voltaae drop be· 
tween terminals 4 and 5 that results in the reference voltage 
(• 1.6 volts) having an effective temperature coefficient of 
about 0.003S per cent/OC. 

The reference diode DJ receives a Current of approximately 
620 microamperes from a constint-current circuit consisting of 
QJ and the cwrent·mirror• 06, Qt, and Q2. Current to 
startup the constant-current source initially is provided by 
auxiliary zener diode DI and Rl. Diode 02 blocks current 

from the RI-DI source after latch-in of the constant-current 
source establishes a stable reference potential, and thereby pre
vents modulation of the reference voltage by ripple voltage on 
the unregulated input voltage. 

Voltaga·Error Amplifier 
Transistors QS and Q6 compme the basic differential ampli· 

fler that is used as a voltage-error amplifier to compare the 
stable reference voltage applied at the base of QS with a 
sample of the regulator output voltage applied at terminal 6. 
The DS-Q4 combination is a current-mirror which maintains 
essentially constant-current flow to QS and Q6 despite varia
tions in the unregulated input voltage. The QS, Q9, and 07 
network provides a "''mirrored" active collector load for QS 
and Q6 and also provides a variable single-ended drive to the 
Qll and Ql4 series-pass transistors in accordance with the dif
ference signal developed between the bases of QS and Q6. The 
open-loop gain of the error-amplifier is greater than 1000. 

Series-Pm and Curr111t·Limiting Circuits 
In the normal mode of operation, or in the current-boost 

mode when terminals 2 and 3 are tied together. the Darlington 
pair QI 3-Ql 4 performs the basic series· pass regulating function 
between the unregulated input voltage and the regulated output 
voltage at terminal I. In the currerit-limiting mode transistor 
QIS provides current-limiting to protect the CA3085 and/or 
limit the load current. To provide current-limiting protection, 
a resistor (e.g., S ohms) is connected between terminals I and 8; 
terminal 8 becomes the source of regulated output voltage. As 
the voltage drop across this resistor increases, base drive is sup
plied to transistor Q 1 S so that it becomes increasingly conduc
tive and diverts base drive from the QIJ-Ql4 pass transistor to 
reduce output current accordingly. Resistor R4 is provided to 
protect QI 5 against overdrive by limiting its base current under 
transient and load-short conditions. 

Because the CA308S regulator is essentially an op-amp 
having considerable feedback, frequency compensation may be 
required to prevent osci11ations. Stability must also be main
tained despite line and load transients, even during operation 
into r~tive loads (e.g., filter capacitors). ProWsions are in· 
eluded in the CA308S so that a small-value capacitor may be 
connected between terminals 6 and 7 to compensate the regup 
lator, when necessary, by "rolling-off"' the amplifier frequencyp 
response. Terminal 7 is also used to externally ''inhibit" opera· 
tion of the CA308S by diverting base current supplied to Q13· 
Ql4, thereby permitting the use of keying, strobing, program· 
ming. and/or auxiliary overload-protection circuits. 

• The fundamentals of current-mirror theory are reviewed in 
the Appendix of Application Note ICAN-6668. 

APPLICATIONS 

A Simple Voltllga Rogulaltlr 
Fig. 3 shows the schematic diagram of a simple regulated 

power supply using the CA308S. The ac supply voltage is 
stepped down by Tl , full-wave rectified by the diode bridge 
circuit, and smoothed by the large electrolytic capacitor Cl to 
provide unregulated de to the CA308S regulator circuit. Fre
quency compensation of the error-amplifier is provided by 
capacitor C2. Capacitor C3 bypasses residual noise in the 
reference-voltage source, and thus decreases the incremental 
noise.voltage in the regulator circuit output. 

n 
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Fi,. 3- Basic power •upp/y. 

Because the open-loop gain of the error-amplifier is very 
high (greater than 1000), the output voltage may be directly 
calculated from the following expression: 

V =(R2i?I) V 0 I ref (I) 

In the circuit shown in Fig. 3, the output voltage can be ad· 
justed from 1.8 volts to 20 volts by varying R2. The maximum 
output current is determined by Rsc; load-regulation charac-



teristics for various values of Rsc are shown in Fig. 4. 

Fig. 4- Load ,.,ul11tlon chllrat:tllriltic• for circuit of Fig. 3. 

When this circuit is used to provide high output currents at 
low output voltages, care must be exercised to avoid txcessive 
IC dissipation. In the circuit of Fig. 3, this dissipation control 
can be accomplished by increasing the primary-to-secondary 
transformer ratio (a reduction in V1Yor by using a dropping 
resistor between the rectifier and the CA3085 regulator. Fig. 5 
gives data on dissipation limitation (V1-Vo vs. lo) for CA3085· 
series circuits. 

The short-circuit current is determined as follows: 

VBE 0.7 
Isc = Rsc -Rsc amperes (2) 

20 40 60 90 100 
OUTPUT MILLIAMPERES llol 

Fig. 5- Dissipation Umitation (VI - Von. loJ for CA3085 lflri• 

cin:uiu. 

The line- and load-regulation characteristics for the circuit 
shown in Fig. 3 are approximately 0.05 per cent of the output 
voltage. 

High-Current Voltage Regulator 
When regulated voltages at currents greater than 100 milli

amperes are required, the CA3085 can be used in conjunction 
with an ex.ternal n-p-n pass-transistor as shown in the circuits 

of Fig. 6. In these circuits the output current available from the 
regulator is increased in accordance with the hfE of the ex
ternal n-p-n pass-transistor. Output currents up to 8 amperes 
can be regulated with these circuits. A Darlington power tran
sistor can be substituted for the 2NS497 transistor when cur
rents greater than 8 amperes are to be regulated. 

A simplified method of short-circuit protection is used in 
connection with the ciicuit of Fig. 6(a). The variable resistor 
Rscp serves two purposes: (I) it can be adjusted to optimize 
the base drive requirements (hfE) of the particular 2NS497 
transistor being used, and (2) in the event of a short-circuit in 
the regulated output voltage the base drive current in the 
2NS497 will increase, thereby increasing the voltage drop 

aaoSs Rscp· As this voltage-drop increases the short-circuit 
protei:tion system within the CA3085 correspondingly reduces 
the output current available at terminal 8, as deS1.:ribed pre-

,,, 
(a) with simplified short-circuit protection 

lb) 

(b} with auxiliary short-circuit pratfJCtion 

Fig. 6- High-current voltage regulator using n-p·n pau transistor. 

viously. It should be noted that the degree of short-circuit pro· 
tection depends on the value of RsCP· i.e., design compromise 
is required in choosing the value of Rgcp to provide the de
sired base drive for the 2N5497 while maintaining the desired 
short·drcuit protettion. Fig. 6(b) shows an alternate circuit in 
whkh an addttional tranmtor (2N5183) and two resistors have 
been added as an auxiliary short-circuit protection feature. Re· 
sistor R3 is used to establish the desired base drive for the 
2N5497. as described above. Resistor R1imit now controls the 
short-drcuit output current because, in the event of a short· 
dri.:uit. the voltage drop developed across its terminals increases 
sufficiently to increase the base drive to the 2N5 I 83 transistor. 
This increase in base drive results in reduced output from the 
(' AJ08S because collector current flow in the 2NS 183 diverts 
base drive from the Darlington output stage of the CA3085 
(see Fig. 2) through terminal 7. The load regulation of this cir· 
cuit is typically 0.025 per cent with 0 to 3-ampere load-current 
variation;lineregulation is typically 0.025 per cent/volt change 
in input voltage. 

Voltage Regulator with Low Vi-Vo Difference 
In the voltage regulators described in the previous section, it 

is necessary to maintain a minimum difference of about 4 volts 
between the input and output voltages. In some applications 
this requirement is prohibitive. The circuit shown in Fig. 7 can 
deliver an output current in the order of 2 amperes with a 
Vi-Vo difference of only one volt. 

It employs a single external p-n-p transistor having its base 
and emitter connected to terminals 2 and 3, respectively, of the 
C'A3085. 1.n this circuit, the emitter of the output transistor 
(Ql4 in Fig. 2) in the CA3085 is returned to the negative sup
ply rail through an external resistor" (Rscp) and two series
connected diodes (DI, 02). These forward-biased diodes main· 
tain Q6 in the CA308S within linear-mode operation. The 

UNREG v, REG. 
Vo 

Fig. 1- Voltage regulator for/ow v1 - v 0 difference. 

choice of resistors RI and R2 is made in accordance with 
Eq. (I). Adequate frequency compensation for this circuit is 
provided by the 0.01-microfarad capacitor connected between 
terminal 7 of the C A3085 and the negative supply rail. 

Fig. 8, which shows the output impedance of the circuit of 
Fig. 7 as a function of frequency, illustrates the excellent 
ripple-rejection characteristics of this circuit at frequencies 
below I kHz. Lower output impedances at the higher fre
quencies can be provided by connecling an appropriate capaci· 
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tor across the output voltage terminals. The addition of a 
capacitor will, however, degrade the ability of the system to 
react to transient-load conditions. ' 

4 OUTPUT VOt.TAGE cv•o1~1ov 
AMBIENT TEMPERATURE !TAl•25•C 

,,._~~~~~~~~--'--!--W-W---'--W-~ 

FREQUENCY tfl- llHt 

Fig. 8- Output reaistance "'· frequency for cin:uit of Fig. 1. 

Hiltl-Voltage Regulator 
Fig. 9 shows a circuit that uses the CA3085 as a voltage

reference and regulator control device for high-voltage power 
supplies in which the voltages to be regulated are well above 
the input-voltage ratings of the CA3085-series circuits. The ex
ternal transistors QI and Q2 require voltage ratings in excess of 
the maximum input voltage to be regulated. Series·pass tran
sistor Q2 is controlled by the collector current of QI, which in 

turn is controlled by the nonnally regulated current output 
supplied by the CA3085. The input voltage for the CA3085 

UN REG 
Vt 

19.Q.li!OV) 

Fig. 9- Hiflt·voltlltlfl f1J(/U/ator. 

regulator at terminal 3 is supplied through dropping resistor R3 
and the clamping zener diode DI. The values for resistor RI 
and R2 are determined in accordance with Eq. (I). 

Negative-Voltage Regulator 
The CA3085 is used as a negative-supply voltage regulator 

in the circuit shown in Fig. I 0. Transistor Q3 is the series-pass 
transistor. It should be noted that the CA3085 is effectively 
tonnected across the load-side of the regulated system. 
Diode DJ is used initially in a "circuit-starter" function; tran
sistor Q2 .. latches" DI out of its starter-circuit function so that 
the CA3085 can assume its role in controlling the pass
transistor Q3 by means of QI . 

Fig. 10- NegBtive·11oltageregulator. 

REG 
Vo 

Operation of the circuit is as follows: current through R3 
and DI provides base drive for QI, which in turn provides 
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base drive for the pass-transistor Q3. By this means operating 
pot.ential for the CA3085 is developed between the collector of 
Q3 (terminal 4 of the CA3085) and the positive supply-rail 
(terminal 3 of the CA3085). When the output voltage has 
risen sufficiently to maintain operation of the CA3085 
(approx. 7.5 volts), transistor 02 is driven into conduction by 
the base drive supplied from the I kilohm-12 kilohm voltage 

divider. As Q2 becomes conductive, it diverts the base drive 
being supplied to QI through the R3-DI path, and diode DI 
ceases to conduct. Under these conditions, base-current drive 
to QI through terminal 2 of the CA308S regulates the base 
drive toQ3. Values of RI and R2 .are determined in accordance 
with Eq. (I). 

The circuit shown in Fig. 11 is similar to that of Fig. 10, 
except for the addition of a constant-current limiting circuit 

UNAEG 

"' 

Fig. t 1- Negative-volta9t1 regulator with c:onstant-current limiting circuit. 

consisting of transistor Q4, a I-kilohm resistor, and resistor 
RsCP· When the load current increases above a particular de
sign value, the corresponding increase in the voltage drop across 
resistor Rscp provides additional base drive to transistor Q4. 
Thus, as transistor Q4 becomes increasingly conductive, its 
collector current diverts sufficient base drive from Q3 to 
limit the current in the pass transistor feeding the regulated 
load. With the types of transistors shown in Figs. 10 and 11, 
maximum currents in the order of S amperes can be regulated. 

Hilti-Output-Current Voltage Regulator With ''Foldback" 
Current-Limiting (Also known as "Switch-Back" Current
Limiting) 

In high-current voltage regulators employing constant-cur
rent limiting (e.g., Figs. 6 and 7), it is possible to develop ex
cessive dissipation in the series-pass transistor when a short
circuit develops across the output terminals. This situation can 
be avoided by the use of the "foldback" current·lirniting cir
cuitry as shown in Fig. 12. In this circuit, terminal 8 of the 

Fig. 12- High·-ourput-curr1mt voltage regulator with "foldback" 

current limiting. 

CA3085 senses the output voltage, and terminal 1 is tied to a 
tap on a voltage-divider network connected between the emit
ter of the pass· transistor (QJ )and ground. The current·foldback 
trip-point is established by the value of resistor Rsc. 

The protective tripping action is accomplished by forward
biasing QI 5 in the C'A3085 (see Fig. 2). Conditions for tripping-

circuit operation are defined by the following expressions: 

VBE(QI 5) =(voltage at terminal I)-( output voltage) 

= [(Vo. ILRsc)RI :~2 ]- Vo (3) 

If RI ~I R2 = K, then 

VeE(QIS) =(Vo• ILRsc) K - Vo= KVo• KILRsc - Vo 

and therefore 

Vo. VeE(QIS) - KVo 
Rsc = KIL (4) 

Under load short-circuit conditions, terminal 8 is forced to 
ground potential and current flows from the emitter ofQ14 in 
the CA3085, establishing terminal I at one VeE-drop 
[=:: 0.7 V)above ground and Ql5 in a partially conducting 
state. The current through QI4 necessary to estabHsh this one
VeE condition is the sum of currents flowing to ground 

through RI and [R2 + RscJ. Normally Rsc is much smaller 
than R2 and can be ignored; therefore, the equivalent resistance 
Req to ground is the parallel combination of RI and R2. 

The Q 14 current is then given by: 

1014 = VBE(QIS)= VBE(QIS)=0.7 (l.3+0.46 ]= 206 
Req :: ~2R2 1.3 x 0.46 millia~peres 

This current provides a voltage between terminals 2 and 3 
as follows: 

V2_3=lo14x250ohms=2.06 x 10-3 x 250 = 0.515 volt 

The effective resistance between terminals 2 and 3 is 250 
ohms because the external 500-ohm resistor R3 is in parallel 
with the internal 500-ohm resistor RS. It should be understood 
that the V 2-3 potential of 0.5 IS volt is insufficient to main
tain the external p-n-p transistor Q2 in conduction, and, there
fore, Q3 has no base drive. Thus the output current is reduced 
to zero by the protective circuitry. Fig. 13 shows the foldback 
characteristic typical of the circuit of Fig. 12. 

0,2mA 

OUTPUT CURRENT Uo)-A 

INPUT VOLTAGE (Vrl•!5V 
CURRE"IT TAIP SET FOR IA 

Fig. 13- Typical "foldbt1t:k"current-limitingcharacteristic forcircuit 

of Fig. 12. 

An alternative method of providing .. foldback" current
limiting is shown in Fig. 14. The opera_tion of this circuit is 
similar to that of Fig. 12 except that the foldback-control 
transistor Q2 is external to the CA3085 to permit added 
flexibility in protection-circuit design. 

UN REG ., 

Fig. 14- High-output-current voltaflll regulator using auxiliary transistor 

to provide "fofdback" current limiting. 

Under low load conditions Q2 is effectively reverse-biased 
by a small amount, depending upon the values of R3 and R4. 
As the load current increases the voltage drop across Rtrip in· 
creases, thereby raising the voltage at the base of Ql, and Q2 
starts to conduct. As Q2 becomes increasingly conductive it 
diverts base current from transistors QI3 and 014 in the 
CA3085, and thus reduces base drive to the external pass
transistor Ql with a consequent reduction in the output volt
age. The point at which current-limiting occurs, ltrip• is calcu
lated as follows: 

VeE(QI) =voltage at terminal 8 - Vo( assuming a low value 
for Rtrip) 

VBE(Q2) =voltage at terminal 8 (R3 ~;4)- Vo 

= [vo+1LRtrip•VeE(Q1)] [R3~~4 ]-vo 
if K = R3 ~4R4 ' then the trip current is given by: 

- VeE(Q2)- K [Vo• VeE(QI)] • Vo 
ltrip - KRtrip 

(7) 

In the circuit in Fig. 12 the load current goes to zero when a 
short circuit occurs. In the circuit of Fig. 14 the load current 
is significantly reduced but does not go to zero. The value for 

lsc is computed as follows: 

[ VBE(Q2) ] 
VBE(Q2). ---iu- • le(Q2) RI= VeE(QI). IscRtrip 

[~ ] VBE(Q2) + R2 + IB(Q2) RI - VeE(QI) 
•sc= Rtrip (&) 

Fig. IS show·s that the transfer characteristic of the load cur
rent is essentially linear between the "trip-point .. and the 
''short-circuit" point. 

Fig. 15- Typical foldback currflflt./imitingcharacteristic: for circuit 

of Fig. 14. 

High-Voltage Regulator Employing Current "Snap-Back" 
Protection 

In high-voltage regulators (e.g., see Fig. 9), "foldback" 

current-limiting cannot be used safely because the high voltage 
across the pass transistor can cause second breakdown despite 
the reduction in current flow. To adequately protect the pass 
transistor in this type of high-voltage regulator, the so-called 
"snap-back" method of current limiting can be employed to 
reduce the current to zero in a few microseconds, and thus pre
vent second-breakdown destruction of the device. 

The circuit diagram of a high-voltage regulator employing 
current "snap-back" protection is shown in Fig. 16. The basic 
regulator circuit is similar to that shown in Fig. 9. The addi· 
tional circuitry in the circuit of Fig. 16 quickly interrupts 
base drive to the pass transistor in event of load fault. The 
point of current-trip is established as follows: 

I _ VBE(QI) 
trip-Rsc- (9) 

Thus, when a sufficient voltage drop is developed across Rsc, 
transistor QI becomes conductive and current flows into the 
base of 02 so that it also becomes conductive. Transistor QJ, 
in tum, is driven into conduction, thereby latching the Q2-Q3 
combination (basic SCR action) so that it diverts (through 
terminal 7) base drive from the output stage (Ql3, QJ4) in the 
CA3085. By this means, base drive is diverted from Q4 and the 
pass transistor Q5. To restore regulator operation, normally 
closed switch SI is momentarily opened and unlatches Q2-Q3. 



Fig. 16- High.llOltage rqulator incorporating cummt "snap-back" 

protection. 

Switching Regulator 
When large input-to-output voltage differences are necessary, 

the regulators described above are inefficient because they dis
sipate significant power in the series-pass transistor. Under these 
conditions, high-efficiency operation can be achieved by using 
a switching-type regulator of the generic type shown in 
Fig. 17(a). Transistor QI acts as a keyed switch and operates in 

tol SELF-OSCILLATING SWITCHING REGULATOR 

(cl INDUCTOR CURRENT ILi 

L ... 
REGV,E~J ... ~ 

(dl OUTPUT VOLTAGE 

Fig. 17- Switr:hing regulator and auociatttd waqofonm. 

either a saturated or cut-off condition to minimize dissipation. 
When transistor QI .is conductive, diode DI is reverse-biased 
and current in the inductance LI increases in accordance with 

the following relationship: 

t1 

iL =i: f Vdt (10) 
to 

where V is the voltage across the inductance LI. The current 
through the inductance charges the capacitor CI and supplies 
current to the load. The output voltage rises until it slightly ex
ceeds the reference voltage Yref· At this point the op-amp re
moves base drive to QI and the unregulated input voltage V1 is 
.. switched arr·. The energy stored in the inductor LI now 
causes the voltage at Vx to swing in t~e negative direction and 
current flows through diode DI, while continuing to supply 
current into the load RL· As the current in the inductor falls 
below the load current, the capacitor Cl begins to discharge 
and Vo decreases. When Vo falls slightly below the value of 

Vref• the op-amp turns on QI and the cycle is repeated. It 
should be apparent that the output voltage oscillates about 
Vtef with an amplitude determined by RI and R2. Actually, 

the value of V ref varies from being slightly more positive than 
Vref' when QI is conducting, to being slightly more negative 
than V ref' when DI is conducting. The voltage and current 
waveforms are shown in Fig. 17(b), (c), and (d). 

Design Example: The following specifications are used in de
computations for a switching regulator: 

Vt= 30 V, Vo= 5 V. lo= 500 mA, 

switching frequency = 20 kHz, 
output ripple= JOO mV. 

If it is assumed that transistor QI is in steady-state saturated 
operation with a low voltage-drop, the current in the inductor 
is given by Eq. 10, as follows: 

. ljtl (Vt - Vo\ 'L =L Vdt = _L_l_} Ion 

'o 
(11) 

When transistor QI is off. the current in the inductor 
is given by: 

(12) 

FromEq.11, 

(13) 

If imax is 1.3 IL, then during t0 n the current in the inductor 
(ii) will be 0.5 A • 1.3 = 0.65 A; therefore, lliL = 0.15 A 

Substitution in Eq. 13 yields 

L = (30 - 5)_ __ I __ • 2_ = l 4 mH 
l 0.15 (20• 103) 30 . 

Current discharge from the capacitor CI is given by: 

ic =c~; 
Av Ilic At 

Thus. Ilic = C iii , or C = -;;;;-

Since ic =it and 6t = toff• then 

c = lliL •orr 
Av 

Substitution for the value of iL from Eq. 13 yields 

(v1 -vq\. L. (vo\. 
c = Ll J f vi} 1off 

Av 

The total period T = t0 rr +ton• and T =f. Therefore, 

1orr=t -•on 
For optimum efficiency t0 n should be 

(14) 

(15) 

(16) 

(17) 

"'(~d\T "'(~\.1 (18) 
vi) V1}f 

Substitution for t0 n in Eq. 18 yields 

• rr=!-(~\!.! (1- Yo\ (19) 
0 f Vt j f f Vt} 

Substitution for t0 rrin Eq. 16 yields 

(V1-Vo) .!.. Vo._!_. (1 - Vo) 
C= Lt f V1 f v1 

llv 

Substitution of numerical values in Eq. 20 produces the 
following value for C: 

30-5 l 5 l 
C=~· ~·30· WxJcjJ' 

10-I 63µF 
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A switching-regulator circuit using the CA3085 is shown in 
Fig. 18. The values of L and C ( 1.5 millihenries and 50 micro
farads, respectively) are commercially available components 
having values approximately equal to the computed values in 
the previous design example. 

F;g. 18- Typical switch;ng regulator cin:uit. 

Current Regul•tars 
The CA3085 series of voltage regulators can be used to pro

vide a constant source or sink current. A reguJated-current sup
ply capable of delivering up to I 00 milliamperes is shown in 
Fig. I 9(a). The regulated load current is controlled by RI be
cawe the current flowing through this resistor must establish a 
voltage difference between terminals 6 and 4 that is equal to 
the internal reference voltage developed between terminals 5 
and 4. The actual regulated current, reg It, is the sum of the 
quiescent regulator current and the current through RI, i.e., 

0.001 ,, 

reg IL= •quiescent+ IRI 

,,, 
CURRENT REGULATOR 

UNREG 

NEG.v11-IQ---+,-~------' 

HIGHeCURRENT REGULATOR 92CS-21838 

Fig. 19- Constant cu"ent rqulaton. 

Fig. 19(b) shows a high-current regulator using the CA3085 in 
conjunction with an external n-p-n transistor to regulate cur
rents up to 3 amperes. In this circuit the quiescent regulator 
current does not flow through the load and the output current 
can be directly programmed by RI, i.e., 

Vref 
RegIL=RI 

With this regulator currents between I milliampere and 3 
ampe1es can be programmed directly. At currents below 
I milliampere inaccuracies may occur as a result of leakage in 
the external transistor . 

A Du1l-Tracklng Vol,.ge Regulator 
A dual-tracking voltage regulator using a CA3085 and a 

CA3094A* is shown in Fig. 20. The CA3094A is basically an 
op-amp capable of supplying 100 milliamperes 9f output cur
rent. 
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The basic circuit of Fig. 20 can be modified to regulate dis· 

similar positive and negative voltages (e.g., +IS V, -5 V) by 
•V+INPUT 

l-.--.---.J"~l"---:l~r--o U\~ appropriate selection of resistor ratios in the voltage-divider 
OUTPUT network discussed previously. As an example, to provide 

0.0311F 

•YTINPUT RANGE•ll TO 30 Y ~--"""-~---' 
FOR 15Y OUTPUT 

.... v-1NPUT RANGE•-18 T0-30 Y 
FOR"'1S Y OUTPUT 

REGULATION: 

IOKA .... 
MAJC. LINE • 6 YouT 

"[ v~ •• ~,~.,-.,,-,.-L"""~ -4 v-,.-11 t00•0.07'""/v 

MAJC. ~D • 4 YoUT 
"vo"'u,"'•"°'••=or=,.~Ll-11100•0.01s., Your 

(XL FROM I TO SO mAI 

92CM-20!60 

The positive output voltage is regulated by a CA308S opera· 
ting in a configuration essentially similar to that described in 
connection with Fig. 3. Resistor R is used as a vernier adjust· 
ment of output voltage. The negative output voltage is regulated 
by the CA3094A, which is "slaved .. to the regulated positive 
voltage supplied by the CA308S. It should be noted that the 
non-inverting input of the CA3094A and the negative supply 
terminal of the CAJ085 are connected to a common ground 
reference. The "slaving" potential for the CA3094A is derived 
from an accurate I :1 voltage-divider network comprised of two 
IO-kilohm resistors connected between the +IS-volt and 
-IS-volt output terminals. The junction of these two resistors 
is connected to the inyrting input of the CA3094A. The volt· 
age at this junction is compared with the voltage at the non· 
inverting input, and the CA3094A then automatically adjusts 
the output current at the negative terminal to maintain a nep· 
live regulated output voltage essentially equal to the regulated 
positive output voltage. Typical performance data for this cir· 
cuit are shown In Pig. 20. 

• Specifications for the CA3094A appear in RCA Data File 
No. S98 and application information is presented in 
ICAN-6048. 

tracking of the + 15 V and -5 V regulated voltages with the 
circuit of Fig. 20, it is only necessary to replace the I 0-kilohm 
resistor connected between terminals 3 and 8 of the C' A3094A 
with a 3.3-kilohm resistor. 

Regulaton With High Ripple Rejection 
When the reference-voltage source in the C A.l08S is ade

quately fiJtered, the typical ripple rejection provided by the 
circuit is 56 dB. It is possible to achieve higher ripple-rejection 
performance by cascading two stages of the C A3085, as shown 
in Fig. 21. The voltage-regulator r.:ircuit in Fig. 21(a) provides 
90 dB of ripple rejection. The output voltage is adjustable over 
the range from 1.8 to 30 volts by appropriate adjustment of 
resistors RI and R2. Higher regulated output currents up to 

~I ampere can be obtained with this circuit by adding an external 
n·p·n transistor as shown in Fig. 2 l(b). 

90dB RIPPt.E REJECTION 
LINE REG <00001%1\II 

"' 
LOAD REG <0 1%VQ FOR LOAD CURRENTS uP TO 50mA 
V(I RANGE FROM 18 V TO 30V 

(al voltap regulator with high ripple rejection 

'" (b} hi/II-current voltage regulator with hi/II ripplt1 ntjection 

Fig. 21- Regulators with hi/II ripple rejection. 

The CA3085 As A Power Source For Sensors 
Certain types of sensor applications require a regulated 

power source. Additionally. low-impedance sensors can con· 
sume significant power. An example of a circuit with these 
requirements, in which a CA3085 provides regulated power for 
a low-impedance sensor and the CA3059* zero-voltage switch, 
is shown in Fig. 22. Terminal 12 on the CA3059 provides the 

• Technical specifications. on the CA3059 zero-voltage switch 
appear in RCA Data file No. 490, and related application 
information is provided in Application Notes ICAN-6158 and 
ICAN-6268. 

ac trigger-signal which actuates the zero-voltage switch syn
chronously with the power line to control the load·switching 
triac. 

., 

Fig. 22- Voltage regulator for sensor and zero·voltage switch. 

The CA3085 As A General-Purpose Amplifier 
As described above. the CA3085 series regulators contain a 

high-gain linear amplifier having a current·output capability up 
to 100 milliamperes. The premium type (CA3085B) can oper· 
ate at supply voltages up to 50 volts. When equipped with an 
appropriate radiator or heat·sink, the T0-5 package of these 
devices can dissipate up to 1.6 watts at S5°C. A very stable 
internal voltage-reference source is used to bias the high-gain 
amplifier and/or provide an external voltage·reference despite 
extreme temperature or supply·voltage variations. These fac· 
tors, plus economics, prompt consideration of this circuit for 
general-purpose uses, such as amplifiers, relay contr"ols, signal
lamp controls, and thyristor firing. 

As an example, Fig. 23 shows the application of the CA3085 
in a general·purpose amplifier. Under th.e conditions shown, 

Fig. 23- GMeral purpose amplifitN using CA3085A. 

the circuit has a typical gain of 70 dB with a flat response to at 
least I 00 kHz without the RC network connected between 
terminals 6 and "7. The RC network is useful as a tone control 
or to "roll-ofr' the amplifier response for other reasons. Cur· 
rent limiting is not used in this circuit. The network connected 
between terminals 8 and 6 provides both de and ac feedback. 
This circuit is also applicable for directly driving an external 
discrete n-p·n power transistor. 



Features and Applications of 
RCA Integrated-Circuit Zero-Voltage Switches 
(CA3058, CA3059, and CA3079l 

by A.C.N. Sheng, G.J. Granieri, J. Yell in, and T. McNulty 

RCA.CA3058, CA3059 and CA3079 zero-voltage switches 
are monolithic in.tegrated circuits designed primarily for use as 
trigger circuits for thyristors in ni.any highly diverse ac 
power~ontrol 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. 

The CA30S9 and CA3079 are supplied in a 14-terminal 
dual·in·line plastic package. The CA3058 is supplied in a 
14-terminill dual-in-line ceramic package. The electrical and 
physical characteristics of each type are detailed in RCA Data 
Bulletin File No. 490. 

RCA zero-voltage switches (ZVS) are particularly well 
suited for use as thyristor trigger circuits.' These switches 
trigger the thyristors at z.ero-voltage points in the 
supply-voltage cycle. Consequently, transient load-current 
surges and radio-frequency interference (RFI) are substantially 
reduced. In addition, use of the z.ero-voltage switches also 
reduces the rate of change of on-state current (di/dt) in the 
thyristor being triggered, an important consideration in the 
operation of thyristors. These switches can be adapted for use 
in a variety of control functions by use of an internal 
differential comparator to detect the difference between two 
externally developed voltages. In addition, the availability of 
numerous terminal connections to internal circuit points 
greatly increases Circuit flexibility and further expands the 
types of ac power-control applications to which these 
integrated circuits may be adapted. The excellent versatility of 
the zero-voltage switches is demonstrated by the fact that 
these circuits have been used to provide transient-free 
temperature control in self-cleaning ovens, to control 
gun-muzzle temperature in low-temperature environments, to 
provide sequential switching of heating elements in warm-air 
furnaces, to switch traffic signal lights at street intersections, 
and to effect other widely different ac power-control 
functions. 

FUNCTIONAL DESCRIPTION 

RCA zero-voltage switches are multistage circuits that 
employ a diode limiter, a zero-crossing (thre~old) detector, an 
on-off sensing amplifier (differential comparator), and a 
Darlington output driver (thyristor gating circuit) to provide 
the basic switching action. The de operating voltages for these 
stages is provided by an internal power supply that has 
sufficient current capability to drive external circuit elements. 
such as transistors and other integrated circuits. An important 
feature of the zero-voltage switches is that the output trigger 
pulses can be applied directly to the gate of a triac or a silicon 
controlled rectifier (SCR). The CA3058 and CA3059 also 
feature an interlock (protection) circuit that inhibits the 
application of these pulses to the thyristor in the event that 
the external sensor should be inadvertently opened or shorted. 
An external inhibit connection (terminal No. I) is also 
available so that an external signal can be used to inhibit the 
output drive. This feature is not included in the CA3079; 
otherwise. the three integrated-circuit zero-voltage switches are 
electrically identical. 

Over-all Circuit Operation 
Fig. I shows the functional interrelation of the zero..Yoltage 

switch, the external sensor, the thyristor being triggered, and 
the load elements in an on-off type of ac power-control 
system. AJ shown, each of the zero-voltage switches 
incorporates four functional blocks 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 proportional-control capability may easily be implemented 
in this section. 

(4) Triac Gating Circuit - Provides high-current pulses to 
the gate of the power-controlling thyristor. 
In addition, the CA3058 and CA3059 provide the following 
important auxiliary functions (shown in Fig. I): 

(I) A built-in protection circuit that may be actuated to 
remove drive from the triac if the sensor opens or shorts. 

AC Input Voltage Input Series Dissipation Rating 
(50/60 or 400 Hz) Resistor I A 5) for Rs 

VAC kl! w 

24 2 0.5 
120 10 2 
208/230 20 4 
277 25 5 

Fig. r - Functional bloclc diagrams of the zero-voltage switches 
CA3068, CA3059, and CA3019. 

(2) Thyristor firing may be inhibited through the action of 
an intema¥(iode gate connected to terminal J. 

(3) High-power de-comparator operation is provided by 
overriding the action of .the zero-crossing detector. This 
override is accomplished by connecting terminai 12 to 
terminal 7. Gate current to the thyristor is continuous when 
terminal 13 is positive with respect to terminal 9. 

" lh"S, 
INPUT 

" 100,aF + .. co~:JN.I: 

I 

I 
I 
I 

., 

I RCA CAlO!W 
L _ _l!_~T£.D...£!....~T------

AU. RESISTANCE VALUES ARE IN OHMS 

NOTE: CtRCUITlllY,WITHIN SHADED AltEAS, NOT INCl..UDED IN CA:SOT9 

"'IC•INTERNAL CDNNECTION··OO NOT USE ITERlllNAL 
RESTRICTIOM APPt.IES ONLY TO CA:S0711l 
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Fig. 2 shows the detailed circuit diagram for the 

integrated-circuit zero-voltage switches. (The diagrams shown 
in Figs. I and 2 ·are representative of all three RCA 
zero-voltage switches. i.e .• the CA3058, CA3059, and CA3079; 
the shaded areas indicate the Circuitry that is not included in 
the CA3079.) 

The limiter stage of the zero-voltage switch clips the 
incoming ac line voltage to approximately ±8 volts. This signal 
is then applied to the zero-voltage-crosSing detector, which 
genenµes an output pulse each time the line voltage passes 
through zero. The limiter output is also applied to a rectifying 
diode and an external capacitor, CF• that comprise the de 
power supply. The power supply provides approximately 
6 volts as the V cc supply to the other stages of the 
zero-voltage switch. The on-off sensing amplifier is basically a 
differential comparator. The thyristor gating circuit contains a 
driver for direct triac triggering. The gating circuit is enabled 
when all the inputs are at a "'high" voltage. i.e., the line voltage 
must be approximately zero volts, the sensing·amplifier output 
must be .. high," the external voltage to terminal J must be a 
logical "'0", and, for the CA3058 and CA3059, the output of 
the fail-safe circuit must be "high." Under these conditions. 
the thyristor (triac or SCR) is triggered when the line voltage is 
essentially zero volts. 

Thyristor Triggering Circuits 
The diodes D1 and 02 in Fig. 2 form a symmetrical clamp 

that limits the voltages on the chip to ±8 volts~ the diodes 07 
and D13 form a half-wave rectifier that develops a positive 
voltage on the external storage capacitor, Cf. 

The output pulses used to trigger the power-switching 
thyristor are actually developed by the zero-crossing detector 
and the thyristor gating circuit. The zero-crossing detector 
consists of diodes D3 through 06, transistor Qi, and the 
associated resistors shown in Fig. 2. Transistors 01 and 06 
through QcJ and the associated resistors comprise the thyristor 
gating circuit and output driver. These circuits generate the 
output pulses when the ac input is at a zero-voltage point so 
that RFI is virtually eliminated when the zero-voltage switch 
and thyristor are used with resistive loads. 

The operation of the zero-crossing detector and thyristor 
gating circuit can be explained more easily if the on state (i.e., 
the operating state in which current is being delivered to the 
thyristoi; gate through terminal 4) is considered as the 
operating condition of the gating circuit. Other circuit 
elements in the zero-voltage switch inhibit the gating circuit 
unless certain conditions are met, as explained later. 

In the on state of the thyristor gating circuit, transistors Qg 
and Q9 are conducting, transistor Q7 is off, and transistor 06 
is on. Any action that turns on transistor Q7 removes the drive 
from transistor Qs and thereby turns off the thyristor. 
Transistor Q7 may be turned on directly by application of a 
minimum of ± 1.2 volts at 10 microamperes to the 
external-inhibit input, terminal I. (If a voltage of more than 

INHIBIT I IC"' , ... , I 
IC"'fi-;.-t1~--

TRIGGER (3) Zero-Crossing Detector - Synchronizes the output 
pulses of the circuit at the time when the ac cycle is at a 
zero--voltage point and thereby eliminates radio-frequency 
inteference (RFI) when used with resistive loads. Fig. 2 - Schmnatic diagram of zero·llOI,_,,. swlrdun CA3068, CA3059, .and CA3079. 
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1.5 volts is available, an external resistance must be added in 
series with terminal I to limit the current to 1 milliampere.) 
Diode D1 o isolates the base of transistor Q1 from other signals 
when an external-inhibit signal is applied so that this signal is 
the Wghest priority command for normal operation. (Although 
grounding of terminal 6 creates a higher-priority inhibit 
function, this level is not compatible with normal DTL or TTL 
logic levels.) TransistOr Q7 may also be activated by turning 
off transistor 06 to allow current flow from the power supply 
through resistor R1 and diode D1 o into the base of Q7. 
Transistor .06 is normally maintained in conduction by current 
that flows into its base through resistor R2 and diodes Ds and 
09 when transistor 01 is off. 

Transistor Qi is a portion of the zero-crossing detector. 
When the voltage at terminal 5 is greater than +3 Volts, current 
can flow thiough resistor Ri, diode 06, the b3.se-to-emitter 
junction of transistor Qi , and diode 04 to terminal 7 to turn 
on Qi. This action inhibits the delivery of a gate-drive output 
signal at te~mil'lal 4. For negative voltages at tennina1 5 that 
have magnitudes greater .than 3 volts, the current flows 
throti&h. diOde D!h the emitter-to-base junction of transistor 
Qi; diode -03, and resistor Ri, and again turns on transistor 
Qi. Transistor q 1 is off only when the voltage at terminal 5 is 
less than the tJ:ireshold V!Jltage of appi-oximately ±2 volts. 
When the inteiz.rated-circuit zero-voltage switch is Connected as 
shown in hg. I, therefore, the otitput is a narrow pulse which 
is approximately centered about the zero-voltage time in the 
cycle, as shown in Fig. 3. In some applications, however, 

POSITIVE NEGATIVE 
1~111 .. Ill 

Fig. 3 - Waveform showing output-pulse duration of the zero·voltage 
:;witch. 

part_icularly those that use either slightly inductive or 
low-power loads, the thyristor load current does not reach the 
latching-current value* by the end of this pulse. An external 
capacitor Cx connected between terminal 5 and 7, as shown in 
Fig. 4, can be used to delay the pulse to accommodate such 
loads. The amount of pulse stretching and delay is shown in 
Figs. S(a) and S(b ). 

1201/RMS 

'°"' 
ALL RESISTANCE 
VALUES ARE IN OHMS 

Fig. 4 - Use of a capacitor between ·terminals 5 and 7 to delay the 
output pulse of the zero-voltage switch. 

Continuous gate current can be obtained if terminal 12 is 
connected to terminal 7 to disable the zero-crossing detector. 
In this mode, traiisistor 01 is always off. This mode of 
operation is useful when comparator operation is desired or 
when inductive loads must be sw_itched. (If the capacitance in 
the load circuit is low, most RFI is eliminated.) Care must be 
taken to avoid overloading of the internal power supply in this 
mode. A sensitive-gate thyristor should be used, and a resistor 
should .be placed between terminal 4 and the gate of the 
thyristor to limit the current, as pointed out later under 
Special Application CoJtSiderations. 

* The· latching current is the minimum current required to sustain 
conduction immediately after the thyristor is switched from the off 
to the on state and the gate signal is removed. 

120 I/ RMS, 60-Hr O~FIATIO~ 

EX1ERNAL CA?ACITANCE-,.F 

(a) 
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EXTERNAL CAPACITANCE-,..F 

(b) 

Fig. 5 - Curves showing effect of external capacitance on (a) the total 
output-pulse duration, and (b) the time from zero crossing to 
the end of the pulse. 

Fig. 6 indicates the timing relationship betWeen the line 
mltage and the zero-voltage- switch output pulses. At 60 Hz, 
the pulse is typically toO microseconds wide; at 400 Hz, the 
pulse width is typically 12 microseconds. In the basic- circuit 
shown, when the de logic signal is "high", the output is 
disabled; when it is "low", the gate pulses are enabled. 

FREQ CHiJ T(m$) I I,.$) 

60 11.l 100 
•oo 1.2s n: 

Fig. 6 - Timing relationship between the output pulses of the RCA 
zero-voltage switch and the BC line voltage. 

On-Off Sensing Amplifier 
The discussion thus far has considered only cases in which 

pulses are present all the time or not at alL The differential 
c;ense amplifier consisting of transistors Q2, Q3, Q4 , and Q5 
(shown in Fig. 2) makes the zero-voltage switch a flexible 
power-control circuit. The transistor pairs Q2-Q4 and QJ-05 
form a high-beta composite p-n-p transistors in which the 
emitters of transistors Q4 and Q5 act as the collectors of the 
composite devices. These two composite transistors are 

connected as a differential amplifier with resistor R3 acting as 
a constant-current source. The relative current flow in the two 
"collectors" is a function of the difference in voltage between 
the bases of transistors Q2 and Q3- Therefore, when 
terminal 13 is more positive than terminal 9, little or no 
current flows in the "collector" of the transistor pair Q2-Q4 _ 
When tenninal 13 is negative with respect to terminal 9, most 
of the current flows through that path, and none in terminal 8. 
When current flows in the transistor pair Q2 -Q4 , the path is 
from the supply through R3, through the transistor pair 
Q2~Q4, through the base-emitter junction of transistor Q1 , and 
finally through the diode D4 to terminal 7. Therefore, when 
V13 is equal to or more negative than V9, transistor Q1 is on, 
and the output is inhibited. 

In the circuit shown in Fig. 1, the voltage at terminal 9 is 
derived from the supply by connection of terminals I 0 and 11 
to form a precision voltage divider. This divider formB one side 
of a transducer bridge, and the potentiometer Rp and the 
negative-temperature-coefficient (NTC) sensor form the other 
side. At low temperatures, the high resistance of the sensor 
causes terminal 13 to be positive with respect to terminal 9 so 
that the thyristor fires on every half-cycle, and power is 
applied to the load. As the temperature increases, the sensor 
resistance decreases until a balance is reached, and V l 3 
approaches V9. At this point, the transistor pair Q2.-04 turns 
on and inhibits any further pulses. The controlled temperature 
is adjusted by variation of the value of the potentiometer Rp. 
For cooling service, either the positions of Rp and the sensor 
may be reversed or terminals 9 and 13 may be interchanged. 

The low bias current of the sensing amplifier permits 
operation with sensor impedances of up to 0.1 megohm at 
balance without introduction of substantial error (Le., greater 
than 5 per cent). The error may be reduced if the internal 
bridge elements, resistors Rt and Rs, are not used, but are 
replaced with resistances which equal the sensor impedance, 
The minimum value of sensor impedance is restricted by the 
current drain on the internal power supply_ Operation of the 
zero-voltage switch with low-impedance sensors is discussed 
later under Special Application Considerations. The voltage 
applied to terminal 13 must be greater than 1.8 volts at all 
times to assure proper operation. 

Protection Circuit 
A special feature of the CA3058 and CA3059 zero-voltage 

switches is the inclusion of an interlock type of circuit. This 
circuit removes power from the load by interrupting the 
thyristor gate drive if the sensor either shorts or opens. 
However, use of this circuit places certain constraints upon the 
user. Specifically, effective protection-circuit operation is 
dependent upon the following conditions: 

(1) The circuit configuration of Fig. I is used, with an 
internal supply, no external load on the supply, and 
terminal 14 connected to terminal 13. 

(2) The value of potentiometer Rp and of the sensor 
resistance must be between 2000 ohms and 0.1 megohm. 

(3) The ratio of sensor resistance and Rp must be greater 
than 0-33 and less than 3.0 for all normal conditions. (If either 
of these ratios is not met with an unmodified sensor, a series 
resistor or a shunt resistor must be added to avoid undesired 
activation of the circuit.) 

The protective feature may be applied to other systems 
when operation of the circuit is understood. The protection 
circuit consists of diodes D12 and D15 and transistor Oto· 
Diode Di 2 activates the protection circuit if the sensor shown 
in Fig. l shorts or its resistance drops too low in value, as 
follows: Transistor Q6 is on during an output pulse so that the 
junction of diodes Ds and 012 is 3 diode drops 
(approximately 2 volts) above terminal 7. As long as V14 is 
more positive or only 0.15 volt negative with respect to that 
point, diode 0 12 does not conduct, and the circuit operates 
normally. If the voltage at terminal 14 drops to 1 volt, the 
anode of diode Os can have a potential of only 1 .6 to 
1.7 volts, and current does not flow through diodes Dg and 09 
and transistor Q6 . The thyristor then turns off. 

The actual threshold is approximately 1.2 volts at room 
temperature, but decreases 4 millivolts per degree C at higher 
temperatures. As the sensor resistance increases, the voltage at 
terminal 14 rises toward the supply voltage. At a voltage of 
approximately 6 volts, the zener diode 0 15 breaks down and 
turns on transistor 010. which then turns off transistor Q6 
and the thyristor. If the supply voltage is not at least 0.2 volt 



more positive than the breakdown voltage of diode Dis, 
activation of the protection circuit is not possible. For this 
reason, loading the internal supply may cause this circuit to 
malfunction, as may selection of the wrong external supply 
voltage. Fig. 7 shows a guide for the proper operation of the 
protection circuit when an external supply is used with a 
typical integrated-circuit zero-voltage switch. 

THYRISTOR TURN- F 

I I I 
AREA Of' UNCERTAlrl 

OP£RATION 

WJ 
OPERATION 

AMBIENT TEMPERATURE--C 

Fig. l - Operating 1'8flions for .built-in protection circuiu of a typical 
zero-voltage switch. 

SPECIAL APPLICATION CONSIDERATIONS 

As pointed out previously, the RCA integrated-circuit 
zero-voltage switches (CA3058, CA3059, and CA3079) are 
exceptionally versatile units that can be adapted for use in a 
wide-variety of pewer-control applications. Full advantage of 
this versatility can be realized, however, only if the user has a 
basic understanding of several fundamental considerations that 
apply to certain types of applications of the zero-voltage 
switches. 

Operating-Power Options 
Power to the zero-voltage switch ~ay be derived directly 

from the ac line, as shown in Fig. 1, or from an external de 
power supply connected between terminals 2 and 7, as shown 
in Fig. 8. When the zero-voltage switch is operated directly 
from the ac line, a dropping resistor Rs of S,000 to 
10,000 ohms must be connected in series with terminal 5 to 
limit the current in the switch circuit. The optimum value for 
this resistor is a function of the average current drawn from 
the internal de power supply, either by external circuit 
elements or by the thyristor trigger circuits, as shown in Fig. 9. 
The chart shown in Fig. I indicates the value and dissipation 
rating of the resistor Rs for ac line voltages of 24, 120, 208 to 
230, and 277 volts. 

ALL RESISTANCE 
VALUES ARI'. 
IN OHMS 

Fig. 8 - Operation of ths zero-voltage switch from an t1xtBrnal de 
power supply connected lwtw&en tt1rminals 2 and 7. 

Half.Cycling Effect 
The method by which the zero-voltage switch senses the 

zero crossing of the ac power results in a half-cycling 
phenomenon at the control point. Fig. 10 illustrates this 
phenomenon. The zero-voltage switch senses the zero-voltage 

EXTERNAL LOAD CURRENT-mA 

Fig. 9 - DC supply voltage as " function of external load current for 
several valut1s of dropping resistance R5. 

crossing every half-cycle, and an output, for example pulse 
No. 4, is produced to indicate the zero crossing. During the 
remaining 8.3 milliseconds, however, the differential amplifier 
in the zero-voltage switch may change state and inhibit any 
further output pulses. The uncertainity region of the 
differential amplifier, therefore, prevents pulse No. 5 from 
triggering the triac during the negative excursion of the ac line 
voltage. 

~8.3msl. 

I \ 

2 

Fig. to - Half-cycling phtmorrnmon in the zero·voltage switch. 

When a sensor with low sensitivity is used in the circuit, the 
zero-voltage switch is very likely to operate in the linear mode. 
In this mode, the output trigger current may be sufficient to 
trigger the triac on the positive-going cycle, but insufficient to 
trigger the device on the negative-going cycle of the triac 
supply voltage. This effect introduces a half-cycling 
phenomenon, i.e., the triac is turned on during the positive 
half-cycle and turned off during the negative half-cycle. 

Several techniques may be used to cope with the 
half-cycling phenomenon. If the user can tolerate some 
hystersis in the control, then positive feedback can be added 
around the differential amplifier. Fig. I I illustrates this 
technique. The tabular data in the figure lists the 
recommended values of resistors Ri and R2 for different 
sensor impedances at the control point. 

SENSOR 

... 

O• ,. 
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Fig. 11 - CA3058 or CA3059 on-off controller with hysttlresis. 

If a significant amount (greater than ±10%) of controlled 
hysteresis is required, then the circuit shown in Fig. 12 may be 
employed. In this configuration, external transistor Q 1 can be 
used to provide an auxiliary timed-delay function. 

[-
I[""' 
! -

Fig. 12 - CA3058 or CA3059 on-off controller with conrrollfld 
hysteresis. 

For applications that require complete elimination of 
half-cycling without the addition of hysteresis, the circuit 
shown in Fig. 13 may be employed. This circuit uses a 

CA3098E integrated-circuit programmable comparator with a 
zero-voltage switch. A block diagram of CA3098E is show~ in 
Fig. 14. Because the CA3098E contains an integral flip-flop, 
its output will be in either a "O" or "I" state. Consequently 
the zero-voltage switch cannot operate in the linear mode, and 
spurious half-cycling operation is prevented. When the 
signal-input voltage at terminal 8 of the CA3098E is equal to or 
less than the .. low" reference voltage (LR), current flows from 
the power supply through resistor Rt and R2, and a logic "O" is 

Fig. 13 - Sensitive temperature control. 
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Fig. 14 - Block diagram of CA3098 programmable Schmitt triggsr. 

applied to terminal 13 of the zero-voltage switch. This 
condition turns off the triac. The triac remains off until the 
signal-input voltage rises to or exceeds the "high" reference 
voltage (HR), thereby effecting a change in the state of the 
flip-flop so that a logic "I" is applied to terminal 13 of the 
zero-voltage switch, and triggers the triac on. 

"Proportional Control" Systems 
The on-off nature of the control shown in Fig. I causes 

some overshoot that leads to a definite steady-state error. The 
addition of hysteresis adds further to this error factor. 
However, the connections shown in Fig. lS(a) can be used to 
add proportional control to the system. In this circuit, the 
sense amplifier is connected as a free-running multivibrator. At 
balance, the voltage at terminal 13 is much less than the 
voltage at terminal 9. The output will be inhibited at all times 
until the voltage at terminal 13 rises to the design differential 
voltage between terminals 13 and 9; then proportional control 
resumes. The voltage at terminal 13 is as shown in Fig. 15(b ). 
When this voltage is more positive than the threshold, power is 

(a/ 

,, 
-r - - r~~n~8t 0 

I 

I 

l r~w : rR1;,~c 1 

(b/ 

Fig. 15- Use of the CA3058 or CA3059 in a typicaf heating controf 
with proportional controf: (a) schematic diagram, and 
(b) waveform of voltage at terminaf 13. 

applied to the load so that the duty ~ycle is approximately 50 
per cent. With a 0.1 megohm sensor and values of Rp = 
0.1 megohm, R2 = 10,000 ohms, and CEXT = 10 microfarads, 
a period greater than 3 seconds is achieved. This period should 
be much shorter than the thermal time constant of the system. 
A change in the value of any of these elements changes the 
period, as shown in Fig. 16. As the resistance of the sensor 
changes, the voltage on terminal 13 moves relative to v9. A 
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cooling sensor moves V 13 in a positive direction. The triac is 
on for a larger portion of the pulse cycle and increases the 
average power to the load. 

100 120 

FIRING RATE IFLASHESIMINUT(I 

Fig. 16 - Effect of variations in time-constant elements on period. 

As in the case of the hysteresis circuitry described earlier, 
some special applications may require more sophisticated 
systems to achieve either very precise regions of control or 
very long periods. 

Zero-voltage switching control can be extended to 
applications in which it is desirable to have constant control of 
the temperature and a minimization of system hysteresis. A 
closed-loop top-burner control in which the temperature of 
the cooking utensil is sensed and maintained at a particular 
value is a good example of such an application; the circuit for 
this control is shown in Fig. 17. 1n this circuit, a unijunction 

Fig. 17 - Schematic diagram of proportional zero-voltage-switching 
cantrof. 

oscillator is outboarded from the basic control by means of 
the internal power supply of the zero-voltage switch. The 
output of this ramp generator is applied to terminal 9 of the 
zero·voltage switch and establishes a varied reference to the 
differential amplifier. Therefore, gate pulses are applied to the 
triac whenever the voltage at terminal 13 is greater than the 
voltage at terminal 9. A varying duty cycle is established in 
which the load is predominantly on with a cold sensor and 
predominantly off with a hot sensor. For precise temperature 
regulation, the time base of the ramp should be shorter than 
the thermal time constant of the system but longer than the 
period of the 60-Hz line. Fig. 18, which contains various 
waveforms for the system of Fig. 17, indicates that a typical 
variance of ±0.5°C might be expected at the sensor contact to 

the utensil. Overshoot of the set temperature is minimized 
with this approach, and scorching of any type is minimized. 

Fig. 18 - Waveforms for the circuit of Fig. 17. 

Effect of Thyristor Load Characteristics 
The zero-voltage switch is designed primarily to gate a 

thyristor that switches a resistive load. Because the output 
pulse supplied by the switch is of short duration, the latching 
current of the triac becomes a significant factor in determining 
whether other types of loads can be switched. (The 
latching-current value determines whether the triac will remain 
ln conduction after the gate pulse is removed.) Provisions are 
included in the zero-voltage switch to accommodate inductive 
loads and low-power loads. For example, for loads that are less 
than approximately 4 amperes rms or that are slightly 
inductive, it is possible to retard the output pulse with respect 
to the zero-voltage crossing by insertion of the capacitor· Cx 
from terminal 5 to terminal 7. The insertion of capacitor Cx 
permits switching of triac loads that have a slight inductive 
component and that are greater than approximately 200 watts 
(for operation from an ac line voltage of 120 volts rms). 
However, for loads less than 200 watts (for example, 
70 watts), it is recommended that the user employ the 
T2300B* sensitive-gate triac with the zero-voltage switch 
because of the low latching-current requirement of this triac. 

For loads that have a low power factor, such as a solenoid 
valve, the user may operate the zero-voltage switch in the de 
mode. In this mode, terminal 12 is connected to terminal 7, 
and the zero-crossing detector is inhibited. Whether a "high" 
or "low" voltage is produced at terminal 4 is then dependent 
only upon the state of the differential comparator within the 
integrated-circuit zero-voltage switch, and not upon the zero 
crossing of the incoming line voltage. Of course, in this mode 
of operation, the zero-voltage switch no longer operates as a 
zero-voltage switch. However, for many applications that 
involve the switching of low-current inductive loads, the 
amount of RFl generated can frequently be tolerated. 

For switching of high-current inductive loads, which must 
be turned on at zero line current, the triggering technique 
employed in the dual-output over-under temperature 
controller and the transient-free switch controller described 
subsequently in this Note is recommended. 

Switching of Inductive Loads 
For proper driving of a thyristor in full-cycle operation, 

gate drive must be applied soon after the voltage across the 
device reverses. When resistive loads are used, this reversal 
occurs as the line voltage reverses. With loads of other power 
factors, however, it occurs as the current through the load 
becollJeS zero and reverses. 

There are several methods for switching an inductive load at 
the proper time. If the power factor of the load is high (i.e., if 
the load is only slightly inductive), the pulse may be delayed 
by addition of a suitable capacitor between terminals S and 7, 
as described previously. For highly inductive loads, however, 
this method is not suitable, and different techniques must be 
used. 

If gate current is continuous, the triac automatically 
commutates because drive is always present .vhen the voltage 
reverses. This mode is established by connection of terminals 7 
and l 2. The zero-crossing detector is then disabled so that 
current is supplied to the triac gate whenever called for by the 

sensing amplifier. Although me Kt'"l-eliminating function of 
the zero-voltage switch is inhibited when the zero-crossing 
detector is disabled, there is no problem if the load is highly 
inductive because the current in the load cannot change 
abruptly. 

* Fonnerly RCA 40526 



Circuits that use a sensitive-gate triac to shift the firing 
point of the power triac by approximately 90 degrees have 
been designed. If the primary load is inductive, this phase shift 
corresponds to firing at zero current in the load. However, 
changes in the power factor of the !oad or tolerances of 
components will cause errors in this firing time. 

The circuit shown in Fig. 19 uses a CA3086 
integrated-circuit transistor array to detect the absence of load 
current by sensing the voltage across the triac. The internal 
zero-crossing detector is disabled by connection of terminal 12 
to terminal 7, and control of the output is made through the 
external inhibit input, terminal I. The circuit permits an 
output only when the voltage at point A exceeds two VsE 
drops, or I .3 volts. When A is positive, transistors Q3 and Q4 
conduct and reduce the voltage at terminal I below the inhibit 
state. When A is negative, transistors 01 and 02 conduct. 
When the voltage at point A is less than ±1.3 volts, neither of 
the transistor pairs conducts; terminal I is then pulled positive 
by the current in resistor R], and the output in inhibited. 

Fig. 19 - Use of the CA3a58 or CA3a59 together with CA3086 for 
switching Inductive foads. 

The circuit shown in Fig. 19 forms a pulse of gate current 
and can supply high peak drive to power traics with low 
average current drain on the internal supply. The gate pulse 
will always last just long enough to latch the thyristor so that 

there is no problem with de!aymg the pulse to an optimum 
time. As in other circuits of this type, -RFI results ifthe load is 
not suitably inductive because the zero-crossing detector is 
disabled and initial turn-on occurs at random. 

The gate pulse forms because the voltage at point A when 
the thyristor is on is less than 1.3 volts: therefore, the output 
of the zero-voltage switch is inhibited, as described above. The 
resistor divider R1 and R2 should be selected to assure this 
condition. When the triac is on, the voltage at point A is 
approximately one-third of the instantaneous on-state voltage 
(vT) of the thyristor. For most RCA thyristors, V'f (max) is 
less than 2 volts, and the divider shown is a conservative one. 
When the load current passes through zero, the triac 
commutates and turn~ off. Because the circuit is still being 
driven by the line voltage, the current in the load attempts to 
reverse, and voltage increases rapidly across the "turned-off' 
triac. When this voltage exceeds 4 volts, one portion of the 
CA3086 conducts and removes the inhibit signal to permit 
application of gate drive. Turning the triac on causes the 

voltage across it to drop and thus ends the gate pulse. If the 
latching current has not been attained, another gate pulse 
forms, but no discontinuity in the load current occurs. 

Provision of Negative Gate Current 
Triacs trigger with optimum sensitivity when the polarity of 

the gate voltage and the voltage at the main terminal 2 are 
similar (I+ and Ir modes). Sensitivity is degraded when the 
polarities are opposite (I- and III+ modes). Although RCA 
triacs are designed and specified to have the same sensitivity in 

both r and 111+ modes, some other types have very poor 
sensitivity in the 111+ condition. Because the zero-voltage 
switch supplies positive gate pulses, it may not directly drive 
some higher-current triacs of these other types. 

The circuit shown in Fig. 20(a) uses the negative-going 
voltage at terminal 3 of the zer9-voltage switch to supply a 
negative gate pulse through a capacitor. The curve in 
Fig. 20(b) shows the approximate peak gate current as a 
function of gate voltage VG. Pulse width is approximately 
80 microseconds. 

_, 
(b) GUE VOLTAGE lVGl-V 

Fig. 20 - Use of the CA3058 or CA3059 to provide negative gate 
pulses: (a) schematic: diagram; (b} peak gate current (at 
terminal 3) as a function of gate voltage. 

Operation with Low-Impedance Sensors 
Although the zero-voltage switch can operate satisfactorily 

with a wide range of sensors, sensitivity is reduced when 
sensors with impedances greater than 20,000 ohms are used. 
Typical sensitivity is one per cent for a 5000-ohm sensor and 
increases to three per cent for a 0.1-megohm sensor. 

Low-impedance sensors present a different problem. The 
sensor bridge is connected across the internal power supply 
and causes a current drain. A 5000-ohm sensor with its 
associated 5000-ohm series resistor draws less than 
1 milliampere. On the other hand, a 300-ohm sensor draws a 
current of 8 to 10 milliampers from the power supply. 

Fig. 21 shows the 600-ohm load line of a 300-ohm sensor 
redrawn power-supply regulation curve for the 

Fig. 21 - Power-supply regulation of the CA3058 or CA3059 with II 

300-ohm sensor (600-ohm load/ for mo 118/ues of st1ries 
resistor. 
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zero-voltage switch. When a 10,000-ohm series resistor is used, 
the voltage across the circuit is less than 3 volts and both 
sensitivity and output current are significantly reduced. When 
a 5000-ohm series resistor is used, the supply voltage is nearly 
5 volts, and operation is approximately normal. For more 
consistent operation, however, a 4000-ohm series resistor is 
recommended. 

Altnougn positive-temperarnre-coefficienL (PTC) sensors 
rated at 5 kilohms are available, the existing sensors in ovens 
are usually of a much lower value. The circuit shown in Fig. 22 
is offered to accommodate these inexpensive metal-wound 

Fig. 22 - Schematic diagram of circuit for use with tow-resistance 

sensors. A schematic diagram of the RCA CA3080 
integrated-circuit operational transconductance amplifier used 
in Fig. 22, is shown in Fig. 23. With an amplifier bias current, 
lABC• of JOO microamperes, a forward transconductance of 
2 milliohms is achieved in this configuration. The CA3080 
switches when the voltage at terminal 2 exceeds the voltage at 
terminal 3. This action allows the sink current, ls, to flow 
from terminal 13 of the zero-voltage switch (the input 
impedance to terminal 13 of the zero-voltage switch is 
approximately 50 kilohms); gate pulses are no longer applied 
to the triac because Q2 of the zero-voltage switch is on. Hence, 
if the PTC sensor is cold, i.e., in the low resistance state, the 
load is energized. When the temperature of the PTC sensor 
increases to the desired temperature, the sensor enters the high 
resistance state, the voltage on terminal 2 becomes greater 
than that on terminal 3, and the triac switches the load off. 

Fig_ 23 - Schematic diagram of the CA3080. 

Further cycling depends on the voltage across the sensor. 
Hence, very low values of sensor and potentiometer resistance 
can be used in conjunction with the zero-voltage switch power 
supply without causing adverse loading effects and impairing 
system performance. 

Interfacing Techniques 
Fig. 24 shows a system diagram that illustrates the role of 

the zero-voltage switch and thyristor as an interface between 
the logic circuitry and the load. There are several basic 

interfacing techniques. Fig. 25(a) shows the direct input 
technique. When the logic output transistor is switched from 
the on state (saturated) to the off state, the load will be 
turned on at the next zero-voltage crossing by means of the 
interfacing zero-voltage switch and the triac. When the logic 
output transistor is switched back to the on state, 
zero-crossing pulses from the zero-voltage switch to the triac 
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Fig. 24 - The zero·voltage switch and thyristor as an interface. 

gate will immediately cease. Therefore, the load will be turned 
off when the triac commutates off as the sine-wave load 
current goes through zero. In this manner, both the turn-on 
and turn·off conditions for the load are controlled. 

When electrical isolation between the logic circuit and the 
load is necessary, the isolated-input technique shown in 
Fig. 25(b) is used. In the technique shown, optical coupling is 
used to achieve the necessary isolation. The logic output 
transistor switches the light-source portion of the isolator. The 
light-sensor p,ortion changes from a high impedance to a low 
impedance when the logic output transistor is switched from 

(a) 

(bl 

Fig. 25 - 8a$iC interfacing techniques; (a) direct input; (b} i$olated 
input. 

off to on. The light sensor is connected to the differential 
amplifier input of the zero-voltage switch, which senses the 
change of impedance at a threshold level and switches the load 
on as in Fig. 25(a). 

Sensor Isolation 
In many applications, electrical isolation of the sensor from 

the ac input line is desirable. Several isolation techniques 
are shown in Figs. 26, 27, and 28. 

Transfonner Isolation - In Fig. 26, a pulse transformer 
is used to provide electrical isolation of the sensor from 
incoming ac power lines. The pulse transformer T 1 isolates the 

sensor from tenninal No. 1 of the triac Y 1, and transformer 
T 2 isolates the CA3058 or CA3059 from the power lines. 
Capacitor CI shifts the phase of the output pulse at terminal 
No. 4 in order to retard the gate pulse delivered to triac Y 1 to 
compensate for the small phase-shift introduced by 
transformer T 1. 

Many applications require line isolation but not zero-voltage 
switching. A line-isolated temperature controller for use with 
inductive or resistive loads that does not include zero-voltage 
switching is shown in Fig. 27. 

In temperature monitoring or control applications the sensor 
may be a temperature-dependent element such as a resistor, 
thermistor, or diode. The load may be a lamp, bell, horn, re
corder or other appropriate device connected in a feedback re
lationship to the sensor. 

For the purpose of the following explanation, assume that 
the sensor is a resistor having a negative temperature coefficient 
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Fig. 26 - Zero-voltage switch, on-off controller with an irolated $en$or. 

~~----4-----ilf---+~ *Rz DETERMINES DRIVE TOTRIA.C 

Q. I ,.F **SNUBBER FOR LIGHT INDUCTIVE LOA.OS 

Fig. 27 - A fine·i$Ofated temperature controller for use with inductive or 
te$iStive load$; thi$ controller does not include zero· voltage $Witching. 

and that the load is a heater thermal!y coupled to the sensor, 
the object being to maintain the thermal-coupling medium at a 
desired reference temperature. Assume initially that the temper
ature at the coupling medium is low. 

The operating potentials applied to the bridge circuit pro
duce a common-mode porential, VcM, at the input terminals 
of the CA3094. Assuming the bridge to have been initially 
balanced (by adjustment of R4), the potential at point A will 
increase when temperature is low since it was assumed that the 
sensor has a negative temperature coefficient. The potential at 
the noninverting terminal, being greater than that at the in
verting terminal at the amplifier, causes the multivibrator to 
oscillate at approximately IO kHz. The oscillations are trans· 
former-coupled through a current-limiting resistor to the gate 
of the thyristor, and trigger it into conduction. 

When the thyristor conducts, the load receives ac input 
power, which tends to increase the temperature of the sensor. 
This temperature increase decreases the potential at point A 

l20VAC 
60Hi 

to a value below that at point B and the multivibrator 
is disabled, which action, in turn, turns off the thyristor. 
The temperature is thus controlled in an on-off fashion. 

Capacitor C1 is used to provide a low impedance path to 
ground for feedback-induced signals at terminal No. S while 
blocking the direct current bias provided by resistor RI. Re
sistor R2 provides current limiting. Resistor R3 limits the 

secondary current of the transformer to prevent excessive 
current flow to the control terminal of the CA3094. 

Photocoupler Isolation - In Fig. 28, a photocouple1 
provides electrical isolation of the sensor logic from the 
incoming ac power lines. When a logic "l" is applied at the 
input of the photocoupler, the triac controlling the load will 
be turned on whenever the line voltage passes through zero. 
When a logic "O" is applied to the photocoupler, the triac will 
turn off and remain off until a logic "I" appears at the input 
of the photocoupler. 

Fig. 28 - Z'1f'O·voltage switch, on-off controller with photocoupler. 



TEMPERATURE CONTROLLERS 
Fig. 29 shows a triac used in an on-off 

temperature-controller configuration. The triac is turned on at 
zero voltage whenever the voltage Vs exceeds the reference 

Fig. 29 - CA3058 or CA.3059 on-off Nmpel'atu,. controller. 

voltage V1 • The transfer characteristic of this system, shown in 
Fig. 30(a), indicates significant thermal overshoots and 
undershoots, a well-known characteristic of such a system. The 
differential or hysteresis of this system, however, can be 
further increased. if desired, by the addition of positive 
feedback. 

la! lb} 

Fig. 30 - Transftlr charactsmttt:. of (a) an-off and (bJ pmpottionlll 
control sy.nema. 

For precise temperature-control applications, the 
proportional-control technique with synchronous switching is 
employed. The transfer curve for this type of controller is 
shown in Fig. 30(b ). In this case, the duty cycle of the power 
supplied to the load is varied with the demand for heat 
required and the thermal time constant (inertia) of the system. 
For example, when the temperature setting is increased in an 
on-off type of controller, full power (100 per cent duty cycle) 
is supplied to the system. This effect results in significant 
temperature excursions because there is no anticipatory circuit 
to reduce the power gradually before the actual set 
temperature is achieved. However. in a proportional control 

technique, less power is supplied to the load (reduced duty 
cycle) as the error signal is reduced (sensed temperature 
approaches the set temperature). 

Before such a system is implemented, a time base is chosen 
so that the on-time of the triac is varied within this time base. 
The ratio of the on-to-off time of the triac within this time 
interval depends on the thermal time constant of the system 
and the selected temperature setting. Fig. 31 illustrates the 
principle of proportional control. For this operatioD, power is 
supplied to the load until the ramp voltage reaches a value 
greater than the de control signal supplied to tlf..e opposite side 
of the differential amplifier. The triac then remains off for the 
remainder of the time-base period. As a result, power is 
.. proportioned" to the load in a direct relation to the heat 
demanded by the system. 

For this application, a simple ramp generator can be 
realized with a minimum number of active and passive 
components. A ramp having good linearity is not required for 
proportional operation because of the nonlinearity of the 
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Fig. 3t - Principln of PJ'OIHHtiona/ control. 

thermal system and the closed-loop type of control. In the 
circuit shown in Fig. 32, the ramp voltage is generated when 

the capacitor C 1 charges through resistors Ro and R l • The 
time base of the ramp is determined by resistors R2 and R3, 
capacitor C2 1 and the break.over voltage of the D3202U* diac. 
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AC IN519:S 
IN 0--...__,,_, 

120YAC .... ., 
IMEG TOptN Z .. Vcc+&V 
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TO PIN 9 
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~C .. --~--~.,-Oll-M-ER-C'~RCA-4_54_0_2 ~---~-.-oCOMMOfll 

ALL RESISTORS 1/2 WATT 
UNLESS OTHERWISE SPECIFIEO 

PIN CONNECTIONS REFER TO 
RCA CA5058 OR CA3059 

Fig. 32 - Ramp ..,,.,.tor. 

When the voltage across C2 reaches approximately 32 volts, 
the diac switches and turns on the 2N697S transistor and 
IN914 diodes. The capacitor C1 then discharges through the 
collector-to-emitter junction of the transistor. This discharge 
time is the retrace or tlyback time of the ramp. The circuit 
shown can generate ramp times ranging from 0.3 to 
2.0 seconds through adjustment of R2. For precise 
temperature regulation, the time base of the ramp should be 
shorter than the thermal time constant of the system. but long 
with respect to the period of the 60-Hz line voltage. Fig. 33 
shows a triac connected for the proportional mode. 
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lag the incoming line voltage. The moton, however, are 
switched by the triacs at zero current, as shown in f.ig. 34(b). 

The problem of driving inductive loads such .as these moton 
by the narrow pulses generated by the zero-voltage switch is 
solved by use of the sensitive-gate RCA-40526 triac. The high 
sensitivity of this device (3 milliamperes maximum) and low 
latching current (approximately 9 milliamperes) permit 
synchronous operation of the temperature-controller circuit. 
In Fig. 34(a), it is apparent that, though the gate pulse V g of 
triac Y 1 has elapsed, triac Y 2 is switched on by the current 
through RL I· The low latching current of the RCA40S26 
triac results in dissipation of only 2 watts in RL 1. as opposed 
to IO to 20 watts when devices that have high latching 
currents are used. 

O.!IA 

, .. 
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IK 

F;,,_ 34 - Dual ourpur. oWJr-under r.mpMarure conrrollef fa} circuit, 
(b} vo/rag.and CUl'ffltlt-Wforll"ll. 

... •• .. 

Fig. 33 - CA3058 o' CA.1059 pnJportiona/ r.mperawre conrroltu. 

Fig. 34(a) shows a dual-output temperature controller that 
drives two triacs. When the voltage V5 developed across the 
temperature-sensing network exceeds the reference voltage 
Va1. motor No. I turns on. When the voltage across the 
network drops below the reference voltage Va2. motor No. 2 
turns on. Because the motors are inductive, the currents IM 1 

Electrlc-Heet Application 
For electric-heating applications, the RCA-2NS444 

40-ampere triac and the zero-voltage switch constitute an 
optimum pair. Such a combination provides synchronous 
switching and effectively replaces the heavy-duty contactors 
which easily degrade as a result of pitting and wea(out from 
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Fig. 35 - Synchronovs-switching heat-staging controller using e series 
of zero-voltage switches. 

the switching transients. The salient features of the 2N5444 
40·-ampere triac are as follS?ws: 

(1) 300-ampere single-surge capability (for operation at 
60-Hz), 

(2) a typical gate sensitivity of 20 milliamperes in the l(+) 
and III(+) modes, 

(3) low on-state voltage of 1.5 volts maximum at 
40 amperes, and 

(4) available VnROM equal to 600 volts. 

Fig. 35 shows the circuit diagram of a 
synchronous-switching heat-staging controller that is used for 
electric heating systems. Loads as heavy as 5 kilowatts are· 
switched sequentially at zero voltage to eliminate RFI and 
prevent a dip in line voltage that would occur if the full 
25 kilowatts were to be switched simultaneously. 

Transistor Q1 and Q4 are used as a constant-current source 
to charge capacitor C in a linear manner. Transistor 02 acts as a 
buffer stage. When the thermostat is closed, a ramp voltage is 
provided at output E0 . At approximately 3-second intervals, 
each 5-kilowatt heating element is switched onto the power 
system by its respective triac. When there is no further demand 
for heat, the thermostat opens, and capacitor C discharges 
through R1 and R2 to cause each triac to turn off in the 
reverse heating sequence. n should be noted that some 
half-cycling occurs before the heating element is switched fully 
on. This condition can be attributed to the inherent 
dissymmetry of the triac and is further aggravated by the 
slow-rising ramp voltage applied to one of the inputs. The 
timing diagram in Fig. 36 shows the turn-on and turn-off 
sequence of the heating system being controlled. 

Fig. 36- Ramp-voltage waveform for the heat-staging controller. 

is, the closing of the thermostat would not switch in all the 
heating elements within a short time interval, which inevitably 
results in undesired temperature excursions, but would switch 
in only the number of heating elements required to satisfy the 
actual heat load. 

Oven/Broiler Control 
Zero-voltage switching is demonstrated in the oven control 

circuit shown in Fig. 37. In this circuit. a sensor element is 

BROILER 
SW~'~~~~~--<~ 

~~~~--..---<(~ 
OVEN 

Fig. 37 - Schematic diagram of basic oven control. 
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included in the oven to provide a closed-loop system for 
accurate control of the oven temperature. 

As shown in Fig. 37, the temperature of the oven can be 
adjusted by means of potentiometer R1, which acts, together 
with the sensor, as a voltage divider at terminal 13. The voltage 
at terminal 13 is compared to the fixed bias at terminal 9 
which is set by internal resistors ~and Rs. When the oven is 
cold and the resistance of the sensor is high, transistors Q2 and 
Q4 are off, a pulse of gate current is applied to the triac, and 
heat is applied to the oven. Conversely, as the desired 
temperature is reached, the bias at terminal 13 turns the triac 
off. The closed-loop feature then cycles the oven element on 
and off to maintain the desired temperature to approximately 
±2°C of the set value. Als.o, as has been noted, external 
resistors between terminals 13 and 8, and 7 and 8, can be used 
to vary this temperature and provide hysteresis. In Fig. 11, a 
circuit that provides approximately 10-per-cent hysteresis is 
demonstrated. 

In addition to allowing the selection of a hysteresis value, 
the flexibility of the control circuit permits incorporation of 
other features. A PTC sensor is readily used by interchanging 
terminals 9 and 13 of the circuit shown in Fig. 37 and 
substituting the PTC for the NTC sensor. In both cases, the 
sensor element is directly returned to the system ground or 
common, as is often desired. Terminal 9 can be connected by 
external resistors to provide for a variety of biasing, e.g., to 
match a lower-resistance sensor for which the switching-point 
voltage has been reduced to maintain the same sensor current. 

To accommodate the self-cleaning feature, external 
switching, which enables both broiler and oven units to be 
paralleled, can easily be incorporated in the design. Of course, 
the potentiometer must be capable of a setting such that the 
sensor, which must be characterized for the high, self-clean 
temperature, can monitor and establish control of the 
high-temperature, self-clean mode. The ease with which this 
self-clean mode can be added makes the over-all solid-state 
systems cost-competitive with electromechanical systems of 
comparable capability. In addition, the system incorporates 
solid-state reliability while being neater, more easily calibrated, 
and containing less-costly system wiring. 
Integral-Cycle Temperature Controller (No half-cycling) 

If a temperature controller which is completely devoid of 
half-cycling and hysteresis is required, then the circuit shown 
in Fig. 38 may be used. This type of circuit is essential for 
applications in which half-cycling and the resultant de 
component could cause overheating of a power transformer on 
the utility lines. 

In the integral-cycle controller, when the temperature being 
controlled is low, the resistance of the thermistor is high, and 
an output signal at terminal 4 of zero volts is obtained. The 
SCR (Yi), therefore, is turned off. The triac (Y 2) is then 
triggered directly from the line on positive cycles of the ac 
voltage. When Y2 is triggered and supplies power to the load 
RL, capacitor C is charged to the peak of the input voltage. 
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Seemingly, the basic method shown in Fig. 35 could be 
modified to provide proportional control in which the number 
of heating elements switched into the system, under any given 

thermal load, would be a function of the BTU's required by 
the system or the temperature differential between an indoor 
and outdoor sensor within the total system environment. That Fig. 38 - lntf19'sl-cycle temperac~re controller in which half-cycling effect i:s eliminated. 
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Fig. 39 - CA3058 or CA3059 inttlgnll-cycltl tampetatuftl controller 
that features a protection circuit and no half~ling effect. 

When the ac line swings negative, capacitor C discharges 
through the triac gate to trigger the triac on the •negative 
half-cycle. The diode-resistor-capacitor "slaving network .. 
triggers the triac on negative half-cyc1e to provide only integral 
cycles of ac power to the load. 

When the temperature being controlled reaches the desired 
value, as determined by the thermistor, then a positive voltage 
level appears at terminal 4 cif the zero-voltage switch. The SCR 
then starts to conduct at the beginning of the positive input 
cycle to shunt the trigger current away frOm the gate of the 
triac. The triac is then turned off. The cycle repeats when the 
SCR is again turned OFF by the zero-voltage switch. 

The circuit shown in Fig. 39 is si"milar to the configuration 
in Fig. 38 except that the protection circuit incorporated in 
the zero-voltage switch can be used. In this new circuit, the 
NTC sensor is connected between terminals 7 and 13, and 
transistor Q0 inverts the signal _output at terminal 4 to nullify 
the phase reversal introduced by the SCR (Y 1 ). The internal 
power supply of the zero-voltage switch supplies bias current 
to transistor Q0 • 

Of course, the circuit shown in Fig.· 39 can readily be 
converted to a true proportional intepak:ycle temperature 
controller simply by connection of a positive-going ramp 
voltage to terminal 9 (with terminals 10 and 11 open), as 
previously discussed in this Note. 

Thermocouple Temperature Control 

Fig. 40 shows the CA3080A operating as a pre-amplifier for 
the zero-voltage switch to form a zero-voltage switching circuit 
for use with thermocouple sensors. 
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Fig. 40 - Thennocoupl• temperatu,. control with zero·llOltage 
switching. 

Thermocouple Temperature Control with Zero-Voltage Load 
Switching 

Fig. 41 shows the circuit diagram of a thermocouple temp
erature control system using zero-voltage load switching. It 
should be noted that one terminal of the thermocouple is con
nected to one leg of the supply line. Consequently, the thermo
couple can be "ground-referenced", provided the appropriate 

Jeg of the ac line is maintained at ground. The comparator, At 
(a CA3130), is powered from a 6.4-volt source of potential 
provided by the zero-voltage-switch (ZVS) circuit ~a CA307:1)· 
The ZVS, in turn, is powered off-line through a senes-droppmg 
resistor R6. Terminal 4 of the ZVS provides trigger-pulses to 
the gate of the load-switching triac in response to an appro· 
priate control signal at terminal 9. 

l~IK :>-f-'Vlll.-"J-i 
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ADJUST 
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Fig. 4t - Tharmacoup/e temper11tun1control with Zf1ta-voltap 
•witching. 

The CA3130 is an ideal choice for the type of comparator 
circuit shown in Fig. 41 because it can "compare" low voltages 
(such as those generated by a thermocouple) in the proximity 
of the negative supply r~il. Adjustment· of potentiometer RI 
drives the voltage-Oivider network R3, R4 so that reference 
voltages over the range of 0 to 20 millivolts can be applied to 
noninverting terminal 3 of the comparator. Whenever the 
voltage developed by the thermocouple at terminal 2 is more 
positive than the reference voltage applied at terminal 3, the 
comparator output is toggled so as to sink current from ter
minal 9 of the ZVS; gate pulses are then no longer applied to 
the triac. As shown in Fig. 411, the circuit is provided with a 
control-point .. hysteresis" of 1.25 millivolts.~ 

NuJling of the comparator is performed by means of the 
following procedure: Set RI at the low end of its range and 
short the thermocouple output signal appropriately. If the 
triac is in the conductive mode under these conditions, adjust 
nulling potentiometer RS to the point at which triac conduc· 
tion is interrupted. On the other hand, if the triac is in the non
l."Onductive mode under the conditions above, adjust RS to the 
point at which triac conduction commences. The thermo
couple output signal should then be unshorted. and RI can be 
set to the voltage threshold desired for control-circuit operation. 

MACHINE CONTROL AND AUTOMATION 
The earlier section on interfacing techniques indicated 

several techniques of controlling ac loads through a logic 
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system. Many types of automatic equipment are not complex 
enough or large enough to justify the cost of a flexible logic 
system. A special circuit, designed only to meet the control 
requirements of a particular machine, may prove more 
economical. For example, consider the simple machine shown 
in Fig. 42; for each revolution of the motor, the belt is 
advanced a prescribed distance, and the strip is then punched. 
The machine also has variable speed capabiJity. 

Fig. 42 - Stap-tmd-punch machine. 

The typical electromechanical control circuit for such a 
machine might consist of a mechanical cambank driven by a 
separate variable speed motor. a time delay relay, and a few 
logic and power relays. Assuming use of industrial-grade 
controls, the control system could_get quite costly and large. 
Of greater importance is the necessity to eliminate transients 
generated each time a relay or switch energizes and deenergizes 
the solenoid and motor. Fig. 43 shows such transients, which 
might not affect the operation of this machine, but could 
affect the more sensitive solid-state equipment operating in the 
area. 

A more desirable system would use triacs and zero-voltage 
switching to incorporate the following advantages: 

a. Increased reliability and long life inherent in 
solid-state devices as opposed to moving parts and 
contacts associated with relays. 

Fig. 43 - Transiants ganerated by relay-contact bounce and non..zMO 
turn-off of inductillfl load. 

b. Minimized generation of EMl/RFI using zero-voltage 
switching techniques in conjunction with thyristors. 

c. Elimination of high-voltage transients generated by 
relay-contact bounce and contacts breaking inductive 
loadS, as shown in Fig. 42. 

d. Compactness of the control system. 

The entire control system could be on one printed~ircuit 
board, and an over-all cost advantage would be achieved .. 
Fig. 44 is a timing diagram for the proposed solid-state 

Fig. 44 - Timing dillfl'am for propoMK/ solid-stare machina control. 

511 
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machine control, and Fig. 45 is the corresponding control 
schematic. A variable-speed machine repetition i"ate pulse is set 
up using either a unijunction oscillator or a transistor astable 
multivibrator in conjunction with a IO-millisecond one-shot 
multivibrator. The first zero-voltage switch in Fig. 45 is used 
to synchronize the entire system to zero-voltage crossing. Its 
output is inverted to simplify adaptation to the rest of the 
circuit. The center zero-voltage switch is used as an interface 
for the photo-cell, to control one revolution of the motor. The 
gate drive to the motor triac is continuous de, starting at zero 
voltage crossing. The motor is initiated when both the machine 
rate pulse and the zero-voltage sync are at low voltage. The 
bottom zero-voltage switch acts as a time-delay for pulsing the 
solenoid. The inhibit input, terminal 1, is used to assure that 
the solenoid will not be operated while the motor is running. 
The time delay can be adjusted by varying the reference level 
(SOK potentiometer) at terminal 13 relative to the capacitor 
charging to that level on terminal 9. The capacitor is reset by 
the SCR during the motor operation. The gate drive to the 
solenoid triac is direct current. Direct current is used to trigger 
both the motor and solenoid triacs because it is the most 
desirable means of switching a triac into an inductive load. The 
output of the zero-voltage switch will be continuous de by 
connecting terminal 12 to common. The output under de 
operation should be limited to 20 milliamperes. The motor 

TIME 0£LAY 
FUNCTION OR 
ONE-S..OT 
MULTIVl6RAT()R 

Fig. 45 - Schematic of proposed solid·state machine control. 

triac is synchronized to zero crossing because it is a 
high-crurent inductive load and there is a chance of generating 
RFI. The solenoid is a very low current inductive· load, so 
there would be little chance of generating RFI: therefore, the 
initial triac turn-on can be random, which simplifies the 
circuitry. 

This example shows the versatility and advantages of the 
RCA zero-voltage switch used in conjunction with triacs as 
interfacing and control elements for machine control. 

400-Hz TRIAC APPLICATIONS 
The increased complexity of aircraft control systems, and 

the need for greater reliability than electromechanical 
switching can offer, has led to the use of solid-state power 
switching in aircraft. Because 400-Hz power is used almost 
universally in aircraft systems, RCA offers a complete line of 
triacs rated for 400-Hz applications. Use of the RCA 
zero-voltage switch in conjunction with these 400-Hz triacs 
results in a minimum of RPI, which is especially important in 
aircraft. 

Areas of application for 400-Hz triacs in aircraft include: 
a. Heater controls for food-warming ovens and for 

windshield defrosters. 

b. Lighting controls for instrument panels and cabin 
illumination 

c. Motor controls 
d. Solenoid controls 
e. Power-supply switches 
Lamp dimming is a simple triac application that 

demonstrates an advantage of 400-Hz power over 60-Hz 
power. Fig. 46 shows the adjustment of lamp intensity by 
phase control of the 60-Hz line voltage. RPI is generated by 
the step functions of power each half cycle, requiring 
extensive filtering. Fig. 47 shows a means of controlling power 
to the lamp by the zero-voltage-switching technique. Use of 
400-Hz power makes possible the elimination of complete or 
half cycles within a period (typically 17.S milliseconds) 60-"'Ftfb v6~~£ - -·- -~- -
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Fig. 46 - Waveforms for 60·Hz phase-controfled lamp dimmer. 

without noticeable flicker. Fourteen different levels of lamp 
intensity can be obtained in this manner. A line-synced ramp is 
set up with the desired period and applied to terminal No. 9 of 
the differential amplifier within the zero-voltage switch. as 
shown in Fig. 48. The other side of the differential amplifier 
(terminal No. 13) uses a variable reference level, set by the 
SOK potentiometer. A change of the potentiometer setting 
changes the lamp intensity. 
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Fig. 47 - Waveforms for 400-Hz zero·~oltage-switched lamp dimmer. 

In 400-Hz applications it may be necessary to widen and 
shift the zero-voltage switch output pulse (which is typically 
12 microseconds wide and centered on zero voltage crossing), 
to assure that sufficient latching current is available. The 4K 
resistor (terminal No. 12 to common) and the 
O.OIS·microfarad capacitor (terminal No. 5 to common) are 
used for this adjustment. 

SOLID-STATE TRAFFIC FLASHER 
Another application which illustrates the versatility of the 

zero-voltage switch, when used with RCA thyristors, involves 
switching traffic-control lamps. In this type of application, it is 
essential that a triac withstand a current surge of the lamp load 

Fig. 48 - Circuit diagram for 400-Hz zero·voltage"<Switched lamp 
dimmer. 

on a continuous basis. This surge results from the difference 
between the cold and hot resistance of the tung.;ten ftlament. 
If it is assumed that triac turn-on is at 90 degrees from the 
zero-voltage crossing, the first current-surge peak is 
approximately ten times the peak steady-state value or fifteen 
times the steady-state nns value. The second current-surge 
peak is approximately four times the steady-state rms value. 

When the triac randomly switches the lamp, the rate of 
current rise di/dt is limited only by the source inductance. The 
triac di/dt rating may be exceeded in some power systems. In 
many cases, exceeding the rating results in excessive current 
concentrations in a small area of the device which may 
produce a hot spot and lead to device failure. Critical 
applications of this nature require adequate drive to the triac 
gate for fast turn-0n. In this case, some inductance may be 
required in the load circuit to reduce the initial magnitude of 
the load current when the triac is passing through the active 
region. Another method may be used which involves the 
switching of the triac at zero line voltage. This method 
involves the supply of pulses to the triac gate only during the 
presence of zero voltage on the ac line. 

Fig. 49 shows a circuit in which the lamp loads are switched 
at zero line voltage. This approach reduces the initial di/dt, 
decreases the required triac surge-current ratings, increases the 
operating lamp life, and eliminates RFI problems. This circuit 
consists of two triacs, a flip-flop (FF-I), the zero-voltage 
switch, and a diac pulse generator. The flashing rate in this 
circuit is controlled by potentiometer R, which provides 
between IO and 120 flashes per minute. The state of FF-1 
determines the triggering of triacs Y 1 or Y 2 by the output 
pulses at terminal 4 generated by the zero-crossing circuit. 

Transistors 01 and 02 inhibit these pulses to the gates of the 
triacs until the triacs turn on by the logical ... ,. (Vee high) 
state of the flip-flop. 

The arrangement described can also be used for a 
synchronous, sequential traffic-controller system by addition 
of one triac, one gating transistor, a .. divide-by-three" logic 
circuit, and ·modification in the design of the diac pulse 
generator. Such a system can control the familiar red. amber, 
and green traffic signals that are found at many intersections. 
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Fig. 49 - Synchronous-switching traffic flasher. 



SYNCHRONOUS LIGHT FLASHER 
Fig. 50 shows a simplified version of the 

synchronous-switching traffic light flasher shown in Fig. 49. 

Fig. 60 -Synchronous light flasher. 

Flash rate is set by use of the curve shown in Fig . .I 6. If a more 
precise flash rate is required, the ramp generator described 
previously may be used. In this circuit, ZVS1 is the master 
control unit and ZVS2 is slaved to the output of ZVS1 
through its inhibit terminal (terminal I). When power is 
applied to lamp No. I, the voltage of terminal 6 on ZVS1 is 
high and ZVS2 is inhibited by the current in Rx. When lamp 
No. I is off, ZVS2 is not inhibited, and triac Y 2 can f1re. The 
power supplies operate in parallel. The on-of( sensing amplifier 
in ZVSi is not used. 

TRANSIENT-FREE SWITCH CONTROLLERS 
The zero-voltage switch can be used as a simple solid-stat;e 

switching device that permits ac currents to be turned on or 
off with a minimum of electrical transients and circuit noise. 

The circuit shown in Fig. 51 is connected so that, after the 
control terminal 14 is opened, the electronic logic waits until 
the power-line voltage reaches a zero crossing before power is 
applied to the load ZL. Conversely, when the control terminals 
are shorted, the load current continues until it reaches a zero 
crossing. This circuit can switch a load at zero current whether 
it is resistive or inductive. 

The circuit shown in Fig. 52 is connected to provide the 
opposite control logic to that of the circuit shown in Fig'. S 1. 
That is, when the switch is closed, power is supplied to the 
load, and when the switch is opened, power is removed from 
the load. 

In both configurations, the maximum rms load current that 
can be switched depends on the rating of triac Y2. If Y2 is an 
RCA-2NS444 triac, an rms current of 40 amperes can be 
switched. 

DIFFERENTIAL COMPARATOR FOR INDUSTRIAL USE 
Differential comparators have found widespread use as limit 

detectors which compare two analog input signals and provide 
a go/no.go, logic 'one" or logic ''zero" output, depending 

upon the relative magnitudes of these signals. Because the 
signals are often at very low voltage levels and very accurate 
discrimination is normally required between them, differential 
comparators in many cases employ differential amplifiers as a 
basic building block. However. in many industrial control 
applications, a high-performance differential comparator is not 
required. That is, high resolution, fast switching speed, and 
similar features are not essential. The zero-voltage switch is 
ideally suited for use in such applications. Connection of 
terminal 12 to terminal 7 inhibits the zero-voltage threshold 
detector of the zero-voltage switch, and the circuit becomes a 
differential comparator. 

Fig. 53 shows the circuit arrangement for use of the 
zero-voltage switch as a differential comparator. In this 
application, no external de supply is required. as is the case · 
with most commercially available integrated-circuit 
comparators; of course. the output-current capability of the 
zero-voltage switch is reduced because the circuit is operating 
in the de mode. The 1000-ohm resistor Ro. connected 
between terminal 4 and the gate of the triac, limits the output 
current to approximately 3 milliamperes. 

When the zero-voltage switch is connected in the de mode, 
the drive current for terminal 4 can be determined from a 
curve of the external load current as a function of de voltage 
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from terminals 2 and 7. This curve is shown in the technical 
bulletin for RCA integrated-circuit zero-voltage switches, File 

No. 490. Of course, if additional output current is required, an 
external de supply may be connected between terminals 2 
and 7, and resistor Rx (shown in fig. 53) may be removed. 

The chart below compares some of the operating 
characteristics of the zero-voltage switch, when used as a 
comparator, with a typical high-performance commercially 
available integrated-circuit differential comparator. 

Parameters 
Sensitivity 

Zero-Voltage 
Switch 

(Typical Values) 
30mV 

Typical 
Integrated-Circuit 
Comparator (710) 

2 mV 

Switching speed 
(rise time) 

>20µ.s 90ns 

Output drive 
capability 

*4.5 Vat~ 4 mA 3.2 Vat~ 5.0 mA 

*Refer to Fig. 20; Rx equals 5000 ohms. 

POWER ONE-SHOT CONTROL 
Fig. 54shows a circuit which triggers a triac for one complete 

half-cycle of either the positive or negative alternation of the 
ac line voltage. In this circuit, triggering is initiated by the 
push button PB-1, which produces triggering of the triac near 
zero voltage even though the button is randomly depressed 
during the ac cycle. The triac does not trigger again until the 
button is released and again depressed. This type of logic is 
required for the solenoid drive of electrically operated stapling 
guns, impulse hammers, and the like, where load-current flow 
is required for only one complete half-cycle. Such logic can 
also be adapted to keyboard consoles in which contact bounce 
produces transmission of erroneous information. 

In the circuit of Fig. 54, before the button is depressed, 
both flip-flop outputs are in the "zero" state. Transistor QG is 
biased on by the output of flip-flop FF-I. The differential 
comparator whic~ is part of the zero-voltage switch is initially 

•FORMERLYRCA40691 

Fig. 54 - Block diagram of a power one-shot control using a 
zero-voltage switch. 

biased to inhibit output pulses. When the push button is 
depressed, pulses are generated, but the state of OG 
determines the requirement for their supply to the triac gate. 
The first pulse generated serves as a "framing pulse" and does 
not trigger the triac but toggles FF-l. Transistor OG is then 
turned off. The second pulse triggers the triac and FF-1 which, 
in turn, toggles the second flip-flop FF-2. The output of FF-2 
turns on transistor Q1 1 as shown in Fig. 55, which inhibits all 
further output pulses. When the pushbutton is released, the 
circuit resets itself until the process is repeated with the 
button. Fig. 56 shows the timing diagram for the described 
operating sequence. 

PHASE CONTROL Cl RCUIT 
Fig. 57 shows a circuit using a CA30S8 or CA3059 

zero-voltage switch together with two CA3086 
integrated<ircuit transistor arrays to ·form a phase-control 
circuit. This circuit is specifically designed for speed control of 
ac induction motors, but may also be used as a light dimmer. 

Fig. 55 - Circuit diagram for the power one-shot control. 
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Fig. 56 - Timing diagram for the power one-shot control. 

The circuit, which can be operated from a line frequency of 
50-Hz to 400-Hz, consists of a zero~voltage detector, a 
line-synchronized ramp generator, a zero-current detector, and 
a line-derived control circuit (i.e., the zero-voltage switch). The 
zero-voltage detector (part of CA3086 No. 1) and the ramp 
generator (CA3086 No. 2) provide a line-synchronized 
ramp-voltage output to terminal 13 of the zero-voltage switch. 
The ramp voltage, which has a starting voltage of 1.8 volts, 
starts to rise after the line voltage passes the zero point. The 
ramp generator has an oscillation frequency of twice the 
incoming line frequency. The slope of the ramp voltage can be 
adjusted by variation of the resistance of the I-megohm 
ramp-control potentiometer. The output phase can be 
controlled easily to provide 180° firing of the triac by 
programming the voltage at terminal 9 of the zero-voltage 
switch. The basic operation of the zero-voltage switch driving a 
thyristor with an inductive load was explained previously in 
the discussion on switching of inductive loads. 

ON/OFF TOUCH SWITCH 
The on/off touch switch shown in Fig. 58 uses the CA3240E 

to sense small currents flowing between two contact points on 
a touch plate consisting of a PC board metallization "grid". 
When the on plate is touched, current flows between the two 
halves of the grid, causing a positive shift in the output voltage 
(terminal 7) of the CA3240E. These positive transitions are fed 
into the CA3059, which is used as a latching circuit and zero
crossing triac driver. When a positive pulse occurs at terminal 
No. 7 of the CA3240E, the triac is turned on and held on by 

the CA3059 and associated positive feedback circuitry (51-
kilohm resistor and 36-kilohm/'42-kilohm voltage divider). 
When the pulse occurs at terminal No. I, the triac is turned off 
and held off in a similar manner. Note that power for the 
CA3240E is derived from the CA3059 internal power supply. 
The advantage of using the CA3240E in this circuit is that it 
can sense the small currents associated with skin conduction 
while maintaining sufficiently high circuit impedance to pro· 
tect against electrical shock. 

TRIAC POWER CONTROLS FOR 
THREE-PHASE SYSTEMS 

This section describes recommended configurations for 
power-control circuits intended for use with both inductive 
and resistive balanced three~phase loads. The specific design 
requirements for each type of loading condition are discussed. 

In the power-control circuits described, the 
integrated-circuit zero~voltage switch is used as the trigger 
circuit for the power triacs. The following conditions are also 
imposed in the design of the triac control circuits: 

1. The load should be connected in a three-wire 
configuration with the triacs placed external to the load; 
eiter delta or wye arrangements may be used. Four-wire 
loads in wye configurations can be handled as three 
independent single-phase systems. Delta configurations in 
which a triac is connected within each phase rather than 
in the incoming lines can also be handled as three 
independent single~phase systems. 

2. Only one logic command signal is available for the 
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Fig. 67-,,,,._ Control ci~uit using a CA3058 or CA3059 and two 
CA3086 inNfY8ted<Circuits. 

... 

Fig. 58 - On~ff touch switch. 

control circuits. This signal must be electrically isolated 
from the three-phase power system. 

3. Three separate triac gating signals are required. 
4. For operation with resistive loads, the zero-voltage 

switching technique should be used to minimize any 
radio-frequency interference (RFI) that may be 
generated. 

loalltlon al DC 1.ot11c Clrauitry 
As expbdnecl earlier Wider Specill Applb
~ isolation of the de lo&ic circuitry• from the ac 
line, the triac, and the load circuit is often desirable emt in 
many single-phase power-control applicationa. In control 
circuits for pclypbaae power ayatoms, however, this type of 
.isolation is essential. because the common point of the de logic 
circuitry cannot be referenced to a common line in all phases. 

•The de q;c chcuitry prorides the low-level olectrieal sipa1 that 
dictates the state of the load. For temperature controls, the de logic 
circuitry incluc1cs a temperature sensor for feodback. The RCA 
intepated-cimrit zero.vol.tap IW:ltch, when operated in the de mode 
with I08l8 additional circuitry. cu nplace the de logic drcuitry for 
temperature controls. 

In the three-phase circuits described in this section, 
photo-optic techniques (i.e., photcrcoupled isolators) are used 
to provide the electrical isolation of the de logic command 
signal from the ac circuits and the load. The photo-coupled 
isolators consist of an infrared light-emitting diode aimed at a 
silicon photo transistor, coupled in a common package. The 
light-emitting diode is the input section, and the photo 
transistor is the output section. The two components provide a 
voltage isolation typically of 1500 volts. Other isolation 
techniques, such as pulse transformers, magnetoresiston, or 
reed relays, can also be used with some circuit modifications. 

Resistive Loads 
Fig. 59 illustrates the basic phase relationships of a 

balanced three·phase resistive. load. such as may be used in 
heater applications, in which the application of load power is 

controlled by zero.>Oltage llWitchins. The following condittona 
are inherent in this type of application: 

1. The phases are 120 degrees apart; consequently, all three 
phases cannot be switched on simultaneoully at zero 
mltage. 

2. A single phase of a wye configuration type of three-wire 
system cannot be turned on. 
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3. Two phases must be turned on for initial starting of the 

system. These two phases form a single-phase circuit 
which is out of phase with both of its component phases. 
The single-phase circuit leads one phase by 30 degrees 
and lags the other phase by 30 degrees. 

These conditions indicate that in order to maintain a 
system in which no appreciable RFI is generated by the 
switching action from initial starting through the steady-state 
operating condition, the system must first be turned on, by 
zero-voltage switching, as a single-phase circuit and then must 
revert to synchronous three-phase operation. 

Fig. 60 shows a simplified circuit configuration of a 
three-phase heater control that employs zero-voltage 
synchronous switching in the steady..state operating condition, 
with random starting. In this system, the logic command to 
turn on the system is given when heat is required, and the 
command to turn off the system is given when heat is not 
required. Time proportioning heat control is also possible 
through the use of logic commands. 

The three photo-coupled inputs to the three zero-voltage 
switches change state simultaneously in response to a "logic 
command ... The zero-voltage switches then provide a positive 
pulse, approximately 100 microseconds in duration, only at a 
zero-voltage crossing relative to their particular phase. A 
balanced three-phase sensing circuit is set up with the three 
zero-voltage switches each connected to a particular phase on 
their common side (terminal 7) and referenced at their high 
side (terminal 5), through the current-limiting resistors R4, 
RS, and R6, to an established artificial neutral point. This 
artificial neutral point is electrically equivalent to the 
inaccessible neutral point of the wye type of three-wire load 
and, therefore, is used to establish the desired phase 
relationships. The same artificial neutral point is also used io 
establish the proper phase relationships for a delta type of 
three-wire load. Because only one triac is pulsed on at a time, 
the diodes (DI, D2, and 03) are necessary to trigger the 
opposite-polarity triac, and, in this way, to assure initial 
latching-on of the system. The three resistors (RI, R2, and 
R3) are used for current limiting of the gate drive when the 
opposite-polarity triac is triggered on by the line voltage. 

In critical applications that require suppression of all 
generated RFI. the circuit shown in Fig. 61 may be used. In 
addition to synchronous steady-state operating conditions, this 
circuit also incorporates a zero-voltage starting circuit. The 
start-up condition is zero-voltage synchronized to a 
single-phase, 2-wire, line-to-line circuit, comprised of phases A 
and B. The logic command engages the single·phaae start-up 
zero-voltage switch and three-phase photo-coupled 
isolaton0Cl3, OC14, OClS through the photo-coupled 

fa) 

(bl 

30• GATE DRIVE 
REMOVED 

Fig. 59 - VoltBfi*t phase l'tliationship far a three-pl!Me resisti1111 load 
when the aptJlicatlon of load power ii controlled by 
zero·voltagtl switching: fa} llOltllflB MNfol'lnl, (b) load-cin:uit 

::;,:::~ 0:r ~~::":n::":'~~n::cc:zmtt;z,:.';: 
dt1viation at start-up and turn-off should be noted.J 
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Fig. 60 - Simplified diagram of a three-phase ht111ter control that 
employs zero-voltage synchronous switching in the 
steady-state opsrsting cond;t;ons. 
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Fig. 61 - Thr•-phase power control that employs zero:voltage 
synchronous switching both for steady-state operation and 
for starting. 
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isolators OCl I and OCl 2. The single-phase zero-voltage 
switch, which is synchronized to phases A and 8, starts the 
system at zero voltage. As soon as start-up is accomplished, the 
three photo-coupled isolators OC13, OC14, and OCIS take 
control, and three-phase synchronization begins. When the 
"logic command" is turned off, all control is ended, and the 
triacs automatically turn off when the sine-wave current 
decreases to zero. Once the first phase turns off, the other two 
will tum off simultaneously, 90° later, as a single-phase 
line-to-line circuit, as is apparent from Fig. 59. 

Inductive L°""' 
For inductive loads, zero·voltage turn-on is not generally 

required because the inductive current cannot increase 
instantaneously; therefore, the amount of RFI generated is 
usually negligible. Also, because of the lagging nature of the 
inductive current, the triacs cannot be pulse-fired at zero 
voltage. There are several ways in which the zero-voltage 
switch may be interfaced to a triac for inductive-load 
applications. The most direct approach is to use the 
zero-voltage switch in the de mode, i.e., to provide a 
continuous de output instead of pulses at points of 
zero-voltage crossing. This mode of operation is accomplished 
by connection of terminal 12 to terminal 7, as shown in 
Fig. 62. The output of the zero-voltage switch should also be 
limited to approximately 5 milliamperes in the de mode by the 
750-ohm series resistor. Use of a triac slfch as the T230J o• is 
recommended for this application. Terminal 3 is connected to 
terminal 2 to limit the steady-state power dissipation within 
the zero-voltage switch. For most three-phase inductive load 
applications, the current-handling capability of the 40692 triac 
(2.5 amperes) is not sufficient. There(ore, the 40692 is used as 

a trigger triac to turn on any other currently available power 
triac that may be used. The trigger triac is used only to provide 
trigger pulses to the gate of the power triac (one pulse per half 
cycle); the power dissipation in this device, therefore, will be 
minimal. 

Simplified circuits using pulse transformers and reed relays 
will also work quite satisfactorily in this type of application. 
The RC networks across the three power triacs are used for 
suppression of the commutating dv/dt when the circuit 
operates into inductive loads. 

The specific integrated-circuits, triacs, SCR's, and rectifiers 
included in circuit diagrams shown in this Application Note are 
listed below. Additional information on these devices can be 
obtained by requesting the applicable RCA data-bulletin file 
number. 

Type No. 
CA3058, CA3059, and CA3079 
CA3099E 
CA3086 
CA3080 
CD4007 A, CD4013A 
2N5444 
T28008 (40668) 
T23008 (40526) 
T2301B (40691), T2301D (40692) 
T64170 (40708) 
S2600D (40655) 
Dl201B (44003) 
D3202U (45412) 

File No. 
490 
620 
483 
475 
479 
456 
364 
470 
431 
406 
496 
495 
577 

NQte: Numbers in parenthesis (e.g. 40668) are former 
RCA type numbers. 

•Formerly RCA 40692 



Fig. 62 - Triac three-phase control circuit for an inductillfl load, i.t1., 
thret1-phase motor. 
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DESIGNING WITH AN IC TRANSISTOR ARRAY 
CONTAINING MATCHED 
SUPER-BETA TRANSISTORS 
by T. J. Robe 

Many small-signal, low-frequency, and video-frequency appli
cations require an amplifying devke with a very high input 
impedance, low input-bias current, and low-noise characteristics 
that can maintain low de offset voltage and drift. Examples of 
such applications include: 

Small-signal instrumentation - chart recorders, meters, etc. 
Pre-amps for op-amps. 
Magnetic tape-head and phono-cartridge amplifiers. 

Opto-electric amplifiers. 
Medical electronics. 

Devices suitable for such applications are also generally 
applicable in circuits having long time constants, such as 
timers, integrators, monostable oscillators, comparators, and 
low-frequency oscillators. Matched super-beta transistors are 
well suited for use in these applications. 

Super-beta transistors are similar to conventional bipolar 
transistors except that they have betas in the range of I 000 to 
5000: the beta range of a conventional bipolar transistor is 
from 50 to 400. Since super-beta transistors are rnmmonly 
used in high-source-impedance applications that require high 
input impedance and low-noise characteristics, it is equally 
important that they exhibit super-beta performance at operating 
currents of a few microamperes. On the other hand, to achieve 
broadband characteristics in video-amplifier applications, super
beta performance must be maintained with collector currents 
of 1 milliampere or more. This Note describes the RCA-CA3095 
super-beta transistor array and discusses its operation in some 
typical applications. 

A TRANSISTOR-ARRAY IC CONTAINING SUPER-BETA 
TRANSISTORS 

Fig. I shows the schematic diagram of the RCA-CA3095E, a 
monolithic IC 1 containing an array of n-p-n transistors of 
which 01 and 02 have super-beta characteristics. 01 and 02 
are connected, in conjunction with transistors 03 and 04, in a 
differential-cascode-amplifier configuration. Since the super
beta transistors in this IC have a collector-emitter breakdown 
voltage V (BR)CEO of about 2 volts, it is necessary to limit the 
collector-emitter voltage accordingly. Limiting is accomplished 

1&~21 141 01 is as 
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SHADED TRANSISTORS ARE 
SUPER-BETA TYPES 

Fig. 1 - Schemar1c diagram of rhe CA3095E. 

by means of the voltage-limiting network composed of Di, D2 
and Q5; these components are included on the CA3095E chip. 
With this arrangement. the voltage applied to the bases of O 1 
and OJ can be varied over a wide common-mode voltage range 
while the collector-emitter voltages are restrained within a 
maximum range of about 1.5 volts. The collectors of tran
sistors Q3 and 04 huve a minimum i.:o!lcctor-to-emitter break
down voltage of 35 volts. The salient characteris.tks of the 
differential-cascode <implifier (QI through Q4) is the "supcr
high" ratio between the collector currents (at terminals I 0 and 
6) and the base currents (into terminals 9 and 7, respectively). 
The beta of the circuit is typically in the range of l 000 to 
5000 at collector currents ranging from less than I mkro
ampere to more than I milliampere. As a consequence, ampli
fier circuits can be designed to operate with extremely small 

input base-bias currents. Implicit in this performance are high 
input impedance, low noise, and low de offset-error effects. 

Transistors 05. 06• and Q7 are conventional n-p-n types 
with betas Ill the range of 150 to 400 at collector currents in 
the range of I microampere to IO milliamperes. These tran
sistors also have a minimum collector-emitter breakdown volt
age V(BR)CEO of 35 volts. 

Operating the Super·Beta, Differential-Cascode Amplifier 

Application of the differential-cascade amplifier in the 
CA3095E is similar to that of the classical differential-cascade 
amplifier; differential input signals are applied at terminals 7 
and 9 with balanced collector loads connected from terminals 
6 and 10 to the positive supply voltage. The common emitter 
connection, terminal 8, may be made directly or through a 
"current source" (e.g., a transistor or resistor) to the negative 
supply voltage. The circuit in Fig. 2 illustrates the use of 
"mirrored" transistors (07, 08) as a constant-current source 
to provide high emitter impedance fm the differential-cascade 
amplifier. As an alternative, a resistor may be used as a 
"current source" (as illustrated by the circuit in Figs. 8, 9, 
and 11 ). The IC substrate (terminal 5) is usually connected di
rectly to the negative supply terminal, as shown in Fig. 2, be. 
cause it must be maintained at the most negative potential of 
all elements on the CA3095E chip. 

The onJy additional requirement for CA3095E operation is 
for bias current into terminal 11 to forward-bias the network 
composed of Dt, D2 and Q5, and to supply base-bias cur. 
rent for transistors 03 and Q4. This base-bias current can 
be provided by connecting a dropping resistor between termi
nal 11 and the positive supply voltage; this arrangement is 
illustrated by the use of resistor RBIAS in Fig. 2. As an 
alternative, this current can be supplied from the positive 
supply to terminal 11 through a p-n-p constant-current-source 
transistor to maximize common-mode and power-supply re
jection characteristics. In most applications, however, such a 

Fig. 2 - Bias arrangemenr for operation of ti'ie super-beta differential
cascode amplifier. 

constant-current-source arrangement is not necessary because 
transistor 05 conducts most of the D1, o2 signal current to 
the IC substrate connected to terminal 5. As a general rule, the 
current supplied to terminal 11 should be approximately 4 to 
10 per cent of the current drawn from terminal 8. The input 
signals to the super-beta transistors (terminals 7 and 9) should 
not be permitted to swing more than 6 volts below the voltage 

at terminal 11 to avoid exceeding the Vcso rating of super
beta transistors Q 1 and 02. This factor is normally a design 
consideration only when one or both of the input-stage tran
sistors is to be biased off. 

Low-frequency Operation 

When an amplifier is to operate at very low frequencies, or 
as a de amplifier, the signal source must be directly coupled to 
the amplifier input. This coupling requires the use of an 
amplifying device with a very low input de offset error and 
low offset-error drift with temperature variations. A matched 
differential-cascade amplifier, like the one used in the 
CA309SE, is particularly well suited to this requirement, not 
only because of its low input offset voltage (VJO = 1 mV, 
typical), but also because of its low input offset current (Io= 
4 nA, typical, at Ic = 100 µA). When the input signal is pro
vided from a high-impedance source (Rs), both of these 
characteristics assume importance because the total effective 
input-offset-voltage error is the sum of their effects: 

Total Offset Error= V10 + I10Rs 

The diffe1ential input impedance in megohms (Zid in Fig. 3) 
of an amplifier operating at low frequencies is given by: 

Zid = 26 mV X the number ofp-n junctions in the input stage Mn 
Im (in nA) 

where Im is the input-stage base-bias current. Consequently, 
the input bias current (Im) must be quite low if a high input 
impedance is to be established. The characteristics of the 
super-beta tram.istors in the CA309SE are well suited for use 

*z, d' :~~~0f"ENRC~l~~~~l~;l ANO (7) 

Fig. 3- lnpurcirr:uit for the differential amplifier. 

in de amplifiers requiring high input impedance. For example, 
with the super-beta transistors operating at input-stage emitter 
currents of l microampere and an HfE of 2000, the base
bias current is only 0.5 nanoampere. Under these conditions, 

zid = 26 ~~ ! 2 = 104 megohms 

Impedance levels of this order can also be realized by wing 
negative feedback in connection with devices having higher 
input bias currents, as illustrated by the circuit shown in 
Fig. 4_ In this arrangement, the use of the feedback network 
effectively multiplies the differential input impedance. Un
fortunately, this arrangement does not avoid the input-offset
voltage effect resulting from the flow of unequal currents 
through the signal-source resistance (Rs) and the equivalent 
resistance of the feedback network; i.e., Rj//Rf. Consequently, 
the advantage to be gained by using super-beta transistors is 
apparent. 
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Fig. 4 - Differential input with provisions for feedback. 
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Considerations in Low-Noise Performance 

Fig.S shows the schematk: diagram of a noise model 
useful in a review of the considerations pertinent to opti
mizing low-noise performance in amplifier operation. 

'· 

TOTAL INPUT· REFERRED NOISE VOLTAGE l./Ffi• ENTi 

FOR AMPLIFIER DRIVEN FROM SIGNAL- SOURCE HAVING SOURCE 

RESISTANCE R5, Entihn Vl,/Hil '.141<TRs+!InRsJ 2 +(Enl' 

Fig. 5 - Soun:• of no/111 in the transistar-6tnplififlT stage. 

This model illustrates that consideration must be given to 

three major sources of noise: 

1. Noise contributed by the "thermal-noise" voltage de
veloped across the signal-source resistance. Rs. The magni
tude of this voltage in v/.['& is approximately equal to 
J4KTRs for a I-cycle bandwidth, where k is Boltzmann's 

constant (I.38 x 10-23 joule/°K), Tis the temperature in 
degrees Kelvin, and Rs is the source resistance in ohms. 

2. The noise voltage, En, resulting from the combined effects 
of shot noise due to emitter current flow and thermal 
noise due to transistor base resistance. These effects add 
in rms fashion to give a total E0 equal to (Eshot 2 + 
4KTrb'b)~. The shot-noise component, Eshot• is inversely 
proportional to the square root of IEQ• and has a value 

14.2 x w-12 
Eshot; ,...-;----< {V/Hz.) 

~ IEO 

In super-beta transistors, the base resistance component of 
En tends to dominate, particularly at currents greater than 
10 microamperes. In addition, this component of En has 

been experimentally found to be inversely related to oper
ating current. Therefore, the total value of En is inversely re
lated to operating current IEQ· For example, the CA309SE 
has a total I -kHz En of approximately 15 nV f /Ht. at a 
collector current of 5 microamperes and approximately 

8 n V f JHz at SO microamperes. 

3. The noise current, 10 , resulting from the combined ''shot 
noise" generated by the flow of base current and the I ff 
noise generated in the transistor. The magnitude of In is 
approximately proportional to JfIB, where 119 is the base 
current. The value of In is typically 0.12 pA/ /HZ at f = 
I 0 Hz when the super-beta differential·cascode amplifier 
in the CA309SE is operating at IEQ = 5 µA. In decreases 
to approximately 0.03 pA [HZ at f = I kHz. 

When each input terminal in a differential amplifier is drive" 
from a source resistance (Rs), the total noise voltage (referred 
to the input, see Fig. S) per unit bandwidth is given by: 

flnti (in V//fu); hKTR5 + 2(lnRs)2 +tBnl 

When amplifiers are driven from low source impedances, En is 
the predominant factor in noise contributions, whereas the 
effect of In predominates ~hen input signals· are supplied 
from high source impedances. Consequently, since the 
CA309SE operates with very high beta at very low operating 
currents, it has exceptionally low values of In, and is an excel
lent choice to amplify signals from high source resistances when 
low amplifier noise contribution is desired. Additionally, the 
incidence of "popcorn" (burst) noise2 is low in the CA309SE, 
a characteristic which further enhances its suitability for use in 
amplifying signals supplied from high-impedance sources. Figs. 6 
and 7 show typical data on 10 and E0 characteristics, 
respectively, as a function of frequency, for the super-beta 
transistors in the CA309SE. 

Because the operating current of the super-beta transistors 
in the CA309SE is adjustable over a wide range. the circuit 
designer can optimize the operating current for maximum 
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cascodtNJmplififlf" transistor pair ro, -03 and 02. 04). 

signal-to·noise ratio at a particular frequency and source re
sistance. This adjustment is accomplished by selecting an 
operating point for which En is approximately equal to 

{21 ln Rs· For example, the optimum operating collector 
currents in the differential-cascode amplifier are about 5 micro
amperes when the amplifier is to be driven from two 300-kilohm 
source resistors. For operation from higher source resistances, 
the currents should be proportionately lower, and vice versa. 
Operating currents in the range from 0.1 to 1.0 milliampere 
are recommended when the amplifier is to be operated as a 
low-noise video amplifier. At these current levels, the gain· 
bandwidth product (fT) is increased significantly with respect 
to low collector current operation. 

ILLUSTRATIVE CIRCUIT APPLICATIONS 

Like other RCA transistor-array IC's, the CA309SE offers 
the circuit designer a class of solid-state devices featuring 
matched electrical and thermal characteristics, compactness, 
ease of physical handling, economy, and versatility of use. The 
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CA309SE is an electronic "building block" which permits the 
designer to optimize performance of a particular circuit for 
gain, noise, power consumption, bandwidth, and/or other 
specific considerations. Some typical circuit applications of 
the CA309SE are described below. 

Hl!lt-lnput-Rotistance Low-Noi• Amplifior 

The CA309SE contains all the transistors necessary for the 
construction of a low-noise, feedback amplifier harina.a high 
input resistance (R1N "' 20 M!l) and a 3-dB blndwidth of 
about 50 kHz. In the circuit shown in Fig. 8, voltage gain is 
provided by a cascade of two stages, the differential-cascode 

stage (OJ, 03 -Q2, 04) and the differential slap (Q), Os). 
Transistor Q6 is an interstage emitter·follower. The voltage 
gain of the amplifier (approximately 30 dB with the circuit 
values shown) is essentially established by the ratio of Rs to 
the parallel combination of Rs and R6. The Rs, C2 mtwork.. 
couples feedback around the entire amplifier. Capacitor C4 
provides stabilizing compensation. The output-voltage swing 
(Eo) is typically 3 volts, peak-to-peak. Typical noise-figure 
data are shown in Fig. 8. Power consumption of the amplifier 

•SEE FIG.2: 
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Ql·QI CONTAINEO IN 
THE CA3095E 

Fig. a - H;gh-inpur-nnistanct1, law-no/# amplifier cirr:uit. 

is typically about 750 microamperes at a supply voltage of 
12 volts, although the current in transistors 01 and 02 is less 
than S microamperes. 

Low-Noise Video Amplifier 

The circuit shown in Fig. 9 illustrates the use of super·beta 
transistors in the input stage of a video amplifier. The circuit is 
capable of delivering4 volts, peak-to-peak, of output signal with 
a typical gain of 33 dB across a bandwidth from de to IO MHz 
(3-dB point). In this application, each super-beta transistor is 
biased for operation at about 400 microamperes to achieve 
wideband operation. The super-beta transistor characteristics 
minimize the contributions to noise generated by noise current 
(In) in the input stage. The equivalent input·noise-voltage.vs
frequency characteristics for the entire amplifier circuit are 
shown in Fig. I 0. TransistorsQ 1 through 04 are connected as an 
emitter-coupled pair of cascade amplifiers with a single-ended 
load resistor, R3, to drive a discrete transistor Q-PNP. This 
combination provides sufficient current gain to drive Q6, the 
voltage-gain-stage transistor, with load resistor Rg. Resistor 
R1 provides a path for de and ac feedback around this stage. 
Transistor Os is an emitter-follower output stage. The typical 
current drain of the amplifier is approximately 8 milliamperes 
at a total supply voltage of I 0 volts. 
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Long-Delay Monostable Multivibrator 

Super-beta transistors are useful in the design of long
delay, monostable multivibrator circuits, as illustrated in the 
circuit of Fig. 11. Basically, the circuit is a differential-cascade 
amplifier biased so that, in the quiescent state, the current 
path through transistors 01 and Q3 is cut off, and the path 
through transistors 02 and Q4 is conductive. This arrangement 
is accomplished by biasing the base of transistor 02 so that it 

\l+•S\I 

~OM 10.47,.F 

Fig. 11 - Long-delay,J1'1onostable-multivibratorcircuit. 

is one step of Vbe (potential e7 =:: 0.6 V) above the base of 
transistor Q 1, a condition established by the diode-connected 
transistor 06 in shunt with the base of 02· The timing cycle is 
initiated by the application of a negative-going trigger pulse at 
terminal 13, which is coupled to the base of Q2 through 
diode-connected transistor Q7. 02 is cut off and the output 
voltage rises to essentially V+. Since 01 and Q2 are emitter
coupled, 01 is turned on by the trigger pulse, and the potential 
at terminal IO drops rapidly; this drop pulls the left-side 
electrode of capacitor C toward ground. The right-side electrode 
of capacitor C is connected to the positive 5-volt supply 
terminal through resistor R; this connection permits the 
capacitor to be charged in the exponential characteristic of an 
RC network and, primarily, determines the delay time. 
Eventually, voltage e1 rises sufficiently to again switch 02 on 
(and QI off) so that the output voltage drops to its quiescent 
level (approximately +l.8 V) to signify the end of the timing 
period. The trigger-voltage pulse should be at least ·I volt in 
amplitude to assure positive switching. 

Low-Input-Bias Current Comparator 

The circuit shown in Fig. 12 employs the super-beta and 
conventional transistors in the CA3095E in a comparator 
circuit that requires an input signal of only l.S nanoamperes 
at threshold to produce toggling. The output of the circuit 
can interface directly with COS/MOS logic circuits. Transistor 
pairs 01 - Q3 and Q2 - 04 are connected in the differential
cascode arrangement described above. Transistor 06 is a 
programmable constant-current source (i.e., capable of being 
keyed, gated, clocked, etc.) for the differential-cascade pair. 
Transistors Q7 and Qs are a differential pair used to provide 
sufficient gain for the control of the external discrete tran
sistor Q..PNP. The reference voltage for the comparator is 
applied at terminal 7; voltages in the range from 1.5 to 6.0 
volts are suitable for satisfactory circuit operation. 

Analog Timer for Long Delays 

The very low input-bias-current characteristic of the super
beta transistors in the CA3095E is very desirable in the design 
of an analog timer for long time delays; the circuit shown in 
Fig. 13 is illustrative, and functions in a manner quite similar 
to that of the circuit of Fig. 12. Time delay can be varied in 
accordance with the expression shown in Fig. 13. 

The timing cycle is initiated by momentarily closing the 
push-button switch to discharge timing capacitor C. At this 
instant, transistors 01 and Q3 are non-conductive and 02 and 
04 are conductive; this arrangement prevents conduction i~ 
transistors Os and Q-PNP. Consequently, the output ts 
essentially zero volts. Timing capacitor C is charged ex
ponentially through resistor R until the voltage across the 

capacitor is sufficiently large to toggle transistor Ot and Q3 
into conduction (and 02 and 04 into non-conduction). Tran-

lrBot15nA AT THRESHOLD 
01 ·09ARE CONTAINED IN CA309~E 

T0TALO\JIESCENTCURFl£NT,.IOOl'A 

Fig. t 2 - Low-;nput·bias-cummt comparator c;rcu;t. 

such as tape heads and magnetic phonograph cartridges. The 
circuits described below illustrate the simplicity with which 
super-beta transistor circuits using the CA3095E can be 
equalized to meet the requirements for NAB playback and 
RIAA phonograph-record reproduction. 

Unity-Gain Preamptifier. The circuit in Fig. 14 illustrates a 
unity-gain preamplifier using the transistors in the CA3095E to 
drive a CA741 op-amp. This circuit boosts the input im· 
pedance, Zid• of the op-amp to the order of 20 megohms, 
typical. Transistors 01 - Q3 and 02 Q4 operate as a 
differentiakascode amplifier with transistor Qg as their 
constant-current source. Transistors Q6 and Q7 are diode
connected to establish de levels which are appropriate for 
direct connection to the CA741 input terminals. No additional 
external compensation is required with this circuit because 
the unity voltage gain provided by the preamplifier precedes 
the internally compensated CA 741 op-amp. The resultant 
offset voltage of the combination circuit is the algebraic sum 
of the offsets due to 01, Q7 vs 02, Q6, and the offset due to 
the CA741. The resultant offset can be nulled at the normal 
nulling terminals on the CA741. This circuit is ideal for 
amplification of signals emanating from sources with very 

v+ high impedances. 
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sistors Q7 and Os are also switched so as to drive Q-PNP into 
conduction and produce a ''high" output signal (approximately 
9.7 volts). With the values shown, the time delay can be varied 
over the range from about 90 to 725 seconds, depending on 
the setting of the I 00-kilohm potentiometer. The leakage
current loading on timing capacitor C due to transistor Ot is 
quite small, and is only of second-order importance in de
tennining timing accuracy. 

Super-Beta Transistors in Preamplifier Applications 

The wide operating-current range and circuit-connection 
flexibility available in the super-beta transistors contained in 
the CA309SE offer numerous advantages for applications in 
preamplifiers. For example, these transistors can be simply 
connected as a preamplifier for many of the common, 
economy-type op-amps (e.g., CA741, CA748)3 The combi
nation of the CA309SE and one of these op-amps provides an 
op-amp with the superior input characteristics offered by some 
of the high-priced op-amps that use super-beta transistors in 
their input stages. The CA3095E in conjunction with "com
modity-class" op-amps can provide an over-all circuit ex
hibiting orders-of-magnitude improvement over the op-amp 
itself in terms of input impedance, noise, and the effects of 
error currents. Several circuit combinations of this type are 
described below. 

Mention has already been made of the low-noise per
formance which can be achieved with the super-beta tran
sistors in the CA309SE. This attribute is a requisite for pre
amplifiers operating with low-level signal outputs from sources 

High-Gain Preamplifier The circuit in Fig. 15 shows a high
gain preamplifier using the transistors in the CA3095E to 
drive a CA748 op-amp. Transistors 01 · Q3, and 02 · Q4 oper
ate as a differential-cascode amplifier with transistor Qg as their 
constant-current source. Transistor 07 is diode-connected to 

drop the de common-mode voltage at the input of the CA741 
to within its linear operating range. 

This circuit boosts the input impedance, Zjd, of the op-amp 
to the order of 20 megohms, typical. It also can capitalize on 
the low-noise operational capability of the CA3095E, and 
reduces the noise (and offset-voltage) contributions of the 
CA748 by an increment equal to the gain of the preamplifier, 
typically about 28 dB with the circuit constantsshown. ln this 
case, external compensation of the CA748 may be necessary 
when the over-all op-amp is connected with feedback. 

The approximate value of the compensation capacitor re· 
quired can be computed by use of the following relationship: 

C (in pF) = 30 X the voltage gain of the preamp 
c closed-loop voltage gain of the composite op-amp 

The circuits in Fig. 16 illustrate applications utilizing the 
superior input characteristics of super-beta op-amps. A circuit 
such as the one shown in Fig. I6(a) is useful in applications 
where input impedances in the order of f50 megohms are re
quired at frequencies up to S kHz. Since inPut bias currents 
are required to flow through 10-megohm resistors in this 
circuit, it is mandatory that the input stage exhibit both low 
bias current and very low input offset current. (The capacitive 



Fig.14 - Op·•mp with unity {lllin prnmp/ifier. 
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Fig. 15 - ()p"llmp with high1Jllin preamp/ifiH. 

reactance of the ~oupling capacitor C must be much lower than 
5 megohms to achieve the high-input-impedance characteristic 
described above.) The low-drift, long-time-constant integrator 
circuit shown in Fig. 16(b) is another excellent application for 
the CA309SE super-beta transistor array. Because exceedingly 
low input bias currents permit the use of a high·value inte
grating resistor, R, without introducing substantial error, long· 
time-constant integration can be accomplished. The low input· 
offset-voltage drift characteristic of the super-beta transistors 
also contributes to low-error performance. Further reductions 
in error effects, particularly with temperature variation, can be 
achieved by using a temperature compensated bias-current 
source (e.g., R1-R3, D1). In the circuit of Fig.15, such an 
arrangement could be implemented by using 06 in a diode 
connected fashion to serve as DJ. With such an arrangement, 
temperature-compensated bias current is applied to the in
verting input terminal. 

High-Input-Impedance DC-Vol_, Circuit 

The combination of a preamplifier circuit using the 
CA3095E in conjunction with a CA 748 op-amp as deteribed 
above is adaptable to de-voltmeter circuits requiring high input 
impedance, as illustrated by the circ\1-it of Fig. 17. An ap
propriate resistor-divider network is provided to develop a de 
input signal at terminal 9 of the CA309SE with transistors 
Q1 • Q3 and 02 · Q4 connected in the differential-cascade 
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arrangement. Biasing and de feedback are applied at terminal 7 
of the CA3095E through a JO-megohm resistor. The CA748 
op-amp drives a 200-microampere meter calibrated in tenns of 
the voltages to be measured. A full-scale reading occurs when 
the voltage applied to pin 9 is 500 millivolts de. The entire cir
cuit is nulled with the 500-kilohm zero-adjustment potentio
meter. The total power-supply requirement is only 6 volts with 
a supply current of only 300 microamperes; this requirement 
can be met with batteries .. The input impedance of this simple 
circuit is approximately 40 megohms on all scales. 

Preamplifier for Tape-Head Signlls 

The exceptional low-noise characteristics of the CA309SE 
make it suitable for preamplifier service in professional-grade 
tape-playback systems. A typical circuit with equalization for 
NAB standards (7.5 in/s) is shown in Fig. 18. Transistors QI 
and Q3 are cascode-connected as the input stage, and transistor 
Q6 is connected as a common-emitter post-amplifier. Tran
sistors Qi and Q4 are non-conductive because the emitter
base junction in 02 and the base-collector junction iii Q4 "are 
shunted by external wiring. Equalization fot the NAB tape· 
playback, frequency-response characteristics is provided by the 

R J, C 1. C2 network connected in the ac feedback path; DC 
feedback stabilization is provided by the path through resistor 

R2. The amplifier has an over-all gain of about 37 db at 1 kHz, 
and can deliver output voltages in the order of 25 volts, peak
to--peak. The circuit configuration of Fig.18 is preferred to the 
differential-amplifier configuration because it limits the input
noise contribution to that of a single transistor (e.g., 01 ). 

PreampUfier for Signals from Magnetic-Phonograph Carb'idges 

The exceptional low-noise characteristics of the CA3095E 
are also of great use in preamplifier service in equipment used 
to reproduce signals from magnetic phonograph cartridges. "A 
typical circuit for this application with equalization for RIAA 
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Fig. 18 - Tape p/ay·back preamplifier equalized for 

NAB standanh (7.5 inls). 

playback standards is shown in Fig. 19. Transistors Qi and 03 
are cascode<onnected as the input stage. and transistor Q6 is 
connected as a common~mitter post.amplifier. Transistor 02 
and Q4 are non-conductive because the emitter-base junction 
in o2 and the base-collector junction in Q4 are shunted by 
external wiring. Equalization for the RIAA phonograph
frequency-response characteristics is provided by the RI • CI 
network connected in the ac feedback path. DC feedback 
stabilization is provided by the path through resistor R2. The 
amplifier has an over-all gain of about 40 dB at I Hz, and can 
deliver output voltages in the order of 25 volts. peak-to-peak. 
The dynamic range of these circuits is typically about 95 dB 
with the gains indicated. 

QIQ6AlllC0 .. IAHtEPIOI 
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Fig. 19 - l'rNmplifler equalizad for RIAA standanh applicab/11 
to magnetic phon0fl(8ph catridges. 
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Application of the CA3126Q Chroma-Processing IC Using 
Sample-and-Hold Circuit Techniques 

This Note* describes the (' AJ I 26Q monolithic integrated 
circuit intended for use in processing the chrominance signal 
in a color television receiver. In performing the functions of 
color suhcarrier 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· 
hility. while at the same time substantially reducing the 
number of external components and adjustments. 

As contrnsted with prior state-of-the-art IC' designs. sample
and-hotd tedmiques are used in the phase detectors for the 
AFPC and the A('C-killer loops of the C AJ 1 :!6Q. The improved 
signal-to-de unbalance attained thereby makes it possible lo 
eliminate the adjustments conventionally used in those circuits. 
The only set-up adjustment is a trimmer capacitor to tune the 
crystal filter. 
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Fig, 1- Componentsexternaf to the CA3126Q. 

Two controls serve to adjust the chroma level: One control 
is automatic and functions as a supplementary ACC loop to 
prevent oversaturation under condition of improper trans
mitted burst-to-chrominance ratio, and under noisy-signal 
conditions. The second chroma level control is for manual 
adjustment of the saturation by the viewer. This control has a 
linear characteristic over the range of the chroma gain control. 

The C A3 I 26Q integrated circuit which performs these 
functions is housed in a 16-terminal package. The external 
components. shown in Fig. I, are relatively few and consist of 
integration capacitors for the servo loops and the filter 
network in the VCO. Table I summarizes the performance of 
the circuit. 

Table I - Performance Data Typical Values 
Norn. Supply Supply Var. Temp. Var. 

Function Vee= 11.2v Vee ±2V .6T"so0c 
Oscillator Characteristic 

C. W, Carrier Arnpl, 1 vPP ±5% + 10% 

Frequency Norn. Sub +70 Hz -70 Hz 
Carrier 

AFPC Characteristic 

DC Loop Gain 40 Hz/deg. 

MAJOR FUNCTIONS 
The signa] flow and organization of the CA3 l 26Q are 

shown in block form in Fig. 2. The composite chroma signal is 
applied to the first chroma amplifier. The output from this 
stage proceeds along three paths. The first path leads to the 
doubly-balanced wide-band AFPC detector. Here the burst 
signal is compared with the reference carrier to produce the 
required error signal for ~ynchronization. Two sample-and-hold 
circuits serve to achieve high detection efficiency and bias 
stability. One sample-and-hold circuit samples the detected 
signal during the horizontal keying interval and stores the peak 
error signal in a filter capacitor. A second similar circuit pro
vides an accurate reference potential as described later. The 
bias stability of this system is sufficient to eliminate the need 
for the adjustments required in conventional circuit design. 

The detected and filtered burst signal controls the fre
quency and phase of a voltage-controlled oscillator (VCO) 
by operating on an electronic phase-shifter. The VCO consists 
of an amplifier-limiter followed by the electronic phase-shifter. 
A crystal fdter located between the output of the phase
shifter and the input of the amplifier-limiter closes the loop 
of the VCO. The filtered oscillator signal is amplified to pro
duce the required reference carriers for the AFPC and ACC 
synchronous detectors. The required quadrature relation
ship is obtained by+ rr/4 and -rr/4 radian integrated phase-shift 

networks. 

1.2KO 

correspondence between the control bias and the chroma 
output signal. The chroma maximum level corresponds to the 
maximum bias potential without a dead spot at the extreme 
of the control range. A threshold type overload detector 
monitors the output signal and maintains the output from the 
second chroma amplifier below an arbitrarily set level. This 
prevents the overload of the picture tube usually experienced 
on noisy or excessively large chroma signals. The required 
keying signals for the various functions are generated by two 
cascaded keyer stages where either polarity pulses are generated. 

REGENERATION OF THE SUBCARRIER 
The regeneration of the subcarrier is performed in the cir

cuit shown in Fig. 3. This section consists of a synchronous 
phase detector, the sample-and-hold circuits, and a voltage
controlled oscillator. Several keying circuits serve to maintain 
the operation in proper time sequence. 

The Phase Detector 
The phase detector is formed by lransistors Os 1. Os2 and 

Os to 010- The composite chroma signal amplified by the 
first chroma amplifier is applied to transistors 07 and Qg and 
the reference carrier is applied to transistors Q9 and Os2· The 
product of the two signals is developed across the load 
resistor R13. Transistors Os and 06· triggered by a horizontal 
rate keyer circuit, operate on the phase detector so as to allow 

* OPTIONAL DESIGN 
FEATURES 

Pull·in Range ±500 Hz 
Phase Error +20 -20 

Fig. 2- Signal flow and organization of ths CA3t 260, 

Noise Bandwidth 'NN 100 Hz 

ACC and Killer Characteristic 

100% Input Level (Red Field) 0.25 VPP 

Nominal Output with 
Overload Detector 

Nominal Output without 
Overload Detector 

ACC-3 dB Point 

Killer Threshold 

Dilf. Phase Error Over 

o.5 vPP 

;;%vl,~ 
5% E1N 

Entire ACC Range 1° 

Manual Control Characteristic 

Chroma Output Linearly 
Proportional to 
Control Bias 

Dilf, Phase Shift with 
Bias Vat, 

±2.5% -5% 

±10% -5% 

•l This Note, revised by Wayne Austin (RCA Solid State 
10ivision) was originally prepared by L.A. Harwood (Con
sumer Electronics Division) for publication in the IEEE 
TRANSACTIONS ON BROADCAST AND TV RECEIVERS. 
May 1973, Vol. BTR-19, No. 2. 

The ACC-killer detector is similar in structure to $e AFPC 

detector, and is also driven from the first chroma alnplifier 
stage. It detects synchronously the in-phase compon&~t of 

the burst signal and produces a pulse signal proportionai jn 
amplitude to the level of the bunt signal. The resulting con. 
trol signal passes through a sampling circuit, as described 
above, and is applied to the killer and ACC amplifien. Pte 
action of both amplifiers is delayed so that the unkill action 
takes place prior to ACC and the latter is fully activated upon 
reaching the predetermined burst level. The ACC amplifier 
controls the gain of the first chroma amplifier so as to main
tain the burst signal constant while the killer amplifier enables 
the output stage in the presence of the burst signal. 

The signal level to the second chroma amplifier is reduced 
to one fourth of the available signal level to allow for the ex
tremes of the chroma signal excursions. A horizontal rate 
keyer operating on this stage removes the burst signal so that 

the output stage is activated only during the horizontal 
scanning interval. A saturation control, available for front 
panel control, allows a continuous gain adjustment of this 
amplifier. A desirable feature of this control is the linear 

detection ·of the burst signal only. The current compensation 
of transistors Q7 and Os by the gating transistors 05 and 06 
and thq absence of filtering at the output of the detec!or 
results in transient-free switching of the phase detector. In the 
ab·sence of chrominance. the potential across the load resistor 
R 1 J remains constant regardless of the keying. In the presence 
of the dHominance signal. the phase detector produces two 
time-spaced outputs: one during the 'horizontal scanning 
interval corresponding to the quiescent potential, the second 
during the horizontal keying interval representing the detected 
burst. Thus. the detected burst can be measured relative to the 
quiescent potential rather than to an arbitrary reference. This 
results iM excellent stability for temperature and supply 
variation~. 

Sample-and·Hold Circuits 
As previously slated, the sample-3nd-hold circuits shown in 

Fig. 3 allow efficient utilization of the detected error signal 
and provide a reliable reference potential. During the sampling 
interval, the detected pulse signal available at the detector load 
resistor R 13 is translated to the AFPC filter capacitor ofter
minal 2 via transistors Os3 and Os4. Os3 serves to isolate the 
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Fig, 3- Subcarrier regeneration circuit. 
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Fig. 4- The first chroma amplifier and the ACC servo loop, 

detector from the switching pulses generated in the sampling 
circuits. The sample-and-hold action is accomplished by con
trolling the conduction current in transistor 054 thus alter
nating the charge path during those intervals. During the 
sampling interval. transistor 054 conducts and its emitter 
exhibits a relatively low impedance in comparison with the 
value of the integrated charging resistor R ::!O· The detected or 

sampled signal is stored in the AFPC' filter capacitor which. 
with R~o. determines the til!lC constant during this time 
interval. During the hold period. transistor 054 is off and the 
tilter time constant is several orders of magnitude larger than 
previously. The discharge of the filter capacitor is reduced 
to very small base bias currents only and little of the stored 
information is lost. 
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The "on" and "off' condition of the transistor 054 is 

determined by the state of the transistor-pair 01Iand01~· 
During the "on" (sampling) interval, a signal from the hori
zontal rate keyer disables transistor 011 and the collector cur
rent of the transistor O 1 ~ maintains the transistor 054 in the 
"on" condition. During the "off' (hold) period, transistors 
01 I and 01 ~change their states and the transistor 054 is "off'. 

The bias sample-and-hold circuit, similar in structure to the 
above-described circuit, consists of the sampling switch 059 
and the transistor-pair Q17 and Ot8· This circuit, also acti
vated by a signal from a .horizontal rate keyer, samples the 
quiescent potential of the phase detector. The two signals, 
the error and the bias, processed by the sampling circuits, are 
stored in filter capacitors, and are applied to opposite terminals 
of a differential phase control. The phase control circuit syn
chronizes the reference carrier produced by the VCO. 

Depending on the free-running frequency of the VCO, the 
detected signal is in the form of positive or negative going 
pulse trains which are then stored in a filter capacitor. The 
sampling switch has equal drive capabilities for both polari
ties of the signal; a requirement of particular importance in the 
presence of noise signals. Non-linear operation of the detector 
and sampling circuit would produce a rectified de component 
causing an erroneous detuning of the VCO. 

TheVCO Loop 
The amplification and amplitude limiting of the oscillator 

signal takes place in the amplifier-limiter formed by the tran· 
sistor-pair 060 and 020· The output from 020 is fed to the de 

controlled phase-shifter and returns to the amplifier through a 
crystal filter. The amplifier operates in a non-inverting mode, 
hence, the total phase shift through the phase-shifter plus cry
stal filter must be 1a multiple of 2 rr radians. The crystal filter 
is tuned to the subcarrier frequency and the filter band-width 
is determined by a resistor in series with the crystal. The OC 
controlled phase-shifter has a phase range of approximately . 
± 4 radians, and a phase change activated by a control signal 

results in a corresponding oscillator frequency change. 
In the phase-shifter, the oscillator signal available at the col

lector of 020 is applied to the base of014 from which it pro
ceeds along two paths. An integrated capacitor C2 couples 
this signal from the emitter of 014 to the collector load of 
015 and, at this point, the signal is phase-shifted by approxi
mately 7r/4 radians. In the second path, the signal arriving at 
the collector of O 15 passes through a current splitter formed 
by the transistor-pair 056, 015. This signal is reduced to a level 
determined by the control voltage at the bases of transistors 
056 and 015· At one extreme, transistor O 15 is OFF and the 
signal at the collector of 015 arrives through the capacitor C2 
only. Conversely, with transistor 015 ON, and 056 OFF, the 
signal arriving through the transistor Q 15 is phase-oriented so 
that the resultant signal has a phase of +3/4 rr radians. The 
phase-control is linear throughout most of the control range. 

A buffer amplifier is used to sU.pply the CW carrier re
quired for the demodulators, and the carrier is available at 
terminal 8. Internally, the buffer amplifier supplies the two 
synchronous detectors. Two R-C phase-shifters fed from the 

buffer amplifier provide the required phase orientation. A low· 
pass R14-C3 filter shifts the carrier to the AFPC detector by 

-n/4 while a high-pass filter provides a +rr/4 oriented carrier 
for the ACC-ki11er detector. 

AMPLITUDE CONTROL OF THE CHROMINANCE SIGNAL 
Two cascaded amplifier stages serve to process the chroma 

signal and several signals are developed to control the gain of 
each stage. 

Fint Chroma Amplifier and ACC Servo Loop 
The first chroma amplifier, shown in Fig. 4, is controlled by 

the burst responsive ACC-killer detector only. The amplifier 
formed by the transistor-pair QI• 02 is driven single-ended by 
the applied composite chroma signal. The amplified output 
from this stage drives differentially the synchronous ACC· 
killer detector. The gain of the first amplifier is a function of 
the de emitter current supplied by the constant current source 
03. This current source is biased to provide a nominal current 
and, hence, a nominal gain in the first amplifier stage. The bias 
of the current source is reduced in response to a detected burst 
signal and the gain of the first stage diminishes correspondingly. 
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The ACC-kilter detector is similar in structure to the 

AFPC detector. However, the CW carrier applied to the de
tector is in phase with the burst signal. The detected burst 
signal is processed by a sampling circuit in the same manner as 
previously described in connection with the AFPC circuit. The 
signal sampling consists of the transistor follower Q73 and the 
keyed transistor-pair 040. Q41 . Resistor R63 serves to produce 
an intentional de offset across the inputs of the differential 
pair Q43, 076· The detected ACC signal is unipolar with 
respect to the reference potential; thus, the de offset extends 
the linear operating range of the amplifier Q43, 076· The bias 
sampling circuit consisting of transistors Q79, Q44, Q45 applies 
the quiescent bias to the base of transistor 076· In the absence 
of a burst signal, the de offset maintains transistor 043 in the 
OFF condition and the following p·n-p transistor, 029. is also 
disabled. Thus, the ACC amplifier 028 is non.conducting and 
the current source Q3 provides the maximum current to the 
input stage. 

The OFF state of transistor 029 renders the killer amplifier 
(transistor 027) inoperative, a condition required to disable 
the second chroma stage. 

Upon amplification of the burst signal in the first chroma 
amplifier, the detected burst signal increases proportionately 
to the amplitude of the input signal and combines differen· 
tially with the previously described bias signal in the collector 
load of transistor Q43· Prior to it, the detected and bias signals 
are smoothed by the ACC filter capacitors. The linear operation 
of the chroma amplifier, the detector, and the amplifier which 
follows the sampling circuits is maintained to a signal level 
sufficient to enable the transistor Q28· This potential, 
approximately 0.7 V, establishes the delay of the ACC charac

teristic as shown in Fig. 5. The chroma (burst) signal at the 
output of the first stage remains essentially constant with 
further .increase of the input signal. The increasing de poten
tial at the collector of 029 also activates the killer-amplifier 
027. In order to maintain a predictable killer threshold, this 
action is referenced to the delay point of the ACC. As 
previously stated, the ACC begins to function at a signal level 
at which the de potential across resistor R47 reaches 0.7 V. 
The killer threshold is lower than that of the ACC action and 
is determined by the voltage drop across resistors R48 and R47· 
Thus, the two threshold signals are predictably established by 
the ratio R47/(R47 + R4g). 

I~~ ~T:;~;..U;;;.!.;.;-=-=-.,...--;----

I 
I 

I 

I 

Fig. 5- Norma/I zed ACC characteristic. 

The Second Chro"'8 Amplifier 

100% INPUT 

92CS-21156 

The operation of the second chroma amplifier is controlled 
simultaneously by several signals. As described previously, 
they are: a customer-operated chroma gain (saturation) control, 
the killer detector signal, the overload detector, and the keyer. 

The amplifier circuit shown in Fig. 6 is formed by the 
transistor-pair 065· Qz4 and is driven differentially by the 
first chroma amplifier. The signal level to this stage is reduced 
by means of a resistive voltage divider. The amplifier Q65 .024 
is interrupted during the horizontal keying interval by the 
transistor-pair 066• 023 to remove the burst information from 
the composite signal. The gating transistors Q66 and 023 are 
connected so that their emitters and collectors are in parallel 
with the respective emitters and collectors of transistors Q65 
and Q24. The resulting collector current compensation main· 
tains the quiescent output potential regardless of the keying 
operation. 

The gain of the second chroma amplifier is adjusted by 
varying the current in the transistor 025. A resistive divider 
~l ·~2 fed from a follower stage 067 provides the bias 
potential ti;> the base of the transistor 025 and the voltage drop 
across resistor R4o detennines the current flowing from the 
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Fig. 6- Chroma output staflll. 

collector of 02s to the emitters of Q65 and 024. The diode 
D3 compensates the base to emitter potential of the transistor 

Q25· 
Since the bias resistors R40, ~I· and ~7· and also the 

amplifier load resistor R43• are located on the same IC chip, 
the resistance ratio of these components is accurately con· 
trolled. Thus, the gain of the second chroma amplifier 
determined by these components is very predictable, and is a 
function of the bias potential applied to the base of transistor 
Q67 only. 

The interfacing of IC's with external control circuits usually 
presents problems due to the large tolerances associated with 
both components. The circuit used here overcomes these 
difficulties. The transistor fol1ower 067 exhibits negligible 
loading on the bias set by the manual chroma control. Thus, 
the gain of the second chroma amplifier is uniquely deter
mined by the rotation of the gain control potentiometer and is 
relatively independent of its resistance value. 

The killer operation is also performed on the second chroma 
amplifier. The amplified output from the ACC-killer detector 
is applied to the killer switch 020· In the presence of a burst 
signal, transistor 020 is off and the chroma amplifier remains 
undisturbed. In the absence of a burst signal, the collector cur
rent in 020 reduces the potential on the base of the transistor 
Q6 7 so as to cut off the second chroma amplifier. 

The Overload Detector 

The ACC and the manually operated saturation control 
provide the essential means to maintain the proper chromi
nance level to the picture tube. Under certain conditions, 
however, the presence of the ACC is detrimental. As pre
viously stated, the ACC servo loop maintains a constant out· 
put level of the burst signal regardless of the chroma informa
tion. Transmitter variations in burst-to.chroma ratios are im· 
properly corrected by the ACC action and, on signals with low 
burst-to.chroma ratios, the excessively amp1ified chroma can 
exceed the dynamic range of the picture tube. 

Similar overload problems are experienced when receiving 
weak signals. The Synchronous ACC detector produces a con· 
trot signal proportional to the average value of the burst inter
val signal, and noise does not contribute to the output. Al· 

though this type of noise-immune detection is necessary for 
reliable operation of the killer circuits, it is less desirable for 
the ACC action because the noise-peaks plus signal tend to pro
duce undesirable over-saturation effects. 

The overload detector operating on the second chroma 
stage eliminates both these overload problems. The chroma 
signal from the output terminal of the second chroma ampli· 
fier is coupled, by means of the coupling capacitor Cfb to over
load detector 022· Transistor 022 is biased by means of an 
internal bias supply to 0.5 V, and remains off until its base 
potential is raised to approximately 0.7 V. Thus, detection 
takes place whenever the chroma signal plus de bias is equal to 
or exceeds 0.7 V. The detected and filtered signal lowers the 
bias potential on the base of transistor Q67 and reduces the 
gain of the output stage. 

KEYING Cl RCUITS 
Details of the keying circuit and of the internal bias cir

cuits are shown in the complete diagram of the CA3 l 260 in 
Fig. 7. A positive horizontal rate keying pulse applied to 
tenninal 9 activates the keying circuit. This circuit maintains 
the AFPC and ACC detectors, with the corresponding sample
and-hold circuit, in the ON position during the keying interval, 
and disables the chroma output stage at the same time. 

CONCLUSION 
The new chroma processing circuit improves the per

fonnance of a color television receiver. The use of syn
chronous detection and sampling results in excellent signal 
stability and fewer external components and adjustments. An 
overload detector prevents over-saturation of the picture 
tube, and the improved manual control simplifies the adjust· 
ment of the chroma level. 
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Application of the CA3089E FM-IF Subsystem 
by L. S. Baar 

The RCA-CA3089E, shown in Fig. l, is an FM-IF 
subsystem intended 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 output, tuning-meter output, and delayed 
rf-AGC l This Nole briefly describes each circuit seclion 

and discusses practical aspects of designing with this device. 

Circuit Description 
The three-stage direct-coupled amplifier-limiter uses a 

cascade input stage to reduce input noise and provide better 
stability. The peak-to-peak swing of approximately 300 

approximately 8 volts over a temperature range of -·400C to 
+IOOOC while maintaining the performance of the device 
virtually unchanged. The typical curves in Figs. 3 through 7 
illustrate these characteristics. A reference voltage brought 
out to pin I 0 may be used in conjunction with the AFC, if 
desired. 

Stability Considerations 
Because the CA3089E is a very high gain device, the 

external circuit must be laid out carefully to eliminate or 
reduce any feedback path.2 Fig. 8 shows a 10. 7-MHz 

Fig. 1- Schematic diagram of the CA3089E. 

millivolts is developed across the 390-ohm resistor, R31, at 
pin 8. The operating-point stability is provided by de 
feedback to the input stage. The input voltage for an output 
3 dB below limiting is typically 12 microvolts rms. 

The detector is a doubly balanced circuit driven 
symmetrically by the output of the if amplifier. The voltage 
at pin 8 is coupled through a reactance to the tuned circuit at 
pin 9. The detector output is taken from both sides and 
combined differentially to produce an audio output and 
automatic-frequency-control voltage. The audio output may 
be attenuated by a current driving pin 5. The current is 

normally provided by the mute drive, which reduces the level 
by more than 50 dB. Fig. 2 shows the detector and 
audio-AFC translator circuits redrawn to illustrate the 
balanced circuitry. The audio output is developed across a 
5 ,000-ohm resistor, R49, Fig. 1. The AFC output can be used 
either as a current or voltage source. 

The meter output and rf-AGC circuits are driven by three 
level detectors which detect the output levels of each of the 
if amplifier stages. The tuning-meter circuit sums these levels 
and provides a voltage which is a function of the input signal. 
The rf-AGC circuit is driven by the level detector connected 
to the output of the first amplifier stage, which provides the 
delay. The mute logic output is developed from the output 
of the third limiter. With a large signal, the if envelope is 
detected, and drives the mute logic voltage low. As the 
signal-to-noise ratio deteriorates, "holes" are created in the 
envelope; these "holes" are detected, and provide the voltage 
to drive pin 5. 

The bias supply maintains the device current drain 
virtually constant from a supply voltage of 16 volts to 

printed-circuit-board layout of the circuit in Fig. 9(a). The 
ground~plane layout was devised to prevent large rf currents 
at the output terminals from returning to the input grounds. 
Bypass-capacitor grounds also were selected to achieve the 
same purpose. It is recommended that bypass capacitors be 
placed on terminals of the auxiliary functions since most of 

Fig. 2- Detector, audio, and AFC circuits. 

them are connected to rectifier circuits which are not 
completely filtered within the device. Capacitors of the disc 
ceramic type with a 0.01- to 0.02-microfarad value are 
usually good bypass capacitors at 10. 7 MHz. Larger values 
may exhibit a self-resonance below 10.7 MHz, and actually 

SUPPLY VOLTAGE-V 

~ig. 3- Supply current, recovered audio, and input limiting as 11 
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exhibit inductive reactance at their terminals. The nominal 
input impedance of the CA3089E is approximately 9,000 
ohms. and it is not recommended that an impedance match 
be attempted. Most commercial receivers use ceramic-filter 
frequency-selective elements that normally have source 
impedances or 500 ohms or less. When these fdters are 
properly terminated with loading resistors, the typical source 
impedance is further decreased to 250 ohms or less. Higher 
levels of source impedance are possible with very careful 
circuit layout; however, the maintenance of stability could 
be difficult. 

The CA3089E has a frequency response that is typically 
flat to 20 MHz; consequently, the device can provide useful 
gain well above that frequency. If the device is used at lower 
frequencies, the larger-value bypass capacitors required may 
not be adequate to bypass the highet frequencies. Double 

bypassing with lower-value capacitors can overcome such a 
problenL Another means of allOYiating the problem is to 
externally reduce the frequency responae by using a small 
capacitance across the output load of the device. 

a) Bottom view of printlld-circuit board. 

bi Component side- mp view. 

R,. S.-. CA3089E and ourboenl ~ts mountlld on• 
pdnred cln:ult boen/. 

0..*8tunt-Det.ctor Ciroui'll 
The quadrature-detector tuned circuit is connected 

between pins 9 and l 0. The signal voltage at pin 8 is 
normally coupled to pin 9 through a choke. The circuit 
values for the detector network are determined by several 
factors, the primary one being distortion at a particular level 
of recovered audio. Distortion is determined by the phase 
linearity of the quadrature network and is not influenced by 
the device unless excessive, recovered audio overdrives the 
audio circuit With a Single tuned network, the phase 

linearity improves as the bandwidth increases; however, 
recowred audio decreases. A satisfactory compromise for 
most FM-receiver applications is reflected in the circuit of 
Fig. 9(a). This circuit typically provides 400 millivolts nns of 
recovered audio with less than O.S-percent distortion. 
Because a double-tuned circuit has better phase linearity <Mt 

a wider bandwidth, distortion figures ofless than 0.1-percent 
are attainable with the network used in the circuit of Fig. 
9(b). Ptopet alignment and coupling adjustment of the 
double-tuned circuit are most easily accomplished while 
viewing the resulting S curve. Initial adjustment of the 
primary tuning s1ug to the proper crossover is made with the 
secondary slug removed. The secondary tuning slug is then 
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Fig. 9- (a) Ten cin:uit for tha CA3089E using a sin.,,.tunad datector 
·coil, (b) mt circuit for the CA3089E wing a doublfl.tuned 
darectarcoil. 

adjusted until 11. slight "ripple" is observed moving along the 
S curve. If the ripple is excessive (enough to distort the S 
curve) the coupling is too tight. If no ripple is observed, the 
coupling is too loose. As the ripple moves through the 
crossover point, it will be observed that the S curve becomes 
more linear near the center frequency. Slight readjustment of 
both slugs may be necessary for final alignment. The best 
performance can then be achieved by slight adjustment while 
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measuring distortion. The coupling may be varied by either 
moving the coils or by changing the value of the secondary 
load resistor. 

Various circuit values can be used to obtain the same 
recovered audio. but the basic conditions of circuit 
bandwidth and phase linearity must be maintained. The 
detector circuit also sets up conditions which are required for 
proper operation of the mute circuit. The cf voltage on pin 9 
must be held at approximately 175 millivolts nns, ±25 
millivolts. The reason for this requirement is discussed 
subsequently in connection with the mute logic circuit. The 
approximate voltage at pin 9 is determined from the 
equivalent circuit shown in Fig. I 0. 

The peak-to-peak voltage on .Pin 9 is: 

IV9l"'IVsl~ 

where R1 is the total parallel resistance and VS is 
approximately 300 millivolts, peak-to-peak. 

The Q of the tuned circuit between pins 9 and 10 may be 
affected by the effective Q of the choke between pins 8 and 
9 and the series resistor RJ l in the CA3089E. All of the 
above factors should be considered in selecting circuit values. 
Table 1 lists some typical combinations of component values 
under various conditions. 

A choke is normally selected to equalize delays in the 
signal path and in the limiter-quadrature path. It also 
reduces the if harmonic content across the quadrature 
circuit. In some cases, such as in narrow-band applications, it 
may become necessary to use a capacitor as the coupling 
component where large values of inductance with high Q's 
are difficult to obtain. If a capacitor is used, the phase of the 
recovered audio and AFC voltage will be reversed, some 
asymmetry of the S curve may result, and the distortion may 
be adversely affected to a small degree. 

As indicated above, the inductance between pins 8 and 9 
tends to equalize delays in the detector signal paths. The 
matching of elements of the IC in the balanced detector 

~ 
l "~" 

Fig. 10- EquiWlltmt circuit wed to datwmin• appraximt1tB vo,_ on 
pin 9 of tM CA3089E in F"tg. 9. 

circuit results in an AFC output with a very small offset 
when referred to the voltage at pin 10. For most 
applications, the inherent offset variation is well within 
tolerances, and does not affect circuit performance. In some 
narrow·band applications, however, the offset becomes more 
critical because of the very narrow bandwidth. In such 
situations, the combination of normal production variations 
of the device and the external circuit components results in 
receiver detuning when the AFC loop is closed. This detuning 
results in an increased distortion of the recovered audio. This 
distortion can be corrected with the addition of a variable 
capacitor from pin 8 to ground to provide phase 
compensation. The capacitor can be adjusted to provide zero 
AFC offset with minimum distortion. Generally, the offset is 
in one direction for a given set of conditions. The addition of 
a fixed capacitor will minimize variations sufficiently to 
satisfy many applications. A value of 5 picofarads is an 
effective value for the circuit of Fig. 9(a) with the 
recommended PC-board layout. Conversely, the offset 
created by using a capacitor between pins 8 and 9, as 
mentioned earlier, may be compensated by placing an 
inductance between pins 8 and 10. 

Audio .,d AFC Circuits: 
The audio and AFC circuits are very similar, and both 

develop the same audio signal at their respective output 
terminals. The audio output voltage on pin 6 is developed 
across an internal, nominal. 5,000-ohm resistor ·(R49) 
connected to the 5.6-volt reference. In addition, the audio 
signal level can be attenuated by providing. a direct current 
into pin 5 without any shift in its de level. The audio output, 
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TABLE I - FIG. 10COMPONENT VALUES AND CHARACTERISTICS AS A FUNCTION OF FREQUENCY but also harmonics developed when successive stages go into 
limiting and eventually form a square wave. The result is a 
logarithmic de output as a function of input signal, as shown 
by the curve in Fig. 13. The circuit developing the delayed 

Freq. L1 OL1 c, R1 

~ ~ ~ (ohms) 

10.7M 2.2µ 75 100 3900 

10.7M 2.2µ 120 100 

10.7M 2.2µ 120 100 

455k 0.1m 65 1000 68k 

as shown in Fig. 11, is uniform to a frequency of more than 
I MHz when measured in the circuit shown. 

The AFC output at pin 7 is a current source and, if 
terminated with 5,000 ohms, will provide an audio output 
identicaJ to that at pin 6. The AFC output may be referenced 
to a wide range of voltages, from near ground potential to 
near supply voltage. However, because of the balanced circuit 
configuration, the best AFC sensitivity and offset will occur 
at, or near, the 5.6-volt internal reference. An AFC voltage 
developed across a load tied back to pin I 0 is recommended. 
As a consequence of this connection, variations in the AFC 
voltage as a function of operating voltage and temperature 
are minimized because the voltage on pin 7 tends to follow 
changes in the reference voltage. 

FREQUENCY-kHz 

Fig. 11-Audio response at pin 6. 

Mute Circuit 
The signal to the mute logic circuit is taken from the 

emitter follower connected to pin 9. This signal drives a peak 

detector followed by an inverter such that the mute logic 
developed is zero volts with an input signal level sufficient to 
develop a fully limited output signal. As the input signal level 
is reduced below limiting, noise becomes significant, and 
creates "holes" in the if envelope. The detected driVe voltage 
decreases and causes the mute logic voltage at pin 12 to 
increase. This voltage, in tum, is fed to pin 5 to provide the 
current to attenuate the audio. If the if level at pin 9 is too 
high, the .. holes" created by the noise are insufficient to 
drive the mute logic voltage high enough to attenuate the 
audio. If the pin 9 voltage is too low, the mute drive voltage 
never reaches zero, and the external mute-threshold control 
behaves like a volume control. It is for this reason that the 
mute logic circuit requirements influence the selection of 
detector circuit values. 

Another condition affe.cting proper mute perfonnance is 
excessive gain in the tuner or preceding if stages. High gain 
ahead of the CA3089E under a condition of low 
signal-to-noise ratio results in the noise being clipped by the 
limiting amplifiers. The dipping has the effect of reducing 
the number of ''holes" in the if envelope, and limits the mute 
drive voltage at pin 12 to values insufficient to attenuate the 
audio. If high gain is a system re·quirement, an externally 
derived mute logic voltage is necessary to drive pin 5. 

The external circuit on pin 12 in Fig. 9(a) serves to filter 
the output, and provides a variable potential for 
mute-threshold adjustment. The 4 70.ohm resistor in series 
with pin 12 reduces the effective Q of the filter capacitor and 
prevents the circuit from setting up on noise current 

transients as the mute circuit begins to function. The voltage 
divider, composed of the 500kilohmpotentiometerand 120 
kilohm resistor, controls the threshold point. These values 

X (pin 8 to pin 9) Deviation Recovered Audio 

~ lmVJ 

22µH ±75 400 

120µH ±5 280 

1.3pF ±5 290 

1mH ±5 400 

are suggested ones, and may be altered to suit the user. Curve 
A in Fig. 12 shows the change in audio output level as a 
function of input signal with the mute-threshold control 
circuit (also shown in Fig. 12) at its maximum-voltage 
setting. Because of the more shallow slope and the larger 
circuit time constant mvolveel, a ""soft" mute action results. 

~50 
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Curves B and C illustrate the change in the curves resulting 
from adjustment of the values of the threshold control 
circuit. These latter circuits provide a faster acting mute. The 
fixed resistor, RI, in addition to controlling the slope of the 
mute characteristic, limits the voltage appearing at pin 5. The 
use of this resistor is recommended to prevent a latch-up at 
the attenuating circuit, which, if it occurs, maintains the 
circuit in muted condition until the supply voltage is 
removed. 

The curves in Fig. 12 show that the muting action cannot 
be initiated under any condition until some noise is present 
in the output signal. In this respect, the mute performance of 
the CA3089E differs from that of some other systems which 
are activated by signal level. Such systems can be adjusted to 
allow noise-free signals to be processed further. When the 
CA3089E circuit operates under small-signal conditions, 
noise may be audible before muting action occurs. The 
threshold-level adjustment only permits more or less noise to 
appear at the output; a listener can use the control to adjust 
the interstation hiss to the level of his preference. 

Tuning Meter and RF-AGC Circuit 
The tuning-meter circuit sums the output of three peak 

detectors connected to successive stages of the if 
amplifier-limiter. These circuits detect not onlv the carrier, 

DC \IOLTAGE $UPPLY \I •12\/ 
AMBIENT TEMPERATURE (TAl•+2s•c 
TEST CIRCUIT - $EE FIG.tlAJ 

100 IK 
INPUT SIGNAL-.... \/ 

Fig. 13-Tuner AGC and tuninfl'mettlr output as a function of input 
signal 110/taf1B. 

rf-AGC voltage is driven by the level detector connected to 
the first if stage. As a result, no output is detected until the 
input signal is large enough to drive the peak detecto~; the 
result is a delayed AGC action. The curve of rf-AGC voltage 
as a function of input signal is also shown in Fig. 13. 

IF Amplifier/Detector System and Stereo Decoder 
Fig. 14 shows the circuit diagram of a complete FM-if 

detector system driving a stereo decoder. Using the 
selectivity of two ceramic filters, the CA3089E in 
conjunction with the CA3090AQ stereo decoder provides the 
basic signal processing between the tuner output and the 
audio amplifiers. The gain of the silicon n-p-n 
bipolar-transistor stage is adjusted to make up the losses of 
the two filters. In addition to driving a tuning meter, the 
voltage at pin 13 of the CA3089E mav be used to drive a 
'"stereo defeat" cirt.'Uit in the CA3090AQ, thereby holding 
the decoder in a monaural condition to improve the 
signal-to-noise ratio under weak signal conditions. A 
suggested PC-board pattern and parts layout are shown in 
Fig. 15. 

Operation at Frequencies Other Than 10.7 MHz 

Because the CA3089E was designed for use in FM 
broadcast receivers, its circuits are optimized for use at 10.7 
MHz. Neveriheless, the device performs equally well over a 
wide range of frequencies both above and below 10.7 MHz. 
Tiie if amplifier response is essentially flat from de to more 
than 20 MHz. The operation of the detector circuit. ii 
dependent only on the external components. The operation 
of the auxiliary sections-rf-AGC, meter output, and mute 
logic - depend on internal peak detectors, and, as a 
consequence, their performance at lower frequencies is 
limited. The internal capacitors were optimized for 10.7 MHz 
operation, and are too small to operate effectively at lower 
frequencies. The detector efficiencies begin to deteriorate at 
about 2 MHz, and the detectors are essentially unusable at 

Fig. 14- IF amplifier/detector system and stereo decoder. 



455 kHz without the use of external c:ircuilly. The rf-AGC 
and mute logic cin:uits do net develop 1111Tlcient de voltage 

Fig. 15-$uggtlstrld PC-btwd PBttllm and pans 1ayout for the cin:uit 
ofFi ... 14. 

to perform their functions, and the meter output signal loses 
its logarithmic characteristic and exhibits peaks and valleys as 
input signal is increased. Operation of the rf-AGC and mute 
logic circuits may be enhanced by the addition of a de 
amplifier and inverter to each circuit. A simple example using 
a C A3096E IC transistor array is shown in Fig. 16. 3 

The CA3089E may be used effectively in narrow-band 
communication feceivers. In double-conversion receivers, 
some of the functions of the CA3089E are negated at a 
455-kHz intermediate frequency. However, if a 10.7-MHz 
intermediate frequencv is used, all of the auxiliarv featwes 

-,,~·. ni~ 

Fig. 16-Extemal mute and rl-AGC driw circuits for the CA3089E 
operating at 455 kHz. External transistors are parts of the 
CA3096E n-p-n/p-n-p tranllistorsrnJy. 

may be used. but another set of problems is encountered. 
The small deviation signals encountered in narrow·band 
systems require the use of high-Q circuits in the quadrature 
detector, as indicated in Table I. However, variations in 
external-component parameters with temperature changes 
may cause the tuned frequency of the detector to drift out 
of the if pass band. Normally temperature-compensated 

components are necessary. The CA3089E, operating in 
conjunction with an inexpensive operationaJ 
transconductance amP.lifier,4,5 provides means of locking the 
tuned circuit to the incoming frequency. Fig. 17 shows the 
block diagram of such a system. The AFC output voltage 
developed across the resistor between pins 7 and I 0 is 
amplified by the op-amp and drives a varactor to maintain 
the tuned frequency on the incoming.signal frequency. 

Fig. tl~a.r.ctor f,,,quencv-stabilization circuit. 

The CA3089E may also be used as the core of an 
uJtra·linear FM generator; Fig. JS shows the circuit. The 
carrier is generated by the CA3089E with the introduction of 
feedback from the output terminal, pin 8. The carrier is 

modulated by the varactor connected across the tuned circuit 
at the input of the CA3089E. The varactor is driven by tho 
output of the differential amplifier, Al, using a CA3028 
IC.6,7 This differential·amplifier stage is driven at one of its 
input terminals by the audio modulating signal. Neptive 
feedback of the audio signal is provided by driving the other 
differential·amplifier input from the recovered auWo output 
of the CA3089E at pin 6. The detector circuit uses a 
double·tuned transformer to produce audio with very little 
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ICAN·8257 
distortion at pin 6. This teedback technique results in a very 
low distortion modulation. The rf output of the CA3089E at 
pin 8 is essentially a square wave, and is fed to a 
tuned.amplifier stage to buffer the signal and restore the 
sine-wave.shaped rf output signal. 

Aclaw ......... 11 

The author thanks Jack Cnft for his lid and m-tioal in 
IDIDY discussions and Frank Curley for his lid in circuit 
oon.lltruction and collection of data. 
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A Single IC for the Complete PIX-IF-System in TV Receivers 
The RCA-CA30hX linear 111icgra1cd L'i1ntit i-.. a PIX-IF---uh

systcrn in a :,hid Jed. quad-formed. du•d-in-linc. ~0-kaJ. pla-.tiL' 
pacbgc. This pa.:kagc 1..·1111tains all the a..:1 iw deviL'Cs :md mos! 11f 
the passive l'kments llCt'Cssary fnr ;1 high performance. 

PIX-if-:-y ... tcm for :1 TV rCL'civn. This Note* describes tlK n:
i.:ciwr fu11c1inns performed 0~, th(' CA306K. am! its appliL'>l\Hm 

tn colur aml rnunud1ro111t' T.V 1ecciw1s 
Specifically, tilt• rL'CL'iver fundtons perf11r111eJ by the 

C A306K ~1 rt': 

Vi1.kP if ~11nplil1ca1in11 
L1m•ar vid1.·u tktccti1lll 
No1sc-li111i11..·d a111plifi.:;1t i1lll (if <.ktL'dL'd vi<lL'11 

Keyed age. with nn1so:-i11111wni1y ..:i1.:u1t'\ 

Buffcrt'<l lHltput 'ignal lli driw Au1u111~1tii:-Fim'-Tu11i11g 

(AFT)L'lfL'Ui!s 

A111pl1fiL·atioll ()finterL':.trrier rrequcni:ies 
Sm111d-L·arriL'rdetecti1in 
S1n111d-L·;1rrier a111p!ifi..:<.1t i1in 
Zener referL'lli.:L' di(idl' ftn vt1\t;1ge regubt Hill 

Till' nnly L'Xterii:il L'Ul11por1e111s required for !he nperat1on nl 
thi~ 11' ~ulhy'de111 are ha11Jwidth \h;iping netwurks. biasing net
works, and a power supply. A functional block diagram of the 
signal portion of a typkal color-TV receiver is shown in Fig. I. 
A detailed block diagram of the CA3068. together with its 
peripheral tuned-circuits, is provided in Fig. 2. 

This Ntl\L' (\\111:1ill'i a dd;11kJ dl'Sl'rip1iun ofi:irL'Uit rlll\t:1il)ll'.'> 
w1thi11 lhL' i11tq.:r:ited L'iflllit. tugelhL'f with ex:i1npks uf the llSL' 
nf the C\'.~Oh:-1 i11 PIX-II· ;1111plitfrr PC-hnarJ~ f1H llllm and 
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path from terminal 4 to terminal 6 through the input circuitry, 
as shown in Fig. 2. The developed age is gated by a keying pulse 
applied to terminal 3from the horizontal sweep circuit of the TV 
receiver. Delayed age for the rf amplifier in the tuner is obtained 
from terminal 7; the delay is variable by adjustment of a resist
ance (25 kilohms) in series with the supply to terminal 8. 

The zener reference voltage for the power-supply regulating 
pass-transistor is developed at terminal 18 when this terminal is 
connected to a voltage supply through a current-limiting 
resistor. This resistor value should be selected to provide a 
quiescent current into the zener of 0.5 to 1.5 milliamperes (ex
cluding the base current for the pass transistor). 

Terminal 15 is the de input termmal that provides power for 
most of the CA3068 and should be connected to the 11.2-volt 
regulated supply as shown in Fig. 2. The CA3068 package has a 
20-lead configuration with 18 active terminals. Terminals I I 
and 20 have been omi1 ted from the package: their corresponding 
leads are internally connected to the shield. Terminals 1,5,and 
1 Oare grounding terminals. In addition, tcrmlnal 17 is at ground 
potential. Additional information relative to de grounding is 

given in the section concerning if design. 

DETAILED CIRCUIT FUNCTIONS 

Fig. J is a schematic <liugrarn of the CA3068. The diagram is 
p:.utitioned to facilitate the cxplunation of the circuit con
figurntion and its functions. 

The cascode input amplifier ((irst if) is a unique circuit 
designed for dual-mode operation. Al low-level input signals, the 
buffer stages formed by QJ and Q4 drive the base of the cas· 
code-if amplifier composed of Q7 and Q6. Negative-going age 
applied to Q3 (through an external connection to terminal 6) 
increases in proportion to the increase of the input signal level. 

rn 
PICTURE 

>-"=="-'"i TUBE 
CATHODES 

Fig. 1. Block diagram of typical color-TV signal circuits using theCA3068. 

GENERAL DESCRIPTION OF CIRCUIT 

FUNCTIONS IN THE CA3068 

As shown in the block diagram of Fig. 2. the if signal from 
the tuner is applied to the input (terminal 6) of the cascade if 
amplifier. Output from the cascade amplifier is then coupled to 
a wideband amplifier at terminal 13 through the interstage trans
former (T2). Under maximum-gain conditions, the over·all gain 
of the CAJ068 is typically 75 dB at PIX-IF frequencies. This 
signal is then applied to a linear video detector whose output 
signal is fed to a video amplifiE?r having a gain of 12 dB. 

Bandpass shaping is accomplished by means of tuned-circuits 
preceding the input stage (terminal 6) and at the interstage 
circuit comprising input and output terminations via termi
nals 9, 12 and 13, as shown in Fig. 2. Terminal 16 is tied in at 
this point to provide loop bias for the input stages of the ampli· 
fiers connected to terminals 12 and 13. The age voltage develop
ed within the CA3068 is applied to its input stage by an external 

After approximately 40 dB of gain reduction is reached in this 
operational mode, Q7 is cut off, and its function is assumed by 
Q5. Emitter degeneration in 05 increases the dynamic input 
range of the c;,iscode amplifier sufficiently to cope with the 
higher range of input signal level. The point at which Q5 assumes 
the input amplifier function is sensed by QI I. It should be un
derstood that transistors O 11. 04. and 07 approach cut-off at 
essentially the same signal level. As QI I approaches cut·off, it 
draws less shunting current from terminal 8, and base current 
drive to 08 is increased. The point ut which sufficient b<:1sc 
lUrrcnt is available to drive Q8 into conduction is determined by 
an external-delay agc potentiometer connected in series with the 
V+ supply-lead and terminal 8. As QI I cuts-off, the voltage 
increases at terminal 8. and current flowing into terminal 8 is 
diverted to the buse ofQ8. When Q8 starts to conduct. it turns 

onQ9und QI 0. thereby causing the open-circuit voltage at termi
nctl 7 to drop and produce a negative-going :.igc vo!t:.ige for the rf 

stage of the tuner. Q8 is also part of the if-age feedback loop, 

*This Note. revised by Maurice Caputo {Solid State Division). was orginalty prepared by S. Reich and R. T. Peterson. 

and provides an increase in age loop-gain. This increase compen
sates for the decrease in age loop-gain that occurs when the 
cascode if amplifier is transitioned to its modified cut-off 
characteristic. After tuner gain reduction has reached its 
maximum, an additional I 0 dB of gain reduction can be ob
tained in the cascade-amplifier under this modified cut-off 
condition. 

This reverse-age system is used for the cascade input stages 
because the stability achieved under maximum-gain conditions 
is maintained throughout the range of age functioning. 

The wideband if amplifier consists of transistors 012, Q13, 
014 and Ql 5. Qi 2 serves as a buffer stage between the interstage 

tuned-circuits and the aulomatic·fine-tuning (AFT) output
signal terminal. The actual if signal amplification takes place in 
Ql3. Qi4 and Qi5, which effectively serve the function of 
second and third PIX-IF stages. Transistor QI 5 is the driving 
source to QI 7, the video detector. This driving source 
impedance is approximately 500 ohms as a result of the 
degenerative feedback loop through Q 16. The feedback net
work also extends the 3-dB·down frequency response to 

beyond 70 MHz. It is this low detector-driving-point impedance 
and the absence of a tuned-circuit at this interstage point that 
contribute to the superior performance of the detector system. 
In most conventional detection systems, the detector is driven 
from a high-impedance source involving a double-tuned inter
stage transformer with unequal primary and secondary Q's. In 
such a system, variations in detector impedance (caused by 
normal video excursions) can produce significant phase shifts 
that adversely affect color fidelity. In the CA3068, the untuned, 
low-impedance detector drive circuit produces a nearly opti
mum condition for the detector circuit. 

The detector. circuit consists of transistor QI 7 and its biasing 
network Ql8,Ql9 and R20. 018 is biased to the same potentials 
as Q 17 because the bases are tied together through the resistance 
element of the low-pass filter that consists of Rl9 and CJ. R20 
and C4 form :.i conventional peak detector in which the time 
constants are selected for optimum detector efficiency and 
desired video bandwidth. This system detects chroma subcarrier 
without 1introducing differential phase errors as a function of 
the video signal, and detects the video signals with a minimum of 
amplitude distortion. The low signal-level requirements for the 
detector, the absence of tuned-circuits in the detector drive 
circuit, and the low source impedance for the detector, all con
tribute to the superior detector performance. 

The video detector is direct-coupled to the video amplifier. 
Consequently, a de input voltage :.ibove the level of one Vbe 
(0.7 volt) drop at the input to 023 determines the condition 
for white level (de) at the output (terminal 19). It is necessary, 
therefore, to bias Q23 to the threshold of conduction in the 
absence of detected video. This function is accomplished by the 
differential-amplifier circuit arrangement consisting of transist
ors Q20 and Q2 I. In the absence of signal, the de potentials at 
the emitters of Q20 and Q21 are identical. The current through 
Q20 must equal the current through Q21 because R25 is similar 
in value to (R27 + R28). This current also flows through 03 
l which has the same geometry as Q22). Consequently, Q22 

carnes all the current supplied by Q20, and no current is avail
able for the base of 023, so that Q23 is he:J on the edge of 
conduction.When an rf carrier is present, the current in Q20 in
creases in direct proportion to the carrier level; however, the 
current in Q2 l remains fixed. When the current increases in Q20, 
this increase can only flow to the base ofQ23. Since the current 
in Q23 is directly proportional to its base current flow, a corres
ponding increase in current through Q20 as a result of rf carrier 
detection produces a video output at ~erminal 19. 

As the video carrier signal increases, the de level at the base of 
Q23 increases, and there is an accompanying decrease in the de 
level at the base of Q25 and,consequently,at terminal 19. With 
a sufficiently strong rf signal, the current throughQ23 and R29 
increases such that the base voltage of Q25 is driven toward de 
ground. The "bottoming" level at terminal 19 under nominal 
signal conditions is locked to about 0.8-volt as a result of the 
high loop gain of the age system. Any further increase in the 
signal, after "bottoming" is reached, will be clipped. This oper
ational feature serves as a highly effective mechanism to limit 
impulse noise. 

When a signal is present at the input, the composite video 
signal at the base of Q25 appears at terminal 19 through the 
Darlington connection to the emitter of Q26. The sync tips in 
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Fig. 2. Detailed block diagram of the CA3068 together with its peripheral tuned circuits. 
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Fig. 3. Schematic diagram of the CA3068. 
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this composite waveform drive the keyed age amplifier Q27. 
which in turn drives Q28. Without a video rf signal there is no 
video signal output, and Q27 conducts during the keying inter
vals (the horizontal pulse is connected to terminal 3). As the 
detected signal level increases in amplitude and the output 
voltage at terminal 19 approaches its typical operational level of 
7 volts peak-to-peak, the peak potential at the base of Q27 
begins to fall below 0.8 volt. Under these conditions, the keying 
current formerly channeled through Q27 is diverted through 
diode 04. As the signal level rises even higher, a greater portion 
of the Q27 collector current is diverted through 04, and the base 
current to Q28 is proportionately increased. A JO-microfarad 
capacitor is normally connected between terminal and ground 
and is, by this connection, put in shunt with Q28. The charge on 
this external capacitor is maintained through a bleeder resistor 
to V+. As the base current to Q28 increases,Q28 discharges the 
capacitor at a rate that is proportional to the base current of 
Q28. Integration of the total charge on the capacitor over the 
keying interval yields a de level (age voltage) that is inversely 
proportional to the incoming signal level; i.e., age voltage 
approaches zero as the signal increases. 

Any high-performance age-system must have noise-immunity 
characteristics in order to avoid the establishment of false age 
levels. AGC voltage developed from random noise can produce 
.. wash-out". "blank raster" and/or a momentary "'loss of sync". 
The CA3068 is designed with an improved noise-immunity 
circuit that essentially removes the keying current during 
periods of high noise input. The active devices responsible for 
providing protection against this deleterious effect of the im
pulse noise are the "noise detector", Q29, and the "noise clamp" 
Q3 l , which is driven by QJO. Impulse noise is channeled through 
the high-pass filter network consisting of CIO and R36 to the 
detector input Q29. Q29 and C 11 comprise a conventional peak 
detector. The de level across C 11, which is proportional to the 

level of impulse noise, turn on Q30 and QJI, thereby clamping 
the keying supply voltage (terminal 3) to ground. In actual oper
ation, the terminal-3 supply has a series resistance that is large 
enough to limit the peak current into the zener diode (ZS) to 
approximately 0.8 milliampere. When Q3 I conducts, it shunts 
this current to ground. 

The sound-if-channel and PIX-IF-channel signals whose 
"carrier" frequencies are 41.25 MHz and 45.75 MHz, respec
tively, are applied to terminal 12. Q32 functions as a buffer 
between the interstage-tuned-circuits associated with ter
minal 12 and the PIX/sound-channels amplifier ,Q33. The inter
carrier frequency (the difference frequency between the PIX 
and sound "carrier" frequencies) is detected by the peak de
tector Q34 and Cl2. The resultant 4.5 MHz FM sound-inter
carrier signal is fed to transistor Q35. This transistor and Q36 
form a differential pair that provides an amplified intercarrier 
sound-if signal to the base of Q37. A feedback system through 
the RC networks in the Darlington emitter-follower output of 
Q37 provides bandpass shaping in the region of 4.5 MHz while 
maintaining a low de gain. The low level of de gain is desirable 
because the circuit receives its bias in an open-loop manner from 
terminal 16. The bandpass of this amplifier system is fairly 
broad, and even though it is optimized for 4.5 MHz operation, 
there is relatively high output al other intercarrier frequencies, 
as shown in the curve in Fig. 4. 

FREQUENCY IN MHz 

Fig. 4. Relative sound-carrier output as a function of frequency. 

The internal zener reference-diode consists of the series diode 
arrangement shown connected between terminal 18 and the sub
strate in Fig. 3. A regulator-circuit configuration showing the 
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pass transistor interconnected with the reference diode is given 
as part of the color and monochrome if amplifier circuits that 
are discussed in the following paragraphs. Similarly, the regula· 
tion curves shown in Figs. 5 (a) and 5 (b) are discussed below in 
more detail. It should be noted that (wit'1 a heat sink for the 
2N3053 and a lower value for the resistor in series with the 
collector) the regulated voltage from this supply maybe used to 
provide power to other circuits in addition to the CA3068. 

The distribution of tuned circuits around the CA3068 ampli· 
fier circuit is a matter of preference of the circuit designer. In 
general, a total of five tuned circuits will'be required subsequent 
to the mixer for proper selectivity and bandpass shaping. In 
addition. at least one 47 .25 MHz adjacent sound-channel and 
one 41.25 MHz sound-channel trap will be required. The systems 
to be discussed in this Note are designed to be driven from a 
single tuned circuit connected to the mixer output. In addition, 
both the color and monochrome if systems described subse
quently utilize tuned circuits at the input and output to the 
cascode amplifier. The second transformer is used to couple 
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Fig. 5. Regulated supply of the CA3068: (a) voltage-ver· 
sus-current for zener reference diode of CA3068; 
(b) voltage-versus-current for regulated supply of 
CA3068. 

output from the cascode if amplifier to the wideband if 
amplifier (i.e., the output from terminal 9 to input terminal 13 
for the PIX-channel and input terminal 12 for the sound-chan
nel). All of the if transformers are synchronously tuned. 

PIX-IF SYSTEM DESIGNS 

The use of the CA3068 in the two major categories of 
PIX-IF application, PIX-IF for color-TV receivers and PIX-IF 
for monochrome receivers, is described below. To illustrate the 
use of the CA3068 in a tuner requiring .. reverse"agcaction, the 
rf-stage of the tuner employed in the PIX-IF for color-TV re
ceiver contains a MOSFET. In contrast, the rf-stage of the tuner 
employed in the PIX-IF for the monochrome receiver makes 
use of a bipolar transistor in a "forward" age arrangement. 
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COLOR TV 

A block diagram of a color-TV receiver is shown in Fig. I. In 
the design to be described, the input to the if system is intended 
to be coupled through a 50-ohm cable from the TV mixer; the 
mixer employs a single tuned-output coil having an impedance 
transformed down to SO ohms. The if input circuit drives a 
cascade if amplifier with a gain capability of 3S dB. The input 
impedance to the cascade if amplifier is greater than 
4000-ohms at minimum signal levels and increases with age 
action. The source impedance as seen by the CA3068 should be 
approximately 500 ohms to dominate the input-circuit con
ductance node. Similarly, the output impedance of the cascade 
amplifier should be loaded by a tuned drcuit with an impedance 
of approximately 3000 ohms to dominate the output node. The 
if amplifier stability is then unaffected by the JC impedance 
variations, but is a function of the feedback component. This 
feedback component consists of coupling within the IC pack
aging, PC-board stray capacitances, and PC-board common 
impedances. It can be shown that with the maximum device 
feedback capacitance the amplifier is stable. For example, with 
circuit bias conditions of 19 = 2 mA. Y2 I = SO rnmhos. and 
Cfb (max)= 0.005pF, the maximum usable gain (MUG)is42 dB 
(which allows for a 20 percent skew factor). The fact that this 
value of MUG is greater than the actual circuit gain (35 dB) 
substantiates the stability. 

Although these calculations show the device to be stable, ii 
must be recognized that poorly controlled external feedback 
mechanisms may raise the level of feedback in a high-gain. 
physically small rf amplifier so as to produce instabilities. For 
this reason, the PC-board layout is extremely important, and 
any high-gain if amplifier design should include a board layout. 

As mentioned previously, the interstage transformer should 
load the cascode amplifier with approximately 3000 ohms, and 
should provide a 500-ohm source impedance to input 
terminal J3 (the wideband if amplifier section). The imped
ance at terminal 13 is approximately 5000 ohms. The driv
ing-point impedance to sound-if terminal 12 should be about 
1000 ohms, this terminal looks into a 5000-ohm input circuit. 
The 41.25 MHz trap is a rejection filter for the video amplifier 
and allows the carrier to pass into the sound system. 

The circuit design in Fig. 6 shows a typical cable-link circuit 
which includes a 47 .25 MHz bridged "T" adjacent-sound~an· 
net trap at the input circuit. It also includes a 39.75-MHz trap for 
an adjacent video carrier for operation in CA TV systems or in 
areas where adjacent channels are available. This trap may con
sist of a 39.75-MHz bridge ''T" connected in parallel directly 
across the 47 .25-MHz trap. Both traps provide the additional 
selectivity necessary for attenuation of the undesired fre· 
quencies by more that 40 dB. 

l-£C=::::)-~l->\/V\,...,.MM-<- TO CA3068 

.,,,Y.t 
TRA;"' J_i 

1 ___ ~0~-

INPUT·STN:iE 
TUNING 
CIRCU1f 

Fig. 6. Schematic diagram of a typical tuner-to- Pl X-1 F link 
circuit. 

The second and third PIX-IF ;1111plifier stages provide two 
extra stages of gain (approximately 40 dB). The stages present a 
very low driving-point impedance to the linear detector, as de
scribed earlier. The detected signal then undergoes an additional 
I 2 dB of video amplification. The video output at terminal 19 is 
nominally 7 volts (pcak·to-peak). AGC is developed when the 
input signal reaches and exceeds the magnitude necessary to 
produce this video output level. Fig. 7 (a) shows the developed 
age bias (terminal-4 voltage) as a function o( signal level at ter· 
minal 6. Fig. 7 (b) shows the delayed age voltage at terminal 7 
(for application to the tuner) with RI adjusted so that this 
delay-bias is generated whenever the inp.ut signal at terminal 6 
exceeds 8 millivolts. 

An output signal is available at terminal 14 to drive an auto
matic-fine-tuning (AFT) subsystem-IC, such as the RCA 
CA3064. This connection is a buffered output from an emitter 
follower as described earlier. The level of signal at 45. 75 MHz to 
drive the AFT circuit is nominally J 5 millivolts. 
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Fig. 7. (a) Developed age bias as a function of signal level at 
terminal 7; (bl delayed age voltage at terminal 7. 

Fig. 8 shows the RCA CA3068 coupled to a tuner that uses 
an RCA type 40820 MOSFET in the rf-amplifier stage. AGC 
voltages are applied (shown in Fig. 8) to optimize over-all TV
receiver performance, so that, when maximum receiver sensi
tivity is required (such as during the reception of weak signals 
from the antenna) the tuner will operate at optimum noise 
factor and maximum gain. As the input signal level increases, it 
is still desirable to operate the rf stage at optimum signal-to· 
noise ratio until the signal level is of sufficient magnitude to 
override any tuner noise degradation brought about by the 
application of age. Therefore. the gain-reduction voltage to 
the tuner should be delayed until the signal level builds up. 
Fig. 7 (b) shows that this age is delayed until the if signal level 
reaches an 8-millivolt level. Then the tuner-gain-reduction mode 
is initiated. After the tuner gain reduction is expended, at 
least another to-dB gain reduction is still available in the 
cascade portion of the if amplifier. 

MOSFET 
RF AMPLIFIER 
(40820) 

OELAYED-AGC 

Fig. 8. Block diagram of a color if system. 

As shown in Fig. 2, the age system is, for the most part, 
self-contained. An optimized age response characteristic can be 
achieved by use of a high-quality tantalum 10-microfarad capac-



itor connected between terminal 4 and ground. An RC de
coupling network smooths the age ripple associated with the 
charge and discharge of the 10-microfarad capacitor at the hori
zontal-oscillator frequency rate. The age system is normally 
keyed from the horizontal-output circuit in the TV system. This 
keying pulse should be applied to terminal 3. The magnitude of 
the pulse should be sufficient to supply a nominal peak current 
value of 0.8 milliampere into terminal 3. The value of the series 
resistor Rs associated with terminal 3 may be computed as 
follows: During the conduction period(with keying applied~ the 
constant-voltage components within the integrated circuit 
account for: 

vk = 8.2 v 
(It is assumed that IJ = 0.8 mA) 

If the keying·pulse magnitude, VP, is 15 V, then: 

IJ=O.XmA= 15 Vk (15 8c)V 
R, R, 

Rs= 8.5 kilohms 

The sound output is derived from terminal 2 at a level com
patible with the input requirements of a TV-sound-if-subsystem 
IC, such as the RCA CA3065. There is also a de component of 
approximately 6.7 volts present at terminal 2. Coupling net
works to subsequent circuits must contain a suitable de-blocking 
capacitor. 

Small chokes located in the sound and video outputs 
(terminals 2 and 19) should be self-resonating at the inter
mediate frequencies to prevent if leakage into subsequent stages. 

The (' AJ068 if subsystem has an internal zener refer
ence-diode that permits operation of the subsystem with an 
external voltage-regulator pass transistor. A suggested circuit 
arrangement is shown as part of the over-all if schematic 
diagram in Fig. 5 (b ). The voltage-regulator pass-transistor has a 
nominal output voltage of 11.2 volts. Bypassing of the V+ 
supply with reference to the if subsystem is important. and the 
suggested arrangement shown in the application circuit (Fig. 10) 
should be used. Specifically, terminal 15 should be bypassed to 
terminal 17 on the CA3068. Even though terminal 17 is at de 
ground potential, it should not be tied to ground but rather 
should be bypassed in the manner shown to avoid mutual im
pedance coupling within the CA3068. 

MONOCHROME TV 

The delayed-age circuits used in the CA3068 were originally 
intended to control a MOSFET in the rf-stage of the TV tuner. 
This arrangement permits direct application of the delayed-age 
voltage from the CA3068 to the tuner. In monochrome 
receivers, however, it is common practice to employ a bipolar 
transistor in the rf-stage of the tuner, and a circuit with a "for
ward"-agc characteristic is required to control the rf-stage. This 

characteristic is easily established by means of an inverter net
work utilizing a p-n-p transistor, as shown in the circuit of Fig. 9. 

MONOCHROME 
TUNER 
(BIPOLAR TRANSISTOR 

IN RFSTAGEI 

Fig. 9. Block diagram of an if system for a monochrome re-
ceiver showing per;pheral age circuit. 

As the input signal level increases, the forward-age delay voltage 
is developed at the tuner when the voltage at terminal 7 of the 
CA3068 decreases. The age voltage applied to the rf-stage of the 
tuner (Fig. 9) is derived from the collector of the p-n-p tran
sistor. As the delay-age voltage is generated at terminal 7 of the 
CA3068, the base of the p-n-p inverter is driven into conduction, 

which causes more current to flow through the collector circuit, 
so that a positive (or forward) age potential is generated for the 
bipolar transistor in the tuner. 

TV RECEIVER PIX-IF CIRCUIT APPLICATIONS 

In this section, the application of the CA3068 integrated 
circuit in a color and a monochrome TV receiver is described. 
The circuits shown were constructed on single-sided copper PC 
boards. 

As previously noted, because of the high gain encountered in 
PIX-IF design, positive feedback must be avoided if the 
amplifier is to remain free of spurious oscillation. To this end, 
the optimization of printed board layout and component place· 
ment is essential. The proper choice of bypassing components 
and signal-path layout is necessary to avoid feedback through 
ground loops. 

IF CIRCUIT FOR COLOR TV RECEIVER 

The schematic diagram of an if system for a color-TV re
ceiver is shown in Fig. 10. A parts list and illustrations showing 
the PC-board component layout (top view) and the actual 
printed circuit (bottom view of board) are shown in Appendix 
A. Since most current color-TV receivers employ automa
tic-fine-tuning (AFT) systems, an AFT system using the CA3064 
has also been incJuded on the same board; Fig. 10 includes the 
AFT circuit. 

The if-response is determined by the triple-tuned circuit, 

which consists of three traps: two preceding the IC and an inter
stage double-tuner circuit with one trap. In the tripled-tuned 
circuit, the two bridge-T traps are used to provide attenuation of 
the adjacent-channel picture carrier(frequency 39.75 MHz) and 
adjacent-channel sound carrier frequency (47 .25 MHz). A 
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between the tuner and the if -;t:.ige. Parnsilk resonance and 
couplings hav~ been mininu:ted to maintain a high degree of 
attenualion at frcquencic~ remote from the if-resonance fre· 
quency. 

The interstage double-tuned bandpass circuit. with a bifilar 
T-trap at 41.25 Mffa. is similar to that commonly used in the 
third stage of color-TV receivers. The sound and pii.:ture carriers 
are present ut the input (terminal 12) to the 4.5 MH1. sound-if 
detector dn:uit. Trapping action removes thc41.25 MHz sound 

carrier at terminal I 3 to prevent a differt!nce-frequency beat of 
0.92 MHz with the chroma subcarrier at 42.17 MHz. The picture 
carrier and chroma subcarrier entering terminal 13 are ampli
fied, detected, and additionally amplified as detected video 
signal. If the sound carrier is not attenuated by the 41.25 MHz 
trap, the carrier will be detected as a large 4.5 MHz differ
ence-signal in the video output. A 4.5 MHz trap (TS) is included 
to prevent interference of a residual 4.5 MHz intercarrier signal 
in the chroma and luminance circuits. 

The chroma peaking circuit compensates for the slope of the 
video response, as shown in Figs. 11 (a), 11 (b) and 11 (c). The 
actual slope and shape of the video response between 3.08 MHz 
and 4.08 MHz will vary because of normal component tolerance. 
The chroma-peaking coil, L7, has two cores, one to adjust in
ductance to center the response at 3.58 MHz, and the other to 
adjust chroma output level and bandwidth. The latter core 
controls circuit Q with little effect on over-all inductance. 

Photographs of the detected sweep-response characteristics 
are shown in Fig. 12. The sweep-response of Fig. 12 (f) shows 
the interstage alignment from TP3 (of Fig. to) to terminal 9 of 
the(' A3068. The sweep-response curves in Figs., 12 (a) through 
12 (e) show 60 dB of age range from a level of 100 microvolts 
(Fig. 12 (e)) to JOO millivolts (Fig. 12 (a)). 

The alignment procedure for the color-TV PIX-IF system 
using theCA3068, Fig. 10, is given in Appendix A. 

Fi'g. 10. Schematic diagram of a typical application of the CA3068 to a PIX-IF circuit for a color-TV system. 
A template of the printed circuit board used to construct this circuit, a diagram of the position of 
all components on the board, a block diagram of the location of major components on the board, 
and a circuit parts list are given in Appendix A. 

common bridge impedance consisting of parallel-connected LI 
and R2 is used. Adjustment of LI for best null ofthe47.25 MHz 
trap assures the desired 60-dB minimum attenuation. 

The triple-tuned circuit provides, at center frequency, a 
source resistance to the IC of 800 ohms and a voltage gain of 
three from the input to pin 6 of the IC. The first section of the 
triple-tuned circuit consists of L2 and C6. Capacitor C6 is in 
parallel resonance with coil L2 at 44 MHz. The third section of 
the triple-tuned circuit consists of coil IA and capacitor Cl4. 
Coupling and voltage-gain from L2 to lA are provided by the 
second section, coil L3 and capacitors CID, CI I, and Cl2. The 
inductive reactance of L3 is made 75 times larger than that of L2 
to provide a high degree of tuned-circuit isolation for ease of 
alignment. 

The circuit provides protection against interference resulting 
from a strong rf signal which might inadvertently be introduced 

IF CIRCUIT FOR MONOCHROME TV RECEIVER 

The schematic diagram for a PIX-IF system for a mono
chrome TV system that employs the CA3068 is shown in 
Fig. 13. A PC·board component-layout diagram (top view), the 
actual printed circuit (bottom view of board). and a circuit parts 
list are shown in Appendix B. A sound-if system using the 
CA3065 has been included to show the simplicity with which it 
can be used in conjunction with the CA3068. 

The selectivity is provided in two sections, an input 
single-tuned circuit with trap, and a double-tuned interstage 
circuit. The resistive pad, RI, R2, and R3 of Fig. 13, is used to 
terminate the link-cable and isolate cable effects from the high-Q 
input circuit. The bridge-T trap-circuit is used to give maximum 
attenuation to the adjacent-channel sound carrier. Precision 
components (R2, CJ, C2) achieve a good null at 47.25 MHz 



ICAN-6303 
without the need for additional components. The circuit Q is 
controlled by R 11 and the resistive input network to yield a 
3-0B bandwidth of 3 MHz centered at 44.5 MHz. The 
"T"·equivalent circuit is used for interstage coupling to realize a 
miniature, precision, double-tuned transformer, The mutual 
coupling element, LS, is an air-core, spring-winding coil which is 
actually calibrated by physical dimensions. If necessary, this coil 
may be "knifed" to provide a simple and effective coupling 
adjustment. The circuit Q's are each set at 2 I, and are controlled 
by R 17 and R 18. which also feed bias for the broadband ampli· 
fier and sound channels, respectively, The picture-carrier at 
4S .7S MHz is set at SO percent to yield proper reception of the 
vestigial sideband. The color subcarrier at 42.17 MHz is placed 
comparatively low on the response curve, since the resulting beat 
with the 41.25 MHz is placed at greater than 5 percent but less 
than I 0 percent to produce an adequate sound-if inten:arrier 
signal at 4.5 MHz, and yet maintain low intermodulation. 
Typical over-all sensitivity of the if drcuit is approximately \SO 
microvolts for full video output. 

Interference from the 4S.MHz high-level signals and har
monics is prevented by care in passing and filtering. A 12-micro· 
henry choke (L4 of Fig. 13), self-resonant at the fourth har
monic. is used in the video output lead; the sound output con-

Fig. 11. (a) Over-all if response, (b) videoandpeakingcircu;t 
response, (c) chroma response for the circuit of 
flg. 10 (frequency values in MHz). 

*INDICATES !5% 

**INDICATES 2 % 

' C22 

*Ct2 

" 

'° AUDIO 
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Fig. 13. Schematic diagram of a typical application of the CA3068 to a PIX-IF circuit fora monoa~rome-TV system. 
A template of the printed-circuit board used to construct 'this circuit, a diagram of the position of all com
ponents on the board, and a circuit parts fist are given ;n Appendix 8. 

tains a ferrite bead. The B+ supply must be bypassed to provide 
a low-impedance source for the video driver stages and to 
provide high-frequency filtering. The 1-microhenry choke (LJ 
of Fig. 13) is made very lossy to prevent resonance with C8. 
The ferrite bead and C9 provide high.frequency filtering for 
harmonics of the 4S-MHz signal. 
Typical sweep·respo~se characteristics are shown in Fig. 14. 

The alignment instructions for the monochrome, PIX-IF circuit 
are given in Appendix B. 

SUMMARY 

A complete if subsystem has been described for use in both 
color and monochrome TV receivers. The only signal inputs 
required by the C A3068 are if signals from the tuner and a 
keying pulse from the horizontal circuitry. The CA3068 pro
vides all outputs needed to drive the video output stage, delay 
line, sync-separator cin.:uitry, RCA CAJ.06S sound if sub
system, RCA CA3064 AFT subsystem, and delayed-agcvo!tage 
for the rf stage in the tuner. Additionally, circuits for noise 
immunity and signal overload protection are an integral part 
of the CA3068 design. These subsystems have typical input 
sensitivities of 100 microvolts for a 4-volt, peak-to-peak video 
output. A unique video detector arrangement provides ex-

- cmmm v 
I 
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F;g, 12. Detected sweep-response characteristics for the circuit tremely linear output throughout the 7-volt, peak-to-peak, Fig, 14, Typical sweep-response characteristics for the circuit of 
of Fig. 10. video-output range of the system. Fig. 13. 



Alth<iugh this Application Ntile describes subsystem designs 
in TV rci.:eivers. the ('AJ068 1s also applii.:able in AM communi
cations systems requiring pcrformani.:e at frequencies within the 
rangeoflOto70MHz. 
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APPENDIX A-THE COLOR CIRCUIT 

ALIGNMENT PROCEDURE FOR THE COLOR CIRCUIT 

Preliminary Adjustments and Calibration 

I. Adjust de1ay-agc (noise pot) fully cw. 
2. Connect supplies as indicated on schematic diagram 

(Fig. l 0), set bias to zero. 
3. Set sweep generator to I 0 millivolts as indicated on Boonton 

91 DA meter with 56-0hm termination. 

Step 1-IF Interstage Alignment 

a. Ground TP1 with short clip lead. 
b. Connect sweep generator with S6-0hm termination and 

1000-picofarad decoupling capacitor to TP3. 
c. Connect oscilloscope to video output. 
d. Adjust bias for 5-volt peak-to-peak response on oscilloscope. 
e. Adjust bottom core ofT4 for minimum at 41.25 MHz. 
f. Adjust LS and L6 for symmetrical response with PIX and 

color markers equal (Fig. 12 (a)): LS controls markers and 
L6 controls tilt. 

g, Adjust top and bottom cores of T4 simultaneously, top core 
for maximum rejection of 41.25 MHz and bottom core to 
maintain minimum 41.25 MHz. 

Step 2 -1 F Overall Alignment 

a. Leave ground clip lead on TPI. 
b. Remove sweep input from TP3. 
c. Connect TP2 through a JIX>O-picofarad capacitor to TP3. 
d. Connect sweep generator to input. 
e. Readjust variable bias to maintain 5-volts peak-to-peak 

response on oscilloscope. 
f. Adjust Tl for minimum 39.75 MHz. 
g. Adjust T2 for minimum 47 .25 MHz. 
h. Adjust L2 for equal height of PIX and color markers. 
i. Remove ground-dip lead from TPI and I 000-picofarad 

capacitor from between TP2 and TP3. 
j. Maintain,5-volts peak-to-peak response on oscillosoope by re

adjusting bias. 
k. Adjust L3 and L4 simultaneously for symmetrical response 

with PIX and color markers equal: lA controls markers and 
L3 controls tilt. 
Adjust bandpass trimmer, Cl2, to place PIX and color mark
ers at 40 percent while readjusting L3 and lA (Fig. 12 (b )). 

m. Re-adjust Tl for minimum at 39.75 MHz if necessary. 
n. Re-adjust T2 for minimum at 49.25 MHz. Then adjust L2 to 

maximize the rejection at 47 .25 MHz. 

AFT Altgnment 

a. With oscilloscope on AFT output, adjust bias for IO-volts 
peak-to-peak response. 

b. Adjust L8 for maximum 45.75 MHz. 
c. Adjust L9 for crossover at45.75 MHz. 
d. Re-adjust L8 and L9 to obtain symmetry. 
e. Adjust L8 to obtain maximum width. 

Color-Circuit Parts List 

Capacitors Resistors (All values in ohms) 

Cl O.OOlµF RI 18 
C2 5.lpF R2 20 
CJ 5.6pF R3 33 
C4 3.3pF R4 IO 
C5 5.lpF R5 2.7k 
C6 300pF R6 3.3k 
CIO 16pF R7 100 
Cl! llpF R8 ISk 
Cl2 1-6pF R9 39k 
Cl3 O.OlµF RIO 120k 
Cl4 47pF Rll 4.7k 
Cl5 O.OlµF Rl2 !Ok 
Cl6 IOµF Rl3 2.2k 
Cl7 O.OOlµF Rl4 4.7k 
Cl8 O.OOlµF Rl5 8.2k 
Cl9 7.5pF Rl6 330 
C20 1.6pF Rl7 lk 
C21 O.OOlµF Rl8 330 
C22 3.6pF Rl9 lk 
C23 220pF R20 2.7k 
C24 O.OlµF R21 lk 
C25 llpF R22 330 
C26 0.022µF R23 1.2k 
C27 680pF R24 lk 
C28 120pF R25 lk 
C29 180pF R26 2.2k 
CJO 0.022µF R27 47 
CJ! 56pF R28 3.3k 
C32 220pF R29 25k 
C33 130pF 
C34 62pF 
C35 82pF 
C36 O.OOlµF 

C40 IOOOpF 
C41 IOOOpF 
C42 IOOOpF 

Inductors RCA Stock No. 

LI 132159 
L2 132161 
L3 132839 
IA 132658 
L5 137126 
L6 132146 
Tl 132839 
T2 132157 
T4 132150 
T5 132135 

APPENDIX B -THE MONOCHROME CIRCUIT 

Step 1-

ALIGNMENT PROCEDURE FOR THE 

MONOCHROME-CIRCUIT 

1. Connect +20 volts to appropriate points on board. 
2. Connect sweep generator to input 
3. Connect de bias voltage to appropriate point on board. 
4. Adjust sweep generator for IO-millivolt input. 
5. Adjust bias voltage for 5-volt, peak-to-peak output. 

Step 2 ~ 

I. Adjust LT for minimum response at 47 .25 MHz. 
2. Adjust L2 for maximum at 44.5 MHz. 
3. Adjust L6, L7 for bandpass shown in Fig. 14 (b), The 

curve should have 3-MHz bandwidth centered at 
44.5 MHz. 
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Monochrome-Circuit Parts List 

Capacitors 

Cl 3.0pF 
C2 3.0pF 
CJ 6.8pF 
C4 3.9pF 
C5 0.00lµF 
C6 12µF 
C7 O.OOlµF 
CB 0.00lµF 
C9 6.8pF 
CIO O.OlµF 
Cl! 20pF 
Cl2 15pF 
Cl.l 0.00lµF 
Cl4 18pF 
CIS O.OlµF 
Clo O.OOlµF 
Cl7 O.OOlµF 
Cl8 5µF 

Cl9 4700pF 
C20 68pF 
C21 12pF 
C22 4pF 
C23 82pF 
C24 0.047µF 
C25 0.047µF 
C26 O.OlµF 
C27 0.047µF 

Inductors RCA Stock No. 

LI 131655 
L2 133463 
L3 l.OµH 
IA 12.0µH 
L5 134754• 
L6 131465 
L7 133546 
L8 130120 
L9 130121 

*(9 turns No. 23 wire; use 1/2 W resistor to form coil) 

Resistors (All values in ohms~ 

RI 18 
R2 27 
R3 91 
R4 15k 
R5 3.3k 
R6 !Ok 
R7 I.Ok 
RS 33k 
R9 51k 
RIO 270 
RI! 2.2k 
Rl2 120k 
Rl3 2.2k 
Rl4 15k 
Rl5 25k 
Rl6 8.2k 
Rl7 2.2k 
Rl8 3.3k 
Rl9 150 
R20 56 
R21 36 
R22 220 
R23 5.6k 
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Applications of the CA3080 and CA3080A High-Performance 
Operational Transconductance Amplifiers 
by H. A. Wittlinger 

The CA3080 and CA3080A are similar in generic form to 
conventional operational amplifiers, but diffor sufficiently to 
justify an explanation of their unique characteristics. This 
new class of operational amplifier not only includes the usual 
differential input terminals, but ·also contains an additional 
control terminal which enhances the device's flexibility for 
use in a broad spectrum of applications. The amplifier 
incorporated in these devices is referred to as an Operational 
Transconductance Amplifier (OTA), because its output signal 
is best described in terms of the output-current that it can 

supply. (Transconductance gm = ~ iout). The amplifier's 
·Cjn 

output-current is proportional to the voltage difference at its 
differential input terminals. 

TI1is Note describes the operation of the OTA and 
features various circuits using the OTA. For example, 
communications and industrial applications including 
modulators, multiplexers, sample-and-hold-circuits, gain 
control circuits and micropower comparators arc shown and 
discussed. In addition, circuits have been included to show 
the operation of the OTA being used in conjunction with 
RC A COS/MOS devices as post-amplifiers. 

Fig. I shows the equivalent circuit for the OT A. The 
output signal is a "current" which is proportional to the 
transconductance (gm) of the OTA established by the 
amplifier bias current (IABc) and the differential input 
voltage. The OTA can either source or sink current at the 
output terminals, depending on the polarity of the input 
signal. 

IABC 

I ABC 
(mA) 

Ra ;; 75/ lABC 

lml!~Otlms) (mAl 

Fig. 1- Basic equivalent circuit of the OTA. 

The availability of the amplifier bias current (IABCI 
terminal significantly increases theflexibility of the OTA and 
permits the circuit designer to exercise his creativity in the 
utilization of this device in many unique applications not 
possible with the conventional operational amplifier. 

Circuit Description 
A simplified block diagram of the OTA is shown in Fig. 

2. Transistors QI :ind Q2 comprise the differential input 
amplifier found in most operational amplifiers, while the 
lettered-circles (with arrows leading either into or out of the 
circles) denote "current-mirrors". Fig. 3a shows the basic 
type of current-mirror which is comprised of two transistors, 

Fig. 2- Simplified diagram of OTA. 
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one of which is diode-connected. In a "current-mirror", with 
similar geometries for QA and Q9, the current I' establishes a 
second current I whose value is essentially equal to that of I'. 
This basic current-mirror configuration is sensitive to the 
transistor beta(~)- The addition of another active transistor, 
shown in Fig. 3b, greatly diminishes the circuit sensitivity to 
transistor beta (~) and increases the current-source output 
impedance in direct proportion to the transistor beta (~). 
Current-mirror W (Fig. 2) uses the configuration shown in 
Fig. 3a, while mirrors X, Y, and Z are basicaJly the version 
shown in Fig. 3b. Mirrors Y and Z employ p-n-p transistors, 
as depicted by the arrows pointing outward from the mirrors. 
Appendix I describes "current-mirrors" in more detail. 

]' 

{ol {b) 

Fig. 3- Basic types of current mirrors; a) diode-connected 
transistor paired with transistor; b) improved 
version: employs an extra transistor. 

Fig. 4 is the complete schematic diagram of the OTA. 
The OTA employs only active devices (transistors and 
diodes). Current applied to the amplifier-bias-current ter
minal, !ABC• establishes the emitter current of the input 
differential amplifier Qt and Q2. Hence, effective control of 
the differential transconductance (gm) is achieved. 

Fig. 4- Schematic diagram of OTA types CA3080 and 

CA3080A. 

The 8m of a differential amplifier is equal to 

\ ~ 2KT 

(see Ref. 2 for derivation) where q is the charge on 
an electron, a is the ratio of collector current to emitter 
current of the differential amplifier transistors, (assumed to 
be 0.99 in this case). le is the collector current of the 
constant-current source (!ABC in this case), K is Boltzman's 
constant, and Tis the ambient temperature in degrees Kelvin. 
At room temperature, gm = 19.2 x IABC• where gm is in 
mmho and I ABC is in milliamperes. The temperature 
coefficie11t of gm is approximately -0-33%/°C (at room 
temperature). 

Transistor Q3 and diode Dl (shown in Fig. 4) comprise 
the current mirror "W" of Fig. 2. Similarly, transistors Q7, 
Q8 and Q9 and diode OS of Fig. 4 comprise the generic 
current mirror '.'Z" of Fig. 2. Darlington-connected transis
tors are employed in mirrors "Y" and "Z" to reduce the 
voltage sensitivity of the mirror, by the increase of the mirror 
output impedance. Transistors QIO, QI l, and diode 06 of 
Fig. 2 comprise the current-mirror "X" of Fig. 2. Diodes 02 
and 04 are connected across the base-emitter junctions of QS 
and Q8, respectively, to improve the circuit speed. The 
amplifier output signal is derived from the collectors of the 

"Z" and "X" current-mirror of Fig. 2, providing a push-pull 
Class A output stage that produces full differential gm. This 
circuit description applies to both the CA3080 and 
CA3080A. The CA3080A offers tighter control of gm and 
input offset voltage, less variation of input offset voltage 
with variation of IABC and controlled cut-off leakage 
current. In the CA3080A, both the output and the input 
cut-off leakage resistances are greater than 1,000 Mn. 

APPLICATIONS 

Multiplexing 
The availability of the bias current terminal, IABC• 

allows the device to be gated for multiplex applications. Fig. 
5 shows a simple two-channel multiplex system using two 
CA3080 OTA devices. The maximum level-shift from input 
to output is low (approximately 2mV for the CA3080A and 
SmV for the CA3080). 111is shift is determined by the 
amplifier input offset voltage of the particular device used, 
because the open-loop gain of the system is typically I OOdB 
when the loading on the output of the CA3080A is low. To 
further increase the gain and reduce the effects of loading, an 
additional buffer and/or gain-stage may be added. Methods 
will be shown to successfully perform these functions. 

In this example positive and negative 5-V power-supplies 
were used, with the IC flip-flop powered by the positive 
supply. The negative supply-voltage may be increased to 
-15 V, with the positive-supply at 5 V to satisfy the logic 

supply voltage requirements. Outputs from the clocked flip
flop are applied through p-n·p transistors to gate the CA3080 
amplifier-bias-current terminals. The grounded-base con-

Fig. 5- Schematic diagram of OTAs in a two-channel linear 
time-shared multiplex circuit. 



figuration is used to minimize capacitive feed-through 
coupling via . the base-collector junction of the p-n-p 
transistor. 

Another multiplex system using the OTA 's clocked by a 
COS/MOS flip-flop is shown in Fig. 6. The high output 
voltage capability of the COS/MOS flip-flop permits the 
circuit to be driven directly without the need for p-n-p 
level-shifting transistors. 

A simple RC phase-compensation network is used on the 
output of the OTA in the circuits shown in Figs. 5 & 6. The 

values of the RC-network are chosen so that 211~C =::!MHz. 

v· •-IOV 

(NO SUPPLY BYPASSING 
SHOWN) 

TO TERM 5 
AMP2 

CLOCK 2 ku 82ku lASC 

-~:u.NPUT 

Fig. 6- Schematic diagram of a two-channel linear multi· 
p/ex system using a COS/MOS flip-flop to gate two 
OTAs. 

This RC-network is connected to the point shown because 
the lowest-frequency pole for the system is usually found at 
this point. Fig. 7 shows an oscilloscope photograph of the 
multiplex circuit functioning with two input signals. Fig. 8 

TOP TRACE=MUl.TlPt.EXEO OUTPUT IV/DIV a 
I0011sec/DIV 

BOTTOM TRACE:TIME EXPANSION OF SWITCHING 
BETWEEN INPUTS 2V/DlV a 
5,..sec/OIY 

Fig. 7- Voltage waveforms for circuit of Fig. 6,' top trace: 
multiplexed output· lower trace: time expansion of 
switching between inputs. 

TOP TRACE• I VIDIV a 100,.Hc/OIV -OUTPUT 
BOTTOM TRACE= VOLTAGE EXPANSION OF OUTPUT 

JmV/DIV a 100,.sec/OIY ISOLATION 
IS IN EXCESS OF 80 4b 

Fig. 8- Voltage waveforms for circuit of Fig. 6,- top trace: 
output· lower trace: voltage expansion of output· 
isolation in excess of BO dB. 

shows an oscilloscope photograph of the output of the 
multiplexer with a 6-V p·p, sine wave signal (22 kHz) applied 
to one amplifier and the input to the other amplifier 
grounded. This photograph demonstrates an isolation of at 
least 80 dB between channels. 

Sample--and-Hold Circuits 
An extension of the multiplex system application is a 

sample-and·hold circuit (Fig. 9), using the strobing character
istics of the OTA amplifier bias-current (ABC) terminal as a 
means of control. Fig. 9 shows the basic system using the 
CA3080A as an OTA in a simple voltage-follower configura
tion with the phase-compensation capacitor seiving the 
additional function of sampled-signal storage. The major con
sideration for the use of this method to "hold" charge is that 
neither the charging amplifier nor the signal readout device 
significantly alter the charge stored on the capacitor. The 

CA3080A is a parttcularly suitable capacitor-charging ampli
fier because its output resistance is more than l 000 Mn 
under cut-off conditions, and the loading on the storage 
capacitor during the hold-mode is minimized. An effective 
solution to the read-out requirement involves the use of an 
RCA JN 138 insulated-gate field-effect transistor (MOS/FET) 
in the feedback loop. This transistor has a maximum 
gate-leakage current of l 0 picoamperes; its loading on the 
charge "holding" capacitor is negligible. The open-loop 
voltage-gain of the system (Fig. 9) is approximately 100 dB if 
the MOS/FET is used in the source-follower mode to the 
CA3080A as the input amplifier. The open-loop output 

impedance ttn) of the 3N 138 is approximately 220 n. 
because its transconductance is about 4,600 µmho at an 
operating current of 5 mA. When the CA3080A drives the 
3Nl38 (Fig. 9), the closed loop operational-amplifier output 
impedance characteristic 

z :::..: Z0 (open-loop) 
out - A (open-loop voltage-gain) 

" ~~~ct~ "' 22~ n,,. 0.0022 n 
10 

SAMPLE OVU 
HOLO -15\I 

v-:-15V 

Fig. 9- Schematic diagram of OTA in a sample-and-hold 
circuit. 

Fig. 10 shows a "sampled" triangular signal. The lower 
trace in the photograph is the sampling signal. When this 
signal goes negative, the CA3080A is cutoff and the signal is 
.. held" on the storage capacitor, as shown by the plateaus on 
the triangular wave-form. The center trace is a time 
expansion of the top-most transition (in the upper trace) 
with a time scale of 2 µ.sec/div. 

TOP TRACE:SAMPLED SllNAL IV/DIV 6 Z0,1aHc:/DIV 

CENTER TRACE•~~~~R~I02N,::c;ri;R SIGNAL 

BOTTOM TRACE:SAMPLING SIGNAL 20V/DIV 6 
20~Hc/DIV 

Fig. 10- Waveforms for circuit of Fig. 9,- top trace: sampled 
signal,: center trac9: top portion of upper signal; 
lower trace: sampling signal. 
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Once the signal is acquired, variation in the stored-signal 

level during the hold-period is of concern. This variation is 
primarily a function of the cutoff leakage current of the 
CA3080A (a maximum limit of 5 17A), the leakage of the 
storage element, and other extraneous paths. These leakage 
currents may be either "positive" or "negative" and, 
consequent1y, the stored-signal may rise or fall during the 
"hold" interval. The term "tilt" is used to describe this 
condition. Fig. 11 shows the expected pulse "tilt" in 
microvolts as a function of time for various values of the 
compensation/storage capacitor. The horizontal axis shows 
three scales representing leakage currents of 50 11A, S 11A, 
500 pA. 

I 
10 
100 

10 
100 
IK 
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1: I~;~ 
IOK IOOK 

PULSE TILT-,-V 

THIS SC~ALE FOR 
!IOOp ... 
OOoA 
LEAKAGE 

IOK 
IOOK 

IDOOK 

Fig. 11- Chart showing "tilt" in sample-and-hold potentials 
as a function of hold time with load capacitance as 
a parameter. 

Fig. 12 shows a dual-trace photograph of a triangular 
signal being "sampled#and-held" for approximately 14 ms 
with a 300 pf storage capacitor. The center trace (expanded 
to 20 mV /div) shows the worst-case "tilt" for all the steps 
shown in the upper trace. The total equivalent leakage 
current in this case is only 170 pA (I = C~). 

TOP TRACE·SAMPLEO SIGNAL I V/OIV 6 20muc/DIV 
CENTER TRAC£ WORS[ CASE TILT 20mV/OIV 8i 

20msec/OIV 

Fig. 12- Oscilloscope photo of "triangular-voltage" being 
sampled by circuit of Fig. 9. 

Fig. 13 is an oscilloscope photograph of a ramp voltage 
being sampled by the .. sample-and-hold" circuit of Fig. 9. 
The input signal and sampled-output signal are superimposed. 
The lower trace shows the sampling signal. Data sliown in 
fig. 13 were recorded with supply voltages of± I 0 V and the 
series input resistor at terminal S was 22 kn. 

TOP TRACE•JNPUT ANO OUTPUT SUPERIMPOSEO 
IV/DIV 8i q..sec/OIV 

BOTTOM TRACE SAMPLING SIGNAL 20V/OIV a 
2JL&ee/01V 

Fig. 13- Oscilloscope photo of "ramp-voltage" being 
sampled by circuit of Fig. 9. 
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In Fig. 14, the trace of Fig. 13 has been expan_ded (100 

mV/div and 100 ljSCc/div) to show the response of the 
sample-and-hold circuit with respect to the sampling signal. 
After the sampling interval, the amplifier overshoots the 
signal level and settles (within the amplifier offset voltage) in 
approximately I µs. The resistor in series with the 300 pf 
phase-compensation capacitor was adjusted to 68 ohms for 
muumum recovery time. 

Fig. 14- Oscilloscope photo showing response of samp/e

and-hold circuit (Fig, 9). 

Fig. 15 shows the basic circuit of Fig. 9 implemented 
with an RCA 2N4037 p-n-p transistor l\l minimize capacitive 
feedthrough. Fig. 16 shows oscilloscope photographs taken 
with the circuit of Fig. 15 nperating in the sampling mode at 
supply-voltage nf ±15 V. The 9.l kH resistnr in series with 
the p-n-p transistor emitter establishes amplifier-bias-current 
(IABC) conditions similar to those used in the circuit of Fig. 
9. 

Fig. 15- Schematic diagram of the OTA in a sample-and
hold configuration (DTL/TTL control logic). 

Considerations of circuit stability and signal retention 
require the use of the largest possible phase-compensation 
capacitor, comp:.1tible with the required slew rnlt'. In most 
systems the c:.1pacitor is chosen for the maximum allnwable 
'"tilt"' in the storage mode and the resistor is chosen so that 

::!n kc ~ ~Mii.·'., corresponding to the first pole in the 

amplifier at an output current level of 500 µA. It is 
frequently desirable to optimize the system response by .the 
placement of a small variable resistor in series with the 
capacitor, as is shown in Figs. 9 and 15. The 120 pf 
capacitor shunting the 2 krl resistor improves the amplifier 
transient response. 

TOP TRACE INPUT AND SAMPLED OUTPUT SUPER
IMPOSED 100 mV!DIV 8 100 ns OIV 

BOTTOM TRACE SAMPLING SIGNAL SV/OIV 8 
100 ns/DIV 

Fig. 16- Osci/Joscope photo for circuit of Fig. 15 operating 

in sampling mode. 
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Fig. 17 shows a multi-trace oscilloscope photograph of 
input and output signals for the circuit of Fig. 9, operating in 
the linear mode. The lower portion of the photograph shows 
the input signal, and the upper portion shows the output 
signal. The amplifier slew-rate is determined by the output 
current and the capacitive loading: in this case the slew rate 
(dV/<lt) = l.8V/µs. 

The center trace in Fig. 17 shows the difference between 
the input and output signals as displayed on a Tektronix 
7Al3 differential amplifier at 2 mV/div. The output of the 
amplifier system settles to within ::! mV (the offset voltage 
specification for !he C A3080A) of the input level in I µs 

after slewing. 

TOP TRACE, OUTPUT 5V/OIV 8i 2,..uc/OIV 
CENTER TRACE:QIFFERENTIAL COMPARSION OF 

INPUT ANO OUTPUT 2mV/OIV-
0 VOL TS THROUGH CEN1'E R -
2,..uc/OIV 

BOTTOM TRACE:INPUT 5V/011( a 2,.. .. c101v 

Fig. 17- Oscilloscope photo showing circuit of Fig. 9 
operating in the linear sample-mode. 

Fig. 18 is a curve of slew-rate as a function of 
amplifier-bias-current (IABC) with various storage/ 
compensation capacitors. The magnitude of the current being 
supplied to the storage/compensation capacitor is equal to 
the amplifier-bias.current (I ABC) when the OT A is supplying 
its maximum output current. 

10~;--_ 

'J; JL i '° I=+~ . -p;~· 
~ I- --Vl2J ,~·~ J 
~ 0., 

·~~ s l2 lL¥ ..,ocP. <i t; 
0.01 ~~ 

-J2- JZ OJ&! 
0.001 17 k" _,.( 

0.1 I 10 100 1000 
AMPLIFIER BIAS CURRENT- rABc- .... A 

Fig. 18- Slew rate as a function of amplifier-bias-current 

(!ABC) with phase-compensation capacitance as a 
parameter. 

Gain Control - Amplitude Modulation 
Effective gain control of a signal may be obtained by 

controlled variation of the amplifier-bias-current (IABd in 
the OTA because its gm is directly proportional to the 
amplifier-bias-current (IABd· For a specified value of 
amplifier-bias-current, the output current (lo) is equal to the 
product of gm and the input signal magnitude. The output 
voltage swing is the product of output current (lo) and the 
load resistance (RI). 

Fig. 19 shows the configuration for this form of basic 
gain control (a modulation system). The output signal 
current Oo) is equal to -gm Yx; the sign of the output signal 
is negative because the input signal is applied to the inverting 
input terminal of the OTA. The transconductance of the 
OTA is controlled by adjustment of the amplifier bias 
current, IABC· In this circuit the level of the unmodulated 
carrier output is established by a particular amplifier-bias-

current (!ABC) through resistor Rm. Amplitude modulation 
of the carrier frequency occurs because variation of the 
voltage Vm forces a change in the amplifier-bias-current 
(IABC) supplied via resistor Rm. When Vm goes positive the 
bias current increases which causes a corresponding increase 
in the gm of the OTA. When the Vm goes in the negative 
direction (toward the amplifier-bias-current terminal 
potential), the amplifier-bias-current decreases, and reduces 
the gm of the OTA. 

As discussed earlier, gm= 19.2 x !ABC', where gm is in 
millimhos when IABC is in milliamperes. In this case, IABC is 
approximately equal to: 

(lo)=-gm Vx 

gm Vx = (19.2) (!ABC) (Vx) 

io=-19.2 [V~~ (V-)] Vx 

10 19 ·2 ~)(V-) - 19 · 2 ~~(Vm)(Modulation Equation). 

CARRIER 
FREQUENCY 

Fig. 19- Amplitude modulator circuit using the OTA. 

There are two terms in the modulation equation: the first 
term represents the fixed carrier input, independent of Vm, 
and the second term represents the modulation, which either 
adds to or subtracts from the first term. When Vm is equal to 
the V- term, the output is reduced to zero. 

In the preceding modulation equations the term 

(19.2)(Vx) ~ 
involving the amplifier-bias-current terminal voltage (V ABC') 
(see Fig. 4 for V ABd was neglected. This term was assumed 
to be small because V ABC is small compared with V- in the 
equation. If the amplifier-bias-current terminal is driven by a 
current-source (such as from the collector of a p-n-p 
transistor), the effect of V ABC variation is eliminated and 
transferred to the involvement of the p-n-p transistor 
base-emitter junction characteristics. Fig. 20 shows a method 
of driving the amplifier-bias-current terminal to effectively 
remove this latter variation. If an n-p·n transistor is added to 

?----1 -
':f 51 fl 

} . 

'n 

47 k.U 

6V IOO~!l. ~6V 

Fig. 20- Amplitude modulator using OTA controlled by 
p-n-p transistor. 



the cin:uit of Fig. 20 as an emitter-follower to drive the p-n-p 
transistor, variations due to base-emitter characteristics are 
considerably reduced due to the complementary nature of 
the n-p-n base-emiller junctions. Moreover. 1he temperature 
coefficients of the two base-emitter junctions tend to cancel 
one another. Fig. ~I shows a l'Onfiguration using one 
transistor in the RC' A type(' A.'O I 8A n-p-n transistor-array as 

··.,~~--~ 
l)MJl 

Fig. 21- Amplitude modulator using OTA controlled by 
p-n-p and n-p-n transistors. 

an input emitter-follower. with the three remaining tran
sistors of the transistor-array connected as a current-source 
for the emitter - followers. The I 00-kQ potentiometer 
shown in these schematics is used to null the effects of 
amplifier input offset voltage. This potentiometer is adjusted 
to set the output voltage symmetrically about zero. figs. 22a 
and 22b show oscilloscope photographs of the output 
voltages obtained when the circuit of Fig. 19 is used as a 
modulator for both sinusoidal and triangular modulating 
signals. This method of modulation permits a range 
exceeding I 000: I in the gain, and thus provides modulalion 
of the carrier input in excess of 99%. The photo in Fig. 22c 
shows the excellent isolation achieved in this modulator 
during the "gated-off' condition. 

Four-Quadrant Multipliers 
A single (' A3080A is especially suited for many 

low-frequency, low-power four-quadrant multiplier applica· 
lions. 1l1e basic multiplier circuit of Fig. 23 is particularly 
useful for waveform generation, doubly balanced modula· 
tion, and other signal processing applications, in portable 
equipment, where low-power consumption is essential and 
accuracy requirements are moderate. The multiplier config· 
uration is basically an extension of the previously discussed 
gain-controlled configuration (fig. 19). 

To obtain a four-quadrant multiplier, the first term of 
the modulation equation (which represents the fixed carrier) 
must be reduced to zero. This term is reduced to zero by the 
placement of a feedback resistor (R) between the output and 
the inverting input terminal of the C A3080A, with the value 
of the feedback resistor (R) equal to I/gm. The output 
current is lo= &m (-Vx) because the input is applied to the 

inverting terminal of the OTA. The output current due to the 

resistor (R) is Yf: Hence, the two signals cancel when R = 
I/gm. The current for this configuration is: 

lo=·l9.2~Vm, andVm=Vy 

The output signal for these configurations is a .. current" 
which is best terminated by a short-circuit. This condition 
can be satisfied by making the load resistance for the 
multiplier output very small. Alternatively, the output can be 
applied to a current-to-voltage converter shown in Fig. 24. 

In Fig. 23, the current ••cancellation" in the resistor R is 
a direct function of the OTA differential amplifier linearity. 
In the following ex.ample, the signal excursion is limited to 
±10 mV to preserve this linearity. Greater signal-excursions 
on the input terminal will result in a significant departure 
from linear operation (which may be entirely satisfactory in 
many applications). 

TOP TRACE;MODULAflON FREQUENCY INPUT 

=20\IOLTS P-Pll50f<HC/DIV 
CENTER TRACE AMPLITUDE MODULATE OUTPUT 

500mV/DIV &. 50,. .. c/DIV 
BOTTOM TRACE.E)(PANDEO OUTPUT TO SHOW 

DEPTH OF MODULATION 20mV/OIV 
8. 50f<HC/01V 

TOP TR A CE: MODULATION FREQUENCY I NP Ur 
20 l/OL TS &. 50,.sec/OIV 

BOTTOM TRACE·AMPUTUDE MODULATED OUTPUT 
500mV/DIV 8 50_11o!1t!~/OIV 

TOP TRACE:GATEO OUTPUT IV/DW AND 5011-stc/OI\/ 
BOTTOM TRACE: VOl. TAGE EXPANSION OF ABOVE 

StGNAl..-SHOWING NO RESIDUAL 
lmV/OIV ANO !501'sec/OtV-AT 
LEAST 80 db OF ISOl.ATION 
fq;IOOllHI 

Fig. 22- a} Oscilloscope photo of amplitude modulator 
circuit of Fig. 15 with Rm =40H2, v+ = 10vand 
V· == -10 V. Top trace: modulation frequency input 
~ 2(} V p-p; center trace: amplitude modulated 
output 5tJO.mV/div.; lower trace: expanded oU'tput 
to show depth of modulation, 20 mV/div.; b) 
triangular modulation; top trace: modulation fre
quency input ..::=. 20 V,· lower trace: amplitude 
modulated output 500 mV/div.; c) square wave 
modulation, top trace: gated output 1 V/div.;lower 
trace: expanded scale, showing no residual (1 
mV/div) and at least 80 dB of isolation at fq = 100 
kHz. 

Fig. 23- Basic four quadrant analog multiplier using an 
OTA. 
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Fig. 24- OTA analog multiplier driving an op-amp that 
operates as a current-to-voltage converter. 

Fig. 25 shows a schematic diagram of the basic multiplier 
with the adjustments set-up to give the multiplier an 
accuracy of approximately ±7 percent "full-scale". There are 
only three adjustments: I) one is on the output, to 

Fig. 25- Schematic diagram of analog multiplier using OTA. 

compensate for slight variations in the current-transfer ratio 
of the current-mirrors (which would otherwise result in a 
symmetrical output about some current level other than 
zero); 2) the adjustment of the 20-k.Sl potentiometer 
establishes the 8m of the system equal to the value of the 
fixed resistor shunting the system when the Y-input is zero; 
3) compensates for error due to input offset voltage. 

Procedure for adjustment of the circuit: 
I. a) Set the I MQ output-current balancing poten

tiometer to the center of its range 
b) Ground the X- and Y- inputs 
c) Adjust the 100 kH potentiometer until a z.ero-V 

reading is obtained at the output. 

2. a) Ground the Y-input and apply a signal to the X
input thruugh a low source-impedance generator. 
(It is essential that a low impedance source be 
used; this minimizes any change in the &m 
balance or zero-point due to the 50-µA Y·input 
bias current). 

b) Adjust the 20-kn potentiometer in series with 
Y-input until a reading of zero-V is obtained at 
the output. This adjustment establishes the 8m of 
the C A3080A at the proper level to cancel the 
output signal. The output current is diverted 
through the 510-kn resistor. 

3. a) Ground the X-input and apply a signal to the 
Y-input through a low source-impedance gener
ator. 

b) Adjust the I-MO resistor for an output voltage of 
zero-V. 

There will be some interaction among the adjustments and 
the procedure should be repeated to optimize the circuit 
performance. 

Fig. 26 shows the schematic of an analog multiplier 
circuit with a 2N4037 p-n-p transistor replacing the Y-input 
••current" resistor. The advantage of this system is the higher 
input resistance resulting from the current-gain of the p-n-p 
transistor. The addition of another emitter-follower pre
ceding the p-n·p transistor (shown in Fig. 21) will further 
increase the current gain while markedly reducing the effect 
of the vbe temperature-dependent characteristic and the 
offset voltage of the two base-emitter junctions. 
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Fig. 26- Schematic diagram of analog multiplier using OTA 

controlled by a p-n-p transistor. 

!5lpf 

>----!f--+--"AA,--ffl--' 
FROM 

Q OR i5 

DECODER 

Fig. 28- Two-channel multiplexer and decoder using OTAs. 
500mV/DIV ANO 2001-'sec/OIV 
TRIANGLAR INPUT 700 Hz TO Vy INPUT 5 VPP 
CARRIER INPUT 30 kHz TO Vx INPUT !3_5 Vf>P 

500mV/01V AhlD 200µ.$ec/Dl\I 
MODULATING FREQUENCY 700 Hz TO Vy INPUT 5VPP 
CARRIER INPUT 21 kH1 TO Vx INPUT 13_5\IPP 

Figs. 27a and 27b show oscilloscope photographs of the 
output signals delivered by the circuit of Fig. 26 which is 
connected as a suppressed-carrier generator. Figs. 27c and 
27d contain photos of the outputs obtained in signal 
"squaring" circuits, i.e. "squaring" sine-wave and triangular
wave inputs. 

If ±15-V power supplies are used (shown in fig. 26), 
both inputs can accept ±10-V input signals. Adjustment of 
this multiplier circuit is similar to that already described 

above. 

The accuracy and stability of these multipliers are a 
direct function of the power supply·voltage stability because 
the Y-input is referred to the negative supply·voltage. 
Tracking of the positive and negative supply is also important 
because the balance adjustments for both the offset voltage 
and output current arc also referenced to these supplies. 

Other forms of four-quadrant multipliers using opera· 
tional transconductance amplifiers have been published. (See 
Ref. 2.) the circuit shown in Ref. 2 tends to reduce the 
effects nf the previously discussed gm temperature dcpen· 

dcncy. 

Linear Multiplexer - Decoder 
0 VOLTS-

A simple, but cfft:"ctive system for multiplexing and 
decoding can be assembled with the CAJORO shown in fig. 
28. Only two channels are shown in this schematic, but the 
numher of channels may be extended as desired. Fig. 29 
shows osl.'.illoseope photus taken during operation of the 
multiplexer and decoder. A C AJ080 is used as a I 0 µsec 
delay- "one·shut" multivlbrator in the del.'.oder tn insure that 
1he sample·and-hold circuit can sample only after the input 
signal has settled. Thus, the trailing edge of the "'onc·shnt" 
output·sicn:il is used to sample the inout at the sanipk·and-

TOP TRACE· INPlJT TO X ANO Y 2 V/DIV ANO 
lmsec/DIV-200Hz 

BOTTOM TRACE,OUTPUT 500m\//OIV AtlD 
lmtec/DIV-400HJ 

SAME SCALE AS 27C 

hold circuit for approximately I µs. Fig. 30 shows 
oscilloscope photos of ·various waveforms observed during 
operation of the multiplexer/decoder circuit. Either the Q or 
Q output from the flip-flop may be used to trigger the 
JO µsec "one-shot" to decode a signal. 

Fig. 27- a) Waveforms observed with OTA analog multiplier High·Gain, High-Current Output Stages 
used as a suppressed carrier generator; b) waveforms In the previously discussed examples, the OT A has been 
observed with OTA analog multiplier used in signa/. buffered by a single insulated·gate ficld·cffoct-transistor 
squaringcircuits. (MOS/FET) shown in Fig. 9. This configuration yields a 
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voltage gain equal to the (gm) (R0 ) product of the(' A3080, 
which is typically 142,000 (J03dB). The output voltage and 
current-swing of the operational amplifier formed by this 
configuration (Fig. 9) are limited by the 3NJ38 MOS/FET 
performance and its source-terminal load. In the positive 
direction, the MOS/FET may be driven into saturation; the 
source-load resistance and the MOS/FET chafacteristics 
become the factors limiting the output-voltage swing in the 
negative direction. The available negative.going load current 
may be kept constant by the return of the source-terminal to 

TOP TRACE INPUT SIGNAL (I VOLT /DIV) 
CElllTER TRACE RECOVERED OUTPUT (IVOLT/OIV) 
BOTTOM TRACE. MUL T1PLOIED SIGNALS (2 VOLTS/DIV) 

TOP TRACE INPUT SIGNAL (IVOLT/DIV) 
CfNTER TRACE RECOVERED OUTPUT (IVOLT /DIV) 
BOTTOt.I TRACE MULTIPLEXED S•GfllALS \IVOLT/DIVI 

Fig. 29- Waveforms showing operation of linear 
multiplexer!sample·and-hold decode circuitry (Fig, 

28). 



20JIHC/DIV 

TOP TRACE FLIP-FLOP OUTPUT (5VOLTS/OIV) 
CENTER TRACE "ONE-SHOT" OUTPUT (5 VOLTS/DIV I 
BOTTOM TRACE· PULSE AT THE COLLECTOR OF 

THE 2N4037 TRANSISTOR 
(0 I VOLTS/OIV) 

TOP TRACE· COLLECTOR OF PNP TRANSISTOR 
(05V/OIV)' 

CENTER TRACE.MULTIPLE>CEO OUTPUT WITH ONE 
CHANNEL INPUT GROUNO(O 5V/OIV) 

LOWER TRACE OECOOED OUTPUT (0 5V/D1Vl 
TIME ALL SCALES 5 mnt I OIV 

TIME EXPANSION TO 500J1ste/DIV 

Fig. 30- (a) Waveforms showing timing of flip-flop, delay
"one-shot" and the strobing pulse to 'the sample
and-hold circuit (Fig. 28): top trace: flip-flop 
output (5 V/divJ; center trace: "one-shot" output 
(5 V/divJ; lower trace: pulse at collector of 2N4037 
transistor (0.1 V/div); b) Waveforms showing the 
decoding operation from the decoder keying pulse 
(top traces) to the recovered "decoded" sampled 
output (lower traces). 1) top trace: collector of 
2N4037; center trace: multiplexed output with one 
channel input grounded; lower trace: decoded 
output; 2) Expanded scale of (1 ). 

a constant-current transistor. Phase compensation is applied 
at the interface of the (' A3080 and the 3N 138 MOS/FET 
shown in J-=ig. 9. 

Another variation of this generic form uf amplifier 
utilizes the RCA ('04007 A (COS/MOS) "inverter" as an 
amplifier driven by the CA3080. Each. of the three 
"inverter"/amplificrs in the CD4007A has a typical voltage 
gain of 30 dB. The gain of a single COS/MOS "inverter"/ 
amplifier coupled with the 100 dB gain of the C A30SOyields 
a total fmward-gain of about 1.30 dB. Use of a two·stage 

COS/MOS amplifier configuration will increase the total 
open-loop gain of the system to about 160 dB 
( 100,000,000). Figs. 31 through 34 show examples of these 
configurations. Each COS/MOS "inverter"/amplifier can sink 
or source a current of 6 mA (typ.). In figs. 33 and 34, two 
COS/MOS "inverter"/amplifiers have been connected in 
parallel to provide additional output current. 

The open-loop slew-rate of the circuit in Fig. 31 is 
approximately 65 V/µsec. When compensated for the unity
gain voltage-follower mode, the sJew-rate is about I V/µsec 
(shown in Fig . .32). Even when the three "inverter"/ 

l/3C04007A 

Fig. 31- Schematic diagram showing OTA driving COS/MOS 
Inverter/Amplifier (open-loop mode). For greater 
current output the two remaining amplifiers of the 
CD4007 A may be connected in parallel with the 
single stage shown. Open-loop gain ~ 130 dB. 

Fig. 32- Schematic diagram showing OTA driving COS/MOS 
Inverter/Amplifier (unity-gain closed-loop mode). 
For greater cu"ent output, the two remaining 
amplifiers of the CD4007A may be connected in 
parallel with the single stage shown. 

amplifiers in the CD4007 A are connected as shown in Fig. 
33, the open-loop slew-rate remains at 65 V/µsec. A slew-rate 
of about I V/µsec is maintained with this circuit connected 
in the unity-gain voltage-follower mode, as shown in Fig. 34. 
Fig. 35 contains oscilloscope photos of input-output wave· 
forms under small-signal and large-signal conditions for the 
circuits or Figs. 32 and 34. These photos illustrate the 
inherent stability or the OTA and COS/MOS circuits 
operating in concert. 

Fig. 33- Schematic diagram showing OTA driving two-stage 
COS/MOS Inverter/Amplifier (open·lfDP mode). 
gain..:::: 160 dB. 

Precision Multistable Circuits 
The micropower capabilities of the C A3080, when 

combined with the characteristics of the CD4007 A COS/ 
MOS "inverter" /amplifiers. are ideally suited for use in 
connection with precision multistable circuits. In the circuits 
of Figs. 31, 32, 33, and 34, for example, power-supply 
current drawn by the COS/MOS .. inverter" /amplifier ap
proaches zero as the output voltage swings either positive or 
negative, while the CA3080 current-drain remains constant. 
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Fig. 34- Schematic diagram showing OTA driving two-stage 
COS/MOS Inverter/Amplifier (unity gain closed· 
loop mode). 

(a) 

(b) 

lo) 

(d) 

.rep TRACE INP<JT 5v101v-100,...sec/OIV 
BOTTOM Hl.~CE OUTPUT SAME SCALE 

TOP TRACE 1NPUT-50mV/OIV-1,.._sec/DIV 
BOTTOM TRACE OUTPUT-SAME SCALE 

TOP TRACE INPUT-5V/01V-IOO,.._sec/OIV 

BOTTOM TRACE OUTPUT-SAME SCALE 

TOP TRACE il\IPUT-50mV/OIV -1,.._see/DIV 

BOHOM TRACE OUTPUT -SAME SCALE 

Fig. 35- a) Waveforms for circuit of Fig. 32 with large signal 
input; b) Waveforms for circuit of Fig. 32 with 
small signal input; c) Waveforms for circuit of Fig. 
34 with large signal input; d) Waveforms for circuit 
of Fig. 34 with small signal input. 
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Fig. 36 shows a variety of circuits that can be assembled 

using the CA3080 to drive one "inverter" /amplifier in the 
CD4007 A. Precise timing and thresholds are assured by the 
stable characteristics of the input differential amplifier in the 
CA3080. Moreover, speed vs. power consumption tradeoffs 
may be made by adjustment of the I ABC current to the 
CA3080. The quiescent power consumption of the circuits 
shown in Fig. 36 is typically 6 mW, but can be made to 
operate in the micropower region by suitable circuit 
modifications. 

··--'-~ 
~-----'IV\-----,---, 2RCln (~ +~ 

., 
al ASTABLE MULTIVIBRATOR IOkQ. 

c) ! THRESHOLD OETECTOR IO~il -=-

Hg. 36~ Multistable circuits using the OTA and COS/MOS 
Inverter/Amplifiers; a) astable multivibrator; b) 

monostable multivibrator; c) threshold detector 
(plus or minus). For greater current output, the 
remaining amplifiers in the CD4007A may be 
connected in parallel with the single stage shown. 

Micropower Comparator 
TI1e schematic diagram of a micropower comparator is 

shown in Fig. 37. Quiescent power consumption of this 
circuit is about IO µW (typ). When the comparator is strobed 
"ON", the CA3080A becomes active and consumes 420 µW. 
Under these conditions, the circuit responds to a differential 
input signal in about 8 µsec. By suitably biasing the 
C A3080A, the circuit response time can be decreased to 
about 150 nsec., but the power consumption rises to 21 mW. 

The differential amplifier input common-mode range for 
the circuit of Fig. 37 is -JV to +10.5 V. Voltage of the 
micropower comparator is typically 130 dB. For example, a 
5 µV input signal will toggle the output. 

Fig. 37- Schematic diagram of micropower comparator 
using the CA3080A and COS/MOS CD4007A. 

APPENDIX I 
CURRENT MIRRORS 

111c basic current-mirror, described in the beginning of 
this note, in its rudimentary form, is a transistor with a 
second transistor connected as a diode. Fig. A shows this 
basic configuration of the current-mirror. Q2 is a diode 
Cl,nnected transistor. Because this diode-connected transistor 
is not in saturatiL>n and is "active", the "diode" formed by 
this connection may be considered as a transistor with 100"/r 
feedback. Therefore, the base current still controls the 
collector current as is the case in normal transistor action, 
i.e., le = {3 lb. If a current 11 is forced into the 
diode-connected transistor, the base-to-emitter voltage will 
rise until equilibrium is reached and the total current being 
supplied is divided between the collector and base regions. 
Thus, a base-to-emitter voltage is established in Q2 such that 

Q2 "sinks" the applied current I 1. 

Fig. A- Diode - transistor current source 

If the base of a second transistor (QI l is connected to the 
base-to-collector junction of Q2, shown in Fig. A, QI will 
also be able tt> "~ink" a current apprnximately equal to that 
!lowing in the cnllcctor lead of the diode-connected 
transistor Q2. This assumes that both transistors lrnve 
identical characteristics, a prerequisite established by the IC 
fabrication technique, The difference in current between the 
input current (11) and the collector current (12) of trar:sistor 
Q, is due to the fact that the base-current for both transistors 
is supplied from I 1. Fi!!.. B shows this current division. using a 
unit of base current (I) to each transistor base. This base 

Fig. 8- Diode -· transistor current source. Analysis of 
current flow. 

current causes a i.:ollector current to flow in direct 
proportion to the {3 of eai.:h transistor. The ratio of the 
"sinking" current h to the input i.:urrent I 1 is therefore 

equal to ..!.J.. = {3/({3:2). Thus, as {3 increases, the output 
11 

"sinking" current (12) level approaches that of the input 
current (1 1 ). The curves in Fig. C show this ratio as a 
function of the transistor {3. When the transistor {3 is equal to 
100, for example. the difference between the two currents is 
only two percent. 

,00 
TRANSISTOR BETA 

Fig. C- Current transfer ratio Ii/I 1 as a function of 
transistor beta. 

Fig. D shows a curve-tracer photograph of characteristics 
for the circuit of Figs. A and B. No i.:onsideration in this 
discussion is given to the variation of the transistor (QI) 
collector current as a function of its i.:ollector-to-emitter 
voltage. The output resistani.:e i.:haracteristic of QI retains its 
similarity to that of a single transistor operating under similar 
conditions. An improvement in its output resist:rnce char
ai.:teristic can be made by the insertion of a diode-i.:onnected 
transistor in series with the emitter of QI. 

SCALE: HORIZONTAL : 2 V /DIV 
VERTICAL' I mA/OIV 
STEPS, JmA/STEP 

Fig. 0- Photo showing results of Figs. A & B. 

This diode-connected transistor (Q3 in Fig. E) may be 
considered as a current-sampling diode that senses the 
emitter-current of QI and adjusts the base current QI (via 
Q2) to maintain a constant-current in 12. Because all 
controlling transistors are operated at relatively fixed 
voltages, the previously discussed effects due to voltage 
coefficients do not exist. The curve-tracer photograph of Fig. 
F shows the improved output resistance characteristics of the 
drcuit of Fig. F. (Compare Fig. D and F). 

Fig. E- Diode - 2 transistor current source. 



SCALE HORIZONTAL=2WrAV 
VERTICAL= lmA /DIV 
STEPS=lmA/DIV 

Fig. F- Photo showing results of flg. E. 

Fig. G shows the current-division within the "mirror" 
assuming a "unit" (I) of current in transistors (Q2 and 03. 

~ The resulting current-transfer ratio lz/11 = 132 + W+ i Fig. C 

shows this equation plotted as a function of beta. It is 
significant that the current transfer ratio (lz/l 1) is improved 
by the p2 term. and reduces the significance of the 2 (J + 2 
term in the denominator. 

,, r, 

Fig. G- Current flow analysis of Fig. E. 
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Conclusions 

The Operational Transconductance Amplifier (OT A) is a 
unique device with characteristics particularly suited to 
applications in multiplexing, amplitude modulation, analog 
multiplications, gain control, switching circuitry, multivibra
tors, comparators, and a broad spectrum of micropower 
circuitry. 11\e (' A3080 is ideal for use in conjunction with 
COS/MOS (Complementary-Symmetry MOS) IC's being 
operated in the linear mode. 
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Application of the CA3134G 
Sound IF and Output Subsystem in 
Television Receivers 
by George M. Harayda 

In the CA3134, the sound if and 
audio output subsystems for color or 
black-and-white television receivers 
are combined in a single monolithic 
integrated circuit.' As shown in the 
block diagram, Fig, 1, the CA3134 in· 
eludes a multistage if amplifier-lim
iter, an fm detector, an electronic at
tenuator, and an audio power ampli
fier. The power amplifier is designed 
to drive, primarily, an 8-, 16-, or 
32-ohm speaker, although, if the de
signer chooses, it may be used to 
drive 4- or 10-ohm or other sized 
loads. The amplifier has a typical 
power output of 5 watts with a 
16-ohm load and a V + of 30 volts. 
The consolidation of the functions 
mentioned into an integrated circuit 
minimizes the number of compo
nents and reduces the area of the 
printed circuit board necessary for 
this portion of a television receiver. 
This consolidation also permits a 
reduction in manufacturers' compo
nent inventories and simplifies field 
servicing. 

The incorporation of additional 
features in the CA3134 results in an 

improvement in performance when 
the circuit is compared to a system in 
which a type such as the CA3065 is 
used with a discrete or integrated
circuit power amplifier. These addi
tional features include a volume con
trol with an improved taper, a provi
sion for the optional use of an unat
tenuated audio output (fixed level 
unaffected by volume control posi
tion) (terminal 8), an additional 
power-supply-ripple bypass point (ter
minal 6), and a power amplifier with 
both current limiting and thermal
sensing shutdown protection. 

Installation Considerations 

The CA3134 employs the hermetic 
Gold-CHIP (G suffix) system, which is 
of the sealed-junction type designed 
to provide protection against humid
ity and other surface contaminants 
without a hermetic package en
closure. The semiconductor junc
tions are sealed by a silicon-nitride 
passivation layer. A multilayered, 
highly corrosion-resistant, terminal
connection system of special design 
is employed as the chip metalization. 

Y'VVl.,-J"v,>c•"-x ""=-1 
5ootn 

OPTIONAL 
r--t--_,...---Q UNATTENUATED 
1 \,. 1 AUDIO OUTPUT 

136k> *O~:? ~~J~~~·a) 
I .," ',. 
~ ~ 

ALTERNATE 
VOLUME - CONTROL 
CIRCUIT 

92CS·24135R3 

Fig. 1 - Block diagram of CA3134 in typical circuit application. 

The CA3134G is encapsulated in a 
16-lead plastic "power stud" 
package. This package has low ther
mal resistance, and the number of in
put and output terminals has not 
been compromised to make allow
ance for heat-sinking tabs. The 
"power stud" package lends itself to 
a wide variety of heat-sink methods 
depending on the application re
quirements. The CA3134GM and 
CA3134GQM are similar to the 
CA3134G except that they incor
porate a tin-plated copper-strap heat 
sink. The CA3134GQM also has quad
formed leads. 

The CA3134G is designed for ap
plications in which it is desired to 
employ other than the standard heat
sinked configurations. Heat sinks 
similar to the type provided with 
the CA3134GM or GQM may also be 
attached to the CA3134G.2 

Circuit Description 

The CA3134 is designed primarily 
for use with either a single- or double
tuned sound take-off transformer 
(balanced input) to couple the sound 
if frequency (4.5 MHz) output from the 
video detector stage to the CA3134. 
This transformer serves both for im
pedance matching and as a band
width-limiting network to help reject 
unwanted frequencies such as inter
modu I ation frequency products. 
Other undesired signals includ• 
residual am video information anc. 
sync information. Fig. 4 shows the 
overall circuit diagram for the 
CA3134. 

Sound IF Amplifier-Limiter 

The sound if stage amplifies the in
put signal until clipping eliminates 
am video and sync signals. In a 
typical TV system, the signal level 
available to the sound if amplifier· 
limiter is 35 mV rms. At this signal 
level, the input impedance compo
nents at terminals 14 and 15 of the 
CA3134 consist of a resistance, RP., 
of approximately 25 kilohms in paral
lel with a capacitance, Cp, of approxi
mately 3 pF. The sound if amplifier 



provides enough gain to bring the in
put signal level to an amplitude suit
able for Im detection, but not so high 
as to cause PC layout or coupling 
problems, Fig. 2. 
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minals 10 and 11, perform peak or en
velope detection. As shown in Fig. 1, 
this frequency-sensitive network con
sists of a parallel LC network in 
series with a 6.8-pF capacitor. The 
signal voltage (from Q30) is applied 
across the entire network connected to 
terminal 10. The portion of the signal 
from Q30 that is across the external 
6.8-pF capacitor is applied to terminal 
11, and the resulting difference in these 
signals provides the basic S curve used 
in the recovery of the audio signal from 
the fm signal. 

001 0 I I 
FREOUENCY(f1n)-MHz 

An advantage of the differential 
peak detector is that it requires the 
alignment of only one single-tuned 
coil. This coil (L in Fig. 1) can be 
aligned by any one of the following 

10 methods (with an input terminated in 
92cs- 31108 50 ohms, fo = 4.5 MHz, fm = 400 Hz, 

Fig. 2. Voltage gain of if amplifier as a function L::.f = ± 25 kHz, and a voltage at ter-
of frequency. minal 15 (V15)"' 100 mV rms): 

As shown in Fig. 4, the if amplifier 
consists of four stages of differential 
amplifiers, 015-016, 019-020, 023-
024, and 027-028, using resistors 
R13, R16, R19, and R24 as constant
current smKs; each stage is to11owed 
by emitter followers, 017, 021, and 
025. Because the differential am
plifier functions as a limiter, am 
signals are eliminated and the signal 
into 030 consists of constant-am
plitude, frequency-modulated square 
waves. These square waves are 
shaped into approximate sine waves 
by 030 and its associated RC net
.works to assure proper operation of 
the fm detector. The signal output 
from R31 into the base of 041 and to 
terminal 10 is a constant-amplitude 
fm sine wave. 

FM Detector 

The fm sine wave at terminal 10 
constitutes the input signal to the dif
ferentia 1 peak detector stage. The ex
tracted signal contains the audio ln
tormation. The detector section is 
formed by the differential amplifier 
configuration comprising transistors 
031, 032, 035, Q36, 040, and 041. 
Transistors 031 and 041 are emitter 
followers that operate at approx
imately 0.3 mA and provide high 
impedance at each input of the 
detector (terminals 10 and 11). Tran
sistors 032 and 040, which operate 
at approximately 10 mlcroamperes, 
along with the 15-picofarad capaci
tors C3 and C4 and the external fre
quency-sensitive network on ter-

1 . Tune L for maximum recovered 
audio. To minimize thermal ef
fects on alignment, the volume 
control should be adjusted so 
that the maximum recovered 
audio level at the load is 
limited to a low power level 
(approximately 0.1 watt or 
less). 

2 . Tune L for maximum recovered 
audio and fine tune for 
minimum distortion. 

3 . With no rf input signal, note 
the de voltage at terminal 9. 
Then apply a 4.5-MHz cw 
signal and adjust the detector 
coil L until the de voltage at 
terminal 9 is the same as the 
value noted. 

After aligning the differential peak 
detector coil, align the input trans
former by reducing the fm input 
signal level until the recovered audio 
level drops approximately 3 dB. Then 
tune the input transformer for a max
imum recovered audio level while the 
input level of the if amplifier-limiter is 
below its limiting point. Fig. 3 shows 
the recovered audio, am rejection, 
and signal-to-noise ratio for the 
CA3134 as a function of rf input level. 

Volume Control and 
Electronic Attenuator 

Control of the audio signal 
detected by the differential peak 
detector is accomplished by differen
tial amplifiers 033-034 and 038-039. 
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REFEREJCEO TO RECOVERED AUDIO AT TERM 9 

-zot-- VOLTAGE CONTROL AT MAX.,fo"4.!S MHz,fm•400Hz 
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Fig. 3 - Recovered audio and signal-to-noise ratio 
as functions of rf input level. 

'The volume is controlled when the 
bias levels of the differential ampli
fiers are changed by a current flow
ing through an external fixed resistor 
between terminals 12 and 16. The 
amount of current flowing through 
this external resistor (which deter
mines the level of recovered audio) is 
controlled by the position of the 
variable resistance (volume control) 
relative to ground. The voltage refer
ence at terminal 16 is established by 
internal · zener diode Z2, approxi
mately 6 volts. The maximum level of 
recovered audio, therefore, occurs 
when no currents other than the 
base currents for 034 and 039 are 
being drawn from the zener diode 
through the external resistor. When 
the volume control is adjusted for the 
minimum level of recovered audio, 
the current drawn from terminal 16 
should be limited to less than 1 
milliampere. 

This method of controlling the re
covered audio has a very predictable 
volume-control taper, which can be 
modified to suit the designer's prefer
ence by changing the external com
ponent values. In addition, it allows 
for either a one- or two-wire volume 
control. The one-wire volume control 
(Fig. 4, alternate volume-control cir
cuit) requires only one wire from the 
printed circuit board to the external 
volume control, but requires that 
the value of the variable resistor be 
large (approximately 500 kilohms) 
and that the resistor have an audio 
taper to assure an acceptable 
change of audio output level with a 
linear change (rotation) of the 
volume-control. The two-wire volume 
control allows the use of a volume 
control having a lower value of 
resistance and a linear taper. 



ICAN-6728 

POWER I SUPPLY 
RIPPLE 
BYPASS 

' 

SUBS"TRATE! 
GROUND 

The output impedance of the elec
tronic attenuator (terminal 9) is 
typically 7.5 kilohms (R5 + R6). A tone 
control may be inserted between the 
output of the electronic attenuator 
and the input of the audio power 
amplifier (terminal 7). 

Unattenuated Audio Output 

The operation of 038 and 039 is 
duplicated by 033 and 034 as the vol-

i--~~-+-1--~~--1~~~~1--~c 

Fig. 4 · Schematic diagram of CA3134. 

ume control is varied. The currents 
from 033 and 034 are combined by 
the current-mirror configuration pro
duced by 05, 05, 06, and 08, 012. 
When an external resistor is placed 
between terminal 8 and ground, the 
current from this current-mirror con
figuration produces a recovered 
audio voltage at a fixed level indepen
dent of volume-control position. This 
output may be used to mute the 
sound in the event the broadcasting 

AUDIO POWER 
llMPLIFl[R WITH 
CURRENT LIMITING 

. 

station loses its sound carrier or 
broadcast signal or to allow for the 
direct recording of the audio portion 
of a program. 

Audio Power Amplifier 

The audio power amplifier is a 
quasi-complementary class AB type 
with a typical voltage gain of 35dB. 
Internal feedback eliminates the 
need for external feedback compo· 
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nents, especially costly electrolytic 
capacitors. The input impedance (at 
terminal 7) is typically 100 kilohms 
(R59). Fig. 5 shows the frequency 
response of the audio power ampli
fier and Fig. 6 its efficiency. Both cur
rent limiting and thermal shutdown 
protection are provided. Current 
limiting is accomplished by limiting 
the. drive to the output transistors 
from the driver transistors 072 and 

Fig. 4 - Schematic diagram of CA3134. 

073. The limiting drive is determined 
by the feedback from R53, R54, and 
069 to 072, and R55, R56, and 071 to 
073. When the peak output current 
exceeds approximately 0.8 ampere, 
the voltage developed across the 
emitters of 072 and 073 will cause 
069 and 071, respectively, to con
duct, thereby limiting the drive to the 
output transistors 074, 075. 

When the chip temperature ex-

ceeds 150 •c, ttie thermal-sensing 
portion of the CA3134 begins to shut 
down the power amplifier by remov
ing the bias from the power amplifier 
driver stages. The temperature at 
which the thermal shutdown circuitry 
is activated is determined by the 
relative areas of 09, 066, and 018 
and those of 049, 011, 012, and 013. 
When 049 conducts, transistors 079, 
068, and 076 are in turn biased into 
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conduction and remove bias from the 
amplifier driver stages. Because the 
drive is not removed symmetrically, 
the signal is distorted and gives an 
indication that the unit is in a fault 
condition. 

!g 60,1-----+-----l 

I 
~50,1-----+-----< 

" ~ 40,1--·---+---

~ 1-~~~+-~~-
~30,f---~,LC.-+------+-----'~---~ 
g 

468 468 468 2 468 
IO 100 IK IOK IOOK 

FREQUENCY, {f)-Hi 

92CS- 31109 

Fig. 5 · Voltage gain of audio power amplifier 
as a function of frequency. 
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Fig. 7 · Total supply current as a function of 
output power. 

The maximum power dissipation 
(Figs. 8, 9, 10, and 11) together with 
the anticipated maximum ambient 
temperature (Fig. 12) determines the 
required junction-to-ambient thermal 
resistance necessary to assure that 
the maximum chip temperature is 

E e 
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Fig. 6 · Efficiency of audio power amplifier as 
a function of output power. 

Application 

For the required power output from 
the CA3134 (Fig. 7), the speaker im
pedance must be such that its cur
rent drain will be both within the 
capability of the power supply and 
less than the current-limiting level of 
the CA3134. To decouple the CA3134 
from the power supply and provide a 
means for preventing excessive drive 
to the speaker, a series resistor 
should be placed between the power 
supply and terminal 1. The value of 
this resistor depends upon the re
quired power output level for the 
worst-case power supply voltage 
condition. This resistor also reduces 
the amount of power dissipated in 
the CA3134. 

01 
2 46810 2 4 

EFFECTIVE LOAD RESISTANCE (RL 1-n 

Fig. 8 · Maximum output power as a function 
of effective load resistance. 

I 
POWER OUTPUT (Pol-WATTS 

Fig. 9 · Power dissipation as a function of 
output power at RL ; 8 ohms. 

lower than the rated junction temper
ature of 150°C. The overall thermal 
resistance can be lowered by careful 
PC board layout. As much of the cop· 
per area as possible should be ex
posed, and coil shields (input trans
former and detector tuned circuit) 
should be used to help radiate heat. 

~ 

~ 

POWER 

9ZCS-3ll0~ 

Fig. 10 · Power dissipation as a function of 
output power at RL ; 16 ohms. 
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Fig. 11 · Power dissipation as a function of 
output power at RL ; 32 ohms. 
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Fig. 12 ·Maximum power dissipation as a 
function of ambient temperature. 
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similar to the type provided 
with the CA3134GM or GQM to 
the CA3134G. First apply a 
non-conductive epoxy (Uniset 
structural adhesive or equiva· 
lent) to the top side of the plas· 
tic package. Then apply a con· 
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or equivalent) in the hole of the 
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projecting from the plastic 
package. To assure good ther· 
mal conduction, use sufficient 
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conductive epoxy to allow the 
excess to be forced through 
the hole when the heat sink is 
fitted over the stud. Stress ap· 
plied to the stud should be 
limited to less than 3 in-lbs 
(approximately 0.35 newton· 
meter), 15 lbs (approximately 
65 newtons) of tension, and 
100 lbs (approximately 445 
newtons) of compression. 
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Measurement of Burst ("Popcorn") 
Noise in Linear Integrated Circuits 

Consequently, a 1 kHz bandwidth has been selected as a 
reasonable one for a burst-noise test system and, therefore, 
prescribes the need for a low-pass filter in the syste'm. 

The test requirements outlined above can be imple
mented with the following circuit elements shown in the 
block diagram of Fig. 2a. Fig. 2b shows the complete system 
schematic: 

by T. J. Robe 

The advent in recent years of very high·gain operational 
amplifiers operating in the l/f noise-frequency spectrum has 
placed emphasis on the need for very low-noise devices. This 
need is particularly true for operational amplifiers which 
have either low-offset characteristics and/or offset-null 
capability. 

The traditional methods used to select such devices 
involve the measurement of either spot or wideband(:::::= 10 
kHz) noise figures in the l/f frequency range (10 Hz to 10 
kHz) at various source resistances. This type of measurement, 
however, only provides an indication of the average noise 
power at the measurement frequency and does not reveal the 
burst ("popcorn") noise characteristics of the Device Under 
Test (DUT). The metering circuits cannot respond fast 
enough to measure the effects of burst-noise. Fig. la shows a 
photograph of typical burst-noise as a function of time for an 
operational amplifier having poor burst-noise characteristics. 
This photo illustrates burst-noise which is characterized by 
random abrupt output voltage-level changes that persist for 
periods from approximately 1 /2 millisecond to several 
seconds. Additionally, the random rate at which the bursts 
occur ranges from approximately several hundred per second 
to less than one per minute. Furthermore, these rates are not 
necessarily repetitive and predictable. Consequently, the 
nature of burst-noise prevents its measurement by means of 
the standard averaging techniques. Instead, a technique to 
detect individual bursts must be used and a our must be 
under observation for a period in the order of 10 seconds to 
one minute. Fig. 1 b shows a photo of the output of a 
virtually burst noise-free operational amplifier, the 
RCA.CA6741T. 

Test Configuration 
Some of the major questions relevant to the type of test 

required are: 

1. What characteristics of the burst-noise should be 
detected? 

2. What test-circuit configuration is most suitable to detect 
these characteristics? 

20 ,.v101v 
REFERREO 
TO INPUT 

10 ,.v101v 
REFERRED 
TO INPUT 

' ~-

~~11-.,,-. _,..... .... ,~~'""· ,........... 

10 ms/DIV 

10 ms/DIV 

'Fig. 1- (a) Photo of output waveforms for amplifier with 
poor burst-noi'se characteristics; (b) photo. of output 
waveform for the RCA-CA6741T. 

3. What are the "Pass-Fail" criteria? 

There are three major characteristics of the noise burst 
which have an impact on the suitability of a device from the 
standpoint of applications: burst amplitude, duration, and 
rate of occurrence. Of these, burst-amplitude and rate of 
occurrence are of primary interest to potential users of a 
particular device. Long duration bursts (of sufficient ampli
tude) seriously degrade the performance of de amplifiers; 
however, suitable devices could be selected by the rejection 
of any unit which produced even one burst during some 
prescribed test period. Therefore, an absolute measurement 
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of burst duration is not a prime necessity. 
The rate of ix:currence, on the other hand, as measured 

by the burst-count in a given test period could conceivably 
be considered as a variable of prime importance in the 
selection process. For instance, a burst-rate of 100 per 
second is clearly objectionable in almost any low-level 
low-frequency application, whereas the occurrence of only 
one low-amplitude burst in a one-minute period might be 
quite acceptable. Consequently, it is desirable to include 
flexibility in the testing system so that "Pass-Fail" criteria 
can be established on the basis of burst-noise count in some 
prescribed period of time. The test equipment described 
herein detects total noise (1/f noise plus burst noise) bursts 
with amplitudes above a preset threshold level during a given 
test period and allows acceptance or rejection on the basis of 
the number of noise voltage excursions beyond the threshold 
level, in the selected test period. 

Another factor to be considered is the bandwidth of the 
test system. Excessive bandwidth allows the normal "white" 
noise of the terminating resistors and the our to obscure 
burst-noise occurrences and does nrit realistically simu.late 
the low-frequency applications in which burst-noise is 
particularly objectionable. On the other hand, a test circuit 
having excessively narrow bandwidth prevents detection of 
the shorter-duration bursts (~ 1/2 ms) even if their 
amplitude is relatively high. A suitable compromise is chosen 
in which the system rise time permits a burst of "minimum" 
duration to reach essentially its full amplitude. Because the 
rise time and bandwidth of an amplifier are related by the 
equation: 

BW ~ 0.4 
t, 

the minimum bandwidth to detect a 0.5 ms burst is 
approximately: 

I. A fixed high-gain amplifier incorporating the OUT as the 
first stage to amplify the microvolt-leve1 burst to an 
easily detectable level (this should be a burst noise-free 
unit); 

2. A low-pass filter to limit the test bandwidth to 
approximately 1 kHz, 

3. A comparator to produce a fast-rise high-level single
polarity output pulse whenever an input burst-noise 
pulse (of either polarity) exceeds a preset (but adjust
able) threshold level; 

4. A counter to tally the number of pulses emanating from 
the comparator during the test period: a single decade 
counter is adequate. 

5. A latch circuit which trips to the "latched" state when 
the count exceeds a preselected number (e.g. l ton). The 
latch circuit, if tripped, energizes an indicator lamp. 

6. A timer to control the period over which the counter is 
enabled. It should incorporate the capability to reset 
both the counter and the latch circuit at the beginning of 
each test period. 

7, Power supplies for the DUT and other auxiliary circuits. 

Test Conditions 
Some of the conditions which affect the burst-noise 

performance of the our include bias-level, source resistance 
(Rs), and ambient temperature (TA). 

The quiescent operating conditions in operational 
amplifiers are normally set by the magnitude of the positive 
and negative supplies. Many of the newer Op-Amp types, 
however, have bias-terminals into which fixed currents can be 
injected to set their performance characteristics. The 
RCA-CA3060, CA3080, and CA3080A Operational Trans· 
conductance Amplifiers (OTA's) and; the RCA-CA3078 and 
CA3078A Micropower Op-Amps are examples of such 
devices. For best low-frequency and burst-noise performance, 
these amplifiers should be operated at the lowest bias 

I HIGH GAIN ------k-FILTERI I Bl-POLARITY I 
AMPL. I COMPARATOR 

I 

LATCH 
CIRCUIT 

+-EREF 

FAIL 
LAMP 

I/!! CA3083 

Fig. 2a- Block diagram of burst-noise test set-up. 



currents consistent with the gain-bandwidth requirements of 
the particular application. 

In the test for burst noise. the source resistance (Rs) seen 
by the input terminals of the OUT, is a key test parameter. 
Burst noise causes effects which are equivalent to a spurious 
current-source at the device input and. therefore, burst-noise 
current generates an equivalent input noise-voltage in 
proportion to the magnitude of the source resistance through 
which it flows. Accordingly, to increase the sensitivity of the 
test system, it is desirable to use the highest source resistance 
consistent with the input offset-current of the OUT. For 
example, an Op-Amp which has 0.1 µA input offset current 
could realistically be tested with source-resistance in the 
order of IOOK!l (10 mV input offset). whereas a I M!l 
source-resistance (100 mV input offset) could cause excessive 
offset in the output. For 741 type Op-Amps a IOOk!l 
resistance is recommended. 

Burst-noise generation in amplifiers is usually more 
pronounoed at lower temperatures (particularly below O"C). 
Consequently. consideration must be given to the tempera
ture of the DUT in relation to the temperature range under 
which the device is expected to perform in a particular 
operation. 

A test parameter of importance is the time duration of 
observation. Because the frequency of bunt-noise occurrence 
is frequently less than once every few seconds, the minimum 
test period should be in the range of from IS to 30 seconds. 

.._.FallCritllrla 
A test system built to accommodate the test philosophy 

outlined above has the ability to reject or pass a OUT on the 
basis of two variables: burst-amplitude and the.frequency of 
burst occurrence. The burst-amplitude which will trip the 
counter can be no lower than the background l/f noise peaks 
of burst-free units, otherwise normal background noise will 
fail the DUT. 

GO•!IO•GO 
l!ID•C4T01t 

LAfCl1 
CIRCUIT 

.,, ... 

•• 

Fig. 2b- Complete ichematic diagt'llm for bunt noise test-.set 

The background noise peaks depend on the source 
termination Rs, the wide band 1/f noise figure of the our, 
and the test system bandwidth. A good estimate of the 
normal background noise--peak levels can be computed from 
the definition of noise factor and an empirically determined 
noise-crest factor of approximately 6: 1. The crest-factor is 
the ratio of the maximum peak-noise voltage to the RMS 
noise voltage. The noise factor is defined as the ratio of the 
total noise power at the amplifier output to the output-noise 
power due to the source resistors alone. In terms of the RMS 
noise voltages at the input terminals of the amplifier this is 
equivalent to: 

Noise Factor (F) = E2input noise total = (ENTi); (I) 
E2noise source resist CENRS) 

ENTi is the total input noise-voltage. i.e., the sum of noise 
generated in the source termination resistance and noise 
generated by the DUT. 

ENRs is that part of ENTi due to Rs alone. 

Therefore, ENTi = h/F) (ENRs)· (2) 

ENRs can be computed by using the well known expression 
for "white-noisen generated across the terminals of a resistor 
(R): 

where k = Boltzmans Constant= 1.372 x 10-23 j/OK 

T =Absolute Temperature in OK 
B = Noise Bandwidth in Hz 
R =Value of the resistor in ohms. 

(3) 
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ALL RESISTORS IN OHMS 

. .. 

ALL C.l .. ACITORS IN MICROl'.lRADS 
UNLESS OTHIER•ISEHOTED 

Thus, at a room temperature of 29QOK. 

For example, a 100 kn resistor preceding a system with a 
bandwidth of I kHz will genarate a noise-voltage of 

(1.28 x 10·1<l) cJuJJ • HP ) = 1.28 µVRMs 

Both inputs of an Op-Amp are usually terminated in Rs, 
hence it is necessary to combine the effects of both resistors 
to determine the effective ENRs at the input of the DUT. 
Because the noise voltages from these two resistors are 
uncorrelated their voltages must be added vectorally rather 
than algebraically. 

ENRs (effective)= JcENR,1 'Jl + (ENR,:z)2 (4) 

because ENRsi = ENR,2' when R,1 = R,2 

ENRs (effective= (..,fl) (ENRs) 

and for I kHz bandwidth at 2900K 

ENRs (effective) =(.Ji)(l.28 µV) = 1.81 µVRMs . 

!fin this example, the DUT has a wideband l/f n- figure of 
4 dB (2.S: I power ratio) the total RMS background 
noise-voltage at the input will be 

ENTi = (y'I!} (ENRs) (from eq~2)) 

= (../23) (1.81) = 2.9 µVRMs 
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at least 7C1fo of the supply-voltage and rise-time equal to or 
less than I 5 µ.s. The comparator shown in Fig. 4 provides an 
output signal which meets these requirements. 

Selection of the reject count is made by a pin-jack 
connection of the latch-circuit. input-lead to the appropriate 
output terminal of the counter. Whenever the selected 
count-position voltage goes "high" the latch-circuit is 
switched to the latched-state, and the fail-indicator lamp 
"on". The latch and lamp will remain "on" until the reset 
button of the electronic timer is switched to the "Timer On"' 
position. 1bis action provides a momentary reset signal (:it1 
20 ms) to both the latch and counter circuits and places a 
continuous enable voltage on the counter for the duration of 
the test period. 

Spurious Nol• Sources and Their Supp,...lon 
The very low voltage levels and the high source 

impedances normally used for burst testing render the system 
highly susceptable to external spurious noise sources. This 
problem is particularly serious if a test unit is going to be 
rejected for as little as one or two input burst-noise pulses 
exceeding 20-30 µ.V. The major sources of spurious noise 
encountered in the development of this test system were: 

Fig. 3- Schematic diagram of high-gain amplifier/filter. 
I. 6().Hz lwm pickup, 

2. power supply transients, 

If a crest factor of 6: l is assumed, the peaks of the 
background noise will be approximately (6) (2.9) = 17 µV 
peak. This voltage is the lower limit of the burst-amplitude 
rejection level. A reasonable threshold for burst detection 
and rejection might be 50-100% greater than this minimum 
value. 

An alternate method used to set the burst-threshold limit 
involves a direct measurement (at the output of the high gain 
amplifier-fdter combination) using a storage oscilloscope or a 
"true RMS" voltmeter. By this method the noise peak or 
RMS noise voltage of burst-free units is determined. This 
measurement provides a good practical check on the 
accuracy of the computation outlined above. Selection of the 
acceptable number of burst counts in the test period is 
arbitrary, but dependent on the type of application intended 
for the DUT. To be acceptable in some critical applications, 
the DUT may not generate even a single burst-pulse in a 
relatively long period of time. 

Bunt-Noise Test System Circuits 

1. High gain Amplifier - Filter 

Fig. 3 shows the schematic diagram of the high-gain 
amplifier-filter which provides a fixed gain of 80 dB with a 
12 dB octave roll-off above I kHz. The gain-function is 
somewhat arbitrarily distributed behyeen the DUT and 
post-amplifier: 30 dB and SO dB respectively. This distri
bution is based on the need for sufficient gain in the DUT 
portion to eliminate significant noise-signal contribUtions 
from the second stage while simultaneously allowing ad.e
quate loop-gain in each stage to provide accurate gain-setting 
with precise external resistors. The firs~ stage is shown as a 
plug-in module so that any type of DUT configuration having 
30 dB gain can be tested. 

The capacitive coupling employed provides a low 
frequency cutoff of about I Hz and eliminates the need for 
de-offset zero-adjustments. The de offset-voltage at the filter 
output is less than 5 mV which corresponds to less than 
0.5 µ.V error when referred to the noise input (an 80 dB gain 
is assumed.) Several seconds must be allowed, however, for 
the OC operating point to stabilize after the power is applied 
to the DUT. 

2. Bi.Polarity Comparator 

Fig. 4 shows the schematic diagram for the threshold
detecting comparator. Because bursts of either polarity must 
be detected and converted to positive output pulses, two 
comparators are required: one having a positive-threshold 
reference and the other having a negative-threshold reference 
of equal magnitude. The RCA CA3060 triple OTA is 
convenient to use because a single package provides circuits 

for both comparators plus a reference inverter for the 
negative threshold reference. The positive feedback provided 

by the Rf and Rj connections produces a hysteresis effect 
with reference to the input switching threshold, (i.e., the 
comparator does not return to its quiescent state until the 
input noise signal drops well below the initial threshold 
trip-level). This feature is necessary to prevent multiple 
triggering by the background noise signals superimposed. on 
top of the burst-noise pulse. By this means, multiple 
counting of a single burst-noise pulse is avoided. 

The magnitude of the threshold reference voltage ER 
detennines the burst-level which trips the comparator. If a 
voltage gain of 80 dB is provided by the amplifier&, a 200 mV 
reference voltage will enabl~ the circuit to be triggered when 
a burst-noise pulse (whose amplitude is equivalent to the 
level of 20 µ.V referred to the DUT input) is present. 

3. Counter-Latch-Timer Control Circuits 

The remaining circuits of the go-no-go burst-noise tester 
are shown in Fig. S. The decade-counter is incorporated in a 
~ngle COS/MOS IC (RCA CD4017AE) which has clock, 
reset, and enable inputs, and an output terminal for each of 
ten count-positions (0 to 9). A carry-out signal is available if 
the use of more than a single decade is desired. The clock 
input-signal must be positive-going and have a magnitude of 

NOISE SIGNAL 
FROM AMPLIFIER FILTER IN FIG 3 

3. electromagnetic pick up of switching transients. 

60-Hz hum is introduced by capacitive or inductive cou
pling or as power-supply ripple. Power-supply ripple is not 
nonnally a problem when testing operational amplifiers 
with regulated supplies, because the Op Amps generally have 
good power-supply rejection. This source of noise must be 
considered, however, when testing devices that do not have 
good inherent power-supply rejection. Capacitive or induc
tive coupling of hum can occur when 60-Hz line cord leads 
are within a few inches of the input terminals of the DUT. 
Precautions, such as proper lead dress and twisting of the 
60-Hz leads, eliminate this problem. 

Power-supply transients, as distinguished from power
supply ripple, can be of sufficient amplitu~ to introduce 
detectable noise pulses at the operational amplifier input. 
Such transients are produced when other equipment on the 
same ac line is switched on or off. A typical power-supply 
rejection ratio for an operational amplifier is SO p.V/V (i.e. a 
I volt transient on the power-supply is equivalent to a SO µ.V 
noise pulse at the DUT input). This example demonstrates 
that the test system cannot tolerate power-supply transients 
greater than approximately 100 mV even when testing units 
with good power·supply rejection. Unless the power-supply is 

known to be free of such transients, a battery-0perated 
system is recommended. Even when this system is battery· .. 

150kn 

150k0 

,, 

IN270 

PULSE 
OUTPUT 

TO 
COUNTER IN FIG.& 

CIRCLEO NOS.ARE TERMINAL PINS OF A 
SINGLE RCA TVPE CA3060 

-7.SV TRIPLE OP-AMP 

Fig. 4- Schematic diagram of threshold-tretBcting com,,.,.tor. 



operated, "On-Ofr' switching of nearby equipment intro. 
duces detectable transients into the system. These problems 
are eliminated by placing the test circuitry in a completely 
shielded enclosure with a hinged top for easy access to the 
test unit. The external noise problem is best solved by use of 
a shielded enclosure and by use of a battery-operated 
power-supply contained within the enclosure. Fig. 6 shows a 
photo of the circ_uit board layouts of the test unit. 

-UNIT 

....... ........ 
-OUT 

................ FIDllPLTD 
a1-POLMHn ~TIMI -LA1CllC8CUl'I' 

Fig. 6- Photo of circu;t-board layout 
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Fig. 5- Counter·latch·timer·control circuit schematic. 
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Abstracts of Other Application Notes 

AN-3193 ................. 9pages 
Application Considerations for the RCA-3N 128 
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 
3N 128. 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 <iistortion 
characteristics of the 3Nl28 MOS transistor are 
compared to those of bipolar transistors, and 
procedures are given for the design of a practical 
vhf amplifier that uses the 3N 128. 

AN-3341 . . . . . . . . . . . . . . 3 pages 
VHF Mixer Design Using the RCA·3N128 MOS 
Transistor 

The 3N 128 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-345 2 . . . . . . . . . . . . . . . . 7 pages 
Chopper Circuits Using RCA MOS Field-Effect 
Transistors 

Although electromechanical relays have long 
been used to convert low-level de 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 

rf 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 fielddfect 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 desi~n of dual-gate MOS field-effect tran-
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sistors th.at 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 FETs 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-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. 

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 C A3008 and CA3010 
operational amplifiers. These amplifiers arc 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). 

lCAN-5022 26 pages 
Application of the RCA·CA3004, CA3005, and 
CA3006 Integrated-Circuit RF Amplifiers 

The CA3004. CA3005, and CA3006 rf am
plifiers arc 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 -ssoc to +125oe, 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. 

ICAN-5030 11 pages 
Application of the RCA-CA3000 Integrated· 
Circuit DC Amplifier 

This Note describes the RCA·CA3000 de 
amplifier, a stabilized and compensated differen
tial amplifier that has push-pull outputs, high
impedance (0.1-megohmJ 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 external resistors 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. 

ICAN-5036 . . . . . . . . . 9 pages 
Application of the RCA-CA3002 Integrated
Circuit IF Amplifier 

The RCA-CA3002 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 lntegrated
C'ircuit Audio Amplifier 

This Application Note describes the RCA· 
C A3007 audio driver, a balanced differential 
configuration with either a single-ended or a 
differential input and two push-pull emittcr
followcr 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 
gain and operating-point stability over the tem
perature range from --55 to 125oc. 

lCJ\N-5038 8 pages 
Application of the RCA·CA3001 Integrated
Circuit Video Amplifier 

The CA 3001 silicon monolith i,· in tcgrated 
circuit is designed for use in intermediak
frequenl'Y or video amplifiers at frequencies up 
to 20 Miiz and in Schmitt-trigger applications. 
This integrated circuit can be gated. and gain 
control can be applied. The CJ\3001 incorpor
ates :.dl-monolithil· silil·on epita\ial construction 
designed for operation at ambient temperatures 
from 55 to 125oc, balanced differential· 
amplifier configuration with low-impedance 
doubll'-ended input,and a built-in temperature
compensating network for gain or de operating
point stability over. the temperature range from 

55 to I 25°C. 

ICJ\N-5213 6 pages 
Application of the RCA CA3015 •nd CA3016 
Integrated-Circuit Operational Amplifiers 

The integrated-circuit operational amplifiers 
CJ\3015 and CA3016 arc 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 Nott: 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 
in tcgratcd circuits. Th~ ~uncr ~.ction is described 
first, and then the 1l-amphf1er and detector 
sections. Performance characteristics are describ
ed where applicable. The FM receivers discussed 
arc designed for use from a +9-volt supply. 
The key to design simplicity is the use of the 
RCA multifundion integrated circuits CA3005, 
CA3012. and CA3014. The CA3005 may be 
used as a cascade rf amplifier, a differential rf 
amplifier, a mixer-oscillator, and an if amplif!er; 
the CA3012 and CA3014 perform if amphf1ca
tion, limiting, detection, and preamplification. 

ICAN-5296 . . . . . . . . . . . . . . 5 pages 
Application of the RCA-CA3018 lntegrated
Circuit 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-Iead T0-5 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 I 00 MHz), video, age, audio, and 
de amplifiers. 

lCAN-5299 . . . . . . . . . . . . . . . 6 pages 
Application of the RCA-CA3019 Integrated
Circuit Diode Array 

The CA 3019 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. 

lCAN-5337 . . . . . . . . . . . . IO pages 
Application of the RCA-CA3028A and CA-
30288 Integrated-Circuit RD Amplifiers in the 
HF and VHF Ranges 

The C A3028A and CA3028B monolithic
silicon integrated circuits are single-stage dif
ferential amplifiers intended for service in 
communications systems opera ting 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, au todyne converters, 
if amplifiers, and limiters. The CA3028A and 

Abstracts of Other Application Notes 

CA3028B are suitable for use in a wide range 
of applications in de, audio, and pulse aml'lifier 
service; they have ·:been used as sense amphf1ers, 
preamplifiers for low-level transducers, and de 
differential amplifiers. 

ICAN-5338 ............... 14 pages 
Application of the RCA-CA3021, CA3022._a_nd 
CA3023 Integrated-Circuit, Wideband Amphf1ers 

The CA3021, CA3022, and CA3023 inte
grated circuits are multipurpose high-gain am
plifiers designed for use in video and AM or ~M. 
if stages in single-power-supply systems. Spec1f1-
cally, they can be used in video amplifiers 
operating at frequencies through 30 MHz, A!" 
and FM if amplifiers, and buffer amplifiers m 
which an isolation capability greater than 60 
dB at 1 MHz is desired. 

lCAN-5380 . . . . . . . . . . . . . . . 7 pages 
Integrated - Circuit Frequency - Modulation if 
Amplifiers 

The discussion in this Note shows that the 
simplest approach 1 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 be~ause a 
cascade of individually tuned if stages 1s 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. 

lCAN-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-5831 . . . . . . . . . . . . 5 pages 
Application of the RCA-CA3044 and CA3044VI 
Integrated Circuits in Automatic-Fine-Tuning 
Systems 

This Note describes the use of the CA3044 
and CA3044Vl integrated circuits as automatic 
fine-tuning (AFT) system components and dis
cusses the advantages of integrated circuits in 
this application. The CA3044VI 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. 

ICAN-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-CA304 l and CA3042 
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. 

ICAN-6259 . . . . . . . . . . . . . . . 10 pages 
Integrated-Circuit Stereo Decoder Using the 
CA3090AQ Stereo Multiplex Demodulator 

The CA3090AQ integrated-circuit provides 
features heretofore unavailable to the receiver 
designer. This device needs only a sini:Ie tuning 
adjustment, which reduces to a m1mmum the 
manual effort during assembly; the phase-locked 
loop maintains performance under conditions 
of temperature variations, humidity, and agmg. 
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 CA 3 I 20E is a 16-pin, dual-in-line
monoli thic-silicon integrated circuit that pro
cesses a video signal and provides the follow_ing 
outputs: non-inverted video output; noise
processed, inverted .video output; dual-polanty, 
composite synchronization signals; and au_to
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 deletenous 
effects of impulse noise in the receiver age and 
synchronization (sync) circuits. Standard age 
strobing techniques are also used. Th~ age and 
impulse-noise thresholds are ~utomahcally S?t 
and require no controls. The 1f max1mu'!1·gam 
bias and the tuner age delay may be ad1usted 
for optimun. TV-receiver performance; the 
time constant !'or the sync-separator input can 
also be optimized by the set designer. 

ICAN-6724 . . . . . . . . . . . . . . . 8 pages 
A Flexible Integrated-Circuit Color Demodu
lator for Color Television 

This Note describes the circuit operation 
and application of the CA306 7 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 circUlt 
functions: amplification, balanced chroma de
modulation, de-operated tint (phase) control, 
and zener-diode voltage regulation. 
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Lalbllnger Weg 12 (Postfach 9), 
7141 Schwleberdlngen ..................... 07150/14-1 

Gennany ....... RTG E. Sprlngorum KG, 
Bronnerstrasse 7, 
4600 Dortmund 1 ......•.........•......... 0231/4 951 
Sasco GmbH, 8011 Putz-
brunn/Munchen, Hermann-
Oberth·Strasse 16 .•..................... (089)485081 
Spoerl• Electronic KG, 
Otto-Hahn·Strasse 13, 
6072 Drelelch 2 .......................... 08103/304·1 

Greece ......... Omma Limited, 21 Voukour-
estlou Street, Athens 134 .................... 381 8058 

Holland ........ lnelco Nederland b.v., Joan 
Muyskenweg 22,Amsterdam 1008AD ...... (020)934824 
Vekano BY Daalakkersweg 2, 
Post bus 498, 4600A1 Elndhoven 4502 .•..... 040 81 09 75 

Hong Kong ..... Gibb, Livingston and Co., PO Box 55 
India ........... Comal, Sandhurst Bridge, 532 

Sardar VP Road, Bombay 7 WB 
Indonesia ...... NVPD Soerdarpo Corp., Jal an Veteran 

Satu 21-22, Jakarta 114 
Iran ............ Berkeh Co., Ltd., 

11,GlllAlley,Tehran .•....................... 828294 
Israel .......... Eastronlcs Limited, 11 Rozanls 

St. Tel-Baruch, PO Box 39300, 
Tei Avlv61390 ............................ 03475151 

Italy ........... Eledra Sud, Via 6 Valmarana 63, 
00139 Roma ..................... 08·812-732418127290 
ldac Elettronlca SpA, Via Portello 29, 
35100 Padova ............................. 049-88022 
Lasl Elettronlca S.p.A., Viale 
Lombardla 6, 20092 Clnlsello 
Balsamo, Milan ...•........................ 8173578 
SHveratar Limited, 20 Via del 
Gracchl, 20146 Milan ....................... 392/4998 

Japan .......... Okura Trading Co., Ltd., 3-8 Glnza 
Nlchome, Tokyo 104 

Korea .......... Panwest Co., Ltd., Room 306, Sam Duk Bldg., 
131 Da-Dong, Chung·ku, Seoul 

Malaysia ....... Edward Eu It Co. (Pie) Ltd., 
193, Jalan IMBI Road, Kuala Lumpur 06-23 

Mexico ......... Dekaa, S.A., Avenlda Nuevo Leon #159, 
Mexico 11, D.F. 
Mexlcana de Bulbos, S.A., Mlchoacan 
No. 30, Mexico 11, D.F. 
Proveedora Electronics lnduatrlal, S.A., 
Apartado Postal 27-599, Mexico 11, D.F. 

New Zealand .... AWA New Zealand Ltd., 
36-44 Adlalde Rd., PO Box 830, 
Wellington 2 

Norway ........ EGA AIS, Ulveneien 75, 
Oslo 5 .................................... 22.19.00 

Paraguay ....... Comp. Com. del Paraguay, S.A., Casilla de 
Correo 344, Asuncion 

Peru ........... Arvan S.A., Av. Jose Pardo 741, B. 
Miraflores, Lima 18 

Phlllpplnes ..... Phlllpplne Electronic Ind., PO Box 498, 
Makatl, Rizal D-708 

Portugal. ....... Telectra SARL, 103 Rua Rodrigo 
da Fonseca, Lisbon 1 ..................... 88 80 72175 

Singapore ...... Edward Eu and Co., No. 1 Orchard Rd., 9 
South Africa .... Allied Electric S.A. (Ply) Ltd., 

Components Division, Box 6090, 
Dun swart 1508 Transvaal .................... 892-3155 

Spain .......... Atalo lnganleros SA, Enrique 
Laretta 10y12, Madrid 16 .................... 215 35 43 
Electrlca Comarclal Colomlnas SA, 
Division of Novolectrlc, 
Vlllarroel,40, Barcelona 11 .................. 3231890 

Sri Lanka ..•.... C.W. Mackle It Co., Ltd., 36 
D.R. Wljewardena Mawatha, 
Colombo 10 

Sweden ........ Farner Electronics AB, Snoermakarvaegen 35, 
PO Box 125, S-16126, 
Bromma-Stockholm ...................... 08/80 25 40 
Lagercrantz Elektronlk KB, Kanalvagen 5, 
Upplands Vasby .......................... 0780 88120 

Switzerland ..... Baerlocher AG, PO Box 485, 
8021 Zurich ................................ 429900 
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Talw111 .••.••••. Hwa Sheng Electronic Co., Ud., 3th Fl., 
#7, Ren-al Rd., Sec. 2, 
Taipei, R.O.C .......................... (02)3219311-5 

lball111d .•..•.. Anglo·lbal Eng. Ltd., PO Box 18, 
Bangkok 

Turkey •.•.•.••. Taknlka T AS, PO Box Karakoy 153, 
Istanbul ................................... 438100 
Taknlm Company Ltd., Rlze Seh 
Pehlevl Caddesl 7, Kavaklldere, 
Ankara ..................................... 275800 

Uruguay .•.••..• American Pladucta S.A., Av. Italia 4230, 
Montevideo 

Vanazuala •..••• TalaNCa, C.A., PO Box 3975, caracas 
Yugollavla •.••. Avtotehna, PO Box 593, XI, 

Tltova38, Ljub1Jana81000 ..•.••..•..•..•.•••. 317044 
UK •...••.•..•. Apex Compo!IMla Ltd., 398 

Bath Road, Slough, Berka, 

U.S. 

SL18JD ............................. Bumham83741 
Cnlllon Ud. 380/388 
Bath Road, Slough, Berks, 
SL 1 8JE .............................. Bumham 4434 
Dletronlc Ltd., 50/51 
Burnt Miii, Elizebeth Way, 
Harlow, Essex, CM20 2HU .......•.. Harlow (0279)38701 
m Electronic Sanllcaa, Edinburgh Way, 
Harlow, Essex, CM20 2DE ••••.••.••..••. Harlow 28811 
Mogul Electronlca Ltd., 
273 High Street, 
Epping, Essex, CM 18 4DA •..••••..•.•••. Epping 77388 
Semlcampa (Northam) Ltd, 
East Bowmont Street, Kelso, 
Roxboroughshlra TD5 7BZ ...•.....•..•.... Kelso 2388 

Alllbaina .•••.•• HamlltDn·Avnet Electronics, 
4692 Commercial Drive N.W., 
Huntsville, AL 35805 ......•...•..•...•.. (205)837-7201 

Arlmna •.•..•.• HamlltDn·Avnet Electronlca, 
2815 South 21st Street, 
Phoenix, AZ 85034 ...................... (802)275-7851 
Klarulff Electronlca, Inc., 
4134 East Wood Street, 
Phoenix, AZ85040 ..•.•........•...•..•. (802)243-4101 

Artmna .•.••..• Ubarty Electronlce/Artmna, 
8155 North 24th Avenue, 
Phoanlx, AZ 85022 ...................... (802)249-2232 

Calllomla ...•.• CramelfSan Franclaco, 720 
Palomar Avenue, 
Sunnyvale, CA 94088 .•......•..••.••.•.. (408)739-3011 
Electronic Supply Corp. 2488 
Third Street, Riverside, 
CA 92507 ............................. (714)883-7300 
Elmar Electronics, Inc., 2288 
Charleston Road, Mt. View, 
CA 84042 .•..•..•...............•..•.. (415)881-3811 
Hamllton·Avnet Elactronlce, 
1175 Bordeaux Drive, 
Sunnyvale, CA 94088 ........•..•.....•.. (415)743-3300 
Hamllton·Avnet Electronlca, 
8917 Complex Drive, Sen Diego, 
CA 92123 ••.••.•..••..•.........•..... (714)279-2421 
Hamilton Electro Salaa, 10912 
W. Washington Blvd., Culver 
City, CA 90230 ......................... (213)558-2020 
Klarulff Electronics, Inc., 
2585 Commerce Way, 
Los Angeles, CA 90040 ...•.......•...•.. (213)885-5511 
Klarulfl Electronics, Inc, 
3989 E. Bayshore Road, 
Palo Alto, CA 94303 •.•.•.••.••..••.•.... (415)988-8292 
Klarulff Electronlca, Inc. 
8797 Balboa Avenue, 
San Diego, CA 92123 ..•.••..•.•.•..•..•• (714)278-2112 
Ubarty Electronlca, 124 
Maryland Avenue, 
El Segundo, CA 90245 ................... (213)322·8100 

California ...... Liberty/Sen Diego, 9525 
Chesapeake Drive, San Diego 
CA 92123 ............................. (714)585-8171 
G.S. Marshall Company, 
9874 Telstar Avenue, 
El Monte, CA 91731 .•..•..............•• (213)888-0141 
RPS Electronlca, Inc., 1501 
South Hiii Street, Los Angeles, 
CA90015 ............................. (213)748-1271 
Schwabar Electronlca Corp., 
17811 Giiiette Ave., 
Irvine, CA 92714 ........................ (714)558-3880 

Colorado ..•.... Elmar Electronlce/Danver, 
6777 East 50!h Avenue 
Commerce City, CO 80022 •..•..•.•...... (303)287-9811 
Hamilton-Avnet Electronics, 
5921 North Broadway, 
Denver,C080216 ..•..••..•.•.•••..•.•• (303)534-1212 
Klerulff Electronics, Inc., 
10890 East 47th Avenue, 
Denver, CO 80239 ...................... (303)371-8500 

Connecticut •... Arrow Electronics, Inc., 
295 Treadwell Street, 
Hamden, CT 06514 •...•................ (203)248-3801 
Cremar/Connecticut, 12 Beaumont Rd., 
Wallingford, CT 06492 ...••.......•..••.. (203)285-7741 
Hamilton-Avnet Electronlca, 
643 Danbury Road, 
Georgetown, CT08829 •.•••.•........... (203)762-0381 
Sch-bar Electronics Corp., 
Finance Drive, Commerce Industrial Park, 
Danbury, CT 06810 •.....•..•........... (203)782-3500 

Florida ..•.•...• Arrow Electronlca, Inc., 
1001 NW 62nd St., Suite 402, 
Ft. Lauderdale, FL33309 ••••.•..•..••.•. (305)776-7790 
Arrow Electronics, Inc., 
115 Palm Bay Road, N.W., Suite 10, 
Palm Bay, FL32905 •.•..••.••.••....••.. (305)725-1480 
CramelfOrtando, 
345 Graham Avenue, 
Orlando, FL32803 ...................... (305)885-1511 
HamlHon·Avnet Electronlca, 
6800 N.W. 20th Avenue, 
Ft. Lauderdale, FL33309 ••••.•••.•..••.. (305)871·2900 
Hamilton-Avnet Electronics, 
3197 Tech Drive No., 
St. Petersburg, FL 33702 ...•............. (813)576-3830 
Schwabar Electronlca Corp., 
2830 North 28th Terrace, 
Hollywood, FL33020 ...•................ (305)827-0511 

Georgia ........ Arrow Electronlca, Inc., 3406 Oak Cliff 
Rd., Doraville, GA 30350 ..•..•.•.....••.. (404)455-4054 
CramelfAtlanta, 8458 
Warren Drive, 
Norcross, GA 30071 .................... (404)448-9050 
HamlltDn·Avnet Electronics, 
8700 165 Access Road, Suite 1 E 
Norcross, GA 30071 ..•..•.....•..•..•.. (404)448-0800 

llllnols ......... CramelfChlcago, 1911 
South Busse Road, 

-· Mt. Prospect, IL 60056 •..••..••.•.••..•.. (312)5113-8230 
Hamilton-Avnet Electronics, 
3901 North 25th Avenue, 
Schiller Park, IL60178 ...•...•.....•..... (312)678-8310 
Newark Electronics, 500 
North Pulaski Road, 
Chicago, IL60824 ....•..•..•..•.....•.. (312)638-4411 
Schwaller Electronlca Corp., 
1275 Brummel Ave., Elk 
Grove VIiiage, IL60007 .....•..•..•..•... (312)593-2740 
Semiconductor Speclallets, Inc., 
195 Spangler Avenue, 
Elmhurst, IL 60126 ...................... (312)279-1000 

Indiana ........ Graham Electronics Supply, Inc., 
133 S. Pennsylvania Street, 
lndlanapolls, IN 46204 ....•.....•......• (317)834-8202 

Iowa ........... Deeco, Inc., 2500 
16th Avenue, S.W., 
Cedar Rapids, IA 52801 ..............•... (319)385-7551 
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Kansas •.••.••• Hamllton·Avntll Electronics, 
9219 Quivira Road, 
Overland Park, KS68215 ...•..•.••...•.•. (913)8llH800 

Louisiana .•.•.• Starting Electronics, Inc., 
4813 Fairfield, 
Metalrte, LA 70002 ..•.•..•.••..•.•••..•. (504)887-7810 

Maryland ..••.•. Arrow Elactronlcs, Inc., 
4801 Benson Avenue, 
Baltimore, MD 21227 •.•.••.•...•••••..•. (301)247·&200 
CramerlWalhlngton, 
18021 Industrial Drive, 
Gaithersburg, MD 20760 ..•.••...•..•.••. (301)848-0110 
Hamllton·Avntll Electronics, 
7255 Standard Drive, 
Hanover, MD 21078 ....••.••...•••.••.•• (301)79&6000 
Pyttronlc lndustrle1, Inc.,, 
8220 Wellmoor Court, 
Savage, MD 20863 •..•.••..•..•..••.•..• (301)792-0782 
Sch-bar Electronics Corp., 
9218 Gaither Road, 
Gaithersburg, MD 20760 •....•.•.....•..• (301)840-8500 

Maesachusatts .. Anow Electronics, Inc., 
960 Commerce Way, 
Woburn, MA01601 .•..•.........•...... (817)83H130 
Cramer Elactronlcs, Inc., 
85 Wells Avenue, 
Newton, MA02159 .••.•....•...•..•.•.•. (817)989-7700 
Hamllton·Avntll Electronics, 
100 East Commerce Way, 
Woburn, MA 01601 •.••..•..•......••.•• (817)833-8020 
A.W. Mayer Co, Inc., 
38 Border Street, 
West Newton, MA 02165 ......•..••.•..•• (817)886-1111 
Schweber Electronlce Corp., 
213 Third Avenue, 
Waltham, MA 02154 ..•..•..•........... (817)B9CJ.114114 
Sterling Electronics, Inc., 
411 Waverly Oak Road, 
Waltham, MA02154 ..•........•..•..... (817)894-8200 
Wiishire ElectronlcalNew 
England, One Wilshire Road, 
Burlington, MA01803 ...•..•..••..••.•.. (817)27M200 

Michigan .•..••. Hamlllon·Avnet Electronics, 
32487 Schoolcraft Road, 
Livonia, Ml 48150 ..•..............•..•.. (313)622-4700 
RS Elactronlcs, Inc., 
344 Schoolcraft, 
Livonia, Ml 48150 ..•... , .•.....•...•.••. (313)625-115& 
Schweber Electronic& Corp. 
33540 Schoolcraft Road, 
Livonia, Ml 48150 ..•..•..•........•.•••• (313)525-8100 

Minnesota .....• Arrow Electronics, 
9700 Newton South, 
Bloomington, MN 55431 .....••..•..••..• (812)887-8400 
Cramer/Minnesota, 
5424 Industrial Blvd., 
Edina, MN 55435 ....•.••.•...•......•.• (812)835-7811 
Hamllton·Avnet Electronics, 
7449 Cahill Road, . 
Edina, MN 55435 •..••.•..••..•..••..•.• (812)841·3801 
Semiconductor Spaclallets, Inc., 
8030 Cedar Avenue South, 
Minneapolis, MN 55420 .•.•........•...• (812)854-8841 

Mlaaourl •.••.•. Hamllton·Avnet Electronlce, 
396 Brookes Drive, 
Hazelwood, MO 83042 .................. (314)731-1144 
Semiconductor Spaclallste, Inc., 
3805 No. Oak Traffic Way, 
Kansas City, MO 84118 ..........•....... (818)452·3900 

New Hampshire .Arrow Electronlce, Inc., 
1 Perimeter Drive, 
Manchester, NH 03103 •...•..•.•.•.•.... (803)88&8988 

New Jersey ...•. Arrow Electronics, Inc., 
" Pleasant Valley Road, 

Moorestown, NJ 08057 .••.•...•........• (809)235-1900 
Arrow Electronlce, Inc., 
285 Midland Ave., 
Saddlebrook, NJ 07682 ....•..••.•....... (201)797·5800 
CramedNew Jersey, 1 Cardinal 
Drive, Utile Falls, NJ 07424 .•...•..•.•..• (201)786-4300 

New Jersey ...•. Hamllton·Avnet Electronics, 
10 Industrial Road, 
Fairfield, NJ 07008 .•....••.•....•.•.... (201)575-3390 
Hamllton·Avnet Electronlce, 
113 Gaither Drive, 
East Gate Industrial Park, 
Mount Laurel, NJ 08057 ..............•.. (809)234-2133 
Klerulff Electronics, Inc., 
3 Edison Place, 
Fairfield, NJ 07008 ..........•..•....... (201)575-8750 
Rnco Electranlce, Div. of 
Aetrex, Airport & Central Hwys., 
Airport Industrial Park, 
Pennsauken, NJ 08110 .•..••..•..•..•... (809)882-4000 
SchwebedNJ Electronics, 
43 Belmont Drive, 
Somerset, NJ 08873 •.....••..•..•...... (201)48M008 
Wlllhlre ElectronlcalNJ, 
1111 Paullson Avenue, 
Clifton, NJ 07015 ..........•.....•...•.. (201)340-1900 

New Mexico .... CramedNaw Mexico, 2480 Alamo 
S.E., Albuquerque, NM 87106 ............. (505)243-4568 
Hamllton·Avnet Electronlce, 
2524 Baylor S.E., 
Albuquerque, NM 87106 .........•..•.•.. (505)765-1500 

New York .•.•..• Arrow Electronics, Inc., 
900 Broad Hollow Road, 
Route 110, 
Farmingdale, LI, NY 11735 ...•........... (518)894-8800 
CramedL.ong Island, 
29 Oser Avenue, 
Hauppauge, LI, NY 11787 ......•..•...... (518)231-5800 
CramedRochaetar, 
3000 South Winton Road, 
Rochester, NY 14823 ....•.•......•...... (718)275-0300 
CramedSyrecuse, 
6716 Joy Road, 
Syracuse, NY 13057 •..••..•..•.....•..• (315)437-8871 
Hamllton·Avnet Electronlca, 
167 Clay Road, 
Rochester, NY 14623 ......•...•..•....•. (718)442·7820 
Hamllton·Avnet Electronics, 
16 Corporate Circle, 
Syracuse, NY 13211 .................... (315)437·2641 
Hamllton•Avnet Electronlca, 
70 State Street, 
Westbury, LI, NY 11590 ..•..••........... (518)333-6800 
Mllgrsy Electronlca, Inc., 
191 Hanse Avenue, 
Freeport, LI, NY 11520 .•.........•....... (518)548-6000 
Rochester Radio Supply Co., 
140 W. Main Street, 
Rochester, NY 14614 .....•.........•.... (718)454-7800 

New York ...•..• Schweber Electronics, Corp., 
2 Town Line Circle, 
Rochester, NY 14623 ......•..•..•..•..•. (718)424-2222 
Schweber Electronics Corp., 
Jericho Turnpike, 
Westbury, LI, NY 11590 .................• (516)334-7474 
Summit Distributors, Inc., 
916 Main Street, 
Buffalo, NY 14202 ...............•...... (718)884-3450 

North Carolina .. Arrow Electronics, Inc., 
13n-G Southpark Drive, 
Kernersville, NC 27284 .................. (919)896-2039 
Cramer/Winston/Selem, 
938 Burke Street, 
Winston Salem, NC 27103 ............•.• (919)725-8711 
Hamllton·Avnet Electronics, 
2803 Industrial Drive, 
Raleigh, NC 27809 ................•..... (919)829-8030 
Hammond Electronics of 
Carolina, Inc., 2923 
Pacific Avenue, 
Greensboro, NC 27406 .....•.•.•..•..... (919)275-6391 

Ohio •...•..•... Arrow Elactronlcs, Inc., 
3100 Plainfield Road, 
Dayton, OH 45432 ...........•..•......• (513)253-9178 
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Ohio . . . . . . . . . • • Cramer#Cleveland, 
5835 Harper Road, 
Solon, OH 44139 .........•.•..•........ (218)248-8400 
Hamlllon·Amet Electronics, 
761 Beta Drive, Suite E. 
Cleveland, OH 44143 .•...•.............. (218)481-1400 
Hamllton·Amet Electronlcs, 
954 Senate Drive, 
Dayton, OH 45459 ..........•........•.. (513)433-0810 
Hugh-Peters, Inc., 
481 East 11th Aveneu, 
Col um bus, OH 43211 .....••.•.•.•.•.... (218)484-2970 
Schweber Electronlca Corp., 
23880 Commerce Park Road, 
Beachwood, OH 44122 •.........•••.•.•. (218)484-2970 
The Stotts Blleclman Co., 
2600 East River Road, 
Dayton, OH 45439 ....•......•..•.•..... (513)298-6555 

Oklahoma ...... Radio, Inc., 
1000 S. Main Streat, 
Tulsa, OK 74119 .....•......•.••..•..••. (918)587-8123 

Pennsylvania ... Harbach a Rademan, Inc., 
401 East Erle Avenue, 
Phlladelphla, PA 19134 •.•..•..••.•..••.. (215)426-1700 

Pennsylvania ... Semiconductor Spaclallsts, Inc., 
1000 RIDC Plaza, Suite 207, 
Pittsburgh, PA 15238 ............•...•..• (412)781-8120 

Texas ...•...... CramedTexas, 
13740 Midway P.oad, 
Dallas, TX 75240 •..•..•......•........• (214)881-8300 
Hamllton·Amat Electronlca, 
445 Sigma Road, 
Dallas, TX 75240 ..••.•..•..•......•...• (214)881·8881 
Hamllton·Amat Electronlca, 
3939 Ann Arbor Street, 
Houston, TX n063 ..•..•..........•..•. (713)780·1n1 
Sch-bar ElactrOnlcs, Corp., 
14177 Proton Road, 
Dallas, TX 75240 .••.•.•.•....•......... (214)881·5010 

Texas ..•....... Schwebar Electronics Corp, 
7420 Harwin Drive, 
Houston, TX n063 ..................... (713)784-3800 
Sterling Electronics, Inc., 
2800 l.onghom, Suite 100, 
Austin, TX 78758 ..•.•........•.•.•..•.. (512)838-1341 
Sterling Electronics, Inc., 
4201 Southwest Freeway, 
Houston, TX nD27 ..•..•..•.......•.... (713)827·9800 
Sterling Electronlca, Inc., 
2875 Merrell Road, 
Dallas, TX 75229 ......•....•....•....•. (214)357·9131 
Trevino Electronics, Inc., 
2828 Walnut Hill Lane, 
Dallas, TX 75229 •.•.•.•.....•.•••...... (214)358-2418 

Utah •...•.•.•.• Hamllton·Amat Electronics, 
1585 West 2100 South, 
Salt Lake City, UT 84119 •.•.•.•.•••••.•.• (801)972·2800 

Washington ..•. Hamllton·Amat Electronlca, 
13407 Northrup Way, 
Bellevue, WA 98005 ......•..•.•.•.•....• (208)748-8750 
Uberty Electronlca/Norlh-st, 
1750 132nd Ave. N.E., 
Bellevue, WA 98005 •.•...............••. (208)453·8300 
Robert E. Priebe Company, 
2211 5th Avenue, 
Seattle, WA 98121 ......•.•............. (208)882-8242 

Wisconsin ...... Anow Electronics, Inc., 
434 West Rawson Avenue, 
Oak Creek, WI 53154 •......•.•.•.•.•.•.• (414)784-8800 
Hamllton·Amet Electronlca, 
2975 South Moorland Road, 
New Berlln, WI 53151 ..•.•.•....•.•.•..• (414)784-4510 
Taylor Electric Company, 
1000 W. Donges Bay Road, 
Mequon, WI 53092 .....•.•...•......•... (414)241-4321 






