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RCA Linear Integrated Circuits
and MOS/FET's

This DATABOOK contains detailed technical

information on the full line of linear integrated

circuits and the low-power line of metal-oxide-

semiconductor field-effect transistors (MOS/FET's)
currently available from RCA Solid State Division.

This broad spectrum of products include many
highly diverse types intended for a wide range of

circuit functions in industrial and/or consumer
applications.

The first section, a general over-all guide to available

products, contains a complete index of types,

photographs of the wide variety of package options,

product classification and selection guides,

recommended operating and handling procedures,

a list of special terms and symbols, and a cross-

reference listing that shows the recommended RCA
replacement types for many popular industry

devices. This general section is followed by technical

data on individual types grouped into eleven broad

product categories, including: Operational Ampli-

fiers, Voltage Comparators, Data-Conversion Cir-

cuits, Arrays, Power Control Circuits, Differential

Amplifiers, Special-Function Circuits, TV/CATV
Circuits, Audio Circuits, Radio Circuits, and
MOS/FET's. The first page of each data section lists

all the types included in the section grouped

according to specific circuit functions together with

a reference to the page that contains the technical

data for each type.

The final section of the DATABOOK lists high-

reliability types supplied for military, aerospace, and

critical industrial applications and defines the

screening levels to which each of them are supplied,

shows dimensional outlines for all package types,

and lists, together with a brief abstract, current RCA
application notes on linear integrated circuits and

MOS/FET's.
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Index to Devices
Data

Type Package Bulletin

Number Suffix File No. Page

CA080 T S E* H 1238 83
CA081 T S E* — H _ 1238 83
CA082 T s E* — H _ 1238 83
CA083 — — — E1§ H — 1238 83
CA084 — — — E1§ H — 1238 83
CA101 T s — — _ 786 28
CA124 E 796 104
CA139 E 795 301
CA139A E 795 301
CA158 T s E — _ _ 1019 93
CA158A T s E _ — 1019 93
CA201 T s — — _ — 786 28
CA224 E 796 104
CA239 E 795 301
CA239A E 795 301
CA258 T s E _ — 1019 93
CA258A T s E — _ 1019 93
CA270 W 897E 871
CA301A T s E — H — 786 28
CA307 T s E — H — 785 34
CA311 T s E — — _ 797 270
CA324 E — H _ _ _ 796 104
CA339 E — H — _ 795 301
CA339A E 795 301
CA358 T s E H _ 1019 93
CA358A T s E _ _ 1019 93
CA555 T s E — _ _ 834 653
CA555C T s E — H _ 834 653
CA723 T E — — _ _ 788 520
CA723C T E H — _ _ 788 520
CA741 T s E — _ _ 531 38
CA741C T s E — H — 531 38
CA747 T E — — _ 531 38
CA747C T E — H — 531 38
CA748 T S E — _ _ 531 38
CA748C T s E — H 531 38
CA758 E 760 38
CA920A E 1132 771
CA1190 Q 1134 924
CA1191 E 1347 928
CA1310A E 1254 855
CA1352 E 961 876
CA1391 E 981 775
CA1394 E 981 775
CA1398 E 686 673
CA1458 T s E — H _ 531 38
CA1524 E — — — _ H 1239 528
CA1558 T s E — _ — 531 38
CA1724 E 1228 393
CA1725 E — — — _ H 1228 393
CA2002 * M — — — — 1156 1004
CA2004 • M — — _ 1105 1009
CA2111A E Q — _ 612 932
CA2136A E 1262 937
CA2524 E — — — H 1239 528
CA2904 T E — — — 1019 93
CA3000 H — — _ 121 562
CA3001 H — — _ 122 569
CA3002 H — — _ 123 612
CA3004 H — — _ _ 124 575
CA3005 H — — _ _: 125 581
CA3006 125 581
CA3007 126 588
CA3008 tt 316 114
CA3008A t* 310 121
CA3010 316 114
CA3010A 310 121
CA301

1

H — — — _ 128 939
CA3012 128 939
CA3013 129 945
CA3014 129 945
CA3015 — H — _ _ 316 114
CA3015A 310 121

Type
Number

CA3016
CA3016A
CA3018
CA3018A
CA3019
CA3020
CA3020A
CA3021
CA3022
CA2023
CA3026
CA3028A
CA3028B
CA3029
CA3029A
CA3030
CA3030A
CA3035
CA3036
CA3037
CA3037A
CA3038
CA3038A
CA3039
CA3040
CA3041
CA3042
CA3045
CA3046
CA3048
CA3049
CA3050
CA3051
CA3052
CA3053
CA3054
CA3058
CA3059
CA3060
CA3060A
CA3060B
CA3064
CA3065
CA3068
CA3070
CA3071
CA3072
CA3075
CA3076
CA3078
CA3078A
CA3079
CA3080
CA3080A
CA3081
CA3082
CA3083
CA3084
CA3085
CA3085A
GA3085B
CA3086
CA3088
CA3089
CA3090A
CA3091
CA3093
CA3094
CA3094A
CA3094B
CA3096
CA3096A
CA3096C

Package
Suffix

Data

Bulletin

File No.

316
310
338
338
236
339
339
243

243
243

338
382
382
316
310
316
310
274

275
316
310
316
310
343

363
318
319
341

341

377

611

361

361

387
382

388
490
490
537

537
537

396
412
467
468
468

468
429
430

535
535
490

475
475

480
480
481

482

491

491

491

483
560
561

684
534
533
598
598
598
595
595
595

Page

114
121

396
396
384
500

500
129
129

129
354

593
593

114

121

114

121

362
402
114

121

114

121

386

604
952
960
404
404
365
372
410
410
377

593
354

550
550
224

224

224
660
968
880
678
678
678
1014

1018
237

237
550

245
245

332
332
418
422
543

543

543
427

1022
1026
860
618
432
213
213
213
438
438
438
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Index to Devices

Data
Type Package Bulletin

Number Suffix File No. Page

CA3097 E H — — _ _ 633 448
CA3098 T S E H — — 896 278

CA3099 E H — — — — 620 285
CA3100 T S E H — — 625 135

CA3102 E H — _ — — 611 372

CA3105 • M — — — — 1382 46

CA3118 T H — — — — 532 459

CA3118A T 532 459

CA3120 E 907 819

CA3121 E 688 693
CA3123 E 631 1032

CA3125 E 685 699

CA3126 Q 860 702

CA3127 E 662 466

CA3128 Q 1161 471

CA3130 T S E H — — 817 141

CA3130A T S E — — — 817 141

CA3130B T S — — — — 817 141

CA3134 — EM QM — — — 1097 974

CA3135 E 1021 827

CA3136 E 1158 887

CA3137 E 970 709

CA3138 E H — _ — — 1131 473

CA3138A E 1131 473

CA3139 E Q — — — — 905 668

CA3140 T S E H — — 957 156

CA3140A T S E — — — 957 156

CA3140B T S — — — — 957 156

CA3141 E 906 390

CA3142 E 907 819

CA3143 E 1138 834

CA3144 E 1137 839

CA3145 E 1175 714

CA3146 E H — _ — — 532 459

CA3146A E 532 459

CA3151 E 1160 721

CA3152 E 1351 48

CA3153 E 1142 892

CA3154 E 1183 780

CA3156 E 1265 844

CA3157 E 1184 786

CA3158 E 1170 725

CA3159 E 1136 792

CA3160 T S E H — — 976 176

CA3160A T S E — — — 976 176

CA3160B T S — — — — 976 176

CA3161 E 1079 335

CA3162 E 1080 308

CA3163 E 1092 980

CA3164 E 1139 647

CA3165 E E1§ — — — — 1278 494

CA3166 E 1100 984

CA3168 E 1140 339

CA3169 • M — — — — 1277 508

CA3170 E 1129 730

CA3172 E 1130 737

CA3179 E — — — — H 1176 630

Data

Type Package Bulletin

Number Suffix File No. Page

CA3183 E H — — — — 532 459

CA3183A E 532 459

CA3189 E 1046 1036

CA3190 E 1204 796

CA3191 E 1268 899

CA3192 E 1304 912

CA3193 T S E H — — 1249 52

CA3193A T S E H — — 1249 52

CA3193B T S E H — — 1249 52

CA3194 E 1270 740

CA3195 E — — — — — 1260 866
CA3199 E 1302 639
CA3201 E 1346 748

CA3202 E 1348 802

CA3207 E H — — — — 1322 343

CA3208 E H — — — — 1322 343

CA3209 E 1343 1042

CA3210 E 1361 809

CA3211 E 1379 644

CA3215 E 1358 990

CA3216 E 1362 993

CA3217 E 1332 756

CA3219 E 1359 514

CA3221 E 1057 765

CA3223 E 1361 809

CA3227 E 1345 476

CA3228 E 517

CA3240 E* E1§ — — — — 1050 193

CA3240A E* E1§ — — — — 1050 193

CA3246 E 1345 476

CA3260 T S E H — — 1266 208

CA3260A T S E H — — 1266 208

CA3260B T S E H — — 1266 208

CA3280 E — — — — H 1174 260
CA3280A E — — — — H 1174 260

CA3290 T S E* E1§ — — 1049 291

CA3290A T s E* E1§ — — 1049 291

CA3290B T s — — — — 1049 291

CA3300 D H — — — — 1316 316

CA3308 D 1352 327

CA3401 • E — H — — — 630 110

CA3420 S T E H — — 1320 63

CA3420A S T E H — — 1320 63

CA3420B S T E H — — 1320 63

CA3440 S T E H — — 1318 254
CA3440A S T E H — — 1318 254

CA3440B S T E H — — 1318 254

CA3493 S T E — — — 1290 68

CA3493A S T E _ — — 1290 68
CA3493B S T E — — — 1290 68

CA3524 E — — — — H 1239 528

CA3600 E 619 479
CA6078A T S — — — — 592 79

CA6741 T S — — — — 592 79

CA7607 E — — — — — 1350 920

CA7611 E — — — — — 1350 920

CD3226 E 1365 997

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

XX No designated suffix letter for this type of 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

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

No designated suffix letter for this type in TO-220-style
package with vertical-mount lead form.
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Packages

RCA linear device packages are identified by letters as
indicated in the following chart. When ordering a

Package

Linear device, it is important that the appropriate suffix

letter(s) be affixed to the type number of the device.

Dual-ln-Line Welded-Seal Ceramic Package
Dual-ln-Line Plastic Package
Dual-ln-Line Frit-Seal Ceramic Package
Chip
Dual-ln-Line Plastic Package with "Power Slab"
Modified Dual-ln-Line Plastic Package with "Power Slab"
Modified Quad-ln-Line Plastic Package
Quad-ln-Line Plastic Package
TO-5 Style Package with Dual-ln-Line Formed Leads (DIL-CAN)
TO-5 Style Package with Straight Leads
TO-220 Style Package with Horizontal-Mount Lead Form
TO-5 Style Package with Radial Formed Leads
Staggered Quad-ln-Line Plastic Package
Ceramic Flat Package

Suffix Letter

D
E
F
H
P
EM
QM
Q
S
T
M
V1
W
K

Notes:

1. Some types may have an additional "M" suffix

following the package designation suffix, i.e.,

CA3134EM. 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, TO-5, and plastic

packages. The package-options charts shown with the

functional diagrams for each generic type of RCA
linear integrated circuit indicate those types for which
chip versions are available.

D Suffix

Dual-ln-Line Welded-Seal
Ceramic Package

H1844

14 and 16-lead versions

P Suffix

"Power Slab" Plastic

Dual-ln-Line Package

E Suffix

Dual-ln-Line Plastic Package

8, 14, 16, 18, 22, 24 and 28-lead versions

EM Suffix

Modified 16-lead Dual-ln-Line

Plastic Package with

"Power Slab"

F Suffix

Dual-ln-Line Frit-Seal

Ceramic Package

H1806

14 and 16-lead versions

EM Suffix

Modified 16-lead Dual-ln-Line

Plastic Package with

"Power Slab"

CA3136P only CA3134EM only
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Packages (Cont'd)

QM Suffix

Quad-ln-Line Plastic

Package (QUIP) with

"Power Slab"

H1906

16-lead version

S Suffix

TO-5 Style Package with

Dual-ln-Line Formed
Leads (DIL-CAN)

S

H1787

8-lead version

K Suffix

Ceramic Flat Package

14-lead version

D Suffix

1 8-lead Dual-ln-Line

Side-Brazed Ceramic Package

Q Suffix

Modified 16-lead

QUIP

H1825

T Suffix

TO-5 Style Package
with Straight Leads

8, 10, and 12-lead versions

Shielded 20-lead

Quad-ln-Line Plastic Package

JEDEC TO-72

VERSA-V and VERSA-V1 TO-220 Style

Plastic Package with

Vertical-Mount Lead Form

(Versions with horizontal-mount

lead form are also available).

V1 Suffix

TO-5 Style Package
with Radial Formed Leads

8, 10, and 12-lead versions

W Suffix

Staggered Quad-ln-Line

Plastic Package

H1885

14 and 16-lead versions
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Product Classification Chart

Industrial Circuits

OPERATIONAL AMPLIFIERS ARRAYS

General Purpose DIFFERENTIAL Amplifier/

General Purpose Wideband Variable AMPLIFIERS Diode Transistor

Single Unit Dual Unit Single Unit High Current CA3000 Amplifier CA1724 CA3096
CA101 CA082* CA080* CA3094 CA3001 CA3026 CA1725 CA3097
CA201 CA083* CA081* Micropower CA3004 CA3035 CA3018 CA3118
CA301A CA158 CA3008 CA3060 CA3005 CA3048 CA3036 CA3127
CA307 CA258 CA3010 CA3078 CA3006 CA3049 CA3045 CA3128
CA741 CA358 CA3015 CA3080 CA3007 CA3052 CA3046 CA3138
CA748 CA747 CA3016 CA3440* CA3026 CA3054 CA3050 CA3146
CA3105 CA1458 CA3029 CA6078A* CA3028 CA3060 CA3051 CA3183
CA3152* CA1558 CA3030 Dual Unit CA3040 CA3102 CA3081 CA3227
CA3193* CA2904 CA3037 CA3280 CA3049 CA3082 CA3246
CA3420* Quad Unit CA3038 CA3050 Diode CA3083 CA3600
CA3493* CA084* CA3100* CA3051 CA3019 CA3084
CA6741* CA124 CA3130* CA3053 CA3039 CA3086

CA224 CA3140* CA3054 CA3141 CA3093
CA324 CA3160* CA3102
CA3401 Dual Unit

CA3240*
CA3260*

POWER CONTROL CIRCUITS DATA CONVERSION SPECIAL FUNCTION CIRCUITS

Voltage Solenoid & A/D Converters Timer Automotive Broadband
Regulators Motor Drivers CA3162 CA555 Circuits (Video)
CA723 CA3169 CA3300 CA3105 Amplifiers
CA1524 CA3219 CA3308 Four Quadrant CA3130* CA080*
CA2524 Display Drivers Multiplier CA3160* CA081*
CA3085 Power CA3161 CA3081 CA3091 CA3161 CA082*
CA3524 Amplifiers CA3168 CA3082 CA3165 CA083*

CA3020 CA3207 * Single-Chip CA3168 CA084*
Zero-Voltage

Switches

CA3105 CA3208* Detector Alarm

Systems
CA3169
CA3207*

CA3001
CA3002VOLTAGE

CA3058
CA3059

Automotive

Ignition

COMPARATORS CA3164* CA3208*

CA3219
CA3020
CA3021Single Unit

CA3079 Switch CA311 Prescalers CA3228 CA3022
CA3165 CA3098+ CA3179 CA3260* CA3023

Programmab e CA3099+ CA3199 CA3290* CA3040
Schmitt Universal Dual Unit CA3211 CA3071
Triggers Controller CA3290* CA3100*
CA3098 CA3228 Quad Unit CA3130*
CA3099 CA139

CA239
CA339

CA3140*
CA3160*
CA3240*

| I
CA3260*

MOS/FETs

Single Gate Dual Gate Dual Gate Protected
3N128 3N153 3N140 40600 3N187 40673
3N138 3N154 3N141 40601 3N200 40819
3N139 40467A 3N159 40602 3N204 40820
3N142 40468A 40603 3N205 40821
3N143 40559A 40604 3N206 40822
3NT52 3N211 40823

3N212 40841

3N213

•Low-noise versions of CA741 and CA3078 *BiMOS types aCMOS types +Programmable

10
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Product Classification Chart

Consumer Circuits
AUDIO RADIO

TV/CATV CIRCUITS CIRCUITS CIRCUITS

AFT Horizontal/ PIXIF Drivers AM/FM Com- FMIF

CA3064 Vertical CA270 CA3094 munications Circuits

CA3139 Systems CA1352 Circuits Gain Blocks

CA920A CA3068 Power CA2111A CA3011

Chroma CA1391 CA3136 Amplifiers CA2136A CA3012

Systems CA1394 CA3153 CA2002 CA3011 CA3076

CA1398 CA3154 CA3191 CA2004 CA3012

CA3070 CA3159 CA3192 CA3013 Subsystems

CA3071 CA3190"* CA7607 Preamplifiers CA3014 CA2111A

CA3072 CA3202 CA7611 CA3036 CA3043 CA2136A

CA3121 CA3210 CA3048 CA3075 CA3013

CA3126 CA3223*** Remote CA3052 CA3076 CA3014

CA3128" Control CA3088 CA3075

CA3137 Sync/AGC CA3035 CA3089 CA3089

CA3145 Circuits CA3123 CA3189

CA3151 CA3120 Sound IF CA3143 CA3209

CA3158 CA3142 CA1190 CA3179

CA3170 CA1191 CA3189

CA3172 Luminance CA2111A CA3199

CA3194**

CA3201

Processors

CA3135

CA2136A
CA3011

CA3209

CA3217
CA3221

CA3143
CA3144

CA3012
CA3013

MOS/FETs
Single Gate Dual Gate Dual Gate

CA3156 CA3014 3N128 3N140 Protected

CA3041 3N138 3N141 3N187

Multiplex CA3042 3N139 3N159 3N200

Decoders CA3065 3N142 40600 3N204

CA758 CA3134 3N143 40601 3N205

CA1310A 3N152 40602 3N206

CA3090A Tuning 3N153 40603 3N211

CA3195 CA3140
CA3152

*

CA3163
CA3166
CA3168
CA3199
CA3211

Videodisc

Circuits

CA2111A
CA3215
CA3216
CD3226A

3N154
40467A

40468A

40559A

40604 3N212
3N213
40673

40819

40820

40821

40822

40823

40841

CMOS types "PAL "*625 Line *BiMOS types

11
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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 circuits are normally supplied with lead-tin

plated leads to facilitate soldering into circuit boards. In

those relatively few applications requiring welding of the

device leads, rather than soldering, the devices may be

obtained with gold or nickel plated Kovar leads.* It should be
recognized that this type of plating will not provide complete
protection against lead corrosion in the presence of high

humidity and mechanical stress. The aluminum-foil-lined

cardboard "sandwich pack" employed for static protection

of the flat-pack also provides some additional protection

against lead corrosion, and it is recommended that the

devices be stored in this package until used.

When integrated circuits are welded onto printed circuit

boards or equipment, the presence of moisture between the

closely spaced terminals can result in conductive paths that

may impair device performance in high-impedance appli-

cations. It is therefore recommended that conformal coatings

or potting be provided as an added measure of protection

against moisture penetration.

In any method of mounting integrated circuits which
involves bending or forming of the device leads, it is

extremely important that the lead be supported and clamped
between the bend and the package seal, and that bending be
done with care to avoid damage to lead plating. In no case

should the radius of the bend be less than the diameter of the

lead, or in the case of rectangular leads, such as those used in

RCA 14-lead and 16-lead flat-packages, less than the lead

thickness. It is also extremely important that the ends of the

bent leads be straight to assure proper insertion through the

holes in the printed-circuit board.

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

Transistors (MOS FETs), like bipolar high-frequency
transistors, are susceptible to gate insulation damage by the
electrostatic discharge of energy through the devices.

Electrostatic discharges can occur in an MOS FET if a type
with an unprotected gate is picked up and the static charge,
built in the handler's body capacitance, is discharged through
the device. With proper handling and applications
procedures, however, MOS transistors are currently being
extensively used in production by numerous equipment
manufacturers in military, industrial, and consumer applica-

MIL-38510A, paragraph 3.5.6.1(a), lead material.

12



General Guide to Linear Integrated Circuits

lions, 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:

1

.

Chips must be stored under proper conditions to insure

that they are not subjected to a moist and/or contam-

inated atmosphere that could alter their electrical,

physical, or mechanical characteristics. After the shipping

'container is opened, the chip must be stored under, the

following conditions:

A. Storage temperature, 40°C max.

B. Relative humidity, 50% max.

C. Clean, dust-free environment.

2. The user must exercise proper care when handling chips

to prevent even the slightest physical damage to the chip.

3. During mounting and lead bonding of chips the user must

use proper assembly techniques to obtain proper elec-

trical, thermal, and mechanical performance.

4. After the chip has been mounted and bonded, any

necessary procedure must be followed by the user to

insure that these non-hermetic chips are not subjected to

moist or contaminated atmosphere which might cause

the development of electrical conductive paths across the

relatively small insulating surfaces. In addition, proper

consideration must be given to the protection of these

devices from other harmful environments which could

conceivably adversely affect their proper performance.
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Linear Integrated Circuits

Terms and Symbols

MAF
ADIFF
ACC
AFC
AFT
AGC
AMR
AOL
AV

BW
BW,OL

^CB

'EXT
:FB

C
ios

C
is

C
iss

CIO

CMMR

'QP

eN(total)

e01 /e02
EON
<CL

i.

closed-loop voltage gain

audio amplifier gain

differential voltage gain

automatic chroma control

automatic frequency control
automatic fine tuning

automatic gain control

am rejection

open-loop voltage gain

amplifier voltage gain

small-signal, common-source,
forward transfer susceptance
(imaginary part of corresponding
admittance; see y f )

small-signal, common-source,
input susceptance (imaginary
part of corresponding admittance
see y js

)

small-signal, common-source,
output susceptance (imaginary
part of corresponding admittance,
see vos )

small-signal, common-source,
reverse transfer susceptance
(imaginary part of corresponding
admittance, see y )

bandwidth (unity gain)

open-loop bandwidth
base-to-substrate capacitance

collector-to-base capacitance

emitter-to-base capacitance

external capacitance

feedback capacitance

input capacitance

small-signal output capacitance

small-signal input capacitance

small-signal, common-source
short-circuit input capacitance

input-to-output capacitance;

data in/out capacitance

common-mode rejection ratio

output capacitance

feedthrough capacitance

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

charge-pump capacitance

small-signal, common-source
short-circuit, reverse transfer

capacitance

input sensitivity

l/F noise voltage

low-frequency noise voltage;

equivalent short-ci rcuit input

noise voltage (mV / 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

dc supply current

dc supply current

'ABC
'agc

'CBO
•ceo
'CE(OFF)
I

I

I

D
D(ON)
DARK
DF
DDO

'DS

'dss

f
'g

'gr

'gs

'gis

GSSF

'G1SSF

'G2SSF

'gssr

'G1SSR

'G2SSR

GT

I

IB

IBC
'10
al IO

*'lO
/AT

amplifier supply current .

amplifier bias current

AGC source current

base current

collector current

collector cutoff current

collector, cutoff current

output leakage current

drain current

dc on-state drain current

dark current

diode forward current

supply current for drain supply
voltage (VDD )

zero-gate (bias) drain current

(dual-gate types)

zero-gate (bias) drain current

(single-gate types)

forward current

channel (input) gate lead

current

channel (input) gate reverse

current

gate terminal current (single-

gate types)

gate-No. 1 terminal current

dual-gate types

gate-No. 2 terminal current

dual-gate types

gate-to-source forward leakage

current, all other terminals

shorted to source (dual-gate

types).

gate-No. 1 source forward leakage

current, all other terminals

shorted to source (dual-gate

types).

gate-No. 2-to-source forward

leakage current, all other

terminals shorted to source

(dual-gate types).

gate-to-source reverse leakage

current, all other terminals

shorted to source(single-gate

types).

gate-No. 1-to-source reverse

leakage current, all other

terminals shorted to source

(dual-gate types).

gate-No. 2-to-source reverse

leakage current, all other

terminals shorted to source

(dual-gate types).

gate trigger current; gate

terminal current

input current

input bias current

internal bias current

input offset current

average temperature coefficient

of input offset current

temperature coefficient of input

offset current (drift)

short-circuit limiting current

current-mirror transfer ratio

l/F noise current

equivalent ope n-circuit noise

current (pA/ vTTz)
output current

differential output current

(sink)

output offset current

output leakage current, low

OM
I'omI

i
+

'OM

'oM~

PP
Q
QPL
R
REFO

'SSO

'sxo

'TH
'total
kN
MAG
MUG

NF

rSRR
r
ds(off)

rds(on)

1GS

1ON

"'ON

S/N
SR
TA
ld
XDR
*f

THD
l
off

lR0
V
*S
lSTG
tW
V+

v-
v,'ABC
BB
BE

peak output current

magnitude of peak output

current

maximum output current

(source)

maximum output current

(sink)

photo current

peak-to-peak output current

total quiescent current

charge-pump input current

dc reverse (leakage) current

supply current for reference

supply voltage

strobe load current

voltage (Vgg)

supply current for supply

voltage

threshold current

total supply current

normalized factor (k». = k/k
f

)

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.

^ON resistance; the difference

in ON-state resistance between
any 2 analog switches at speci-

fied input and load conditions,

signal-to-noise ratio

slew rate

ambient temperature

delay time

differential recovery time

fall time

input-pulse rise time

total harmonic distortion

turn-off time

turn-on time

rise time

input-pulse rise time

reverse recovery time

setup time
storage time
pulse width

DC positive supply voltage

DC negative supply voltage

amplifier bias voltage

substrate voltage

base-to-emitter voltage
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Terms and Symbols

V BE(sat)

V<BR)CBO

V(BR)CES

V (BR)DI

V(BR)R
V(BR)EBO

V(BR)GSSF

V(BR)G1SSF

V (BR)G2SSF

V (BR)GSSR

V(BR)G2SSR

VCBO
VCC

vco
VCEO
VCEO<sus)

VCIO
VCP
VDD

VDG

VDG1

VDG2

VDIO
VDR
VDS
V EE

AVrMT

'GH

VGL

VGS ,

VGS (TH)

VGS (Off)

VG1S

VQ1s (Off)

base-to-emitter saturation

voltage

collector-to-base breakdown

voltage

collector-to-emitter break-

down voltage

dc breakdown voltage be-

tween diode and substrate

dc reverse breakdown voltage

emitter-to-base breakdown

voltage

dc gate-to-source forward

breakdown voltage, all other

terminals shorted to source

(single-gate types)

dc gate-No. 1-to-source

forward breakdown voltage,

all other terminals shorted to

source (dual-gate types)

dc gate No.2-to-source forward

breakdown voltage, all other

terminals shorted to source

(dual-gate types)

dc gate-to-source reverse

breakdown voltage, all

other terminals shorted to

source (single-gate types)

dc gate-No.2-to-source

reverse breakdown voltage,

all other terminals shorted

to source (dual-gate types)

collector-to-base voltage

drain supply voltage

used as a second positive

supply voltage. It is^VpQ
and referenced to Vgg

voltage controlled oscillator

collector-to-emitter voltage

collector-to-emitter

sustaining voltage

collector-to-substrate voltage

charge pump voltage

drain supply voltage (the most
positive supply voltage;

always referenced to ground)

drain-to-gate voltage (single-

gate types)

drain-to-gate-No. 1 voltage

(dual-gate types)

drain-to-gate-No.2 voltage

(single-gate types)

diode-to-substrate voltage

diode reverse voltage

drain-to-source voltage

source voltage (the most

negative supply voltage in a

3-supply voltage system)

dc forward voltage

temperature coefficient of

forward voltage drop

channel gate input voltage,

high level

channel gate input voltage,

low level

gate-to-source voltage

gate-to-source threshold

voltage

gate-to-source cutoff voltage

(single-gate types)

gate-No. 1-to-source voltage

(dual-gate type)

gate-No. 1-to-source cutoff

voltage (dual-gate types)

VG2S

VG2s (off)

V l(Lim)
VICR

V IL
V IH

l
v iol

AV
|Q

/AT

aV
io

/aV+

AV
IO

/AV
"

V i(Lim)

vO

av mv+

V0(rms)

'Op-p
'CMaf)

'OL

'OO
'oh

vOM_
VOM
VQP
VQPL

'QPH

'REF
'REG
'rr

'TH

gate-No.2-to-source voltage

(dual-gate types)

gate-No.2-to-source cutoff

voltage (dual-gate types)

input voltage

input limiting voltage

common-mode input voltage .

range

input-voltage, low level

input-voltage, high level

input offset voltage

magnitude of input offset

voltage

temperature coefficient of

magnitude of input offset

voltage

temperature coefficient of

input offset voltage drift

positive input-offset-voltage

sensitivity

negative input-offset-voltage

sensitivity

average temperature

coefficient of input-offset

voltage

input limiting voltage (knee)

protective diode knee

voltage (protected gate types)

Output noise voltage

output voltage

dc supply voltage sensitivity

dc supply voltage sensitivity

open-loop output voltage

swing

output voltage temperature

coefficient

output voltage swing

recovered af voltage

output voltage, low level;

the voltage level at an output

when the input logic

conditions have been set to

establish logic LOW output.

output offset voltage

output voltage, high level;

the voltage level at an output

when the input logic conditions

have been set to establish a

logic HIGH output,

maximum output voltage

maximum output voltage

charge pump voltage

charge pump input voltage,

low level

charge-pump input voltage,

high level

reference voltage

regulated supply voltage

supply voltage rejection

ratio

input threshold voltage

zener voltage

magnitude of small-signal,

common-source, short-

circuit forward transfer

admittance (transadmittance)

small-signal, common-source,

short-circuit, input-admittance

(conductance, real part of

admittance; susceptance,

imaginary part of admittance)

small-signal, common-source,

short-circuit, output

admittance

<Y r

<->,

magnitude of small-signal,

common-source, short-circuit,

reverse transadmittance

phase angle of small-signal,

common-source, short-circuit,

reverse transadmittance

angle of reverse trans-

admittance, common-source

circuit

input impedance

output impedance

zener impedance

phase angle

phase margin

efficiency

open-loop phase lag
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Cross-Reference Directory for Linear Integrated Circuits

Industry

Type

AD301AH
AD301AN
AD741H
AD741N
AD741CH

AD741CN
AD2020
AMLM301AH
AMLM301H
AMLM307H

AMLM311H
AM723HC
AM723HM
AM741HC
AM741HM

AM747HC
AM747HM
AM748HC
AM1458H
AM1558H

HA1-2630
HA1-2650
HA1-2655
HA1-2720
HA2-2311-5

HA2-2520
HA2-2650
HA2-2655
HA2-2720
ITT1352N

ITT3064C
ITT3064N
ITT3065N

LF156H

LF356H
LF356J
LM100
LM124N
LM139J

LM139AN
LM139AJ
LM139N
LM158AH
LM158AN

LM158AT
LM158N
LM158P
LM158T
LM201AN

LM201AP
LM201AV
LM201H
LM201N
LM201T

LM224N
LM239AD
LM239AF
LM239AJ
LM239AN

LM239D
LM239F
LM239J
LM239N
LM258AH

RCA
Replacement Industry
Type Type

CA301AT.LM301AH LM258AN
CA301AE.LM301AN LM258AT
CA741T.LM741H L.M258H
CA741E.LM741N LM258L
CA741CT.LM741CH LM258N

CA741CE.LM741CN LM258P
CA3162E LM258T
CA301AT.LM301AH LM301AH
CA301T.LM301AH LM301AL
CA307T,LM307H LM301AN
CA311T,LM311H LM301AP
CA723CT.LM723CH LM301AT
CA723T.LM723H LM301AV
CA741CT.LM741CH LM307H
CA741T.LM741H LM307N
CA747CT LM307T
CA747T LM311H
CA748CT, LM748CH LM311L
CA1458T.LM1458H LM311N
CA1558T.LM1558H LM311P
CA3020 LM311T
LM1558A, CA1558E LM324N
LM1458H, CA1458E LM339AJ
CA6078 LM339AN
CA311T.LM311H LM339D
CA3100T LM339F
CA1558T.LM1558H LM339J
CA1458T.LM1458H LM339N
CA3078E LM358AH
CA1352E LM358AN
CA3064T LM358AT
CA3064E LM358H
CA3065E LM358L

LM358N
CA081T LM358P
CA081CT LM358T
CA081

E

LM393N
CA3085E LM555CH
CA124E LM555CN
CA139F LM555H
CA139AE LM555N
CA139AF LM723CH
CA139E LM723CN
CA158AT LM723H
CA158AE LM723N
CA158AT LM741CH
CA158E LM741CN
CA158E LM741H
CA158T LM741N
CA201AE LM746N
CA201AE LM747CH
CA201AE LM747CN
CA201T LM747H
CA201

E

LM748CH
CA201T LM748CN
CA224E LM748H
CA239AF LM1310N
CA239AF LM1391N
CA239AF LM1394N
CA239AE LM1458H
CA239F LM1458N
CA239F LM1558H
CA239F LM1558N
CA239E LM1800N
CA258AT LM1820N

RCA
Replacement Industry
Type Type

CA258AE LM1845N
CA258AT LM2111N
CA258T LM2901J
CA258T LM2901N
CA258E LM2902N

CA258E LM2904N
CA258T LM2904P
CA301AT.LM301AH LM3011H
CA301AT.LM301AH LM3018H
CA301AE.LM301AN LM3018AH

CA301AE.LM301AN LM3019H
CA301AT.LM301AH LM3026H
CA301AE.LM301AN LM3028AH
CA307T.LM307H LM3028B
CA307E,LM307N LM3039H

CA307T.LM307H LM3045O
CA311T.LM311H LM3046N
CA311T.LM311H LM3053H
CA311E.LM311N LM3054N
CA311E.LM311N LM3064H

CA311T.LM311H LM3064N
CA324E.LM324N LM3065N
CA339AF LM3066N
CA339AE.LM339AN LM3067N
CA339F LM3070N

CA339F LM3071N
CA339F LM3075N
CA339E.LM339N LM3086N
CA358AT LM3089N
CA358AE LM3126N
CA358AT LM3146AN
CA358T LM3302J
CA358T LM3302
CA358E LM3401N
CA358E M5141T

CA358T MC1310P
CA3290E MC1352P
CA555CT.LM555CH MC1357P
CA555CE.LM555CN MC1357PQ
CA555T MC1358P
CA555E.LM555N MC1364G
CA723CT,LM723CH MC1364P
CA723CE.LM723CN MC1370P
CA723T.LM723H MC1371P
CA723E.LM723N MC1375P
CA741CT.LM741CH MC1389P
CA741CE.LM741CN MC1391P
CA741T.LM741H MC1394P
CA741E.LM741N MC1398P
CA3072 MC1455G
CA747CT MC1455P1
CA747CE MC1458G
CA747T MC1458P1
CA748CT.LM748CH MC1458T
CA748CE.LM748CN MC1555G
CA748T.LM748H MC1555P1
CA1310E MC1558G
CA1391E MC1558P1
CA1394E MC1558T
CA1458T.LM1458H MC1723CG
CA1458E.LM1458N MC1723CP
CA1558T.LM1558H MC1723G
CA1558E MC1741CG
CA758E MC1741CP1
CA3123E MC1741G

RCA
Replacement
Type

CA3120E
CA2111AE
CA2901F
LM2901N
LM2902N

CA2904E.LM2904N
CA2904E.LM2904N
CA301

1

CA3018
CA3018A

CA3019
CA3026
CA3028A
CA3028B
CA3039

CA3045.CA3045F
CA3046
CA3053
CA3054
CA3064

CA3064E
CA3065
CA3066
CA3067
CA3070

CA3071
CA3075
CA3086
CA3089E, CA3189E
CA3126E

CA3146AE
LM3302F
LM3302N
CA3401

E

CA741CT.LM741CH

CA1310E
CA1352E
CA2111AE
CA2111AQ
CA3065

CA3064T
CA3064E
CA3070
CA3071
CA3075

CA3089E, CA3189E
CA1391E
CA1394E
CA1398E
CA555CT,LM555CH

CA555CE.LM555CN
CA1458T.LM1458H
CA1458E.LM1458N
CA1458T.LM1458H
CA555T

CA555CE.LM555CN
CA1558T.LM1558H
CA1558E
CA1558T.LM1558H
CA723CT.LM723CH

CA723CE.LM723CN
CA723T.LM723H
CA741CT.LM741CH
CA741CE, LM741CN
CA741T.LM741H
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Cross-Reference Directory for Linear Integrated Circuits

Industry

Type

MC1747CG
MC1747G
MC1748CG
MC1748CP1
MC1748G

MC3346P
MC3386P
MC34001BP
MC34001P
MC34002BP

MC34002P
MC3401P
NE555P
NE555L
NE555T

NE555V
PM741J
PM741CJ
PM747K
PM747CK

RC555NB
RC555T
RC723CN
RC723DB
RC723T

RC1458NB
RC1458T
RC3401 DB
RC741DB
RC741NB
RC741T
RC747DB

RC747T
RM555T
RM723T
RM741T
RM747T

RM1558T
SE555L
SE555N
SE555P
SE555T

SFC2301A
SFC2301ADC
SFC2307
SFC2311
SFC2741C

SFC2741M
SFC2748DC
SFC2748C
SG301AN
SG301AT

SG307N
SG307T
SG311M
SG311T
SG723CN

SG723CT
SG723T
SG741CN
SG741CT
SG741T

SG747CN
SG747CT
SG747T
SG748CN
SG748CT

RCA
Replacement
Type

CA747CT
CA747T
CA748CT.LM748CH
CA748CE.LM748CN
CA748T.LM748H

CA3046
CA3086
CA081AE
CA081E
CA082AE

CA082E
CA3401E
CA555CE.LM555CN
CA555CT.LM555CH
CA555CT.LM555CH

CA555CE.LM555CN
CA741T.LM741H
CA741CT.LM741CH
CA747T
CA747CT

CA555CE.LM555CN
CA555CT.LM555CH
LM723CN
CA723CE.LM723CN
CA723,CT,LM723CH

CA1458E.LM1458N
CA1458T.LM1458T
CA3401

E

CA741CE.LM741CN
CA741CE.LM741CN
CA741T.LM741H
CA747CE

CA747T
CA555T.LM555H
CA723T, LM723H
CA741T.LM741H
CA747T

CA1558T, LM1558H
CA555T
CA555E
CA555E
CA555T

CA301AT.LM301AH
CA301AE.LM301AN
CA307T.LM307H
CA311T.LM311H
CA741CT.LM741CH

CA741T.LM741H
CA748CE,LM748CN
CA748CT.LM748CH
CA301AE.LM301AN
CA301AT.LM301AH

CA3O7E.LM307N
CA307T.LM307H
CA311E.LM311N
CA311T.LM311H
CA723CE.LM723CN

CA723CT.LM723CH
CA723T.LM723H
CA741CE.LM741CN
CA741CT.LM741CH
CA741T.LM741H

CA747CE
CA747CT
CA747T
CA748CE.LM748CN
CA748CT.LM748CH

Industry

Type

SG748T
SG1458M
SG1458T
SG1558T
SG2524N

SG3018T
SG3018AT
SG3058J
SG3059J
SG3079J

SSS301AJ
SSS301AP
SSS741CJ
SSS1458J

SSS1558J
TDA2002V
TDA2002H
TBB0747
TBB0748

TBB0748B
TBB1458B
TBC0747
TCA270
TDA3081N
TDA3082N
TDA3083N
TDA7607
TDA7611
TDB0723

TDB0723A
TDC0723
TL080ML
TL080AML
TL080CL

TL080CP
TL080ACP
TL081ML
TL081AML
TL081CL

TL081CP
TL081ACP
TL081BCP
TL082ML
TL082

RCA
Replacement
Type

CA748T.LM748H
CA1458E.LM1458N
CA1458T.LM1458H
CA1558T
CA2524E

CA3018
CA3018A
CA3058
CA3059
CA3079"

SG3081N CA3081

SG3081J CA3081F
SG3082N CA3082
SG3082J CA3082F

SG3083J CA3083F

SG3401

N

CA3401

E

SG3524N CA3524E
SN76115N CA1310E
SN76116N CA758E
SN76242N CA3070
SN76243AN CA3071
SN76264N CA3072

SN76267N CA3067
SN76298N CA1398E
SN76564N CA3064
SN76565N CA3064E
SN76635N CA3123E

SN76650N CA1352E
SN76666N CA3065
SN76675N CA3075
SN76676P CA3076
SN76689N CA3089E, CA31

CA301AT.LM301AH
CA301AE.LM301AN
CA741CT.LM741CH
CA1458T.LM1458H

CA1558T.LM1558H
CA2002
CA2002M
CA747CT
CA748CT.LM748CH

CA748CE.LM748CN
CA1458E.LM1458N
CA747T
CA270
CA3081
CA3082
CA3083
CA7607E
CA7611E
CA723CT.LM723CH

CA723CE.LM723CN
CA723T.LM723H
CA080T
CA080AT
CA080CT

CA080E
CA080AE, CA080BE
CA081T
CA081AT
CA081CT

CA081E
CA081AE
CA081 BE
CA082T
CA082CT

Industry

Type

TL082CP
TL082ACP
TL082BCP
TL083CN
TL083ACN

TL084ACN
TL084CN
TL084BCN
U5B7741312
U5B7741393

U5B7748312
U5B7748393
U5R7723312
U5R7723393
U6A7723393

U9T7741393
ULN2111A
ULN2111N
ULN2114A
ULN2124A

ULN2125A
ULN2127A
ULN2129A
ULN2137A
ULN2165A

ULN2210A
ULN2212B
ULN2262A
ULN2264A
ULN2267A

ULN2269A
ULN2289A
ULN2298A
ULX2244A
/iA301AH

^A307H
jiA307T

/iA301 AT
fjM1 1

H

f/A311T

//A555HC
luA555HM
/^A555TC
/>A720PC
/JA723CA

//A723CL
//A723CN
pA723HC
//A723HM
juA723MN

/^A723ML
,uA723PC
/iA741CN
/yA741CL
J/A741CP

/iA741CT
/yA741HC
^A741HM
//A741ML
^A741 MN
//A741 MP
/jA741PC
J/A746PC
/KA747CA
*iA747CL
^A747CN

RCA
Replacement
Type

CA082E
CA082AE
CA082BE
CA083E
CA083AE

CA084AE
CA084E
CA084BE
CA741T.LM741H
CA741CT.LM741CH

CA748T.LM748H
CA748CT.LM748CH
CA723T.LM723H
CA723CT
CA723CE.LM723CN

CA741CE.LM741CN
CA2111AE
CA2111AQ
CA3072
CA3070

CA3120E
CA3071
CA3075
CA3123E
CA3065

CA1310E
CA3012
CA3126Q
CA3064
CA3067

CA3121E
CA3089E, CA3189E
CA1398E
CA758E
CA301AT.LM301AH

CA307T.LM307H
CA307E.LM307N
CA301AE.LM301AN
CA311T, LM311H
CA311E.LM311N

CA555CT.LM555CH
CA555T
CA555CE.LM555CN
CA3123E
CA723CE.LM723CN

CA723CT.LM723CH
CA723CE.LM723CN
CA723CT.LM723CH
CA723T.LM723H
CA723E.LM723N

CA723T.LM723H
CA723CE.LM723CN
CA741CE.LM741CN
CA741CT.LM741CH
CA741CE.LM741CN

CA741CE.LM741CN
CA741CT.LM741CH
CA741T.LM741H
CA741T.LM741H
CA741E.LM741N

CA741E.LM741N
CA741CE.LM741CN
CA3072
CA747CE
CA747CT
CA747CE
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Cross-Reference Directory for Linear Integrated Circuits

RCA RCA
Industry Replacement Industry Replacement
Type Type Type Type
//A747HC CA747CT /UA3019HM CA3019
A<A747HM CA747T M3026HM CA3026
//A747ML CA747T M3036HM CA3036
/iA747MN CA747E M3039HM CA3039
M747PC CA747CE A(A3045DM CA3045.CA3045F
/UA747A CA747E M3046DC CA3046
/uA748CL CA748CT.LM748CH M3054PC CA3054
/iA748CN CA748CE.LM748CN //A3064HC CA3064
M748CP CA748CE.LM748CN M3064PC CA3064E
M748CT CA748CT.LM748CH /L/A3065PC CA3065
M748HC CA748CT.LM748CH M3066PC CA3066
A/A748HM CA748T.LM748H A/A3075PC CA3075
A<A748ML CA748T.LM748H /M3086DC CA3086F
//A748MN CA748E.LM748N M3089E CA3089E, CA3189E
/^A748MP CA748E.LM748N //A3401P CA3401

E

//A748T CA748E.LM748N /yPC151A CA741CT,LM741CH
/aA748TC CA748CE.LM748CN A/PC151C CA741CE.LM741CN
MA758PC CA758E A/PC157A CA301AT.LM301AH
//A780PC CA3070 /iPC157C CA301AE.LM301AN
/yA781 PC CA3071 ^PC251A CA747CT
M787PC CA3126Q //PC251C CA747CE
/7A1391T CA1391E /iPC301AC CA301AE.LM301AN
A<A1 394T CA1394E //PC311C CA311E.LM311N
M1458HC CA1458T.LM1458H /UPC324C CA324E.LM324N
//A1458TC CA1458E.LM1458N //PC339C CA339E.LM339N
/M1558HM CA1558T /yPC741C CA741CE.LM741CN
/yA3018HM CA3018 //PC1458C CA1458E.LM1458N
A/A3018AHM CA3018A I

LM Branded Linear IC's

RCA supplies the following Linear IC's branded with the industry standard "LM" Brand.
Technical Data on LM Branded types is identical to the corresponding CA Branded types. See chart below.

Data
Equivalent Bulletin

Type CA Type File No. Page

LM1458H CA1458T 531 38
LM1458N CA1458E 531 38
LM1558H CA1558T 531 38
LM201H CA201T 786 28
LM2901N *

LM2902N *

LM2904N CA2904E 1019 38
LM301AH CA301AT 786 28
LM301AN CA301AE 786 28
LM307H CA307T 785 34

LM307N CA307E 785 34
LM311H CA311T 797 270
LM311N CA311E 797 270
LM324N CA324E 796 104
LM3302N *

LM339AN CA339AE 795 301

Type

LM339N
LM358N
LM555CH
LM555CN
LM723CH
LM723CN
LM723H
LM723N
LM741CH
LM741CN

LM741H
LM741N
LM748CH
LM748CN
LM748H
LM748N

Equivalent

CAType

CA339E
CA358E
CA555CT
CA555CE
CA723CT
CA723CE
CA723T
CA723E
CA741CT
CA741 CE

CA741T
CA741

E

CA748CT
CA748CE
CA748T
CA748E

Data
Bulletin

File No.

795
1019
834
834

788
788

788
788
531

531

531

531

531

531

531

531

Page

301

98
653
653

520
520
520

520
38
38

38
38
38

38
38
38

*No CA Branded part type conforms to industry standard data
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General Guide to Linear Integrated Circuits

The EVP option

For systems designers, the key to cost-effective device procurement is often found in deter-

mining the right level of reliability. How much reliability? At what cost?

For semiconductor manufacturer and user alike, the answer has always been the same. As

much reliability as the application requires at the lowest practical cost.

The screening programs of RCA employ this philosophy to achieve Linear IC reliability goals in

both standard product and military high-reliability product.

As both integrated circuits and their application become more complex, an increasing

number of linear IC users find the cost-effective answer to reliability requirements in a new

level of reliability screening. One which for the intended use, is more effective than standard

product but does not involve the higher costs required to achieve military reliability levels.

This new cost-effective approach to enhanced commercial reliability is provided by the RCA
Extra Value Program.

The Extra Value Program adds a burn-in and additional testing to the comprehensive real-

time controls and test procedures carried out on standard plastic and TO-5-style product.

The enhanced product of the Extra Value Program achieves AQL levels as shown in the

chart below.

TEST EVP PRODUCT

100% High-Temperature Continuity or

Functional Test at 100°C
Plastic-package types only

Sample Leak Test

TO-5-style package types only;

Gross leak rate = 1x10-5
Atm.cc/sec. max.;

Fine leak rate = 5x10-8
Atm.cc/sec. max.

100% Burn-In

160 Hrs. Min. at 125 °C
per MIL-STD-883A
Method 1015.1

AQL DC Parametric Tests 0.25% Max.

AQL DC Functional Tests 0.15% Max.

Marking Standard Part No. with Blue Dot
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Linear Integrated Circuits

PROCESS FLOW CHART
STANDARD PRODUCT SCREENS

FINISHED
WAFERS

I
SAMPLE

WAFER VISUAL
INSPECTION

100%
CIRCUIT
PROBE

100% (2)

STABILIZATION
BAKE

SAMPLE (3)

LEAK TESTS
TO-5 STYLE

PELLET
SEPARATION

100%
DIE VISUAL
INSPECTION

100%
DC TESTS

25 °C

MOUNT, (1)

BOND, AND
ENCAPSULATE

I

SAMPLE
AC TESTS

25 °C

SAMPLE
DC FUNCTIONAL
AND PARAMETRIC

TESTS 25 °C

I
BRAND

STANDARD
PRODUCT

EVP SCREENS

PLASTIC
PACKAGES 100% (4)

HIGH-TEMPERATURE
TEST 1 00° C

PLASTIC PACKAGE
TYPES ONLY

100% (5)

BURN-IN—160 HRS. MIN.

Ta=125°C

I
100%

DC TESTS
25 °C

BRAND
EVP (6)

PRODUCT

(1) Epoxy mount and cure; ultrasonic aluminum wire bond on TO-5-style or thermo-
sonic gold-wire bond on plastic types; encapsulate in TO-5-style or
plastic dual-in-line package.

(2) Stabilization bake 6 hours at 175°C for plastic-package types, 16 hours at 200 °C
tor TO-5-style types.

(3) Gross leak rate of 1x10-5 Atm.cc/sec max. and fine leak rate of
5x10-8 Atm.cc/sec max.

(4) High-temperature (i.e., heat-pipe, hot-rail) test
(a) automatic test for continuity on each terminal at 100 °C for array types
(b) continuity or functional gain test at 100°Cfor op-amps, comparators

and voltage regulators.

(5) 100% dc test before and after burn-in per MIL-STD-883A
Method 1015.1

(6) Brand EVP product surviving both Enhancement Screens with Standard Type
Number plus blue dot.
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General Guide to Linear Integrated Circuits

The extra value of burn-in

Quality relates to the percentage of defective units at "time zero". It is a measure of devices

dead-on-arrival (DOA). While the total absence of even a single defective unit in any lot of

devices received from the semiconductor manufacturer may be the ideal goal, it is an

impractical one.

Testing experience and a complete understanding of failure mechanisms tell us that every

increment of improvement over the standard 0.65% AQL carries a price tag which becomes

disproportionately high relative to the number of line rejects it will eliminate.

Application experience shows that the simple reduction of AQL does in no way guarantee

an improvement in field-failure rates.

Reliability, in contrast to the zero-time aspects of quality, is a measure of the maintenance

of quality through time in actual system environment.

Component burn-in is effective in screening out temperature- and time-dependent

mechanisms that would normally escape detection under a 100% final electrical test.

Thus the Extra Value Program offers greater cost effectiveness in achieving field reliability

than any program which relies solely on reduced outgoing or incoming inspection levels.

The basic theory of byrn-in and the type of improvement which can be expected through

reduced device infant mortality is depicted in the chart below.

Infant

Mortality

Region

Failure

Rate
Reduced
Due To
Screening

Time Zero in Equipment

without burn-in

Time

BASIC THEORY OF SCREENING

Burn-in and screening eliminate a major percentage

of the infant mortality. Component life in

equipment is translated from curve A to curve B

as a result of burn-in

EVP SCREENING ORDERING INFORMATION

Burn-In Time — 160 Hrs. Min.

Burn-In Temperature — 125°C

Hot Continuity Test
Temperature — 100 °C

Package
Type

Standard
Type No.

Extra Value
Type No.

Plastic

Dual-ln-Line
CA741

E

CA741EX

TO-5
Style

CA3140T CA3140TX
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Operational Amplifiers

Technical Data

General

Purpose Page
Single Unit

CA101 28

CA201 28

CA301A 28

CA307 34

CA741 38

CA748 38

CA3105 46

CA3152* 48

CA3193* 52

CA3420* 63

CA3493* 68

CA6741* 79

Dual Unit

CA082* 83

CA083* 83

CA158 93

CA258 93

CA358 93

CA747 38

CA1458 38

CA1558 38

CA2904 38

Quad Unit

CA084* 83

CA124 104

CA224 104

CA324 104

CA3401 110

General
Purpose
Wideband Page
Single Unit

CA080* 83

CA081* 83

CA3008 114

CA30O8A 121

CA3010 114

CA3010A 121

CA3015 114

CA3015A 121

CA3016 114

CA3016A 121

CA3021 129

CA3022 129

CA3023 129

CA3029 114

CA3029A 121

CA3030 114

CA3030A 121

CA3037 114

CA3037A 121

CA3038 114

CA3038A 121

CA3100* 135

CA3130* 141

CA3140* 156

CA3160* 176

Dual Unit

CA3240* 193

CA3260* 208

Variable Page
High Current

CA3094 213

Micropower
CA3060 224

CA3078 237

CA3080 245

CA3440* 254

CA6078A 79

Dual Unit

CA3280* 260

*BiMOS types

•Low-noise versions of CA741 and CA3078

Op Amp, Comparator, and OTA
Selection Chart Pages 24 — 27
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Linear Integrated Circuits

Op-Amp, Comparator, and OTA Selection Chart

Type # Description Basic Ratings Input Characteristics (S> 25°C
Compens.
Internal

External

V", V
Max.
V

Is

Max.
nA

Vio

Max.
mV

Ib

Max.
nA

ho
Max.
nA

VICR

(Plus)

V

V,CR

(Minus)

V

CA080E
CA080T-S
CA080AE
CA080AT-S
CA080BE
CA080CT-S

Single BiMOS Op-Amp with
High Slew Rate

E
E
E
E
E
E

±18
±18
±18
±18
±18
±18

2.8

2.8

2.8

2.8

2.8

2.8

15

6

6

3

3

15

.050

.040

.040

.040

.030

.050

.030

.020

.020

.020

.010

.030

10

12

12

12

12

10

10

12

12

12

12

10
CA081E
CA081T-S
CA081AE
CA081AT-S
CA081BE
CA081CT-S

Single BiMOS
Op-Amp with

High Slew Rate

I, E
I, E
I, E
I, E
I, E
I, E

±18
±18
±18
±18
±18
±18

2.8

2.8

2.8

2.8

2.8

2.8

15

6

6

3

3

15

.050

.040

.040

.040

.030

.050

.030

.020

.020

.020

.010

.030

10

12

12

12

12

10

10

12

12

12

12

10
CA082E
CA082T-S
CA082AE
CA082AT-S
CA082BE
CA082CT-S

Dual BiMOS Op-Amp with
High Slew Rate

I

I

I

I

I

I

±18
±18
±18
±18
±18
±18

5.6

5.6

5.6

5.6

5.6

5.6

15

6

6

3

3
15

.050

.040

.040

.040

.030

.050

.030

.020

.020

.020

.010

.030

10

12

12

12

12

10

10

12

12

12

12

10
CA083E
CA083AE
CA083BE

Dual BiMOS
Op-Amp with

High Slew Rate

I

I

I

±18
±18
±18

5.6

5.6

5.6

15

6

3

.050

.040

.030

.030

.020

.010

10

12

12

10

12

12
CA084E
CA084AE
CA084BE

Quad BiMOS Op-Amp with
High Slew Rate

I

I

I

±18
±18
±18

11.2

11.2

11.2

15

6

3

.050

.040

.030

.030

.020

.010

10

12

12

10

12

12
CA101 General Purpose Op-Amp E ±22 3.0 5.0 500 200 12 12
CA124" Quad Op-Amp I ±16 8 5 150 30 V+

-1 .5
CA139"
CA139A11

Quad Volt Comparator
Quad Volt-Comparator

NA
NA

±18
±18

8

8

5

2

100
100

25

25
VM .5

V
+
-1 .5

CA158"
CA158A11

Dual Op-Amp-General Purpose
Dual Op-Amp-General Purpose

E
E

±16
±16

3

3

5

2

150
50

30
10

V
+-1 .5

V+
-1 .5

CA201 General Purpose Op-Amp E ±22 3 7.5 1,500 500 12 12
CA224" Quad Op Amp I ±16 8 7 250 50 VT

-1 .5
CA239" Quad Volt Comparator NA ±18 8 5 250 50 V+

-1 .5
CA258"
CA258A11

Dual Op-Amp-General Purpose
Dual Op-Amp-General Purpose

E
E

±16
±16

3

3

5

3

150

80
30
15

V+
-1.5

V
+
-1 .5

CA301A General Purpose Op-Amp E ±18 3 7.5 250 50 12 12
CA307 General Purpose Op-Amp I ±18 3 7.5 300 50 12 12
CA311 Single Volt Comparator NA ±18 8 7.5 250 50 14 14
CA324" Quad Op-Amp

I ±16 8 7 250 50 VM .5

CA339"
CA339A11

Quad Voltage Comparator
Quad Voltage Comparator

NA
NA

±18
±18

8

8

5

2

250
250

50

50
VM .5

V+-1 .5
CA358"
CA358A11

Dual Op-Amp General Purpose
Dual Op-Amp General Purpose

E
E

±16
±16

3

3

7

3

250
100

50
30

VM .5

V
+
-1 .5

CA741
CA741C

Single-General Purpose Op-Amp
Single-General Purpose Op-Amp

I

I

±22
±18

2.8

2.8

5

6

500
500

200
200

12

12

12

12
CA747
CA747C

Dual 741

Dual 741
I

I

±22
±18

5.6

5.6

5

6

500
500

200
200

12

12

12

12
CA748
CA748C

Single-General Purpose Op-Amp
Single-General Purpose Op-Amp

E

E
±22
±18

2.8

2.8

5

6

500
500

200
200

12

12

12

12
CA1458 Dual 748

I ±18 5.6 6 500 200 12 12
CA1558 Dual 748

I ±22 5.6 5 500 200 12 12
CA3008
CA3008A

General Purpose Op-Amp
General Purpose Op-Amp

E
E

±8
±8

9

9

5

2
12,000

4,000

5,000

1,500

.50

.50

4

4
CA3010
CA3010A

General Purpose Op-Amp
General Purpose Op-Amp

E
E

±8
±8

9

9

5

2

12,000

4,000

5,000

5,000

.50

.50

4
4

CA3015 General Purpose Op-Amp E ±16 21 5 24,000 5,000 .65 8
CA3016 General Purpose Op-Amp E ±16 21 5 24,000 5,000 .65 8
CA3029
CA3029A

General Purpose Op-Amp
General Purpose Op-Amp

E
E

±8
±8

9

9

5

2

12,000

4,000
5,000

1,500

.50

.50

4

4
CA3030
CA3030A

General Purpose Op-Amp
General Purpose Op-Amp

E
E

±16
±16

21

21

5

2
24,000

6,000
5,000

1,600

.65

.65

8

8
CA3037
CA3037A

General Purpose Op-Amp
General Purpose Op-Amp

E
E

±8
±16

9

9

5

2

12,000

4,000

5,000

1,500

.50

.50

4

4
CA3038
CA3038A

General Purpose Op-Amp
General Purpose Op-Amp E

±16
±16

21

21

6

2
24,000
6,000

5,000

1,600

.65

.65

8
8

CA3060D
CA3060AD
CA3060BD
CA3060E

OTA - Triple Amplifier
and Array

Iabc - 100 /j

A

Iabc = 100 //A

E
E
E
E

±7
±18
±18
±18

3.6

3.6

3.6

3.6

5
5

5

5

5,000
'5,000

5,000
5,000

1,000

1,000

1,000

1,000

4.3

12

12

12

5
12
12

12
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Operational Amplifiers

Output Characteristics AC Characteristics @ 25°C Package Characteristics4 Page #

VOUT + 5

Min.

V

VOUT-*

Min.

V
for Vout
OHMS

AOL'
Min
V/V

BW 2

Typ
MHz

Slew Rate2

Typ
V///S

Temp3

Range
IMC

Plastic

Ceramic
T05

Metal CAN

24 V pp

24 V pp

24 V pp

24 Vpp

24 Vpp

24 VpP

24 Vpp

24 Vpp

24VPP

24V PP

24V PP

24 Vpp

10K
10K
10K
10K
10K
10K

25K
50K
50K
50K
50K
25K

5

5

5

5

5

5

13

13

13

13

13

13

C
M
C
M
C
C

8E

8E
8E

8E

8T, 8S

8T, 8S

83

24 Vpp

24 Vpp

24VPP

24 Vpp

24 V Pp

24 Vpp

24 V pp

24Vpp

24V PP

24 Vpp

24VPP

24V PP

10K
10K
10K
10K
10K
10K

25K
50K
50K
50K
50K
25K

5

5

5

5

5

5 -

13

13

13

13

13

13

C
M
C
M
C
C

8E

8E

8T, 8S
8T, 8S

8T, 8S

8T, 8S

83

24 V pp

24V PP

24 VpP

24 Vpp

24V PP

24 V pp

24V PP

24 Vpp

24 VPP

24 VpP
24V PP

24 Vpp

10K
10K
10K
10K
10K
10K

25K
50K
50K
50K
50K
25K

5

5

5

5

5

5

13

13

13

13

13

13

C
M
C
M
C
C

8E

8E

8E

8T, 8S

8T, 8S

8T, 8S

83

24 VpP

24 Vpp

24 V pp

24V PP

24V PP

24V PP

10K
10K
10K

25K
50K
50K

5

5

5

13

13

13

C
C
C

14E
14E
14E

83

24V PP

24 Vpp

24 V DD

24 Vpp

24 V pp

24 V Pp

10K
10K
10K

25K
50K
50K

5

5

5

13

13

13

C
C
C

14E
14E
14E

83

10 10 2K 50K 1.0 10 non comp M 8F 8T 8S ?8

V
+
-1.5V 2K 50K 1.0 .5 M 14E 104

VsAT = .5V

VsAT = .5V

5.1K

5.1 K
50K
50K

tf = 300 ns

tf - 300 ns

t f
= 1 .3 /us

t, = 1 .3 us

M
M

14E
14E

301

V+
-1 .5V

V
+
-1.5V

2K
2K

50K
50K

1.0

1.0

.5

.5

M
M

8E
8E

8T, 8S
8T, 8S

93

+10 +10 2K 20K 1.0 10 non comD C 8E 8T. 8S 28

V
+
-1 .5V 2K 25K 1.0 .5 I 14E 104

VsAT = -5V 2K 50K t, = 300 ns tt = 1 .3 us I 14E 301

V
+
-1.5V

V+
-1.5V

2K
2K

50K
50K

1.0

1.0

.5

.5

I

I

8E
8E

8T, 8S
8T, 8S

93

+10 -10 2K 25K 1.0 10 non comp C 8E 8T, 8S 28

+ 10 -10 2K 25K 2 .5 c 8E 8T, 8S 34.

V SAT = 1 5V 5K 200K ResDonse time 200 ns c 8E 8T. 8S 270

V+
-1 .5V | 2K 25K 1.0 .5 c 14E 104

Vsat = .5V

V<jAT = sv
2K
2K

50K
50K

t r = 300 ns

t. = 300 ns

tf
- 1 .3 /US

t, = 1 .3 us

c
C

14E
14F

301

V
+
-1.5V

V+
-1.5V

2K
2K

25K
25K

1.0

1.0

.5

.5

C
c

8E
8E

8T, 8S
8T, 8S

93

10

10

-10
-10

2K
2K

50 K
20K

1.0

1.0

.5

.5

M
C

8E
8E

8T, 8S
8T, 8S

38

10

10

-10
-10

2K
2K

50K
20K

1.0

1.0

.5

.5

M
C

14E
14E

10T
10T

38

10

10

-10
-10

2K
2K

50K
20K

1.0

1.0

.5

.5

M
C

8E
8E

8T, 8S
8T, 8S

38

10 -10 2K 20K 1.0 .5 C 8E 8T, 8S 38

10 -10 2K 50K 1.0 .5 M 8E 8T, 8S 38

2

2

-2

-2
2K
2K

.7K

,7K

,20
,u

20
io

3

3

M
M

14K
14K

114

121

2

2

-2

-2
2K
2K

.7K

.7K

.20
1U

.20
10

3

3

M
M

12T
12T

114

121

6 -6 2K 2K 20
iu

3 M 12T 114

6 -6 2K 2K .20
1U

3 M 14K 114

2

2

-2

-2
2K
2K

.7K

.7K

.20
,u

20
io

7

7

M
C

14E
14E

114

121

6

6

-6
-6

2K
2K

2K
2K

20
iu

20
io

3

3

C
C

14E
14E

114
121

2

2

-2

-2
2K
2K

,7K

.7K

.20'°

20
io

7

7

C
M

14D
14D

114

121

6

6

-6

-6
2K
2K

2K
2K

.20'"

20
io

3

3

M
M

14D
14D

114
121

4.6

12

12

12

-5.8

-12
-12
-12

OO gm=30/7mho
gm=30//mho
gm=30/L/mho
gm=30/[/mho

.110

.110

.110

.110

8

8

8

8

M
M
M

I

16D
16D
16D
16E

224
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Linear Integrated Circuits

Op-Amp, Comparator, and OTA Selection Chart

Type # Description Basic Ratings
i

Input Characteristics @ 25°C
Compens.
Internal

External

Max.
V

Is

Max.
nA

V,o

Max.
mV

Ib

Max.
nA

l.o

Max.
nA

V,CR

(Plus)

V

V1CR

(Minus)

V

CA3078
CA3078A

Micropower Op Amp
Micropower Op-Amp

E
E

±7
±18

.130

.025

4.5

3.5

170

12

32
2.5

5

5

5

5
CA3080
CA3080A

High Slew Rate OTA
High Slew Rate OTA

E
E

±18
±18

1.2

1.2

5

2

5,000

5,000

600
600

12

12

12

12
CA3094
CA3094A
CA3094B

Programmable
Power Switch/Amplifier
(OTA)

E
E
E

±12
±18
±22

.4

.4

.4

5

5

5

5,000

5,000

5,000

2,000

2,000

2,000

12

12

12

14'

14

14
CA3100 Wideband BiMOS Op-Amp E, I ±18 10.5 5 2,000 400 12 12

OOO

>
>
>

CO

CO

CO

CO

CO

CO

ooo

CD

>
: BiMOS Op-Amp with

MOS Input and
MOS Output

E
E

E

±8
±8
±8

15

15

15

15

5

2

.050

.030

.020

.030

.020

.010

10

10

10
CA3140
CA3140A
CA3140B

BiMOS Op-Amp with

MOS Input and
Bipolar Output

I

I

I

±18
±18
±22

6

6

6

15

5

2

.050

.030

.020

.030

.020

.010

11

12

12

15

15

15
:

<
co

ooo

CD

CO

CO

co

co

co

<
<
<

OOO

BiMOS Op-Amp with

MOS Input and
MOS Output

I, E
I, E
I. E

±8
±8
±8

15

15

15

15

5

2

.050

.030

.020

.030

.020

.010

10

10

10
CA3193"
CA3193A8

CA3193B8

Precision - 5a/V/°C, Neg. Null

Precision - 3/uV/°C, Neg. Null

Precision — 2 wV/°C Neg. Null

I

I

I

±18
±18
±22

3.5

3.5

3.5

.500

.200

.075

40
20
15

10

5

3

10

10

10

12

12

12
CA3240
CA3240A

Dual BiMOS Op-Amp
With MOS InoutandBiDolarOutDut

I

I

±18
±18

12

12

15

5

.050

.040

.030

.020

11

12

15

15
CA3260"
CA3260A 11

CA3260B 11

Dual BiMOS Op Amp
With MOS input

and MOS Output

I

1

1

±8
±8
±8

15.5

15.5

15.5

15

5

2

.050

.030

.020

.030

.020

.010

10

10

10
CA328012

CA3280A' 2
Dual OTA
Dual OTA

E
E

±18
±18

4.8

4.8

3.0

0.5

5,000

5,000

700
700

13

13

13

13
CA3290
CA3290A
CA3290B

Dual fliMOS
Comparator with

MOS Input & Bipolar Output

NA
NA
NA

±18
±18
±22

3

3

3

20
10

6

.050

.040

.030

.030

.025

.020

V-3.8V
V+
-3.8V

V+
-3.8V

V"

V"
V"

CA3401 Quad Single Supply
Op-Amp (Norton)

1 ±18 14 NA 300 NA NA NA
CA3420
CA3420A
CA3420B

Low-Supply Voltage
Low Current BiMOS
Op-Amp (±1V Operation)

±11
±11
±11

.550

.550

.550

10

5

2

.003

.003

.001

.0020

.0020

.0007

NS
.2

.2

NS
1.0

1.0
CA3420
CA3420A
CA3420B

Low-Supply Voltage
Low-Current BiMOS
Od-Aitid (+10V ODeration)

±11
±11
+11

.700

.700

.700

10

5

2

.003

.003

.001

.0020

.0020

.0007

8.5

9.0

9.0

10

10

10
CA34407

CA3440A7

CA3440B7

Nano Power
BiMOS Op-Amps

±12.5
±12.5
+12.5

.017

.017

.017

10

5

2

.050

.040

.030

.030

.020

.010

3.5

3.5

3.5

5.0

5.0

5.0
CA34938

CA3493A8

CA3493B8

Precision - 5/vV/°C - Pos. Null

Precision - 3 //VC - Pos. Null

Precision - 2 £iV/°C - Pos. Null

±18
±18
±22

3.5

3.5

3.5

.500

.200

.075

40
20
15

10

5

3

10

10

10

12

12

12

CA6078A9
'

10 Low Burst Noise
Micropower Op-Amp E ±18 .025 3.5 12 3.5 14 14

CA6741 9 Low Burst Noise
General Purpose Op-Amp 1 ±22 2.8 5.0 500 200 12 12

NOTES:

1. Aol value is for a load resistoras specified in the output charac-
teristics chart. If the load is different it will be displayed under
the Aol value.

For OTA's the Aol value is replaced by gm.

2. Slew rate values on externally compensated amplifiers will

differ with compensation.
For comparator circuits the slew rate and BW values are re-

placed by response times.

3. Temperature range's are defined as:

C = 0°C to 70°C
I = 40° C to 85° C
M = -55°Cto 125°C

Package suffix's are defined as:

T = TO-5
E = Plastic

K = Ceramic Flat Pak
D = Ceramic — Dual in Line
S = TO-5 formed for 8 or 12 Lead Plastic

Output characteristics are defined for load resistors as defined
in the chart. If there are characteristics for two load resistors
they will be displayed by a slanted line.

CA3100 AC Characteristics:
Slew rate characteristics in the chart is for Cc = 10 pf Av = 1,

V = 10 V (pulse)

For C c = pf, Av = 10, SR = 70 V///S typ., 50 V//js min.
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Operational Amplifiers

Output Characteristics AC Characteristics @ 25°C Package Characteristics4 Page #

VoUT +5

Min.

V

Vout-*

Min.

V

Rl
for Voui

OHMS

AOL1

Min
V/V

BW 2

Typ
MHz

Slew Rate2

Typ
V//us

Temp3

Range
IMC

Plastic

Ceramic
TO5

Metal CAN

5.1

5.1

-5.1

-5.1

10K
10K

25K
40K

.002

.0003

1.5

0.5

C
M

8E
8E

8T, 8S
8T, 8S

237

12

12

12

12

oo

oo

gm = 9.6 //mho
gm = 9.6/jmho

2

2

50
50

C
M

8E
8E

8T, 8S
8T, 8S

245

14.95

14.95

14.95

14.2

14.2

14.2

2K
2K
2K

20K
20K
20K

30
30
30

50

50

50

M
M
M

8E
8E
8E

8T, 8S
8T, 8S
8T, 8S

213

9 -9 2K 630 38 25" M 8E 8T, 8S 135

14.99/12

14.99/12

14.99/12

.001

.001

.001

°°/2K

=c/2K

°°/2K

50K
50K
100K

15/CC=0
15/Cc =
15/CC =

30/Cc =
30/Cc -=

30/Cc =

M
M
M

8E
8E
8E

8T, 8S
8T, 8S
8T, 8S

141

12

12

12

-14
-14
-14

2K
2K
2K

20K
20K
50K

4.5

4.5

4.5

9

9

9

M
M
M

8E
8E
8E

8T, 8S
8T, 8S
8T, 8S

156

14.99/12

14.99/12

14.99/12

.001

.001

.001

°°/2K
oo/2K

oo/2K

50K
50K
100K

4

4

4

10

10

10

M
M
M

8E
8E
8E

8T, 8S
8T, 8S
8T, 8S

176

13

13

13

-13
-13
-13

2K
2K
2K

100K
316K
1000K

1.2

1.2

1.2

.25

.25

.25

C
I

M

8E
8E
8E

8T, 8S
8T, 8S
8T, 8S

52

12

12

-14
-14

2K
2K

20K
20K

4.5

4.5

9

9

M
M

8E, 14E1

8E, 14E1

8T, 8S
8T, 8S

193

14.99/11

14.99/11

14.99/11

.001

.001

.001

=°/2K

o°/2K

°°/2K

50K
50K
100M

4

4

4

10

10

10

M
M
M

8E
8E
8E

8T, 8S
8T, 8S
8T. 8S

208

12

12.5

-12

-13.3 OO

50K/°°

50K/°°

9

9

125

125

M
M

16E
16E

260

VsAT = .4V

VsAT = .4V

VSAT = .4V

(4mA)
(4mA)
(4mA)

25K
25K
50K

t r = 1 .2 fJS

t, = 1 .2 //s

t r
= 1.2 fJS

t f
= 200 ns

t f
= 200 ns

t( = 200 ns

M
M
M

8E, 14E1
8E, 14E1
8E, 14E1

8T, 8S
8T, 8S
8T, 8S

291

13.5 .10 10K 1K 5 .6 M 14E 110

.90

.90

.90

-.85

-.85

-.95

OO

OO

10K/10KO
20K/10KQ
20K/10KO

.5

.5

.5

.5

.5

.5

M
M
M

8E
8E
8E

8T, 8S
8T, 8S
8T, 8S

63

9.7

9.7

9.7

-9.7

-9.7

-9.7

OO

OO

10K/1OKQ
20K/10KO
20K/10KQ

.5

.5

.5

.5

.5

.5

M
M
M

8E
8E
8E

8T, 8S
8T, 8S
8T, 8S

63

3

3

3

-3

-3

-3

10K
10K
10K

10K
10K
32K

.063

.063

.063

.03

.03

.03

M
M
M

8E
8E
8E

8T, 8S
8T, 8S
8T, 8S

254

13

13

13

-13
-13
-13

2K
2K
2K

100K
316K
1000K

1.2

1.2

1.2

.25

.25

.25

C
I

M

8E
8E
8E

8T, 8S
8T, 8S
8T, 8S

68

13.7 -13.7 10K 40K .0003 1.5 M 8T, 8S 79

12 -12 2K 50K 1.0 .50 M 8T, 8S 79

NOTES (cont'd):

7. For CA3440 series Rset = 10 MO.

8. CA3493 is equivalent to CA3193 with the exception of nulling &
pin out. CA3493 is pos nulling with pinout equivalent //A725.

CA3193 has CA741 pinout.

Temp COEFF = AV lo/AT
Typ Max

CA3193/CA3493 1.0 5 //V/°C

CA3193A/CA3493A 1.0 3 ,uV/ C
CA3193B/CA3493B .60 2 fM/°C

9. CA6078T and CA6741T are for applications where low noise

(burst + l/f) is a prime requirement.

10. -3 db BW
11. Characteristics shown are for single supply operation.

12. CA3280 characteristics @ Iabc = 500 yuA except V,o, Ib, Iio which
are at Iabc = 1 rnA.
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Linear Integrated Circuits

CA101, CA201, CA301A Types

Operational Amplifiers

For Commercial, Industrial, and Military Applicationsf*f
S-Sufflx Types

H-1787

^^^
^P"/

/ /

T-Sufflx Types

H-1528

E-Suffix Types

H-1817

Features:

Short-circuit protection and latch-free operation
Unity-gain phase compensation with a single 30-pF capacitor
Replacement for industry types 101, 201, 301

A

CA301A Slew Rate (Summing ampl.) 10 V/fjs

The RCA-CA101
, CA201 , and CA301 A are general-purpose,

high-gain operational amplifiers for use in military,

industrial, and commerical 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.

All types are available in 8-lead TO-5 style packages with
standard leads (T suffix), and with dual-in-line formed
leads ("DIL-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).

Applications:

Long-interval integrator

Timers
Sample-and-hold circuits

Summing amplifiers

Multivibrators

Comparators
Instrumentation

AC/DC converters

Inverting amplifiers

Sine- & square-wave generators

Capacitance multipliers & simulated inductors

PHASE
COMPENSATION

NOTE. PIN 4 IS CONNECTED TO CASE

TOP VIEW
92CS- 23998

OFFSET NULL
®-

INV __
INPUT ^>

NON -INV (?>_
INPUT^

v-®—

D OUTPUT

92CS-2 3999

a — TO-5 Style package for all types

T-Suffix

S-Suffix

b — Plastic package for CA301A

E-Suffix

Fig. 1 - Functional diagrams.
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Operational Amplifiers

CA101, CA201, CA301A Types
Maximum Ratings, Absolute Maximum Values at Ta = 25° C:

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

CA101, CA201 44 V

CA301A 36 V

DC INPUT VOLTAGE ±15 V

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

DIFFERENTIAL INPUT VOLTAGE ±30 V

OUTPUT SHORT-CIRCUIT DURATION Indefinite*

DEVICE DISSIPATION:

UP TO Ta = 75°C 500 mW
Above Ta = 75°C Derate linearly at 6 -67 mW/°C

AMBIENT TEMPERATURE RANGE:
Operating —
CA101 -55to+125»C

CA201, CA301

A

° t0 +70° c

Storage (All types)
"65 t0 +150°c

LEAD TEMPERATURE (During Soldering):

At a distance 1/16" ± 1/32" (1.59 ± 0.79 mm) from case for 10 seconds max +265°C

* AtTA <70°CandTc < 125°C (CA101); Ta <55°CandTc < 70° C (CA201, CA301A).

PHASE
COMPENSATION (7~)

9 OFFSET NULL V

OFFSET
NULL©—

CAIOI

CA20I
CA30IA

3 <

i2on
AA/V

AW-

<°

JT 0I3 7 5kfl

<

y

~®

&

-©
92CM-24000RI

Fig. 2 - Schematic diagram.
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Linear Integrated Circuits

CA101, CA201, CA301A Types
ELECTRICAL CHARACTERISTICS

CHARACTER-
ISTICS

TEST
CONDITIONS A LIMITS

UNITS
Supply Voltage (V±)

= 5 to 15 V

CA101 CA201 CA301A

Mln. Typ. Max. Mln. Typ. Max. Mln. Typ. Max.

Input Offset

Voltage Vio

Ta=25°C Rs<10kQ - 1 5 — 2 7.5 — — —

mV
Rs<50kO - - — - - — — 2 7.5

Rs<10kn - - 6 — — 10 — — —
Rs<50kO — — — — — — — — 10

Average Temper-
ature Coefficient

of Input Offset

Voltage a\l\o

Rs<10kQ - 6 — - 10 — — — —

//V/°CRs<50fl — 3 - - 6 — — — —
— — — — — — — 6 30

Average Temper-

ature Coefficient

of Input Offset

Current alio

-55° C to +25° C — — - — — — — — —

nA/°C
0°Cto+25°C — — — — — — — 0.02 0.6

+25° C to +70° C — - - — — — — 0.01 0.3

+25°Cto+125°C - - — - - — - — —
Input Offset

Current ho

Ta = 0° C - - - - 150 750 - — —

nA

Ta = 25° C - 40 200 - 100 500 — 3 50

Ta = 70° C - - - - 50 400 - — —

Ta= 125° C — 10 200 — — — — — —
— - - - — — — — 70

Ta = -55° C — 100 500 — — — — — —
Input Bias

Current Iib

Ta = -55°C — 0.28 1.5 - — — — — —

/"A

Ta = 0°C - - - - 0.32 2 — — —
Ta = 25° C - 0.12 0.5 - 0.25 1.5 - 0.07 0.25

— - - - - — — — 0.3

Supply Current

l±

Ta=25°C V±=T5V - - - - - - - 1.8 3

mAV±=20V - 1.8 3 - 1.8 3 - — —
Ta=125°C V±=20V — 1.2 2.5 — — — — — —

Open-Loop

Differential

Voltage Gain

AOL

Ta=25°C V±=15V

Vo=±10V Ri_>2kO
50 160 - 20 150 - 25 160 -

V/mW
V±=15V

Vo=±10V RL>2kO
25 - - 15 - - 15 - -

Input Resis-

tance Ri
Ta=25°C 0.3 0.8 - 0.1 0.4 - 0.5 2 - MO

Output Voltage

Swing Vopp

V±=15V RL=10kfi ±12 ±14 — ±12 ±14 — ±12 ±14 —
V

V±=15V RL=2kfi ±10 ±13 — ±10 ±13 — ±10 ±13 —

Common-Mode
Input-Voltage

Range Vicr

V±=15V ±12 - - ±12 - - ±12 - -
V

V±=20V - - -- - - - - - -

Common-Mode
Rejection Ratio

CMRR

Rs<10kf) 70 90 - 65 90 — — — —
dB

Rs<50kn - - - - - - 70 90 -

Supply-Voltage

Rejection Ratio

PSRR

Rs<10kO 70 90 - 70 90 - - - -
dB

Rs<50kfl - - - - - - 70 90 -

A Characteristics applicable over operating temperature range (Ta) as shown below, unless otherwise specified:

CA101: -55 to +125° C; CA201, CA301A: to 70° C
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Operational Amplifiers

CA101, CA201, CA301A Types
TYPICAL STATIC CHARACTERISTICS

TYPECA101

til

Iff

SUPPLY VOLTAGE (V*l-V

SOO

< 250

u 200

OE

1- lS0

100

so

it

+h+h 1 1 rk «.

it

"

M
"

frf*^ 'irrniiti
+T

-75 -50 -25 25 SO 73 100 125

AMBIENT TEMPERATURE IT A I— "C

Fig. 3 - Input current (ho, Im) vs. temperature.

1

J 4O0

3 500

Jtl)|}jf::EE];^E:!EE
:i::::iii:::::j ;i

TUF :::
~
: :::::_:
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25 5 75 10 125 IS ITS 20

SUPPLY VOLTAGE IV*I— V

MC»- 24001

Fig. 4 - Input bias current vs. supply voltage.
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K
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it :
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"
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'

t ^
25 "C|

it
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29-cj nT '

t 1

05
ml Im Tim

JJ -

" TIT 1 T

TT[

SUPPLY VOLTAGE IV*)—

V

SUPPLY VOLTAGE (V
1)—

V

Fig. 5 - Voltage gain vs. supply voltage. Fig. 6 - Supply characteristics.

Fig. 7 - Output characteristics.

TYPE CA201

H6-VOLTAGE SUPPLY IV t )'l5V -
(1 1 1 1 1 1 1 1 1 1 1 1

1

1 .:

_ SOO
44 111 II I
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l| 1 1 1 1

1 1
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200

«S ISO

£ 100
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»2CS- 24003

Fig. 8 - Input current (lio, Iib) vs. temperature.
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<

i 300

I- J5°
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£ ISO

* 100
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SUPPLY VOLTAGE (V*)—

V

92CS-Z40C

Fig. 9 - Input bias current {Iib) vs. supply

voltage:
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Linear Integrated Circuits

CA101, CA201, CA301A Types
TYPICAL STAT IC CHARACTERISTICS (Cont'd)

TYPE CA201

AMBIENT TEMPERATURE (1

" ;~: _ . X J
4 i. 25 .c ±-—

H

d 105 :-::::::
;;

;:: = !r!:°::::::5:
• X _ _X J

2 j l0° „<; ... .... +—
£ a ...j . | j. _f -j-. - I

EfE'EjE"

«.* " .... . j.. ....

_::±: ;::::::::. ::::::_:

SUPPLY VOLTAGE IV

Fig. 10- Voltage gain vs. supply voltage.

AMBIEI T TEMPERATURE (T.|.25'C

- 2:::::; :::::::::::::::::::::::::::::::::::::::

RREK

5l ' :::::::::::::::::::;:::::::::::::::::::

5
0.5

IS 20

SUPPLY VOLTAGE (V
TI-V

Fig. 11 - Supply characteristics.
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TYPICAL DYNAMIC CHARACTERISTICS
TYPES CA101, CA201, CA301A
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Operational Amplifiers

CA101, CA201, CA301 A Types
TYPICAL DYNAMIC CHARACTERISTICS (Cont'd)

FOR TYPES CA101, CA201 AND CA301A
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Dimensions and pad layout for CA301H.

Dimensions in parentheses are in millimeters

and are derived from the basic inch dimensions

as indicated. Grid graduations are in mils (10~3

inch).
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Linear Integrated Circuits

CA307

S-Suffix Types
(DIL-CAN)

H-1787

#
T-Suffix Types
(TO-5 Style)

G-Suffix Types
E-Suffix Types
(Minl-DIP)

Operational Amplifier

For Military, Industrial, and Commerical Applications

Applications:

Long-interval integrators

Timers
Sample-and-hold circuits

Summing amplifiers

Multivibrators

The RCA CA307 is a general-purpose operational amplifier
intended for use in military, industrial, and commerical
applications. A 30-pF on-chip capacitor provides internal

frequency compensation.

The CA307 is available in 8-lead TO-5 style packages with

standard leads (T suffix), with dual-in-line formed leads
("DIL-CAN", S suffix), in the 8-lead dual-in-line plastic
package ("MINI-DIP", E suffix), and in chip form (H suffix).

The CA307 is a direct replacement for industry type 307 in

packages with similiar terminal arrangements.

4 ©

Fig. 1 - Schematic diagram of CA307.
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Operational Amplifiers

CA307
Maximum Ratings, Absolute Maximum Values at Ta - 25° C:

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

CA307 , 36 V
DC INPUT VOLTAGE ±15 V

(For supply voltages less than ±1 5 V, the absolute maximum input voltage is equal to the supply voltage)

DIFFERENTIAL INPUT VOLTAGE ±30 V
OUTPUT SHORTrCIRCUIT DURATION* Indefinite

DEVICE DISSIPATION UP TO Ta = 70°

C

500 mW
Above Ta = 70°C Derate linearly at 6.67 mW/'C

AMBIENT TEMPERATURE RANGE:
Operating 0°C to +70° Cf
Storage -65°C to +150°C

LEAD TEMPERATURE (During Soldering):

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max +265°C

*For type CA307 continuous short circuit is allowed for Case Temperature to +70°C and ambient temperature to +55°C.
1TypesCA307 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 temperature range of to 70° C.
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Fig. 2 - Supply current vs. supply voltage. Fig. 3 - Open-loop differential voltage gain vs.

supply voltage.
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Fig. 4 - Input offset and input bias current vs.

ambient temperature.

Fig. 5 - Output voltage swing vs. output current.
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Linear Integrated Circuits

CA307
ELECTRICAL CHARACTERISTICS

CHARACTERISTIC

TEST CONDITIONSA LIMITS

UNITS

Supply Voltage (V±) = 5 V to 15 V

CA307

Mln. Typ. Max.

Input Offset Voltage Vio

Ta = 25° C, Rs < 50 kfi - 2 7.5

mV

Rs < 50 kfi - - 10

Average Temperature Coefficient

of Input Offset Voltage crVio

- 6 30 AiV/°C

Input Offset Current lio

— - 70

nA

Ta = 25° C - 3 50

Average Temperature Coefficient

of Input Offset Current alio

+25 to 70°

C

- 0.01 0.3

nA/°C
0to+25°C - 0.02 0.6

Input Bias Current Iib

- - 300

nA

Ta = 25° C - 70 250

Supply Current l±

Ta = +125°C,V± = 20V - - -
mA

Ta = 25°C, V±= 15 V - 1.8 3

Open-Loop Pifferential

Voltage Gain Aol

V± = 15 V, Vo = ±10V, Rl > 2kfi 15 - -
V/mV

V±=15V, Vo=±10 V, RL>2kfi,TA=25°C 25 160 -

Input Resistance Ri Ta = 25° C 0.5 2 - Mfi

Output Voltage Swing Vopp

V± = 15 V, Rl = 10 kO ±12 ±14 -
V

V±= 15 V, Rl = 2 kQ ±10 ±13 —

Input Voltage Range Vicr V± = 15V ±12 — — V

Common-Mode Rejection Ratio CMRR Rs < 50 kfi 70 90 — dB

Supply-Voltage Rejection Ratio PSRR Rs < 50 kfi 70 96 - dB

ACharacteristics applicable over operating temperature range Ta = to 70° C unless otherwise specified.

CONNECTION. ^=̂ ,TAB

\ i2xTjy^^s/7) v *

inv rA^ P\
INPUT \t\ i—l /S {jT) OUTPUT

NON-INVYVIv
INPUT \Zl^ r̂^-

(4)
^-s CONNECTION

V"
NOTE: PIN 4 IS CONNECTED TO CASE

TOP VIE * 92CS-23982

FUNCTIONAL DIAGRAM FOR PLASTIC PACKAGE FUNCTIONAL DIAGRAM FOR TO-5 STYLE PACKAGES
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Fig. 6-1/f noise current vs. frequency.
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Fig. 8 - Open-loop differential voltage gain vs.
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Fig. 10 - Input and output voltage vs. time.
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92CS-33252

Dimensions and pad layout for CA307H.

Dimensions in parentheses are in millimeters

and are derived from the basic inch dimensions

as indicated. Grid graduations are in mils (70"3

inch).
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Linear Integrated Circuits

CA741, CA747, CA748, CA1458, CA1558 Types

^ •
(E Suffix)

8-LEAD DIP
(MINI-DIP)

(T Suffix)

8-LEAD
TO-5

H-1817 H-1528

J m
imm

(S Suffix)

8-LEAD
TO-5

(E Suffix)

14-LEAD DIP

H-1517 (DIL-CAN)
H-1787

Operational Amplifiers

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

Features:

Input bias current (all types):

500 nA max.

Input offset current (all types):

200 nA max.

The RCA-CA1458, CA1558 (dual types); CA741C, CA741
(single-types); CA747C, CA747 (dual types); and CA748C,
CA748 (single types) are general-purpose, high-gain
operational amplifiers for use in military, industrial, and
commercial applications.

These monolithic silicon integrated-circuit devices provide
output short-circuit protection and latch-free operation.
These types also feature wide common-mode and
differential-mode signal ranges and have low-offset voltage
nulling capability when used with an appropriately valued
potentiometer. A 5-megohm potentiometer is used for
offset nulling types CA748C, CA748 (See Fig. 10); a 10-

kilohm potentiometer is used for offset nulling types
CA741 C, CA741 , CA747CE, CA747E (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.

Applications:

Comparator
DC amplifier

Integrator or differentiator

Multivibrator

Narrow-band or band-pass filter

Summing amplifier

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 externally phase
compensated (terminals 1 and 8) permit a choice of

operation for improved bandwidth and slew-rate
capabilities. 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 make it possible 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.

RCA
Type No.

No. of

Ampl.

Phase

Comp.

Offset Voltage

Null

Min.

AOL

Max. V,

(mV)

Operating-Temperature

Range ( C)

CA1458 dual int. no 20k 6 to +70A

CA1558 dual int. no 50k 5 -55 to +125
CA741C single int. yes 20k 6 to +70A

CA741 single int. yes 50k 5 -55 to +125
CA747C dual int. yes* 2Qk 6 to +70A

CA747 dual int. yes* 50k 5 -55 to +125
CA748C single ext. yes 20k 6 to +70A

CA748 single ext. yes 50k 5 -55 to +125

*ln the 14-lead dual-in-line plastic package only.

*AII 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 to +70°C.
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Operational Amplifiers

CA741, CA747, CA748, CA1458, CA1558 Types
ORDERING INFORMATION

When ordering any of these types, it is important that the appropriate suffix letter for the

package required be affixed to the type number. For example: If a CA1458 in a straight-

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

TYPE NO.

PACKAGE TYPE AND SUFFIX LETTER

FIG. NO.TO-5

STYLE
PLASTIC CHIP BEAM-

LEAD

8L 10L DIL-

CAN
8L 14L

CA1458 T S E H 1d, 1h

CA1558 T S E 1d, 1h

CA741C T s E H 1a, 1e

CA741 T s E L 1a, 1e

CA747C T E H lb, 1f

CA747 T E 1b, 1f

CA748C T s E H 1c, 1g

CA748 T s E 1c, 1g

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

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

CA741C, CA747C*, CA748C, CA1458* 36 V
CA741,CA747A , CA748, CA1558* 44 V

Differential Input Voltage ±30 V
DC Input Voltage* ±15 V
Output Short-Circuit Duration Indefinite

Device Dissipation:

Upto70°C(CA741C, CA748C) 500 mW
Up to 75°C (CA741, CA748) 500 mW
Up to 30°C (CA747) 800 mW
Upto25°C (CA747C) 800 mW
Up to 30°C (CA1558) 680 mW
Upto25°C (CA1458) 680 mW

For Temperatures Indicated Above Derate linearly 6.67 mW/ C

Voltage between Offset Null and V~ (CA741C, CA741 , CA747CE) ". ±0.5 V
Ambient Temperature Range:

Operating - CA741, CA747E. CA748, CA1 558 -55 to +125 °C

CA741C.CA747C, CA748C, CA1458 to +70 °C f

Storage -65 to +150 °C

Lead Temperature (During Soldering):

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 seconds max 265 C

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

age

A 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 to +70°C.
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Linear Integrated Circuits

CA741, CA747, CA748, CA1458, CA1558 Types

NON-INV W OFFSET
INPUT V- NULL

NOTE PIN 4 IS CONNECTED TO
CASE

1a.-CA741CS,CA741CT,CA741S, &
CA741T with internal phase

compensation.

TOP VIEW

_NC ^TAB

OUTPUT (6)

«cs-i*<27l»l

1b.-CA747CTand CA747T with

in ternal phase compensa tion.

NOTE: PIN 4 IS CONNECTED TO CASE

92CS-I94Z8

1C.-CA748CS. CA748CT.CA748S,
and CA748T with external

phase compensation.

1d.-CA 1458S.CA 1458T,CA 1558S,

and CA1 558T and internal

phase compensation.

OFFSET NULL Q_

INPUT w
NON-INV (TV

input ^—

'

NPUT

v-®—

© NC

I—®V +

D OUTPUT

/^OFFSETW NULL

92CS- 2SOH

1e.-CA741C and CA741E with

internalphase compensation.

INPUT

iN -INV
INPUT

®"

v-®—

D OUTPUT

I fl\ OFFSET
*£> NULL

1g.-CA748CE and CA748E with

external phase compen-
sation.

.»>©-

0—

,0-

\7
NULLIAI

(u) V * (A)

/O) OUTPUT
"Vy IA)

(n) NC

_/CJ\ OUTPUT

(?) V+IBI

1I-CA747CE and CA747E with

internalphase compensation.

OUTPUT (A) (?)

INV @yINPUT (A)^/

V-©-

(?) OUTPUT IB)

92CS- 2SOI5

1h.-CA 1458E and CA1558E with

internalphase compensation.

Fig. 1 — Functional diagrams.
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INVERTING
INPUT

©

®-

COMPENSATION

<V
OFFSET NOLL

©^

Operational Amplifiers

CA741, CA747, CA748, CA1458, CA1558 Types

ALL RESISTANCE VALUES ARE IN OHMS

-®v

OUTPUT—

©

-©v-
92CM-I9432

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

compensation for CA748C and CA748.

INVERTING
INPUT

©

ALL RESISTANCE VALUES ARE IN OHMS
92CM-I9433

Fig.3—Schematic diagram of operational amplifiers with internal phase compensation for CA741C,
CA741, and for each amplifier of the CA747C, CA747, CA 1458, and CA 1558.
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Linear Integrated Circuits

CA741, CA747, CA748, CA1458, CA1558 Types
ELECTRICAL CHARACTERISTICS
Typical Values Intended Only for Design Guidance

CHARACTERISTIC
TEST

CONDITIONS
V± - ±15 V •

TYP.

VALUES
ALL TYPES

UNITS

Input Capacitance, C| 1.4 pF

Offset Voltage

Adjustment Range ±15 mV
Output Resistance, Rq 75 ft

Output Short-Circuit Current 25 mA

Transient Response:

Rise Time, t
r

Unity gain

V, = 20 mV
R L = 2kft

CL < 100 pF

0.3 Ms

Overshoot 5 %

Slew Rate, SR:

Closed-loop
R L >2 kft

0.5
V/ms

Open-loopr4 40

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

ELECTRICAL CHARACTERISTICS
For Equipment Design

CHARACTERISTIC

TEST CONDITIONS
Supply Voltage,

LIMITS

UNITS

CA741C
CA747C*
CA748C
CA1458*

V+ = 15 V,

V- = -15 V Ambient

Temperature, T^
Min. Typ. Max.

Input Offset Voltage,

VlO
Rs = <10kft

25 °C - 2 6 mV
to 70 °C - - 7.5

Input Offset Current,

ho

25 °C - 20 200
nA

to 70 °C - - 300

Input Bias Current,

'IB

25 °C - 80 500
nA

to 70 °C - - 800

Input Resistance, R| 0.3 2 - Mft

Open-Loop Differential

Voltage Gain, Aql
R L >2kSl
Vo = ±10 V

25 °C 20,000 200,000 -

to 70 °C 15,000 - -

Common-Mode Input

Voltage Range, Vjqr
25 °C ±12 ±13 - V

Common-Mode
Rejection Ratio, CMRR

Rs <10kft 25 °C 70 90 - dB

Supply-Voltage

Rejection Ratio, PSRR
Rs <10kI2 25 °C - 30 150 MV/V

Output Voltage Swing,

vOPP

R L>10kft 25 °C ±12 ±14 -

V
R L >2kft

25 °C ±10 ±13 -

to 70 °C ±10 ±13 -

Supply Current, 1* 25 °C - 1.7 2.8 mA
Device Dissipation, Pq 25 °C - 50 85 mW

' Values apply for each section of the dual amplifiers.
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Operational Amplifiers

CA741, CA747, CA748, CA1458, CA1558 Types

ELECTRICAL CHARACTERISTICS
For Equipment Design

CHARACTERISTIC

TEST CONDI!

Supply Voltage

V+ - 15 V,

V- = -15V

riONS LIMITS

UNITS

i. CA741

CA747*
CA748
CA1558*Ambient

Temperature, T^ Min. Typ. Max.

Input Offset Voltage, V|q Rs = < 10k£2
25 °C - 1 5 mV

-55to+125°C -
1 6

Input Offset Current, Ijq

25 °C - 20 200

nA-55 °C - 85 500

+125°C - 7 200

Input Bias Current, l|g

25 °C - 80 500

nA-55 °C - 300 1500

+125 °C - 30 500

Input Resistance, R| 0.3 2 - Mfi

Open-Loop Differential

Voltage Gain, Aql

R L >2kn
V = ±10V

25 °C 50,000 200,000 -

-55to+125°C 25,000 - -

Common-Mode Input

Voltage Range, V|Qp
-55 to +125 °C ±12 ±13 - V

Common-Mode
Rejection Ratio , CMRR

Rs <10kJ2 -55 to +125 °C 70 90 - dB

Supply Voltage

Rejection Ratio, PSRR
Rs<10kn -55to+125°C - 30 150 HMN

Output Voltage

Sv^ing, VQpp

R L >10kf2 -55to+125°C ±12 ±14 -
V

RL >2kfi -55to+125°C ±10 ±13 -

Supply Current, l~

25 °C - 1.7 2.8

mA-55 °C - 2 3.3

+125 °C - 1.5 2.5

Device Dissipation, Pq

25 °C - 50 85

mW-55 °C - 60 100

+125°C - 45 75

* Values apply for each section of the dual amplifiers.

° 95

§ "°

8S

ITS (V + .V-)

Fig.4—Open-loop voltage gam vs. supply voltage for

all types except CA748 and CA748C.

Fig.S—Open-loop voltage gain vs. frequency for all

types except CA748 and CA748C.
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Linear Integrated Circuits

CA741, CA747 1 CA748, CA1458, CA1558 Types
"
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Fig.6—Common-mode input voltage range vs. supply
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Fig.7—fieak-to-peak output voltage vs. supply volt-

age for all types except CA748 and CA748C.

"SEE FUNCTIONAL DIAGRAM.
FOR TERMINAL NOS OF
RESPECTIVE TYPE NO. 92CS-I9424R2

Fig.9- Voltage offset null circuit for CA741C,

CA741, CA747CE, and CA747E.
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Fig. 10- Voltage-offset null circuit for CA748C and
CA748.

>v0UT
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Fig. 1 1 — Transient response test circuit for all types.
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CA741CH

CA747CH

Operational Amplifiers

CA741, CA747, CA748, CA1458, CA1558 Types

CHIP PHOTOS

Dimensions and Pad Layouts

7 '

10 20 40 40 50
I

60 64
I I

^^7
I

40- 111 L!=^Ha^^^H
|6 J 54- 62

40- (I.372 1. 575)

20-

^OlU^EilHicJG
10-

£k~4j |5g
'

U 4.-I0
'~

(0 I02-0254)

r (I 549- I 753)

92CS-'- V M

NOTE: NOS. IN PADS ARE FOR IO-LEAD TO-5
NOS. OUTSIDE OF CHIP ARE FOR I4-LEAD DIP

CA748CH
92CS-3326I

Dimensions in parentheses are in millimeters and are

derived from the basic inch dimensions as indicated.

Grid graduations are in mils (10 inch).

CA1458H
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Linear Integrated Circuits

CA3105, CA3105M

CA3105

Vertical Mount

Horizontal Mount ** * H-1894

VERSA-V TO-220-Style

Plastic Packages

High-Power Operational Amplifier

Features

Output short circuit and thermal
overload protection

Load dump voltage surge protection
Output current capability of up to 3.5 A
Compensated for gains > 30
VERSA-V power transistor package-requires no
electrical insulation

The RCA-CA3105 is a monolithic silicon operational
amplifier designed for driving loads as Jow as 1.6 ohms. It

provides a high output current capability (up to 3.5 A), and
rapid settling time. It is ideal for use in ac or dc servo
amplifiers, deflection yoke drivers, programmable power
supplies, power multivibrators, power dump flashers, etc.

The CA3105 is supplied in a 5-lead plastic TO-220-style
VERSA-V package. All leads (except terminal 3) are
electrically insulated from the mounting flange, eliminating
the need for insulating hardware. The VERSA-V package is

available with two lead configurations. The CA3105 has a
vertical mount lead form, and the CA3105M has a horizontal
mount lead form.

OUTPUT
GROUND
INVERTING INPUT

92CS -29223RI

TERMINAL ASSIGNMENT

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE 28 V
OPERATING SUPPLY VOLTAGE ...... -\8V
OUTPUT PEAK CURRENT:
REPETITIVE 3.5 A
NON-REPETITIVE 4.5 A

POWER DISSIPATION, PD @ TA=90°C 15 W
THERMAL RESISTANCE, JUNCTION-TO-CASE 4°C/W
AMBIENT-TEMPERATURE RANGE:
OPERATING to +125°C
STORAGE -40 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 12 s max 260°C
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Operational Amplifiers

CA3105, CA3105M
ELECTRICAL CHARACTERISTICS @ TA = 25° C, VS = +10 V Unless Otherwise Specified

CHARACTERISTIC

Input Offset Voltage, Vio

Input Bias Current, l B

Input Offset Current, ho

Voltage Gain, A l

Output Voltage Swing, V

Common Mode Rejection Ratio, CMRR

Power Supply Rejection Ratio, PSRR

Quiescent Supply Current, l s

Input Capacitance, Cm

Slew Rate, SR

Gain Bandwidth Product

TEST CONDITIONS

ta <t„

VCM =

+ 1 R L =100fi

R L=50 KQ

f = 1 MHz

R L = 100 O, Av = +1

AVL = odB, rl = 100 n

C L = 100 pF, V IN = 20, f = 1 kHz

LIMITS

Mln.

24

76

±8

±8

64

53

65

Typ.

1.3

30

2.6

80

±8.5

±8.7

65

55

85

Max.

5.0

35

UNITS

84

±8.8

±9

67

60

100

mV

nA

dB

dB

dB

mA

pF

V//«

MHz

9 AMBIENT TFI«>gRATure<TA)-2VCj-HWH-j-jj
j[ M | || |

|-j--

8;

> 7

I

2 6

? 5

>
f *

1 3

2

1

SUPPLY VOLTAGE (V*)— V
92CS-2»I7S

Fig. 1 - Typical quiescent output voltage as a

function of supply voltage.

80

„ 60
£

I

z>

z

AMBIENT TEMPEWATUHE (Ta)' 25'C I I I I I I 1 1 I I I I I I

' I ' '

SUPPLY VOLTAGE CV*)-

Fig. 2 - Typical quiescent drain current as a

function of supply voltage.

25 50 75 IOO iS ISO IT5 200

AMBIENT TEMPERATURE (Ta>— "C

Fig. 3 - Maximum allowable power dissipation as

a function of ambient temperature.

Fig. 4 - Open-loop voltage gain as a function of

frequency.
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Linear Integrated Circuits

CA3152E

H-1899

E-SUFFIX
18-Lead Dual-ln-Llne

Plastic Package

BiMTOS Input Op-Amp, Frequency
Band-Select Switch, and
Quad Comparator
For Television Tuning Interfacing

Features:

Input op-amp: high impedance PMOS input transistors and
internal reference bias
Low input bias current and internal diode
protection at op-amp inputs
High op-amp output voltage swing (0.7-28.0 V dc) with
3-mA source or sink capability
Three op-amp output voltage logic-controlled
clamp levels

Logic-controlled bandswitching with four separate outputs

The RCA CA3152E* linear integrated circuit has three
major sections for interfacing television tuning systems: an
input op-amp, a band-select switch, and an internally
referenced quad-comparator.

The op-amp output voltage has a wide dynamic range with
a 3-mA source or sink capability and can be clamped to
three discrete levels in response to logic inputs. The op-
amp also has internal bias reference and phase com-
pensation. High impedance PMOS input transistors are
protected by input limiting diode clippers.

The band-select switch has two logic inputs controlling
four outputs: VHF B+, VHF HIGH, SUPERBAND CATV
AND UHF B+. The VHF B+ and UHF B+ outputs are
current sources which are short-circuit protected by current
limiting. VHF HIGH and SUPERBAND CATV outputs are
current sinks with low off-state leakage.

The quad comparator features internal reference bias, low
output leakage, and 6-mA current sinking capability. The
outputs of two of the comparators are internally connected
to form a window comparator.

The CA3152E is supplied in an 18-lead dual-in-line plastic
package.

Two bandswitch output current sinks
Two bandswitch current-limited output current sources
Internally referenced quad comparator
Low drive current input requirement
Low output leakage
High output current sink capability
Bipolar and PMOS processes on a single chip

OP AMP-INPUT
OP AMP + INPUT NC_,

(BOND OPTION)
-

LOGIC INPUT "A"—
LOGIC INPUT "B"—

VHF HIGH OUTPUT—
CATV OUTP

SUPER 8ANDSWIT
VHF B+ OUTPUT—

VCC -+I2V-
UHF B+- OUTPUT—

VGG =GND

—ISS CURRENT SOURCE

—OP AMP OUTPUT

•VERTICAL INPUT

—VERTICAL OUTPUT

—AFC CENTER OUTPUT

V0D =+5V
AFT WINDOW OUTPUT

—AFT INPUT

•Formerly RCA Dev. Type No. TA10702 TERMINAL ASSIGNMENT

MAXIMUM RATINGS, Absolute-Maximum Values (Ta=25°C)
SUPPLY CURRENT (loo)

v bb ' 20 mA
SUPPLY VOLTAGE (VCC ) (PIN 8) +18 Vdc
SUPPLY VOLTAGE (VDD ) (PIN 12) +8 Vdc
DEVICE DISSIPATION PER PACKAGE (PD ):

UPT0 55°C
750 mW

ABOVE 55°C (Derate Linearly) „ „ ..,.„„
7.9 mW/ C

AMBIENT TEMPERATURE RANGE:
OPERATING (TA ) . .M/ 0to+70°C
STORAGE (TstQ )st9

' -55 to +150 °C
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Operational Amplifiers

CA3152E

JSS IN6-2
I

NC (D 2.5V BIAS

I

OP AMP INPUT f\)

gnd ne)

B + a CLAMPING a
BAND SWITCH
LOGIC INPUT
LO=OV
HI* 5V

CLAMP CIRCUIT—r~~

B+AND
B/S LOGIC

DECODER

VHF B +

SW. WITH
CURR. LIM

VHF B +

-H SW. WITH
CURR. LIM

B/S DRIVER

I

-(iS) OP AMP OUTPUT

I

I

I

I

I

I

<^)v

S.B/S DRIVER

INPUTS-

INTEGRATED
VERTICAL INPUTf=*

-@ VHF B+ OUTPUT

I

I

I

I

-(9) UHF Bt OUTPUT

I

-(5) B/S DRIVER OUTPUT

6JSB/S DRIVER OUTPUT

AFT CENTER OUTPUT

1

4 AFT WINDOW OUTPUT

.<±)
INTEGRATED
VERTICAL OUTPUT

92CL-S4793

Fig. 1 - Block diagram of the CA3152E.

LOftlC TABLE FOR BANDSWITCH AND OP-AMP OUTPUTS

Incuts

BAND

Outputs

Op-Amp

Pin1 Pin 3

vb

Pin 4

VHF
B+ Source

Pin 7

UHF
B+ Source

Pin 9

VHF High

Sink Pin 5

Super

Bandswitch

CATV

Sink Pin 6

Pin 16 Voltage

Mln. Max.

1 Low VHF ON OFF OFF OFF 0.7 V 1.1 V

1 1

High VHF
Midband CATV ON OFF ON OFF 1.6 V 2.1 V

1 1 Superband CATV ON OFF ON ON 4.9 V 5.75 V

1 1 1 UHF OFF ON ON OFF 0.7 V 1.1 V

ON OFF OFF OFF 28 V 34 V

1 ON OFF ON OFF 28 V 34 V

1 ON OFF ON ON 28 V 34 V

1 1 OFF ON ON OFF 28 V 34 V

Logic 1=5 V

Logic 0=0 V
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Linear Integrated Circuits

CA3152E
COMMON SECTION
ELECTRICAL CHARACTERISTICS TA=25°C; lSs=9 mA, VDp=+5 V dc, VCC=+12 V dc

CHARACTERISTIC

ICC Supply Current, lg

<DD Supply Current, I12

Tuning Voltage Supply Regulator, V17

Vf 7 Regulation, AV17

TEST CONDITIONS

All Outputs Open

All Outputs Open

ISS=9 mA

Vl=Vi7 @ lSS=6 mA, V2=V17 @ lss=12 mA,
AV17=|V 1 -V2 |

LIMITS

Mln.

0.1

0.1

29

Max.

1.5

35

0.8

UNITS

mA

mA

Vdc

Vdc

OP-AMP SECTION
ELECTRICAL CHARACTERISTICS @ TA=25°C; lSS=9 mA, VDD=+5 V dc, VCC=+12 V dc
VH=2.4 V Mln., VL=Q.8 V Max., VA=Pin 3, VB=Pln 4

CHARACTERISTIC vA vb TEST CONDITIONS LIMITS
UNITS

Mln. Max.
Bias Voltage, V-| Bias vl vl Pin 1 through 10 KO to Pin 16 2.35 2.65 Vdc
Bias Current, l-j Bias vl vl Pin 1 to Ground _ 100 pA
Output Source Current, l-| q Source vl vl V^OV, V!6=17.5Vdc -3 mA
Output Sink Current, lie Sink vl vl V^Vdc, V-i 6=1 7.5 Vdc 3 mA
Open Loop Voltage Gain, V16 Aol vl vl ISS=10 mA, RL=10 Kfi, V-|=2.5 V dc,

V-\ 6=1 7.5 Vdc
1 - V/mV

High Clamp Output Voltage, V16 HCL vl vl V-|=0Vdc 28 34 Vdc
Low Clamp Output Voltage, V16 CL1 vl vl V-|=5Vdc 0.7 1.1 Vdc
Low Clamp Output Voltage, Vie CL2 vl vh V^Vdc 1.6 2.1 Vdc
Low Clamp Output Voltage, Vie CL3 vh vl V-|=5Vdc 4.9 5.75 Vdc

BANDSWITCH SECTION
ELECTRICAL CHARACTERISTICS @ TA=25°C; lSS=9 mA, VDD=+5 V dc, VCC=+12 V dcVH=2.4 V Mln., VL=Q.8 V Max., VA=Pln 3, VB=Pln 4, V|=5 V

CHARACTERISTIC

Pin7 0N(VHFON)

Pin9 0N(UHFON)

Pin 7 OFF (VHF OFF)

Pin 9 OFF (UHF OFF)

VHF Short Circuit Current, I7 SC
UHF Short Circuit Current, lg SC
V5 Saturation Voltage, V5 SAT

VA

vH

vh

vh

vh

vl

vh

vb

vl

vh

vh

vl

vl

V6 Saturation Voltage, Ve SAT

Bandswitch Leakage Current, I5 L

Superbandswitch Leakage Current, l6 L

Logic Input Low Input Current, I3 L

Logic Input Low Input Current, I4 L

Logic Input High Input Current, I3 H
Logic Input High Input Current, I4 H

VH

Vh

Vl

vl

vh

TEST CONDITIONS

l7=-15 mA

LIMITS

Min.

Ig=-15 mA

17=1 mA

lg=1 mA

VL

vl

vl

vl

11.3

11.3

Max.

1.5

1.5

20

20

15=2.5 mA

16=2.5 mA

V5=15 V dc

V6=15Vdc

VA=0 V dc, Vb=5 V dc

VA=5 V dc, VB=Q V dc

VA=5 V dc, VB=0 V dc

VA=0 V dc, VB=5 V dc

-0.2

-0.2

45

UNITS

Vdc

Vdc

Vdc

Vdc

mA

45

0.5

0.5

-30

-30

mA

Vdc

Vdc

V*

A/A

//A

M
M
A/A
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Operational Amplifiers

CA3152E

DC COMPARATOR SECTION
ELECTRICAL CHARACTERISTICS @ TA=25°C; lss=9 mA, Vpp=+5 V dc, VcC=+12 V *c

CHARACTERISTIC

Input Bias Current, hpBIAS L

Input Bias Current, ho BIAS H

Input Bias Current, I15 BIAS L

Input Bias Current, I15 BIAS H

Output Sink Current, In Sink

Output Sink Current, In Sink

Output Saturation Voltage, V11 SAT1

Output Saturation Voltage, Vn SAT2

Output Leakage Current, hi LEAKAGE

Output Sink Current, 1 1 3 SINK

Output Saturation Voltage, V1 3 SAT

Output Leakage Current, I13 LEAKAGE

Output Sink Current, I14 SINK

Output Saturation Voltage, V14 SAT

Output Leakage Current, I14 LEAKAGE

AFT Center Reference Voltage, V13 REF

\FT Window Reference Voltage Low,

Vn REF LOW

*FT Window Reference Voltage High,

Vn REF HIGH

Vertical Output Reference, V14 REF

TEST CONDITIONS

Vio=0 Vdc

Vio=6Vdc

V-i 5=0 Vdc

V1 5=6 Vdc

V-I 0=0 Vdc, V1 1=1 .5 Vdc

Vio=6 Vdc, Vii=1.5Vdc

Vio=0 V dc, h 1 SINK=4 mA

V10=6 V dc, h 1 SINK=4 mA

V t o=2 .25 Vdc, V1 1=12 Vdc

Vio=6Vdc, Vi3=1.5Vdc

Vio=6 V dc, li3SINK=4mA

V1 o=2.25 V dc, V1 3=1 2 Vdc

V1 5=0 Vdc, V1 4=1 .5 Vdc

Vi5=0 V dc, I14 SINK=4 mA

Vi5=2.25Vdc, Vi4=12Vdc

(See Fig. 2)

(See Fig. 2)

(See Fig. 2)

(See Fig. 2)

LIMITS

Mln.

+1

+1

100

100

-0.2

100

-0.2

100

-0.2

2.8

0.8

4.95

1.3

Max.

-750

-0.450

-250

-0.160

700

700

1.0

700

1.0

700

1.0

3.2

1.2

5.05

1.7

UNITS

nA

mA

nA

mA

mA

mA

mV

mV

M
mA

mV

V*

mA

mV

//A

Vdc

Vdc

Vdc

Vdc

I

AFT INPUT

1.7

VERTICAL INPUT

5.2 V
48V
3 3V

VI5

1.22.7V _ _

I.3V 1

0.7V
1 ,

1
—

^

_ —».

I2V
'

I

i 12V
1

VI4

k

0.7V 0.7

I2V
1

1—^>

VERTICAL OUTPUT

1 — T ^

IkFT OUTPUTS

Fig. 2 - Quad comparator action.
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Linear Integrated Circuits

CA3193, CA3193A, CA3193B Types

S Suffix

8-LEAD TO-5
with Dual-ln-Line

Formed Leads
"DILCAN" T Su»ix
H-1787 8-LEAD TO-5

H-1528

E Suffix

p-LEAD Dual-
ln-Line Plastic

Package "Mini-DIP"
H-1817

&

BiMOS Precision
Operational Amplifier

FEATURES:
Low V/ : 75 /jV max. (CA3193B)

200fjVmax. (CA3193A)
500 /jV max. (CA3193)

m Low AV/q/AT: 2 /jV/° C max. (CA3193B)
3/jV/°C max. (CA3193A)
5 /jV/°C max. (CA3193)

Low //q and l\

Low A/iq/AT:

Low A/I i /AT:

The CA3193B, CA3193A and CA3193 are ultra-stable,
precision-instrumentation, operational amplifiers that
employ both PMOS and bipolar transistors on a single
monolithic chip. The CA3193-series amplifiers are
internally phase-compensated and provide a gain-
bandwidth product of 1.2 MHz. They are pin-compatible
with the industry 741 series and many other IC op amps, and
may be used as replacements for 741 -series types in most
applications.

The CA3193 series can also be used as functional
replacements for op-amp types 725, 108A, OP-5, OP-7,
LM11 and LM714 in many applications where nulling is not
employed. Because of their low offset voltage and low offset
voltage-versus-temperature coefficient, the CA3193-series
amplifiers have a wider range of applications than most op
amps and are particularly well suited for use as
thermocouple amplifiers, high-gain filters, buffers, strain-
gauge bridge amplifiers and precision voltage references.

The three types in the CA3193 series are functionally
identical. The CA3193B, however, operates from supply
voltages of ±3.5 V to ± 22 V and has an operating
temperature range of -55°C to +125°C. The CA3193 and
CA31 93A operate from supply voltages of ± 3.5 V to ± 18 V
and have operating temperature ranges of -25° C to +85° C
and 0°C to +70° C, respectively.

The CA3193-series types are supplied in standard 8-lead
TO-5-style (T suffix), 8-lead dual-in-line formed lead TO-5-
style (DIL-CAN—S suffix) and 8-lead dual-in-line plastic
(Mini-DIP— E suffix) packages.

Circuit Description
The block diagram of the CA3193 amplifier, Fig. 2, shows
the voltage gain and supply current for each of its four
amplifier stages. Simplified and complete schematic
diagrams of the CA3193 amplifier areshown in Figs. 3 and 4
respectively.

50 pA/° C max. (CA3193B)
150 pA/° C max. (CA3193)
0.5 nA/° C max. (CA3193B)
3. 7 nA/°C max. (CA3193)

Extremely high gain:

120 dB min. (CA3193B)
110 dB min. (CA3193A)
100 dB min. (CA3193)

* Low VIO vs. time

High CMRR and PSRR
Internally compensated: 1.2-MHz gain-bandwidth
product

Low input noise: 0.1 Hz to 10 Hz
Noise voltage: 0.36 /uVp-p typ.

Noise current: 12 pAp-p typ.

APPLICATIONS
Thermocouple preamplifiers

m Strain-gauge bridge amplifiers

Summing amplifiers

m Differential amplifiers

Bilateral current sources
Log amplifiers

m Differential voltmeters

Precision voltage references
m Active filters

m Buffers

m Integrators

Sample-and-hold circuits

a Low frequency filters
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Operational Amplifiers
~" ~

CA3193, CA3193A, CA3193B Types

Absolute-Maximum Ratings, Absolute-Maximum Values at Ta = 25'C
CA3193 CA3193A CA3193B

DC Supply Voltage ±18 ±18 ±22 V

Differential-Mode Input Voltage ±5 ±5 ±5V
Common-Mode DC Input Voltage (V+-4),V~ (V+-4),V~ (V+-4),V- V

Input Terminal Current 1 1
1 mA

Device Dissipation

Without Heat Sink

Up to 55 "C 630 630 630 mW
Above 55 °C Derate Linearly 6.67 mW/*C

Temperature Range 0to70 -25to85 -55to125'C

Output Short -Circuit Duration* indefinite Indefinite Indefinite

Lead Temperature (During Soldering)

at distance of 1/16 in. ± 1/32 in.

(1.59 ±0.79 mm) from case for 10

secondsmax ±265 ±265 ±265 'C

"Short circuit may be applied to ground or to either supply.

OFFSET /T\
NULLVV

INPUTS

v'(5H
NOTE: PIN 4 IS CONNECTED TO CASE

S AND T SUFFIX

92CS-3296S

—(s)nc

(?)OUTPUT

(T)OFFS€l
^NULL

E SUFFIX

92CS-329«4

Fig. 1 — Functional diagram of CA3193 series.

BIAS NETWORK

660 /iA

6pF

2.3 mA

600 ^lA

o©
OFFSET
NULL

G)

92CS-32962

Fig. 2 — Block diagram of CA3193 series.

Circuit Description (cont'd)

A quad of physically cross-connected

n-p-n transistors comprise the input-stage

differential pair (Q1.Q2 in Figs. 3 and 4);

this arrangement contributes to the low

input offset-voltage characteristics of the

amplifier. The ultra-high gain provided in

the first stage ensures that subsequent

stages cannot significantly influence the

overall offset-voltage characteristics of

the amplifier. High load impedances for

the input-stage differential pair (Q1.Q2)

are provided by the cascode-connected

p-n-p transistors Q3.Q5 and Q4.Q6,
thereby contributing to the high gain

developed in the stage.

The second stage of the amplifier con-

sists of a differential amplifier employing

PMOS/FETs (Q7.Q8 in Figs. 3 and 4) with
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Linear Integrated Circuits

CA3193, CA3193A, CA3193B Types
ELECTRICAL CHARACTERISTICS at TA = 25 X, V + = 15 V and V - = 15 V
unless otherwise specified.

CHARACTERISTIC
1 IMITR

UNITSCA3193B CA3193A CA3193
Min Typ. Max. Min. Typ. Max Min Typ. Max

Input Offset

Voltage, |Vml
40 75 — 140 200 — 300 500 MV

V|o @ Max.Temp. — — 275 — — 380 725 mV
Input Offset Volt-

age Temp.Coeffi-

cient, AV|o/AT

(Over specified

temperature

— 0.60 2 —
1 3

*
— 1 5 mV/°C

range for each

device)

Input Offset

Current, l|o
1 3 — 3 5 — 5 10 nA

|l|Ol @ Max.Temp. — — 8 — — 11 — 17 nA
Input Offset

Current Temp.

Coefficient,

Alio/AT (Over — 0.01 0.05 — 0.03 0.10 0.04 0.15 nA/°C
specified temp-

erature range for

each device)

Input Bias Current,

'I

6 15 — 10 20 — 20 40 nA

HbI @ Max.Temp. — — 60 — — 83 207 nA
Input Bias

Current Temp.

Coefficient,
0.08 0.50 — 0.10 1.18 — 0.15 3.70 nA/°C

AI|/AT

Input Noise

Voltage, en p .p
— 0.36 0.60 — 0.36 0.36 mVp-p

(0.1 to 10 Hz)

Input Noise Volt-

age Density, en

fo = 10Hz — 25 50 — 25 25
fo = 100Hz — 25 45 — 25 25
fo = 1000Hz — 24 45 — 24 — 24 r nV/
fo = 10 kHz — 24 45 — 24 — 24 _ vTiT
fo = 100kHz — 22 40 — 22 22

nput Noise

Current, in p
.
p

— 12 20 — 12 20 12 20 pA p-p
(0.1 to 10 Hz)

nput Noise Cur-

rent Density, in
fo = 10Hz — 0.83 2.30 — 0.83 0.83
fo = 100Hz — 0.80 1.20 — 0.80 — 0.80
fo = 1000Hz — 0.75 1.00 — 0.75 — 0.75 _ pA/
fo = 10 kHz

I
fo = 100kHz

— 0.72 0.80 — 0.72 — 0.72 vHhF— 0.60
J
0.80 — 0.60 — — 0.60 |

—
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Operational Amplifiers

CA3193, CA3193A, CA3193B Types

ELECTRICAL CHARACTERISTICS at Ta = 25 °C, V + = 15 V and V - = 15 V (Cont'd)

unless otherwise specified.

LIMITS

UNITSCHARACTERISTIC CA3193B CA3193A CA3193

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

Common-Mode

Input Voltage

Range, V|CR

-12
-13.5

to

11.5

10 -12

-13.5

to

11.5

10 -12
-13.5

to

11.5

10 V

Common-Mode

Rejection Ratio,

(VCM = V|CR)

120 130 110 115 — 100 110 — dB

0.316 1 1.78 3.16 3.16 10 Mv/v

Power Supply Re-

jection Ratio,

PSRR,

AVio/AV*

110 130 100 130 100 130 dB

0.316 3.16 0.316 10 0.316 10 Mv/v

Maximum Output

Voltage Swing

(Rl>2 KQ)

±13.0 ±13.5 - ±13.0 ±13.5 — ±13.0 ±13.5 — V

Large-Signal

Voltage Gain

(V = ± 10)

R|>1 KQ

R|>2 KQ

R[>10 KQ

120

115

125

130

110 115

125

-
100 110

115

dB

Short-Circuit

Output Current to

the Opposite Rail,

IOM +
, IOM~

-25 ±7 25 -25 ±7 25 -25 ±7 25 mA

Slew Rate, SR

(RL>2 KQ;

Unity Gain Volt-

aqe Follower)

— 0.25 - - 0.25 - — 0.25 — V/Ms

Gain-Bandwidth

Product, ft

AoL=0dB
Rl_ = 2kQ
C|_ = 100pF

V|N = 20

f = 1 kHz

— 1.20 - - 1.20 — — 1.20 — MHz

Small-Signal

Transient Re-

sponse, t r (V|n =

20 mV p-p, f =

1 kHz

— 0.29 - — 0.29 — — 0.29 — MS

Supply Current,

rl = °°

V+ =15, V- =

-15

— 2.3 3.5 - 2.3 3.5 — 2.3 3.5 mA

Temperature

Range
-55 — 125 -25 - 85 " 70 °C
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Linear Integrated Circuits

CA3193, CA3193A, CA3193B Types

6) OUTPUT

(?Hwv

92C3-3296J

Fig. 3— CA3193 simplified schematic diagram.

(D-A/vv

RI2

92CL -S2S90

Fig. 4 — Schematic diagram of CA3193 series.
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Operational Amplifiers

Circuit Description (cont'd)

appropriate drain loading. Since Q7 and
Q8 are MOS/FETs, their loading on the

first stage is quite low, thereby making an
additional contribution to the high gain

developed in the first stage. The second
stage is also configured to convert its dif-

ferential signal to a single-ended output

signal by means of current mirror D9.Q30
(Figs. 3 and 4) to drive subsequent gain

stage.

The third stage of the amplifier consists
of Darlington-connected n-p-n transistors

(Q17.Q19 in Figs. 3 and 4), driving the

quasi-complementary Class AB output

stage (Q14 and Q15.Q16 in Figs. 3 and 4).

Output-stage short-circuit protection is

activated by voltage drops developed

CA3193, CA3193A, CA3193B Types

across the 60-ohm resistors adjacent to

the output terminal (R9 and R10, Fig. 4).

When the voltage drop developed across
either of these resistors reaches a poten-

tial equal to 1 VDe , the respective protec-

tive transistor (Q12 or Q13) is activated

and shunts the base drive from the bases
of the output stage transistors (Q14 and
Q15.Q16).

Internal frequency compensation for the

CA3193 amplifier is provided by two in-

ternal networks, a 6-pF capacitor con-

nected between the input-stage transistor

collectors and the node between the third

and output stages and a second network,

consisting of a 20-pF capacitor in series

with a 7.5-KQ resistor connected between
the input and output nodes of the third

stage.

TIITTT"" _L I

CA3I93 _:::::::

4
|
300

23200

S

o ioo
i-

0.
z

II It! 1 1 1 1 !

-50 '0 50 100 150

AMBIENT TEMPERATURE (TA ) — °C

Fig. 5 — Typical input offset-voltage tempera-

ture characteristic for CA3193 series.

500 1000 I500

TIME (T) AT AMBIENT TEMPERATURE (T& ) I25'C — HOURS

385 770 II55

EQUIVALENT TIME (T) AT AMBIENT TEMPERATURE <TA ) 25'C — YEARS

92CS- 32967

Fig. 6 — Input offset voltage vs. time.

<

I =::±
__ 6—+

LJjlpllJ=
:

11111

1 4|3
|slpi qjjHc-jp

:11
It i-+ - ::i : : : : x_:::__

.:x..:.i.ix.i.iz:
__-i i:" 5 CA3I93A --+

o -t—^t 1 1 1 1 1 1 1 1 1

TEMPERATURE (T) — °C TEMPERATURE (T) — "C
92CS- 32475

Fig. 7— Typical input bias current vs. tempera-

ture

Fig. 8 — Typical input offset current vs.

temperature.

57



Linear Integrated Circuits

CA3193, CA3193A, CA3193B Types

l|
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<

2

2
SlO*
< 8

J 6
O

O 2

10 1

5
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£
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1 g

e 5
<

0i •"

- 1111111
POWER SUPPLY VOLTAGE (|V+|) — V

Fig. 9 — Input noise voltage and current

density vs. frequency.
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FREQUENCY - Hi »2CS-3»rrni

Fig. 1 1 — Open-loop gain and phase-shift

response for CA3193B.

I (-55«C TO I25*C)[-
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~~TTT , X....X-

TEMPERATURE (T) — 'C

Fig. 13 — Open-loop gain vs. temperature for

CA3193 series.
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-
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15 V

= -15 V

v
1 1 II s*.

68,2 468.2 468.2 468
I02 I03 I0

4

FREQUENCY — Hi .... .„„

Fig. 14 — Maximum undistorted output

voltage vs. frequency.

Fig. 10 — Power supply voltage (V+.V-) vs.

supply current.
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•2CS-52M

Fig. 12 — Open-loop gain vs. power-supply
voltage.
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Fig. 15 — Output-voltage-swing capability and
common-mode input-voltage vs.

supply voltage.
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Operational Amplifiers

Offset Voltage Nulling

The input offset voltage can be nulled to

zero by any of the three methods shown in

the table below. A 10K potentiometer be-

tween terminals 1 and 5, with its wiper

returned to V -
, will provide a gross null-

ing for all types. For finer nulling, either of

CA3193, CA3193A, CA3193B Types

the other two circuits shown below may
be used, thus providing simpler improved

resolution for all types.

CAUTION: The CA3193 amplifiers will be
damaged if they are plugged into op-amp
circuits employing nulling with respect to

the V + supply bus.

Offset Voltage Nulling

Offset

Nulling

Circuits

Type

CA3193B
CA3193A
CA3193

V

Resistor R Value

10K
10K
10K

0-AA/V<5)

Resistor R Value

Gross Offset

Adjustment

100K
50K
20K

Resistor R Value

20K
10K
5K

Finer Offset

Adjustments

Test Circuits

)-l5 V

^ 92CS-32979

Fig. 16 Input offset voltage test circuit.

R L 4:200 pFOvouT

9JCS-J2980

TOP TRACE : INPUT VOLTAGE
BOTTOM TRACE : OUTPUT VOLTAGE

VERT

HOR.-
. I ms

Vf = 15V

V~ =-l5V

RL= 10 K

92CS-32989

Fig. 1 7 • Inverting amplifier (a) test circuit

(b) response to 1-kHz, 20-V p-p

square wave.
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Linear Integrated Circuits

CA3193, CA3193A, CA3193B Types

TOP TRACE INPUT VOLTAGE
BOTTOM TRACE : OUTPUT VOLTAGE

VERT

HOR

r
.iov V+ =15 V
"DIV

V" = I5V

. Ims

DIV R L = 2K

92CS-32988

Fig. 18 - Voltage follower (a) test circuit

(b) response to 20-V p-p, 1-kHz

square-wave input.

LOW PASS HIGH PASS
FILTER FILTER

DC TO IO Hz O.I TO IO Hz

I

1
I

1

92CS- 32987

Fig. 19 - Low frequency noise (a) test cir-

cuit—0. 1 to 10 Hz (b) output A
waveform— to 10 Hz noise (c) output

B waveform— to 10 Hz noise.
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Operational Amplifiers

CA3193, CA3193A, CA3193B Types

Application Circuits

vOUT

/ RE , ,
\ R4 / R4 \

Rl R3
FOR IDEAL RESISTORS WITH — = -^

R4
VOUT = vb~ v

o ^R3

Vi.-V. V R3 /

FOR VALUES ABOVE V0UT = ( V b
- V ) (IO)

92CS- 32984

Fig. 20 Typical two-op amp bridge-type

differential amplifier.

vio >/w
iok

R3
v2o vw

IOK

vOUT v 2 (
' )( )-».(*)

IF R4 = R2,R3 Rl AND— ^

THEN V UT-(V2 -V,>(-^-)

FOR VALUES ABOVE V UT' 2 < V2~V
I

*

IF Ay IS TO BE MADE I AND IF Rl * R3 * R4 R

WITH R2 = 0.999R (O.I% MISMATCH IN R2)

THEN V0CM 0.0005 V, N OR CMRR * 66 dB

THUS, THE CMRR OF THIS CIRCUIT IS LIMITED BY

THE MATCHING OR MISMATCHING OF THIS NETWORK

RATHER THAN THE AMPLIFIER.

92CS- 32983

Fig. 21 Differential amplifier (simple subtrac-

ter) using CA3193B.

a TO 3.0 kO v , o vw
THV-IV) 3 ^ |0K

ALL RESISTORS ARE l%

IF Rl = R3 AND R2«R4 + R5 THEN

I L IS INDEPENDENT OF VARIATIONS IN R L
FOR R L VALUES OF fl TO 3 kfl WITH V = IV

V R4 VIM
L " R3 R5 (2MKIK) 2K-5-5- • 500 /iA

92CS- 32963

Fig. 22 - Using CA3193B as a bilateral current

source.

vOUT =
/
R F R F "F \

VOUT = -(2 V| +2 v2 + 2 Vj)

92CS-32973

Fig. 23 - Typical summing amplifier

application.
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Linear Integrated Circuits

CA3193, CA3193A, CA3193B Types
The CA3193B is an excellent choice for

use with thermocouples. In Fig. 24, the
CA3193B amplifies the signal generated
500 times. The three 22-megohm resistors

will provide full-scale output if the
thermocouple opens-

QI5 V

0.

22M 22M

OVF^:

THERMOCOUPLE
-A/W-

ALL RESISTORS ARE IX T

-OVQUT

92CS-32986

Fig. 24 - The CA3193B used in a thermocouple
circuit.
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Operational Amplifiers

All Types
8-Lead TO-5
With Dual-ln-Line

Formed Leads
"DIL-CAN"
(S Suffix)

H-1787

All Types
8-Lead TO-5
(T Suffix)

H-1528

CA3420, CA3420A, CA3420B

Low-Supply Voltage, Low-Input Current

BiMOS OP-AMPS

Features:

• 2 V Supply at 300 /jA Supply Current
• 1 pA (typ) Input Current

(Essentially Constant to 85° C)
• Rail-to-Rail Output Swing

(Drive ±2 mA into 1 KQ Load)
• Pin Compatible with 741 Op-Amp
• Low Cost 8-Lead Minidip, TO-5

Applications:

• pH Probe Amplifiers
• Picoammeters
• Electrometer (High Z) instruments
• Portable Equipment
• Inaccessible Field Equipment
• Battery Dependent Equipment

(Medical and Military)

The RCA-CA3420B, CA3420A, and CA3420* are
integrated-circuit operational amplifiers that combine
PMOS transistors and BiPolar transistors on a single

monolithic chip. The CA3420B, CA3420A, and CA3420
BIMOS operational amplifiers feature gate-protected PMOS
transistors in the input circuit to provide very high input

impedance, very low input currents (less than 1 pA). The
internal bootstrapping network features a unique guard-
banding technique for reducing the doubling of leakage
currentfor every 10° C increase in temperature. The CA3420
series operates at total supply voltages from 2 to 20 volts

either single or dual supply. These operational amplifiers

are internally phase compensated to achieve stable

operation in the unity gain follower configuration.
Additionally, they have access terminals for a

supplementary external capacitor if additional frequency
roll-off is desired. Terminals are also provided for use in

applications requiring input offset voltage nulling. The use
of PMOS in the input stage results in common-mode input
voltage capability down to 0.45 volt below the negative
supply terminal, an important attribute for single-supply
application. The output stage uses a feedback OTA type
amplifier that can swing essentially from rail-to-rail. The
output driving current of 1.5 mA MIN is provided by using
non-linear current mirrors.

The CA3420-series has the same 8-lead pin-out used for the

industry standard 741. They are supplied in the standard
8-lead TO-5 style package (S suffix, and T suffix); in the
standard 8-lead dual-in-line plastic package (Minidip - E
suffix), and are also available in chip form (H suffix).

TERMINAL ASSIGNMENTS

TOP VIEW

NOTE. PIN 4 IS CONNECTED TO CASE

92CS-33997

S AND T SUFFIXES

TOP VIEW

• Formerly Dev. Type No. TA1 0841

OFFSET (~r\
NULL \U

INV INPUT (?)

NON- (?\
INV INPUT Vi/

v"0H

(8) STROBE

-<7)V +

DoUTPUT

_/Ov OFFSET
\2J NULL

92CS-29086

E SUFFIX
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Linear Integrated Circuits

CA3420, CA3420A, CA3420B
MAXIMUM RATINGS, Absolute-Maximum Values (Tc=25°C):

DC Supply Voltage

(Between V+ and V— Terminals) 22 V
Differntial-Mode

Input Voltage +15 V
Common-Mode DC

Input Voltage (V+ + 8 V) to (V~ -0.5 V)
Input-Terminal Current 1 mA
Device Dissipation:

Without Heat Sink —
Up to 55° C 630 mW
Above 55° C Derate linearly 6.67 mW/° C

With Heat Sink -

Up to 1 10° C 630 mW
Above 110°C Derate linearly 16.7 mW°C

Temperature Range:
Operating (All Types) -55 to +125°

C

Storage (All Types) -65to+150°C
Output Short-Circuit

Duration* Indefinite
Lead Temperature

(During Soldering):

At Distance 1/16 ± 1/32 Inch

(1.59 ± 0.79 mm) from case
For 10 seconds max +265° C

'Short circuit may be applied to ground or to either supply.

TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE

Characteristic

Test Conditions

V+ = +10V; V- = -10V

TA = 25°C

CA3420B

(T,S)

CA3420A

(T,S,E)

CA3420

<T,S,E)

Units

Input Resistance R| 150 150 150 TO
Input Capacitance C| 4.9 4.9 4.9 PF
Output Resistance R 300 300 300 O
Equivalent Input

en

Noise Voltage

f = 1 KHz

f = 10 KHz

Rs 100 O

62

38

62

38

62

38

nV/Hz

Short-Circuit Current Source

Source IOM+ 2.6 2.6 2.6 mA
To Opposite Supply

Sink IOM- 2.4 2.4 2.4 mA
Gain-Bandwidth Product fj 0.5 0.5 0.5 MHz
Slew Rate SR 0.5 0.5 0.5 V///S

Transient Response

Rise Time tr R[_ = 2KO
C|_ = 100 pF

0.7 0.7 0.7 f/S

Overshoot 15 15 15 %
Current from Terminal 8

ToV- l 8+ 20 20 20 //A

Current from Terminal 8

To V+ l8
- 2 2 2 mA
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Operational Amplifiers

CA3420, CA3420A, CA3420B

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN

At V+ = 1V, V- = -1V, TA = 25°C unless otherwise specified

Characteristic

Limits

UnitsCA3420B CA3420A CA3420

Min Typ Max Min Typ Max Min Typ Max

Input Offset Voltage |V|ol — 0.8 2 — 2 5 - 5 10 mV

Input Offset Current Hiol
* — 0.01 4.0 — 0.01 4 — 0.01 4 PA

Input Current )l| |

* — 0.02 5 — 0.02 5 -
1 5 PA

Large-Signal Voltage Gain

AOL (R|_ = 10 Kfi)

20K 100K
'—

20K 100K — 10K 100K - V/V

86 100 — 86 100 - 80 100 - dB

Common-Mode

Rejection Ratio CMRR

— 320 560 — 560 1000 560 1800 /iV/V

65 70 — 60 65 — 55 65 - dB

Common-Mode Input VICR +

Voltage Range VICR -

+0.2 +0.5 — +0.2 +0.5 — +0.2 +0.5 — V

-1 -1.3 — -1 -1.3 - -1.3 - V

Power Supply Rejection

Ratio PSRR AVIO/AV

— 20 180 — 32 320 — 100 1000 /A//V

75 94 — 70 90 - 60 80 - dB

Max Output Voltage VOM +

RL = 00 VOM -

+0.90 +0.95 — +0.90 +0.95 —
.

+0.90 +0.95 — V

-0.85 -0.91 — -0.85 -0.91 — -0.85 -0.91 - V

Supply Current l+ — 350 650 — 350 650 — 350 650 uA

Device Dissipation Pq — 0.7 1.1 — 0.7 1.1 —
• 0.7 1.1 mW

Input Offset Voltage

Temp. Drift AVIO/AT
- 4 - - 4 - - 4 - /;V/°C

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN

At V+ = 10V, V- = -10V, TA = 25°C unless otherwise specified

Characteristic

Limits

UnitsCA3420B CA3420A CA3420

Min Typ Max Min Typ Max Min Typ Max

Input Offset Voltage |V|o|
— 0.8 2 — 2 5 - 5 10 mV

Input Offset Current |iol
* — 0.03 4 — 0.03 4 — 0.03 4 pA

Input Current |l||
* — 0.05 5 — 0.05 5 — 0.05 5 pA

Large-Signal Voltage Gain 20K 100K — 20K 100K - 10K 100K — V/V

AQL (R|_ = 10K O) 86 100 — 86 100 — 80 100 — ' dB

Common-Mode

Rejection Ratio CMRR

_ 32 100 — 100 320 — 100 320 /AVV

80 90 — 70 80 — 70 80 - dB

Common-Mode Input VICR +

Voltage Range VICR -

+9.0 +9.3 +9.0 +9.3 — +8.5 +9.3 - V

-10 -10.3 — -10 -10.3 — -10 -10.3 - V

Power Supply Rejection

Ratio PSRR AVIO/AV

20 180 — 32 320 — 32 320 //V/V

75 94 70 90 — 70 90 ,
- dB

Max Output Voltage VOM +

RL = 00 VOM -

+9.7 +9.9 +9.7 +9.9 — +9.7 +9.9 - V

-9.7 -9.85 — -9.7 -9.85 — -9.7 -9.85 — V

Supply Current l
+ 450 1000 — 450 1000 — 450 1000 l/A

Device Dissipation Pq 9 14 — 9 14 — 9 14 mW

Input Offset Voltage

Temp. Drift AVIO/AT
- 4 - - 4 - 4 /iV/°C

rp nhtain*

under laboratory conditions.
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CA3420, CA3420A, CA3420B

BUFFER AMPS

;

BOOTSTRAPPED
INPUT PROTECTION

NETWORK

OTA BUFFER
(X2)

%L 0.6

52"
u,S

?s
£p-0.2

^-0.4

82-06

at -os

is
.,

AMBIENT TEMPERATURE (Ta)-25*C
R|_^IO0Kft

ViCBl

SV 10V
SUPPLY VOLTAGE (V+.Vl-V

Fig. 1 - Functional diagram lor CA3420.

Fig. 2 - Output-voltage-swing and common-mode input-voltage

range versus supply voltage.
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Operational Amplifiers

CA3420, CA3420A, CA3420B
Application Circuits

Plcoameter Circuit

The exceptionally low input current (typically 0.2 pA)

makes the CA3420 highly suited for use in a picoameter

circuit. With only a single 10K megohm resistor, this circuit

covers the range from ±1.5 pA. Higher current ranges are

possible with suitable switching techniques and current

scaling resistors. Input transient protection is provided by

the 1-megohm resistor in series with the input. Higher

current ranges require that this resistor be reduced. The
10-megohm resistor connected to pin 2 of the CA3420
decouples the potentially high input capacitance often

associated with lower current circuits and reduces the

tendency for the circuit to oscillate under these conditions.

High-Input-Resistance Voltmeter

Advantage is taken of the high input impedance of the

CA3420 in a high-input-resistance dc voltmeter. Only two

1.5 V "AA" type penlite batteries power this exceedingly

high-input resistance (>1 ,000,000-megohms) dc voltmeter.

Full-scale deflection is ±500 mV, ±150 mV, and ±15 mV.
Higher voltage ranges are easily added with external input

voltage attenuator networks.

The meter is placed in series with the gain network, thus

eliminating the meter temperature coefficient error term.

Supply current in the standby position with the meter

undetected is 300 txk. At full-scale deflection this current

rises to 800 ^A. Carbon-zinc battery life should be in excess

of 1,000 hours.

30 40 50 60
I I I I

70 78

Fig. 7 • Picoameter circuit.

+ I.5V

22M KDM _
<&A/VWWVr(3j

JrlOOpF CA3420;

Ir®

92CS- 34004

(I905-2.I08)
92CS- 34406

Fig. 8 - High input resistance voltmeter.

The layout represents 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 indicated. Grid

graduations are in mils (10~3 inch).

Dimensions and pad layout for CA3420H.
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CA3493, CA3493A, CA3493B

All Types
8-Lead TO-5
With Dual-ln-Line

Formed Leads
"DIL-CAN"
(S Suffix)

H-1787

All Types
8-Lead TO-5
(T Suffix)

H-1528

BiMOS Precision
Operational Amplifier

Features
Low Vio: 75 nV max. (CA3493B)

200 pV max. (CA3493A)

500 nV max. (CA3493)
m Low&Vio/bT: 2nV/'Cmax. (CA3493B)

3(iV/'Cmax. (CA3493A)
5nVrCmax. (CA3493)

Low Iio and //

LowMio/LT: 50pA/'Cmax. (CA3493B)
150 pA/"C max. (CA3493)

m low A///A 77 0.5 nA/'C max. (CA3493B)
3.7 nA/"C max. (CA3493)

The CA3493B, CA3493A and CA3493 are

ultra-stable, precision-instrumentation,
operational amplifiers that employ both
PMOS and bipolar transistors on a single

monolithic chip. The CA3493-series
amplifiers are internally phase-
compensated and provide a gain-
bandwidth product of 1.2 MHz. They are

pin-compatible with many industrial types
such as 725, 108A, OP-5, OP-7, LM11 and
LM714 where positive nulling is employed.

Because of their low offset voltage and low
offset voltage-vers us-temperature
coefficient, the CA3493-series amplifiers

have a wider range of applications than

most op amps and are particularly well

suited for use as thermocouple amplifiers,

high-gain filters, buffers, strain-gauge
bridge amplifiers and precision voltage

references.

The three types in the CA3493 series are

functionally identical. The CA3493B,
however, operates from supply voltages
of ± 3.5 V to ±22 V and has an operating
temperature range of -55°Cto +125°C.
The CA3493 and CA3493A operate from
supply voltages of ±3.5 V to ± 18 V and
have operating temperature ranges of

-25"C to +85°C and 0°C to +70°C,
respectively.

The CA3493-series types are supplied in

standard 8-lead TO-5-style (T suffix),

8-lead dual-in-line formed lead TO-5-style

Extremely high gain:

120 dB min. (CA3493B)
110dBmin.(CA3493A)
100 dB min. (CA3493)

Low Vio vs. time
High CMRR and PSRR
Internally compensated: 1.2-MHz gain-

bandwidth product
Low input noise: 0.1 Hz to 10 Hz
Noise voltage: 0.36 nVp-p typ.

Noise current: 12pAD .D typ.

Applications
Thermocouple preamplifiers

Strain-gauge bridge amplifiers

Summing amplifiers

Differential amplifiers

Bilateral current sources
Log amplifiers

Differential voltmeters

Precision voltage references

Active filters

Buffers

Integrators

Sample-and-hold circuits

Low frequency filters

(DIL-CAN—S suffix) and 8-lead dual-in-

line plastic (Mini-DIP— E suffix)
packages.

Circuit Description

The block diagram of the CA3493
amplifier, Fig. 2, shows the voltage gain
and supply current for each of its four

amplifier stages. Simplified and complete
schematic diagrams of the CA3493
amplifier are shown In Figs. 3 and 4,

respectively.
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Operational Amplifiers

CA3493, CA3493A, CA3493B
Absolute-Maximum Ratings, Absolute-Maximum Values at T/\ = 25'C

CA3493B CA3493A CA3493

DC Supply Voltage ±22 ±18 ±18 V
Differential-Mode Input Voltage ±5 ±5 ± 5 V
Common-Mode DC Input Voltage (V+-4), V~ (V+-4),V~ (V+-4),V- V
Input Terminal Current 1 1 1 mA

Device Dissipation

Without Heat Sink

Up to 55 °C 630 630 630 mW
Above 55°C Derate Linearly 6.67 mW/*C

Temperature Range - 55 to 125 - 25 to 85 to 70 "C

Output Short-Circuit Duration * Indefinite Indefinite Indefinite

Lead Temperature (During Soldering)

at distance of 1/16 in. ± 1/32 in.

(1.59 ±0.79 mm) from case for 10

seconds max ±265 ±265 ±265 *C

'Short circuit may be applied to ground or to either supply.

TOP VIEW

OFFSET
NULL

OFFSET/Ov
NULL \Lr

Ji£L TAB
n(7)V+

INV. (^4 _
>—jd) OUTPUT\HP\iJ\tA

/~i

(tj "'©
NON-INV
INPUT

V
-

NC

NOTE: PIN 4 IS CONNECTED TO CASE

S AND 1r SUFFIX

INPUT*-

inputw

y-s OFFSET
~W NULL

-<z) v+

-(e)OUTPUT

0NC

92CS-33659

Fig. 1 - Functional diagram of CA3493 series.

BIAS NETWORK

3 /iA" 950 :fLA" 70 jiA"

660 |tA"

6pF

2 3 mA

"600^1A

o©
OFFSET
NULL

G>

92CS- 33661

Fig. 2 - Block diagram of CA3493 series.

Circuit Description (cont'd)

A quad of physically cross-connected
n-p-n transistors comprise the input-stage

differential pair (Q1.Q2 in Figs. 3 and 4);

this arrangement contributes to the low
input offset-voltage characteristics of the

amplifier. The ultra-high gain provided in

the first stage ensures that subsequent
stages cannot significantly influence the

overall offset-voltage characteristics of

the amplifier. High load impedances for

the input-stage differential pair (Q1.Q2)
are provided by the cascode-connected
p-n-p transistors Q3.Q5 and Q4,Q6,
thereby contributing to the high gain
developed in the stage.

The second stage of the amplifier con-

sists of a differential amplifier employing
PMOS/FETs (Q7.Q8 in Figs. 3 and 4) with
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Linear Integrated Circuits

CA3493, CA3493A, CA3493B
ELECTRICAL CHARACTERISTICS at Ta = 25 °C, V + = 1 5 V and V - = 1 5 V
unless otherwise specified.

CHARACTERISTIC
LIMITS

UNITSCA3493B CA3493A CA3493
Mln. Typ. Max. Mln. Typ. Max. Mln. Typ. Max

Input Offset

Voltage, |V|
|

- 40 75 - 140 200 - 300 500 MV

V|o @ Max.Temp. — — 275 — — 380 — — 725 ^v
Input Offset Volt-

age Temp.Coeffi-

cient, AV|o/AT

(Over specified — 0.60 2 — 1 3 — 1 5 Mv/°c
temperature

range for each

device)

Input Offset

Current, l|o

- 1 3 - 3 5 - 5 10 nA

I'lOl @ Max.Temp. — — 8 — — 11 — — 17 nA
Input Offset

Current Temp.

Coefficient,

AI|o/AT (Over — 0.01 0.05 — 0.03 0.10 — 0.04 0.15 nA/°C
specified temp-

erature range for

each device)

Input Bias Current,

'l

- 6 15 - 10 20 - 20 40 nA

|lBl @ Max.Temp. — — 60 — — 83 — — 207 nA
Input Bias

Current Temp.

Coefficient,
- 0.08 0.50 - 0.10 1.18 - 0.15 3.70 nA/°C

AI|/AT

Input Noise

Voltage, en p
.
p

— 0.36 0.60 — 0.36 — — 0.36 — MVp-p
(0.1 to 10 Hz)

Input Noise Volt-

age Density, en

fo = 10Hz — 25 50 — 25 — — 25 —
f = 100 Hz — 25 45 — 25 — — 25 —
fo = 1000Hz — 24 45 — 24 — — 24 — nV/

fo = 10kHz — 24 45 — 24 — — 24 — VHT
fo = 100kHz — 22 40 — 22 — — 22 ,

Input Noise

Current, in p.p
— 12 20 — 12 20 — 12 20 pAp-p

(0.1 to 10 Hz)

Input Noise Cur-

rent Density, i n

f = 10 Hz — 0.83 2.30 — 0.83 — — 0.83 —
fo = 100 Hz — 0.80 1.20 — 0.80 — — 0.80 —
fo = 1000Hz — 0.75 1.00 — 0.75 — — 0.75 — pA/

fo = 10kHz — 0.72 0.80 — 0.72 — — 0.72 — vTiz"

fo = 100kHz — 0.60 0.80 - 0.60 — — 0.60 —
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Operational Amplifiers

CA3493, CA3493A, CA3493B
ELECTRICAL CHARACTERISTICS at Ta
unless otherwise specified.

= 25°C: f v+ = 15VandV- = 15V (Cont'd)

CHARACTERISTIC
LIMITS

UNITSCA3493B CA3493A CA3493

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

Common-Mode
Input Voltage

Range, V|CR

-12
-13.5

to

11.5

10 -12
-13.5

to

11.5

10 -12

- 13.5

to

11.5

10 V

Common-Mode

Rejection Ratio,

(VCM = V|CR)

120 130 — 110 115 — 100 110 dB
0.316 1 1.78 3.16 3.16 10 MV/V

Power Supply Re-

jection Ratio,

PSRR,

AV|o/AV±

110 130 100 130 100 130 dB
0.316 3.16 0.316 10 0.316 10 MV/V

Maximum Output

Voltage Swing

(R|>2 KQ)

±13.0 ±13.5 - ±13.0 ±13.5 - ±1^.0 ±13.5 — V

Large-Signal

Voltage Gain

(Vo =±10)
R|>1 KQ
R|_>2 KQ
R|>10 KQ

120

115

125

130

110 115

125

100 110

115

dB

Short-Circuit

Output Current to

the Opposite Rail,

'OM "MOM ~

-25 ±7 25 -25 ±7 25 -25 ±7 25 mA

Slew Rate, SR

(R|>2 KQ;

Unity Gain

Voltage Follower)

- 0.25 - - 0.25 - - 0.25 - V/Ms

Gain-Bandwidth

Product, ft

AoL=0dB
R|_ = 2kQ
C|_ = 100pF

V|N =20
f = 1 kHz

- 1.20 - - 1.20 - - 1.20 - MHz

Small-Signal

Transient Re-

sponse, t r

(V|N = 20mV p-p,

T =1 kHz"

- 0.29 - - 0.29 - - 0.29 - MS

Supply Current,

R|_ = «>

V+ =15,

V- =-15

- 2.3 3.5 - 2.3 3.5 - 2.3 3.5 mA

Temperature

Range
-55 - 125 -25 - 85 - 70 °C

71



Linear Integrated Circuits

CA3493, CA3493A, CA3493B

92CS-329SJ

Fig. 3 - CA3493 simplified schematic diagram.

(S)—vW

(D-^y^

92CL-33663

Fig. 4 - Schematic diagram of CA3493 series.
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Operational Amplifiers

Circuit Description (cont'd)

appropriate drain loading. Since Q7 and
Q8 are MOS/FETs, their loading on the
first stage is quite low, thereby making an
additional contribution to the high gain
developed in the first stage. The second
stage is also configured to convert its dif-

ferential signal to a single-ended output
signal by means of current mirror D9.Q30
(Figs. 3 and 4) to drive subsequent gain
stage.

The third stage of the amplifier consists
of Darlington-connected n-p-n transistors

(Q17.Q19 in Figs. 3 and 4), driving the

quasi-complementary Class AB output
stage (Q14 and Q15.Q16 in Figs. 3 and 4).

Output-stage short-circuit protection is

activated by voltage drops developed

CA3493, CA3493A, CA3493B
across the 60-ohm resistors adjacent to

the output terminal (R9 and R10, Fig. 4).

When the voltage drop developed across
either of these resistors reaches a poten-

tial equal to 1 Vk6 , the respective protec-

tive transistor (Q12 or Q13) is activated

and shunts the base drive from the bases
of the output stage transistors (Q14 and
Q15.Q16).

Internal frequency compensation for the
CA3493 amplifier is provided by two in-

ternal networks, a 6-pF capacitor con-
nected between the input-stage transistor

collectors and the node between the third

and output stages and a second network,
consisting of a 20-pF capacitor in series

with a 7.5-KQ resistor connected between
the input and output nodes of the third

stage.
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CA3493, CA3493A, CA3493B
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Operational Amplifiers

CA3493, CA3493A, CA3493B

Offset Voltage Nulling

The input offset voltage can be nulled to

zero by any of the three methods shown in

the table below. A 10K potentiometer be-

tween terminals 1 and 8, with its wiper

returned to V+, will provide a gross null-

ing for all types. For finer nulling, either of

the other two circuits shown below may
be used, thus providing simpler improved
resolution for all types.

CAUTION: The CA3493 amplifiers will be

damaged if they are plugged into op-amp
circuits employing nulling with respect to

the V
-

supply bus.

Offset Voltage Nulling

I Offset

Nulling

Circuits

R

[AA/V-V+

lOk
"III"

Ik

Type Resistor R Value Resistor R Value Resistor R Value

CA3493B
CA3493A
CA3493

10K
10K
10K

100K
50K
20K

20K
10K
5K

Gross Offset

Adjustment

Finer Offset

Adjustments

Test Circuits
92CS-3367S

>-l5 V

V 92CS-52979

Fig. 16 - Input offset voltage test circuit.

I 1 1
Siok 1 Q

i"^ 1

92CS-S2980

TOP TRACE : INPUT VOLTAGE

BOTTOM TRACE 1 OUTPUT VOLTAGE

VERT.

HOR.

10 V

DIV
V* = I5V

V" = -l5V

RL
=•IOK

92CS- 32989

Fig. 17- Inverting amplifier (a) test circuit

(b) response to 1kHz, 20-V p-p

square wave.
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CA3493, CA3493A, CA3493B

TOP TRACE : INPUT VOLTAGE
BOTTOM TRACE : OUTPUT VOLTAGE

VERT

HOR :

V+ =15 V

V" = 15V

IOV
DIV

Ims

"bTv *l = 2K

92CS-32988

J b

Fig. 18 - Voltage follower (a) test circuit

(b) response to 20-V p-p, 1-kHz

square-wave input.

LOW PASS HIGH PASS
FILTER FILTER

DC TO IO Hz O.I TO IO Hz

I

|
|

1

22^Umm

^Kttui^JiM&M *

iii
ifiilliimHUM

Fig. 19 Low frequency noise (a) test cir-

cuit—0.1 to 10 Hz (b) output A
waveform— to 10 Hz noise (c) output
B waveform— to 10 Hz noise.

92CS- 32987
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Application Circuits

Operational Amplifiers

CA3493, CA3493A, CA3493B

VouT-v,(E+.)H + vb (g + ,)

FOR IDEAL RESISTORS WITH — - -57

VOUT =

VOUT

FOR VALUES ABOVE V0UT = ( V b
- Va ) (10)

92CS-33676

Fig. 20 - Typical two-op amp bridge-type

differential amplifier.

THEN V UT*<V2-V,)i-^-)

FOR VALUES ABOVE VouT" 2 < v2
"V

l

'

IF Ay IS TO BE MADE I AND IF Rl = R3 = R4 = R

WITH R2 = 0.999R (0.1% MISMATCH IN R2)

EN V0CM
-- 0.0005 V, N OR CMRR - 66 <JB

THUS, THE CMRR OF THIS CIRCUIT IS LIMITED BY

THE MATCHING OR MISMATCHING OF THIS NETWORK
RATHER THAN THE AMPLIFIER

92CS-33677

Fig. 21 Differential amplifier (simple subtrac-

ter) using CA3493B,

ALL RESISTORS ARE l%

IF Rl = R3 AND R2»R4 +£5 THEN

IL IS INDEPENDENT OF VARIATIONS IN RL
FOR R L VALUES OF fl TO 3 ka WITH V = I V

V M VIM V ... ,
IL=R3Rr S

(2MJ(TK)
=

2K' 500
'
lA

92CS-33678

Fig. 22 - Using CA3493B as a bilateral current

source.

O—i

,

R

F RF Rp >

V UT = -(-RrV 1+ —

V

2 +—

V

3 )

V0UT=-< 2v
l + 2v2 + 2v3>

92CS-33679

Fig. 23 Typical summing amplifier

application.
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CA3493, CA3493A, CA3493B
The CA3493B is an excellent choice for

use with thermocouples. In Fig. 24, the
CA3493B amplifies the signal generated
500 times. The three 22-megohm resistors

will provide full-scale output if the
thermocouple opens

THERMOCOUPLE

ALL RESISTORS ARE 1% T"

-OVquT

>IK OO-I mA

92CS- 33680

Fig. 24 - The CA3493B used in a thermocouple
circuit.
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Operational Amplifiers

CA6078, CA6741

8-LEAD TO-5

with Dual-ln-Line

Formed Leads

H-1787

Operational Amplifiers

CA6078AT — Micropower Type
CA6741T — General-Purpose Type

For Applications where Low Noise

(Burst + 1/f) is a Prime Requirement

Virtually free from "popcorn" (burst) noise:

device rejected if any noise burst exceeds 20 juV (peak),

referred to input over a 30-second time period,

RCA-CA6078AT and CA6741T* are low-noise linear IC

operational amplifiers that are virtually free of "popcorn"

(burst) noise.

These low-noise versions of the CA3078AT and CA3741T

are a result of improved processing developments and rigid

burst-noise inspection criteria. A highly selective test circuit

(See Fig. 2) assures that each type meets the rigid low-noise

standards shown in the data section. This low-burst-noise

property also assures excellent performance throughout the

1/f noise spectrum.

In addition the CA6078AT and CA6741T offer the same

features incorporated in the CA3078AT and CA3741T

respectively, including output short-circuit protection,

latch-free operation, wide common-mode and differential-

mode signal ranges, and low-offset nulling capability.

top view CA6741T

NOTE PIN 4 IS CONNECTED TO CASE

92CS-20297

Features:

Internal phase compensation

Input bias current: 500 nA max.

Input offset current: 200 nA max.

Open-loop voltage gain: 50,000 (94 dB) min.

Input offset voltage: 5 mV max.

For detailed data, characteristics curves, schematic diagram,

dimensional outline, and test circuits, refer to the Opera-

tional Amplifier Data Bulletins File No. 531 and 535. In

addition, for details of considerations in burst-noise

measurements, refer to Application Note, ICAN-6732,

"Measurement of Burst ("Popcorn") Noise in Linear IC's".

The CA6078AT and CA6741T utilize the hermetically sealed

8-lead TO-5 type package. The CA6078AT and the CA6741T

can also be supplied on request with dual-in-line formed

leads. These types are identified as the CA6078AS and

CA6741S. This formed-lead configuration conforms to that

of the 8-lead dual-in-line (Mini-Dip) package. For terminal

arrangements, see page 4.

Formerly Dev. No. TA5807X and TA6029 respectively.

COMPENSATION

Applications:

a Low-noise AC amplifier

Narrow-band or band-pass filter

Integrator or differentiator

DC amplifier

Summing amplifier
NOTE PIN 4 IS CONNECTED TO CASE

CA6078AT

Applications:

Portable electronics

r

Medical electronics

DC amplifier

Narrow-band or band-pass filter

Integrator or differentiator

Instrumentation

Telemetry

Summing amplifierFeatures:
92CS " 20298

Open-loop voltage gain: 40,000 (92 dB) min.

Input offset voltage: 3.5 mV max.

Operates with low total supply voltage:

1.5 V min. (± 0.75 V)

Low quiescent operating current:

adjustable for application optimization

Input bias current: adjustable to below 1 nA

79



Linear Integrated Circuits

CA6078, CA6741
MAXIMUM RATINGS, Absolute-Maximum Values at Ta=25°C

CA6741T
DC Supply Voltage (between V+ and V~ terminals) 44 V
Differential-Mode Input Voltage ±30 V
Common-Mode DC Input Voltage ±15 V
Device Dissipation:

Upto75°C (CA6741T),Upto 125° (CA6078AT) 500 mW
Above 75°C Derate linearly 5 mW/oc

Temperature Range:

Operating -55 to +125 °C
Storage -65 to +150 °C

Output Short-Circuit Duration No limitation

Lead Temperature (During soldering):

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm)
from case for 10 seconds max 300 °C

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

* Short circuit may be applied to ground or to either supply.

CA6078AT
36 V
±6V

V+ to V-

250 mW

-55 to +125 °C
-65to+150°C
No limitation

300 °C

TIME — lOms/DIV.

92CS-20299

a. Typ. device with high-burst-noise charac-

teristic.

TIME— 20 ms /0IV.

b. Typ. device controlled for burst noise.

Fig.l—Typ. waveforms of type with high burst noise and type

controlled for burst noise.

RS I
8 RS2 »IOOkQ FOR CA674IT AND 200kil FOR CA6078AT

*CA674IT0R CA6078AT 92CS-I9423

Fig.2—Block diagram of burst-noise "popcorn" test equipment.
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Operational Amplifiers

CA6078, CA6741
ELECTRICAL CHARACTERISTICS - CA6078AT, For Equipment Design.

CHARACTERISTICS SYMBOLS
TEST CONDITIONS

Supply Volts: V+ = 6, V~ = -6

TA = 25°C, lQ = 20/iA

LIMITS
UNITS

MIN. TYP. MAX.

Noise Characteristic

"Popcorn"

(Burst) Noise

Bandwidth = 1 kHz

RSI = Rs2 = 200kft

Device isrejected if thetotalnoisevoltage

(burst + 1/f), referred to input, exceeds

20 /iV peak, during a 30-sec. test period.

Principal Characteristics (For detailed Electrical Characteristics refer to CA3078AT Data Bulletin, File No. 535.)

Input Offset Voltage V|0 RS<10kft - 0.7 3.5 mV

Input Offset Current iio
- 0.5 2.5 nA

Input Bias Current llB
- 7 12 nA

Open- Loop

Differential

Voltage Gain

AOL R|_>1.0kft

Vo = ±4V

40,000 100,000 —

92 100 - dB

Common-Mode Input Voltage Range V|CR V+ = V-= 15 V ±14 - - V

Common-Mode Rejection Ratio CMRR RS<10kft 80 115 - dB

Output Voltage Swing v (p-p>

R|_>10ft ±13.7 ±14.1 -
V

R|_>2kft - ±14 -

Supply Current IQ - 20 25 HA

ELECTRICAL CHARACTERISTICS - CA6741T, For Equipment Design.

CHARACTERISTICS SYMBOLS

TEST CONDITIONS

Supply Volts; V+ = 1 5, V~ = -1

5

Ta = 25°C

LIMITS

UNITS
MIN. TYP. MAX.

Noise Characteristic

"Popcorn"

(Burst) Noise

Bandwidth = 1 kHz

RS1 = RS2 = 100 kft

Device is rejected if the total noise voltage

(burst + 1/f), referred to input, exceeds

20 pV peak, during a 30-sec. test period.

Principal Characteristics (For detailed Electrical Characteristics refer to CA3741T Data Bulletin, File No. 531.)

Input Offset Voltage VlO RS< 10kft - 1 5 mV

Input Offset Current ho
- 20 200 nA

Input Bias Current IB
- 80 500 nA

Open-Loop

Differential

Voltage Gain

AOL R L ^2kfi

Vo = ±10V

50,000 200,000

94 106 - dB

Common-Mode Input Voltage Range V|CR
1

±12 ±13 - V

Common-Mode Rejection Ratio CMRR RS £10kft 70 90 - dB

Output Voltage Swing V (PP)
R L ^10kft ±12 ±14 -

V
R L ^2kft ±10 ±13

Supply Current «Q
- 1.7 2.8 mA
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CA6078, CA6741
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(E Suffix)

8-LEAD
(MINI-DIP)

H-1517

(E Suffix)

14-LEAD DIP

(T Suffix)

8-LEAD
TO-5 H-1528

Operational Amplifiers

H-1817

(S Suffix)

8-LEAD
TO-5
(DIL-CAN)

H-1787

CA080, CA081, CA082, CA083, CA084 Series

BiMOS Operational Amplifiers

With MOS/FET Input, Composite Bipolar/MOS Output

Single Amplifier CA080, CA081
Dual Amplifier CA082, CA083
Quad Amplifier CA084

Features:

Very low input bias and offset currents

Input impedance typically 1.5 x 1012 CI

m Low input offset voltage

Wide common-mode input voltage range

Low power consumption
Fast slew rate

Unity-gain bandwidth - 5 MHz (typ.)

Wide output voltage swing

The RCA-CA080, CA081 , CA082, CA083, and CA084 BiMOS
operational amplifiers combine the advantages of MOS and

bipolar transistors on the same monolithic chip. The gate-

protected MOS/FET (PMOS) input transistors provide high

input impedance and a wide common-mode input voltage

range. The bipolar and MOS output transistors allow a wide

output voltage swing and provide a high output current

capability.

Package Selection Chart

Type No.

Package Type & Suffix

8L TO-5 DIL-CAN Mini-DIP 14L DIP

CA080 T S E

CA080A T S E

CA080B E

CA080C T s

CA081 T s E

CA081A T s E

CA081B E

CA081C T S

CA082 T S E

CA082A T S E

CA082B E

CA082C T s

CA083 E

CA083A E

CA083B E

CA084 E

CA084A E

CA084B E

Low distortion

Continuous short circuit protection

Direct replacement for industry type TL080 series in

most applications

Applications:

Inverters

m High-Q notch filters

m IC preamplifiers

m Unity Gain Absolute Value Amplifiers

Sample and hold amplifiers

m Active filters

The CA080 is externally phase-compensated, and the

CA081, CA082, CA083, and CA084 are internally phase-

compensated. All types except the CA082 have provisions

for external offset nulling.

The CA080, CA081 , CA082, CA083, and CA084 are available

in chip form (H Suffix).

Operating Temperature

-55 to +1 25° C

CA080T, CA080S

CA080AT, CA080AS

CA081T, CA081S
CA081AT.CA081AS
CA082T, CA082S
CA082AT, CA082AS

Ranges:

0to+70°C

CA080CT, CA080CS

CA080BE
CA081CT.CA081CS
CA081BE
CA082CT, CA082CS
CA082BE
CA083BE, CA083AE

CA083BE
CA084, CA084AE

CA084BE
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CA080, CA081, CA082, CA083, CA084 Series
MAXIMUM RATINGS, Absolute.Maximum Values:

DC SUPPLY VOLTAGE V±
, 18V

DIFFERENTIAL INPUT VOLTAGE .

16 v
INPUT VOLTAGE RANGE + \l y
INPUT CURRENT

-\ A
OUTPUT SHORT-CIRCUIT DURATION mnVim'itfiv
POWER DISSIPATION, Pd:

UNLIMITED

AtTA = 25°C:

^U
!!

ix
625 mW

n
TJff,X

--; 680 mW
Derating Factors:

id'T^ITniP
Derate linearlv at 6 -67 mW/° c above 56° c

TO 5
Derate linearly at 6.67 mW/°C above 56°C

a hdicmt Tri^;: Derate linearly at 6.67 mW/°C above 56°CAMBIENT TEMPERATURE RANGE:
CT, CS, E, Suffixes n)n+7nop
T,S, Suffixes «» io«r

STORAGE TEMPERATURE RANGE, ALL TYPES ..['.[['.'.'.'.'.'.'.'.'.'. 2 « +lS-

P

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 ± 1/32 (1.59 ± 0.79 mm) from case for 10 seconds max +265°C

1 The output may be shorted to ground or either supply if the maximum temperature and dissipation ratings are observed.

Ov+

92CM-326S4R2

Fig. 1 - Schematic diagram of the CA080,
CA081, CA082, CA083, and CA084.
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CA080, CA081, CA082, CA083, CA084 Series

Texas Instruments-to-RCA Package Suffix Cross Reference Chart

Texas Instruments RCA
Suffix

ACJG
ACL
ACN
ACP
CJG
CL
CN
CP
IJG
IL

IP

MJG
ML
AML
BCP

D—criptlon

Ceramic DIL
TO-5
Plastic DIL
Plastic DIL
Ceramic DIL
TO-5
-Plastic DIL
Plastic DIL
Ceramic DIL
TO-5
Plastic DIL
Ceramic DIL
TO-5
TO-5
Plastic DIL

Suffix

AS
AT
AE
AE
CS
CT
E
E
S
T
E
S
T
AT
BE

Description

DILCAN TO-5
TO-5
Plastic DIL
Plastic DIL
DILCAN TO-5
TO-5
Plastic DIL
Plastic DIL
DILCAN TO-5
TO-5
DILCAN TO-5
DILCAN TO-5
TO-5
TO-5
Plastic DIL

PHASE
COMPENSATION

NON-INV.
INPUT

NOTE: PIN 4 IS CONNECTED TO CASE

TOP VIEW
92CS- 21998

CA080
T, S Suffixes

PHASE
COMPENSATION

NO
CONNECTION

NON-INV.
INPUT

NOTE: PIN 4 IS CONNECTED TO CASE

TOP VIEW

92CS- 33186

CA081
T, S Suffixes

TOP VIEW

INV
INPUT (A)

T) OUTPUT (A)

CA082
T, S Suffixes

a OFFSET
NULL

INV.

INPUT ®"

NON-INV gy.
INPUT ^^

v-0—

©PHASE
COMP.

—©V*

©OUTPUT

OFFSET
NULL

PHASE COMP /7\
ft OFFSET ^a OFFSET
NULL

INV.

INPUT

NON-INV. (5V
INPUT ^-s

M-®—

OUTPUT IB)

92CS-33I87

CA080
E Suffix

NON-INVYiy
INPUT(A) (0'
OFFSET /?>_
NULL (A) (v£^^

V-©-
OFFSET /z\
NULLtB) (£)—
NON-INV. (T)
INPUT(B) vjy
INV. (7)
INPUT(B) V-/

NULL (A)

@V+<A)

>£\ OUTPUT& (A)

(m) NC

<§)
0U

(

T
B
P
>

UT

—(5) V+(B)
OFFSE
NULL (B)

_^ OFFSET

92CS-I9429

CA083
E Suffix

CA081
E Suffix

OUTPUT I 0-

POS ^
INPUT I \3J

[

V+©-

INPUT 2© |

NEG fz
INPUT Z\S.

ouput zQy

Fig. 2 - Terminal assignments.

"X.^"

TOP VIEW

CA084
E Suffix

CA082
E Suffix

-(3) OUTPUT 4

\S) INPUT 4

J~~"
©INPUT 4

-®v-

' ® INPUT 3

-(8) OUTPUT 3
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CA080, CA081, CA082, CA083, CA084 Series

TYPICAL OPERATING CHARACTERISTICS at

V± = 15V.TA = 25°C

CHARACTERISTIC TEST CONDITIONS VALUE UNITS
Slew Rate at

Unity Gain, SR
V| = 10 V, R|_ = 2 kQ,

Cl = 100 pF, AvD = 1

13 V/mS

Rise Time, t r V| = 10 V, R|_ = 2 kQ,

Cl = 100 pF, AVD = 1

0.1
f*

Overshoot Factor 10 %
Equivalent Input

Noise Voltage, en
RS = 100 Q, f = 1 kHz 40 nVVHz

ELECTRICAL CHARACTERISTICS at TA = 25°C and Ta = -55 to +125»C
for types supplied in TO-5 style packages (T, S Suffixes). V + = ± 15 V

This does not include CA080C, CA081C, or CA082C. These types are supplied In
TO-5 packages, but they are specified over the range of to 70°C, and their limits
are the same as those for the CA080, CA081, CA082, and CA083 in plastic
packages over the range to 70°C.

CHARACTERISTIC
LIMITS

' UNITSTEST CONDITIONS CA080T, S
CA081T, S
CA082T, S

CA080AT, S
CA081AT, S
CA082AT, S—55 to +125°C-i

+ 25°C ,

\I Min. Typ. Max. Min. Typ. Max.
Input Offset

Voltage, V|o
RS = 50Q

X — 3 6 — 2 3
X — — 9 — 5

mV
Temperature Coeffi-

cient of Input Offset

Voltage, «V|o
RS = 50 Q X — 10 — — 10 — mW«C

Input Offset

Current, lio

X — 5 20 — 5 20 PA
X — — 4 — — 2 nA

Input

Current

X — 15 40 — 15, 40 PA
X — — 10 — — 5 nA

Common-Mode Input

Voltage Range, V|CR

X
±12 — — ±12 — — V

Maximum Output

Voltage Swing,

vOP-P

R|_ = 10kQ X 24 27 — 24 27

VR|>10 kQ X 24 — — 24 — —
R|_ > 2 kQ X 20 24 — 20 24 —

Large-Signal Differen-

tial Voltage Gain, Avd

R|_ >2 kQ,

Vo = ± 10V

X 50 200 — 50 200 —
V/mV

X 25 — — 25 —
Unity-Gain Bandwidth X — 5 — — 5 MHz
Input Resistance, Ri X — 1.5 — — 1.5 TQ
Common-Mode
Rejection Ratio, CMRR RS<10kQ X 80 86 — 80 86 — dB

Power Supply Rejec-

tion Ratio, PSRR
(AV + /±AV| )

Rs<10kQ X 80 86 — 80 86 — dB

Supply Current, I +
(per amp., CA082,

CA083)

No load,

No Signal

X — 1.4 2.8 — 1.4 2.8 mA

Channel Separation,

V01/V02 (between

amps.,CA082, CA083)
avd =100 X — 120 — — 120 — dB
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CA080, CA081, CA082, CA083, CA084 Series

ELECTRICAL CHARACTERISTICS at TA = 25°C, Ta = to +70°C
for typos supplied In plastic dual-in-line packages (E Suffix). V + = ± 15V

CHARACTERISTIC

LIMITS

UNITSTEST CONDITIONS CA080BE
CA081BE
CA082BE
CA083BE
CA084BE

CA080AE
CA081AE
CA082AE
CA083AE
CA084AE

UtO /lrl#

v
+ 25*C 1

* Min. Typ. Max. Mln. Typ. Max.

Input Offset

Voltage, V|o
RS = 50Q

X — 2 3 — 3 6 mV
X — — 5 — — 7.5

Temperature Coeffi-

cient of Input Offset

Voltage, «V|o

RS = 50 Q X — 10 — — 10 —
MV/ C

Input Offset

Current, l|o

X — 5 10 — 5 20 PA

X — — 0.4 — — 0.6 nA

Input

Current

X — 15 30 — 15 40 PA

X — — 0.7 — — 1 nA

Common-Mode Input

Voltage Range, Vicr

X
±12 — — ±12 — — V

Maximum Output

Voltage Swing,

VOP-P

R|_ = 10kfi X 24 27 — 24 27 —
VRL>10 kQ X 24 — — 24 — —

RL > 2 kQ X 20 24 — 20 24 .—

Large-Signal Differen-

tial Voltage Gain, Avd

RL>2kQ,

Vo=±10V

X 50 200 — 50 200 —
V/mV

X

Unity-Gain Bandwidth X — 5 — — 5 — MHz

Input Resistance, R| X — 1.5 — — 1.5 — TQ

Common-Mode

Rejection Ratio, CMRR
RS<10kQ X 80 86 — 80 86 — dB

Power Supply Rejec-

tion Ratio, PSRR
£V+/±AV|o)

RS<10kQ X 80 86 — 80 86 — dB

Supply Current, I
+

(per amp., CA082,
CA083, CA084)

No load,

No Signal

X — 1.4 2.8 — 1.4 2.8 mA

Channel Separation,

V01/V02 (between

amps.,CA082, CA083)

AvD = 100 X — 120 — — 120 — dB
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CA080, CA081, CA082, CA083, CA084 Series

ELECTRICAL CHARACTERISTICS at Ta = 25*C, Ta = to 7PC for types
supplied in plastic dual-in-line packages (E Suffix). V + = ± 15 V

The limits for the CA080C, CA081C, and CA082C in

as those for the types in this chart.

TO-5 packages are the same

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITSCA080E, T
CA081E, T
CA082E, T
CA083E
CA084E

IO 70"C

4-9S0P

It Mln. Typ. Max.

Input Offset

Voltage, Vic-
RS = 50Q

X — 5 15
rnV

X — — 20

Temperature Coeffi-

cient of Input Offset

Voltage, «V|o

RS = 50 Q X — 10 — mV/°C

Input Offset

Current, l|o

X — 5 30 PA
X — — 1 nA

Input

Current

X — 15 50 PA
X — — 2 nA

Common-Mode Input

Voltage Range, Vicr

X
±10 — — V

Maximum Output

Voltage Swing,

VOP-P

RL = 10 kQ X 24 27 —
VRL > 10 kQ X 24 — —

RL > 2 kQ X 20 24 —
Large-Signal Differen-

tial Voltage Gain, Avd
RL > 2 kQ,

Vo = ±10V

X 25 200 —
V/mV

X —
Unity-Gain Bandwidth X — 5 — MHz
Input Resistance, R| X — 1.5 — TQ
Common-Mode

Rejection Ratio, CMRR RS < 10 kQ X 70 7§ — dB

Power Supply Rejec-

tion Ratio, PSRR
(AV + /±AV|0)

RS< 10 kQ X 70 76 — dB

Supply Current, I +

(per amp., CA082,

CA083)

No load,

No Signal

X — 1.4 2.8 mA

Channel Separation,

V01/V02 (between

amps., CA082, CA083)

Avd = 100 X — 120 — dB
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CA080, CA081, CA082, CA083, CA084 Series
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CA080, CA081, CA082, CA083, CA084 Series

FREQUENCY III—Hi
»tCS-J265«
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CA080, CA081, CA082, CA083, CA084 Series
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Fig. 19 -Unity-gain amplifier.
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Fig. 20 - 10X inverting amplifier.
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Fig. 21 - Input-offset voltage null circuits.
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Fig. 22 - IC preamplifier.
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Fig. 23 - Unity-gain absolute-value amplifier.
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CA080, CA081, CA082, CA083, CA084 Series

Ov
R|_>2K

Cc s RI-R2
V"
92CS-32652

Fig. 24 - Inverting amplifier with single-pole

compensation and offset adjustment.

RI'R2«2R3*I-SM

CI'C2."'IIOpF

Fig. 25 - High notch filter.

Tooi^f

m x l

^T

Z°3f I

4.3KO-'5V
V/v1

9ZCS-S2CITRI

Fig. 26 - Basic current amplifier for low-current

measurement systems.

CURRENT AMPLIFIER

The low input-terminal current needed to

drive the CA081 makes it ideal for use in

current-amplifier applications such as the

one shown in Fig.26. In this circuit, low

current is supplied at the input potential

as the power supply to load resistor R|_.

This load current is increased by the

multiplication factor R2/R1, when the load

current is monitored by the power supply

meter M. Thus, if the load current is 100

nA, with values shown, the load current

presented to the supply will be 100 ^A; 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

potential oscillation in this situation.

Essentially, the necessary high-frequency

feedback is provided by the capacitor

with the dotted series resistor providing

load decoupling.
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Operational Amplifiers

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

S-Sufflx Types
(DIL-CAN)

H-1787

#
T-Suffix Types
(TO-5 Style)

H-1528

E-Suffix Types

(Mlni-DIP)

H-1817

Dual Operational Amplifiers

For Commerical, Industrial, and Military Applications

Features:
Internal frequency compensation for unity gain
High dc 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
Differental input voltage range equal to V+ range
Large output voltage swing - Oto V+ -1.5 V

The RCA-CA1 58, CA1 58A, CA258, CA258A, CA358, CA358A
and CA2904 types consist of two independent, high gain,

internally frequency compensated operational amplifiers

which are designed specifically 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 interface circuits

with digital systems and can be operated from the single

common 5 Vdc power supply. They are also intended for

transducer amplifiers, dc gain blocks and many other

conventional op amp circuits which can benefit from the

single power supply capability.

The CA158, CA158A, CA258, CA258A, CA358, CA358A,
and CA2904 types are supplied in 8-lead dual-in-line plastic

packages (MINI-DIP, E suffix), 8-lead TO-5 style packages
with standard leads (T suffix), and with dual-in-line formed
leads (DIL-CAN, S suffix). The CA358 is also supplied in

chip form (H suffix).

The CA158, CA158A, CA258, CA258A, CA358, CA358A,
and CA2904 types are an equivalent to or a replacement for

the industry types 158, 158A, 258, 258A, 358, 358A, and
CA2904.

OUTPUT (A) (T)-

.A,©-

©"

&
-®'

-Q) OUTPUT (B)

92CS-250I5

Fig. 1 - Functional diagram for CA158, CA258, and CA358 S- and
T-suffix types.

Fig. 2 - Functional diagram for CA1 58, CA258,

CA358, and CA2904 E-suffix types.
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Linear Integrated Circuits

CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types
MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°

C

SUPPLY VOLTAGE, V+ :

CA2904 26 V or ± 13 V
Other Types 32 V or ± 16 V

DIFFERENTIAL INPUT VOLTAGE:
All Types ± 32 V

INPUT VOLTAGE '.'.'.
-0.3 V to V+

V

INPUT CURRENT (V, < -0.3 V) + 50 mA
OUTPUT SHORT CIRCUIT TO GROUND
(V+ <15V)* . Continuous

DEVICE DISSIPATION:

Up to TA = 55°C 630 mW
Above TA = 55°C derate linearly at 6.67 mW/°C

AMBIENT TEMPERATURE RANGE:
Operating -55to+125°C
Storage -65 to + 1 50°C

LEAD TEMPERATURE (During Soldering):

At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm)
from case for 10 seconds max + 300 °C

This input current will only exist when the voltage at any of the input leads is driven negative. This current
is due to the collector-base junction of the input p-n-p transistors becoming forward biased and thereby act-
ing as input diode clamps. In addition to this diode action, there is also lateral n-p-n parasitic transistor ac-
tion on the IC chip. This transistor action can cause the output voltages of the amplifiers to go to the V+
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This
transistor action is not destructive and normal output states will re-establish when the input voltage, which
was negative, again returns to a value greater than —0.3 V dc.

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

92CM- 29569

Fig.3 — Schematic diagram — one of two operational amplifiers.
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Operational Amplifiers

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

CHARACTERISTIC
TEST CONDITIONS

LIMITS

CA158A(E,T, S) UNITS

Supply Voltage (V+ ) = 5 V
Unless Otherwise Specified

Min. Typ. Max.

TA = 25°C

Input Offset Voltage, V|0 Note 3 -
1 2 mV

Output Voltage Swing, VoPP R|_ = 2kft - V+ -1 .5 V

Input Common-Mode
Voltage Range, V|CR

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

Input Offset Current, l|0 l,+ -l|- - 2 10 nA

Input Bias Current, l|B l|
+ or

1

1

_
, Note 1

- 20 50 nA

Output Current (Source), Ifj
V|

+ = +1 V,V| - = o V,

V+=15 V
20 40 - mA

Output Current (Sink), lo

V|+ = V, V|-=1 V,V+=15 V 10 20 - mA

V|+ = V, V|-=1 V,

Vo = 200 mV
12 50 - ma

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

Large Signal Voltage Gain, Aoi_
R|_>2kn, V+= 15 V
(For large Vq swing)

50 100 - V/mV

Common-Mode Rejection

Ratio, CMRR DC 70 85 - dB

Power Supply Rejection

Ratio, PSRR DC 65 100 - dB

Amplifier-to-Amplifier

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

Ta = -55 to +125°C

Input Offset Voltage, V|0 Note 3 - - 4 mV

Temperature Coefficient of

Input Offset Voltage aVio R s
= - 7 15 juV/°C

Input Offset Current, l|0 h
+-T - - 30 nA

Temperature Coefficient of

Input Offset Current, a l io
- 10 200 pA/°C

Input Bias Current, l|B l|
+ orir - 40 100 nA

Input Common-Mode
Voltage Range, V|CR

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

Supply Current, l

+
R|_ = °°On All Ampl. - 0.7 1.2

mA
R L = °°, V+ = 30 V - 1.5 3

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

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

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by

more than 0.3 V. The positive limit of the common-mode voltage range is V+ - 1 .5 V, but either or both

inputs can go the + 32 V without damage.

NOTE 3: Vq = 1 .4 Vqc. rs
= ° n with v+ from 5 V to 30 V, and over the full input common-mode voltage range

(0 Vto 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 thedevice. Destructive dissi-

pation can result from simultaneous short circuits on both amplifiers.
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Linear Integrated Circuits

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

CHARACTERISTIC
TEST CONDITIONS LIMITS

PA95AA IP T <t\ UNITS

Supply Voltage (V+) = 5 V
Unless Otherwise Specified

Min. Typ. Max.

Ta = 25°C

Input Offset Voltage, V|o Note 3 -
1 3 mV

Output Voltage Swing, VoPP Rl_ = 2kfi - V+ -1.5 V

Input Common-Mode
Voltage Range, V|CR

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

Input Offset Current, l|o l,+ -lf -
2 15 nA

Input Bias Current, l|B l|
+ or

1
1~, Note 1

- 40 80 nA

Output Current (Source), lfj

V| + = +1 V,V|- = V,

V+ = 15 V
20 40 - mA

Output Current (Sink), lo

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

V|+ = 0V, V|-=1 V,

Vo = 200mV
12 50 - HA

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

Large Signal Voltage Gain, Aql
R[_>2kfi, V+= 15 V
(For large Vo swing)

50 100 - V/mV

Common-Mode Rejection

Ratio, CMRR DC 70 85 - dB

Power Supply Rejection

Ratio, PSRR DC 65 100 - dB

Amplifier-to-Amplifier

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

Ta = -25 to +85°C

Input Offset Voltage, V|0 Note 3 - - 4 mV

Temperature Coefficient of

Input Offset Voltage,<*V|o R s
= - 7 15 MV/°C

Input Offset Current, l|0 i.
+-T - - 30 nA

Temperature Coefficient of

Input Offset Current, «l io _ 10 200 pA/°C

Input Bias Current, l|B l,
+ orir - 40 100 nA

Input Common-Mode
Voltage Range, V|cr V+ = 30 V, Note 2 - V+-2 V

Supply Current, l

+ R[_ = °°On All Ampl. - 0.7 1.2
mA

R L = oo
f
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: Vq = 1.4 Voc< R
s
= u n with v+ from 5 V to 30 V, and over the full input common-mode voltage range

(0 Vto V+ - 1.5 V).

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V4
. Continuous

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

from the output to V+ can cause overheating and eventual destruction of thedevice. Destructive dissi-

pation can result from simultaneous short circuits on both amplifiers
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Operational Amplifiers

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

CHARACTERISTIC
TEST CONDITIONS LIMI1

CA35AA (E

rs

.T. S)

Max.

UNITS

Supply Voltage (V+) = 5 V
Unless Otherwise Specified

Min. Typ.

Ta - 25°C

Input Offset Voltage, V|0 Note 3 - 2 3 mV

Output Voltage Swing, VoPP R[_ = 2kft - V+ -1.5 V

Input Common-Mode
Voltage Range, V|CR

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

Input Offset Current, I jo !,+ -!,- - 5 30 nA

Input Bias Current, I ib l|
+ or l|

_
, Note 1

- 45 100 nA

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

V+ =15 V
20 40 - mA

Output Current (Sink), lo

V|+ = V, V|-=1 V,V+=15 V 10 20 - mA

V| + = V, V|-=1 V,

VQ = 200mV
12 50 - MA

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

Large Signal Voltage Gain, Aq|_
Rl_>2kfi,V+= 15 V
(For large Vo swing)

25 100 - V/mV

Common-Mode Rejection

Ratio, CMRR DC 65 85 - dB

Power Supply Rejection

Ratio, PSRR DC 65 100 - dB

Amplifier-to-Amplifier

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

TA = to +70°C

Input Offset Voltage, V|0 Note 3 - - 5 mV

Temperature Coefficient of

Input Offset Voltage,°cV|0 R s
= - 7 20 ,uV/ C

Input Offset Current, l|0 i.
+ -l|- - - 75 nA

Temperature Coefficient of

Input Offset Current, ^l |0
- 10 300 pA/°C

Input Bias Current, I|q l|
+ orl,- - 40 200 nA

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

Supply Current, l

+
R|_ = °° On All Ampl. - 0.7 1.2

mA
RL = °°, V+ = 30 V - 1.5 3

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

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

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by

more than 0.3 V. The positive limit of the common-mode voltage range is V+ — 1 .5 V, but either or both

inputs can go the + 32 V without damage.

NOTE 3: Vq = 1 .4 Vpc- Rs
= ° n with v+ from 5 v to 30 v

-
and over tne fu " inPut common-mode voltage range

(0 Vto 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 thedevice. Destructive dissi-

pation can result from simultaneous short circuits on both amplifiers.
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Linear Integrated Circuits

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

CHARACTERISTIC
TEST CONDITIONS

LIMITS

CA158 (E, T, S)

CA258 (E, T, 8) UNITS

Supply Voltage (V+ ) - 5 V
Unless Otherwise Specified

Min. Typ. Max.

Ta = 25°C

Input Offset Voltage, V|0 Note 3 - 2 5 mV

Output Voltage Swing, Vopp R|_ = 2kfi - V+-1.5 V

Input Common-Mode
Voltage Range, V|CR

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

Input Offset Current, l|0 !,+ -!,- - 3 30 nA

Input Bias Current, l(B l|
+ or l|~. Note 1

- 45 150 nA

Output Current (Source), lo
V |+ = +l V,V|- = OV,

V+ =15V
20 40 - mA

Output Current (Sink), lrj

V|+ = V, V|-= 1 V, V+=15 V 10 20 - mA

V| + = V, V|-=1 V, ,

Vo = 200 mV
12 50 - ma

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

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

50 100 - V/mV

Common-Mode Rejection

Ratio, CMRR DC 70 85 - dB

Power- Supply Rejection

Ratio, PSRR DC 65 100 - dB

Ampl if ier-to-Amplifier

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

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

Input Offset Voltage, V|0 Note 3 - - 7 mV

Temperature Coefficient of

Input Offset Voltage «V|o Rs
= - 7 - juV/°C

Input Offset Current, l|0 '.
+-T - - 100 nA

Temperature Coefficient of

Input Offset Current, ^l 10
- 10 - pA/°C

Input Bias Current, l|B l,
+ orl,- - 40 300 nA

Input Common-Mode
Voltage Range, V|CR V+ = 30 V, Note 2 - V+-2 V

Supply Current, l

+
R(_ = °°On All Ampl. - 0.7 1.2

mA
Rl = °°, V+ = 30 V - 1.5 3

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

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

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by

more than 0.3 V. The positive limit of the common-mode voltage range is V+ — 1 .5 V, but either or both

inputs can go the + 32 V without damage.

NOTE 3: Vq = 1.4 Vqc, R s
= f2 with V+ from 5 V to 30 V, and over the full input common-mode voltage range

(0 Vto V+ - 1.5 V).

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V4
. Continuous

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

from the output to V+ can cause overheating and eventual destruction of thedevice. Destructive dissi-

pation can result from simultaneous short circuits on both amplifiers.
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Operational Amplifiers

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

CHARACTERISTIC
TEST CONDITIONS LIMITS

UNITS

Supply Voltage (V+ ) = 5 V
Unless Otherwise Specified

Min. Typ. Max.

Ta = 25°C

Input Offset Voltage, V|o Note 3 - 2 7 mV

Output Voltage Swing, VoPP Rl_ = 2kn - V+ -1.5 V

Input Common-Mode
Voltage Range, V|CR

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

Input Offset Current, l|0 !,+ -!,- -. 5 e» nA

Input Bias Current, l|B I|
+ or

1
1~, Note 1

- 45 250 nA

Output Current (Source), lo
V|+ = +1 V,V|~ = V,

V+=15V
20 40 - mA

Output Current (Sink), lo

V|+ = OV, V|-=1 V,V+=15 V 10 20 - mA

V|+ = 0V, V|~=1 V,

Vo = 200 mV
12 50 - JiA

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

Large Signal Voltage Gain, Aql
Rt_>2kft,V+ =15 V
(For large Vo swing)

25 100 - V/mV

Common-Mode Rejection

Ratio, CMRR DC 65 70 - dB

Power Supply Rejection

Ratio, PSRR
DC 65 100 - dB

Amplifier-to-Amplifier

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

Ta = to +70°C

Input Offset Voltage, V|0 Note 3 - - 9 mV

Temperature Coefficient of

Input Offset Voltage,aV|0 R s
= - 7 - AiV/°C

Input Offset Current, l|0 •«
+-T - - 150 nA

Temperature Coefficient of

Input Offset Current, <*l|0 - 10 - pA/°C

Input Bias Current, l|B l|
+ orl|- - 40 500 nA

Input Common-Mode
Voltage Range, V|CR

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

Supply Current, l

+
R(_ = °° On All Ampl. - 0.7 1.2

mA
Rl = °°, V+ = 30V - 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: Vq " 1.4 Vqc. r
s
= ° n witn v+ from 5 V to 30 V, and over the full input common-mode voltage range

|0VtoV+ -1.5V).

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V+ . Continuous

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

from the output to V+ can cause overheating and eventual destruction of thedevice. Destructive dissi-

pation can result from simultaneous short circuits on both amplifiers.
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Linear Integrated Circuits

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

CHARACTERISTIC
TEST CONDITIONS LIMITS

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

TA = 25°C

Input Offset Voltage, Vjo Note 3 - 2 7 mV
Output Voltage Swing, VoPP R|_ = 10kO .

- V+ -1.5 V

Input Common-Mode
Voltage Range, V|cR

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

Input Offset Current, l|0 !,+ -!,- -
5 50 nA

Input Bias Current, l|B l|
+ or

1

1

_
, Note 1 - 45 250 nA

Output Current (Source), Irj

V| + = +1 V, V|- = V,

V+ =15 V
20 40 - mA

Output Current (Sink), Irj V| + = V, V|-=1 V,V+=15.V 10 20 - mA

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

Large Signal Voltage Gain, Aoi_
RL>2kft, V+= 15 V
(For large Vrj swing)

- 100 - V/mV

Common-Mode Rejection

Ratio, CMRR DC 50 70 - dB

Power Supply Rejection

Ratio, PSRR DC 50 100 - dB

Amplifier-to-Amplifier

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

TA = -40to+85°C

Input Offset Voltage, V|0 Note 3 - - 10 mV
Temperature Coefficient of

Input Offset Voltage,aV|0 R s
= - 7 - MV/°C

Input Offset Current, l|0 '.
+ -T - 45 200 nA

Temperature Coefficient of

Input Offset Current, °d |0 - 10 - pA/°C

Input Bias Current, l|B l,
+ orlr - 40 500 nA

Input Common-Mode
Voltage Range, V|CR V+ = 30 V, Note 2 - V+-2 V

Supply Current, l

+
R|_ = °°On All Ampl. - 0.7 1.2

mA
RL = °°, V + = 30 V - 1.5 3

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

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

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

NOTE 3: Vq = 1.4 Vqc- R
s
= n with V+ from 5 V to 30 V, and over the full input common-mode voltage range

(0 Vto 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 thedevice. Destructive dissi-

pation can result from simultaneous short circuits on both amplifiers.
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Operational Amplifiers

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

SUPPLY VOLTAGE (V*)—

V

Fig.4 — Input voltage range as a function of

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

supply voltage.

Fig.8 — Voltage gain as a function of

supply voltage.
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Fig.5 — Input current as a function of
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Fig. 7 — Common mode rejection ratio as a

function of input frequency.
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Linear Integrated Circuits

CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types
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Fig. 12 — Large-signal frequency response.
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Fig. 16 — Output current as a function of
ambient temperature.
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ORDERING INFORMATION

These packages are identified by Suffix Letters

indicated in the chart shown below. When ordering
these devices, it is important that the appropriate
suffix letter be affixed to the type number of the

device required.

PACKAGE SUFFIX
LETTERS TYPES

8-Lead Dual-ln-Line Plastic with E

CA158, A
CA258, A
CA358, A
CA2904

8-Lead TO-5 Style with Standard

Leads
T QA158, A

CA258, A
CA358, A8-Lead TO-5 Style with Dual-ln-

Line Formed Leads S
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CM 58, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types

c IC

I

20
1

30
1

40
1

50
1

60 66
1 172 70-

BISBs^^EIH
1

60-

50-

40-
69-77

30- Uj §7M
(1.753 -1.956)

20-

10-

f^Sp^fc 4 5 3"|"E*6|
'

U 4-I0
(0102-0.254)

63-71
600- If(1 »03)

92CS-33256

Dimensions and pad layout for CA358H..

Dimensions in parentheses are in millimeters

and are derived from the basic inch dimensions

as indicated. Grid graduations are in mils (10~3

inch).

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 of90° with respect to the face of the chip.

Therefore, the isolated chip is actually 7 mils

(0. 1 7 mm) larger in both dimensions.

103



Linear Integrated Circuits

CA124, CA224, CA324 Types

14-Lead Dual-ln-Line

Plastic Package

"E" Suffix

Quad Operational Amplifiers
For Commercial, Industrial, and Military Applications

Features:
Operation from single or dual supplies

Unity-gain bandwidth 1 MHz (typ.)

DC voltage gain 100 dB (typ.)

Input bias current 45 nA (typ.)

Input offset voltage 2 mV (typ.)

Input offset current 5 nA (typ.) for CA224,
CA324

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

The RCA-CA124, -CA224, and -CA324 con-

sist of four independent, high-gain opera-

tional amplifiers on a single monolithic

substrate. An on-chip capacitor in each of the

amplifiers provides frequency compensation

for unity gain. These devices are designed

specifically to operate from either single or

dual supplies, and the differential voltage

range is equal to the power-supply voltage.

Low power drain and an input common-
mode voltage range of from V to V+ —1.5 V
(single-supply operation) make the CA124,
CA224, and CA324 suitable for battery

operation.

Applications

Summing amplifiers

Multivibrators

Oscillators

Transducer amplifiers

DC gain blocks

The CA1 24, CA224, and CA324 are supplied

in a 14-lead dual-in-line plastic package (E

suffix). The CA324 is also available in chip

form (H suffix).

output i (Ty

ouput zQy —(8) OUTPUT 3

92CS-24204

TOP VIEW

Fig. 1 — Functional diagram.
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O perational Amplifiers

CA124, CA224, CA324 Types

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

SUPPLY VOLTAGE 32 V or ±16 V
DIFFERENTIAL INPUT VOLTAGE ±32 V
INPUT VOLTAGE -0.3 V to +32 V
INPUT CURRENT (V,<-0.3V) t 50 mA

OUTPUT SHORT CIRCUIT TO GROUND
(V
+ <15V)* Continuous

DEVICE DISSIPATION:

UptoTA = 55°C 750 mW

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

AMBIENT TEMPERATURE RANGE.
Operating —55 to +125 C

Storage -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 ±1/32 in. (1.59 ±0.79 mm)
from case for 10 seconds max +265 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 dc.

9?CM 24205R

Fig. 2—Schematic diagram-one of four operational amplifiers.
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Linear Integrated Circuits

CM 24, CA224, CA324 Types
ELECTRICAL CHARACTERISTICS (Values Apply For Each Operational Amplifier)

CHARACTERISTIC

TEST CONDITIONS CA124
LIMITS

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

TA - 25°C

Input Offset Voltage, V )0 Note 3 - 2 5 mV
Output Voltage Swing, Vgpp R L =2kft - V+-1.5 V

input Common-Mode
Voltage Range, Vjqr

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

Input Offset Current, Ijq '«

+ -i|- - 3 30 nA

Input Bias Current, l|g I

j

+
or

1

1

_
, Note 1 - 45 150 nA

Output Current (Source), Iq
V

(

+=+1 v, v,-=o V,

V +=15 V 20 40 - mA

Output Current (Sink), Iq
V| +=0 V,V|-=1 V,V+=15 V 10 20 - mA
V, +=0 V,V|-=1 V,

Vo=200 mV
12 50 - MA

Large-Signal Voltage Gain, A R L>2kRV
+=15 V

(For large Vq swing)

94 100 - dB

Common-Mode Rejection Ratio,

CMRR DC 70 85 - dB

Power Supply Rejection Ratio,

PSRR DC 65 100 - dB

Amplifier-to-Amplifier

Coupling

f=1 to 20 kHz (Input re-

ferred)
- -120 - dB

TA = -55to+125°C

Input Offset Voltage, Vjq Note 3 - - 7 mV
Temperature Coefficient of

Input Offset Voltage, aV|o
R

s
= - 7 - MV/°C

Input Offset Current, Ijq >.

+ -T - - 100 nA

Temperature Coefficient of

Input Offset Current, a I|Q
- 10 - pA/°C

Input Bias Current, l|g l,
+ orir - - 300 nA

Supply Current, l

+ R L = °°On All Ampl. - 0.8 2 mA
Input Common-Mode

Voltage Range, Vjqr
V+ = 30 V - V+-2 V

Large-Signal Voltage Gain, A R L>2k£2,V
+=15 V

(For large Vq swing)

88 — - dB

Output Voltage Swing:

High-Level, Vqh
R L=2k£2,V

+=30 V 26 _ _
V

R L=10kH 27 28 -

Low- Level, Vqj_ R L=10kft
- 5 20 mV

Output Current:

Source, Iq
V| +=i vDC,v,-=o,
V+=15 V 10 20 - mA

Sink, Iq •

V,-=1 V DC-V|
+
=0,

V+=15

V

5 8 - mA

Differential Input Voltage Note 2 - - V+ 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 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 to +32 V without damage.

NOTE 3: VQ = 1 .4 VDC , R
s
= £1 with V+ from 5 V to 30 V; and over the full input common-

mode voltage range (0 V to V+ - 1 .5 V).
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Operational Amplifiers

CA124, CA224, CA324 Types

ELECTRICAL CHARACTERISTICS (Values apply for each operational amplifier)

TEST CONDITIONS CA224, CA324
LIMITS

JNITSCHARACTERISTIC Supply Voltage (V
+

) = 5 V
Unless Otherwise Specified Min. Typ.

1

Max.

TA = 25°C

Input Offset Voltage, Vjq Note 3 - 2 7 mV

Output Voltage Swing, Vgpp R L =2kfi
V+-1.5 V

Input Common-Mode
Voltage Range, Vjcr

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

Input Offset Current, \\q l.
+ -l.- - 5 50 nA

Input Bias Current,
1

1

3

l|
+ or l|

_
. Note 1

- 45 250 nA

Output Current (Source), lg
V

(

+=+1 V, V|~=0V,

V +=15 V
20 40 - mA

Output Current (Sink), Iq

V|
+=0 V,V|

_
=1 V,V+=15 V 10 20 - mA

V|+=0 V,V|-=1 V,

Vo=200 mV
12 50 - HA

Large-Signal Voltage Gain,

A

R L>2kfi,V
+=15 V

(For large Vq swing)

88 100 " dB

Common-Mode Rejection Ratio,

CMRR
DC 65 70 - dB

Power Supply Rejection Ratio,

PSRR
DC 65 100 - dB

Ampl ifier-to-Amplifier

Coupling

f = 1 to 20 kHz
(Input referred)

" -120 - dB

TA = _40 to +85°C (CA224), TA = to 70°C (CA324)

Input Offset Voltage, V| Note 3 - - 9 mV

Temperature Coefficient of

Input Offset Voltage,ttV|
R
s
= - 7 - juV/°C

Input Offset Current, I jq l.
+ -l|- - - 150 nA

Temperature Coefficient of

Input Offset Current, 011
! |Q

- 10 - pA/°C

Input Bias Current, I|b l,
+ orl,- - - 500 nA

Supply Current, l

+ Rl =°°On All Ampl. - 0.8 2 mA

Input Common-Mode
Voltage Range, Vjqr

V+ = 30 V - V+-2 V

Large-Signal Voltage Gain,

A

R L>2kUV
+=15V

(For large Vq swing)

83 — dB

Output Voltage Swing:

High-Level, Vqh
R L

= 2kU-V+ = 30V 26 - -
- V

R L
= 10k£2 27 28 -

Low- Level, Vq|_ R L = 10k£2 - 5 20 mV

Output Current:

Source, Iq

v, +=i vDC,v,-=o,

V+=15

V

10 20 - mA

Sink, Iq

v,-=i vDC,v,
+
=o,

V+=15

V

5 8 - mA

Differential Input Voltage Note 2
_

—

- - V+ 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 lines because this current is essent.ally constant, independent of

the state of the output.

NOTE 2: The input signal voltages and the input common-mode voltage should not be al owed to go

negative by more than 0.3 V. The positive limit of the common-mode voltage range 11

V+ - 1 5 V but either or both inputs can go to +32 V without damage.

NOTE 3: VQ
= 1.4 VDC , R

s
= a with V+ from 5 V to 30 V; and over the full input common-

mode voltage range (0 V to V+ - 1 .5 V)

.
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CA124, CA224, CA324 Types

TYPICAL CHARACTERISTICS CURVES
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Fig. 3—Input current vs. ambient temperature. Fig. 4—Supply current drain vs. supply voltage.
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Operational Amplifiers

CA124, CA224, CA324 Types

TYPICAL CHARACTERISTICS CURVES (CONT'D)

AMBIENT TEMPERATURE (TA)-29*C
SUPPLY VOLTAGE (V +).30V

Fig. 9—Open-loop frequency response. Fig. 10— Voltage follower pulse response

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

CA3401E

14-Lead Oual-ln-Llne

Plastic Package
(E-Sufflx Type)

H-1517

Quad Single-Supply Operational Amplifier
For Automotive Electronics and Industrial Control Systems

"E" Suffix Types — Standard Dual-ln-Llne
Plastic Package

Features:

Single-supply operation

+18 Vdc

Internally compensated
Wide unity-gain bandwidth
typ.

Low input bias current - 50 nA typ.

High open-loop gain - 2000 V/V typ

+5 V to

5 MHz

The RCA-3401 is a high-gain monolithic quad operational
amplifier designed specifically for applications using a
single positive power supply. No external compensation is

necessary. Closed-loop stability in each of the four
independent amplifiers is maintained by a 3-pF on-chip
capacitor. The CA3401 is ideally suited for applications in

industrial control systems, automotive electronics, and
general purpose amplifiers, e.g. oscillators, tachometers,
active filters, and multichannel amplifiers.

Applications:
Automotive
Constant-Current Sources
Multivibrators

Sample and Hold
Square-Wave Generator
Oscillators

Tachometers
Active Filters

Multi-Channel Amplifiers

Summing Amplifiers

The CA3401 is supplied in a 14-lead dual-in-line plastic
package (E suffix), and is also available in chip form (H
suffix). It is a direct replacement for the Motorola MC3401 P,
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 +125° C,
although the limit values of certain specified electrical
characteristics apply only over the range of to +75° C.

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

DC SUPPLY VOLTAGE
INPUT SIGNAL CURRENT
DEVICE DISSIPATION:
UptoTA = 25°C
Above Ta = 25°C

AMBIENT TEMPERATURE RANGE:
Operating

+18 V
.5 mA

625 mW
Derate lineary 5 mW/°C

Storage

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

-55to + 125°C
-65 to + 150° C

300°C

ro-n
NON-INVyTV
INPUT I v£/~

INV G\-INPUT I \Z/

OUTPUT I (7)-

OUTPUT 2(5)-

INPUT2Vy

GND(T)-

-©

/^iNON-INV.
~\Z/ INPUT 4

-Cu) INV -

VV INPUT 4

-(to) OUTPUT 4

-©C

INPUT 3

CA340I

92CS- 23795

Fig. 1 - Block diagram of CA3401.
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Operational Amplifiers

CA3401E

ELECTRICAL CHARACTERISTICS AT TA = 25°C, V+ = 15 V (Unless Indicated Otherwise)

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS
Min. Typ. |Max.

STATIC

Output Voltage:

High, VoH 13.5 14.2 -_

VLow, Vol
- 0.03 0.1

Max. Undistorted Output Swing,

VOP-P 0°C<Ta<75°C 10 13.5 -

Output Current:

Source, IsOURCE 5 10 —
mA

Sink, IsiNK
0.5 1

—

Total Quiescent Current: Iq

Noninverting inputs open
— 6.9 10

mA
Noninverting inputs grounded

- 7.8 14

Input Bias Current, l|B

r l =oo Ta = 25°C - 50 300
nA

r l = oo 0°C<Ta<75°C - - 500

DYNAMIC

Open-Loop Voltage Gain, Aql
Ta = 25°C 1000 2000 —

V/V
0°C<Ta<75°C 800 - -

Input Resistance, R| 0.1 1
- MSI

Slew Rate, SR Cl = 100 pF, R|_ = 5k£2 - 0.6 - V/jus

Unity Gain Gandwidth, BW - 5 - MHz

Phase Margin,
- 70 - Degrees

Power Supply Rejection f = 100 Hz - 55 - dB

Channel Separation, erjl/e02 f = 1 kHz - 65 - dB

No.2 J>—

©

©H

BIASING NETWORK
(COMMON TO FOUR

AMPLIFIERS)
I AMPLIFIER No.l I

Fig.2 — Schematic diagram of CA3401.

92CM-2I630
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Linear integrated Circuits

CA3401E
TEST CIRCUITS

O vo

L IB

A VOL* & v.

IO/iF

AMPLIFIER MUST BE BIASED
BY V| IN THE LINEAR OPERATING

REGION

92CS-2I637RI

Fig.3 — Open-loop gain and input resistance,

input bias current and output current

test circuit.

Iqi is total quiescent current with
" + " input open.

t-q2 is total ouiescent current with
"+" input grounded.

92CS-2I638RI

Fig.4 — Quiescent power supply current

test circuit.

V+«I5V

Ov

V0H MEASURED WITH "-" INPUT GROUNDED

VQL MEASURED WITH "-" INPUT BIASED AS SHOWN

92CS-2I639RI

Fig.5 — Output voltage swing test circuit.

Cl Rj_

»iOHhMK5)-

92CS-2I640RI

Fig.6 — Peak-to-peak output voltage

test circuit.

TYPICAL CHARACTERISTIC CURVES
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Fig. 7 — Open-loop voltage gain vs. frequency.

FREOUENCY HI— Hi

Fig.8 — Output resistance vs. frequency.

3 2000 J --j,,,*!
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Fig.9 — Open-loop voltage gain vs. supply voltage.

SUPPLY VOLTAGE (V+ I—

V

Fig. 10 — Supply current vs. supply voltage.
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Operational Amplifiers

SUPPLY VOLT»OE <V»I—

V

AMBIENT TEMPERATURE (Ta>'23'C
LOAD RESISTANCE (R L l'SRfl
FOR TEST CIRCUIT SEE FIGURE 3

CA3401E

Fig. 11 — Source current vs. supply voltage.

SUPPLY VOLTAGE IV*)—

V

Fig. 12 — Sink current vs. suppiy ronnye.

(I.270-I.473)

Dimensions and pad layout lor CA3401H

Dimensions in parentheses are in millimeters and are

derived from the basic inch dimensions as indicated.

Grid graduations are in mils (10~3 inch).

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. 1 7 mm) larger in both dimensions.

92CS-33325
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Linear Integrated Circuits

CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038

Operational Amplifiers

CA3008 H-1383R1 1 i " H-1553

CA3016 CA3037
CA3038

CA3010 H-1463

CA3015

Features:

All types are electrically Identical within their voltage groups
For use in telemetry, data-processing, instrumentation, and communi-
cation equipment
Built-in temperature stability from -55°C to +125°C for flat pack.jTO-5
style, and ceramic dual-in-line packages; 0°C to +70°C for plastic
dual-in-line packages

6-Volt Types 12-Volt Types Package

CA3008 CA3016 14-Lead Flat Pack
CA3010 CA3015 12-LeadTO-5 Style
CA3029 CA3030 14-Lead Plastic Dual-

ln-Llne(TO-116)
CA3037 CA3038 14-Lead Ceramic

Dual-ln-Llne (TO-116)

Applications:

Narrow-band and band-pass
amplifier

Operational functions
Feedback amplifier

DC and video amplifier

Multivibrator

Oscillator

Comparator
Servo driver

Scaling adder
Balanced modulator-
driver

Schematic diagrams.
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Operational Amplifiers

CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038
ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, Ta = 25°C

Voltage or current limits shown for each terminal can be applied under the indicated

voitage or other circuit conditions for other terminals

All voltages are with respect to ground (common terminal of Positive and Negative DC Supplies)

Terminal Voltage or Current

CA3010

CA3008

CA3029

CA3037

Limits Circuit Conditions

Nega-

tive

Posi-

tive Terminal Voltage

12 1
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

CA3010

CA3008
CA3029
CA3037

1 2 -8V OV 4

10

6

13

-8

+6

2 3 -4V +1 V

• 1

3

4

10

2

4

6

13

-6

+6

3 4 -4V +1V

1

2

4

10

2

3

6

13

-6

+6

5 NO CONNECTION

4 6 -10 V OV 1

10

2

13 +6

7 NO CONNECTION

5 8
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

6 9
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

7 10 OV +7V

1

4

10

2

6

13

-6

+6

8 11
DO NOT APPLY VOLTAGE FROM AN EX-

TERNAL SOURCE TO THIS TERMINAL

9 12 30 mA

4 1 6

10 1 13

200 Q Between T
.6 & 12 (CA3008
CA3029, CA30:

4 & 9 (CA3010)

-6

+6

erminals

$7)

10 13 OV +10 V
1

4

2

6 -6

11 14 0V +7V
1

4

10

2

6

13

-6

+6 .

CASE
Internally connected to Terminal No.6,

CA3008, CA3029, CA3037 No.4,

CA3010 (Substrate) DO NOT GROUND

Terminal Voltage o r Current

CA3015

CA3016

CA3030

Limits Circuit Conditions

Nega-

tive

Posi-

CA3038 tive Terminal Voltage

12 1
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

CA3016
CA3030

CA3015 CA3038

1 2 -16 V OV 4

10

6

13

-16

+12

1 2

2 3 -8V +1 V
3

4

10

4

6

13

-12

+12

1 2

3 4 -8V *1 V 2

4

10

3

6

13

-12

+12

5 NO CONNECTION

4 6 -20 V OV 1

10

2

13 +12

7 NO CONNECTION

5 8
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

6 9
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

1 2

7 10 OV +14 V 4

10

6

13

-12

+12

11
DO NOT APPLY VOLTAGE FROM AN EX-

8 TERNAL SOURCE TO THIS TERMINAL

4 6 -12

10 13 +12

9 12 30 mA 400 fi Between Terminals

6 & 12 (CA3016,
CA3030, CA3038)
4 & 9 (CA3015)

10 13 OV + 20 V
1

4

2

6 -12

1 2

11 14 OV + 14 V 4

10

6

13

-12

+12

Internally connected to Terminal No.6,

CASE CA3016, CA3030, CA3038 No.4,

CA3015 (Substrate) DO NOT GROUND

CA3008 CA3010

CA3016 CA3015

CA3037 CA3038

OPERATING TEMPERATURE RANGE . . -55°C to +125°C

STORAGE TEMPERATURE RANGE. . . . -65°C to +200°C

CA3029

CA3030

CA3016 CA3015

CA3030 CA3038

0°C to +70°C

-25°C to +85°C

MAXIMUM SIGNAL VOLTAGE • ... -8 V to +1

V

MAXIMUM DEVICE DISSIPATION 600 mW

CA3008 CA3010

CA3029 CA3037

-4 V to +1

V

300 mW
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Linear Integrated Circuits

CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038
ELECTRICAL CHARACTERISTICS ot Ta = 25°C

Characteristics Symbols

Special Test Conditions

Terminal No.8 (CA3008,

CA3016, CA3029, CA3030,

CA3037, CA3038)

Terminal No.5 (CA3010,

CA3015) Not Connected

Unless Otherwise Specified

Test

Cir-

cuit

CA3008

CA3010

CA3029

CA3037

CA3016

CA3015

CA3030

CA3038

Units

Typical

Charac-

teristic

Curves

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

STATIC CHARACTERISTICS:

Input Offset Voltage V|0 VCC = +6V, Vee = -6V

= +12V = -12V
4

-
1.08 5 -

1.37 5

mV 2

Input Offset Current HO
• = +6V = -6V

= +12V = -12V
5

- 0.54 5
-

1.07 5

//A 2

Input Bias Current
'1

= +6V = -6V

= +12V = -12V
5

- 5.3 12 -

9.6 24
t* 3

Input Offset Voltage

Sensitivity: Positive

Negative

AV| /AVCC

AViq/AVee

= +6V = -6V

= +12V = -12V

= +6V = -6V

= +12V = -12V

4

-

0.10

0.26

1

1
-

0.096

0.156

0.5

0.5

mV/V none

Device Dissipation Pt

= +6 V = -6 V

= +12V = -12V

4

- 30 - -

175

-

mW none[5]shortedto[9]
VCC = +6V

»EE - "6V

8 shorted to 12
VCC-«V, -

102

- 500

-

DYNAMIC CHARACTERISTICS: All tests at f = 1 kHz except BW
|_

Open-Loop Differential

Voltage Gain
AOL

vcc = +6V, vee = -6V

= +12V = -12V
8

57 60 -

66 70

-

dB 6&7

Open-Loop Bandwidth

at -3 dB Point
BW

QL
= +6V = -6V

= +12V = .-12V

8
200 300 -

200 320

-

kHz 6&7

Common-Mode Rejection

Ratio
CMR vcc = +6V, vee = -6V

= +12V = -12V
11

70 9* -

80 103

-

dB 12

Maximum Output-Voltage

Swing
Vo(P-P)

= +6V = -6V

= +12V = -12V
8

4 6.75 -

12 14

-

Vp.p 9&10

Input Impedance Z
IN

= +6V = -6V

= +12V = -12V
14

10 14

. 5 7.8

-

kfi 13

Output Impedance ZOUT
= +6V = -6V

= +12V = -12V
15 200

:

-

92

-

n 16

Common-Mode

Input-Voltage Range
VCMR

= +6V = -6V

= +12V = -12V

11

-

+0.5

-4

-

-

+0.65

-8

-

V none
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Operational Amplifiers

CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038
TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038;

Italic Numbers in Square Boxes are for CA3010, CA3015

INPUT OFFSET VOLTAGE AND CURRENT

POSITIVE OC SUPPLY VOLTS (V(;c>

>
e\ :::::::::::::::::::::::::::::::::::=:::::
1 1

25
- _: :_:

oz
t-o:
Ji .po 2 rttt't I Mill
ujui - - --», VrC=+l2V Vc-c—I2V ; »-- e -

fcfc 5,.- = »,-_(i.«!3* = ?INpUT OFFSET VOLTAGE

55 ,:::::?::5j;::::»! = bH;:: = : = :::":""--:::::

J£ ^;!.*»,. XCs - = = *----;-;

,VCC'+6V Vee'-SV-S-JX-^INPUT OFFSET CURRENT
v " 44- a "*"s;;;;

1 1 ..

INPUT BIAS CURRENT

NEGATIVE DC SUPPLY VOLTS (Vee>
"*~

25 __ - - -

a 20 -- -

<2 ,« \ Z -

a. 10 *5- *«« Vrrs4.ii - '

- -
3 *5„

TTttI^ ^rr^yr

. ..::sJCc»*6v w ' ' ' '^T-5 . , . " V Vpfr = -
fi
w

TTT " tTrn-i-± TT TT —-
U .-.-.... Ill

25 25 50 75 100

AMBIENT TEMPERATURE (Ta)— *C

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (Ta)— *C

Fig.2 Fig.3

INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT

r

DC
VOLTMETER

(RCA
WV-38A

OR
EQUIVALENT )

92CS-I4855

Fig.4

INPUT OFFSET CURRENT AND INPUT BIAS CURRENT
TEST CIRCUIT

Z
'»4

fj]

t
0H

100 KQ< w T , ,

±1% < VIN 4 I|N
3 \T\

<D-

VOLTMETER
(RCA
WV-38A

OR
EQUIVALENT)

92CS-I4854

Procedure:

Input Offset Voltage

1. Adjust Ve for a DC Output Voltage (Vqijt) of ± 0.1 volts.

2. Measure Ve and record Input Offset Voltage in millivolts as
VE/1000.

Input Offset Voltage Sensitivity

1. Adjust Vc for a DC Output Voltage (Vqut) of ° ± "- 1 volts -

2. Increase
] Vcc I

DV 1 volt and record output voltage (Vqijt) •

3. Decrease
| Vcc I

°y 1 volt and 'ecord output voltage (Vqut) •

4. Divide the diference between Vqijt measured in steps 2 and 3 by the
change in Vcc in stePs 2 arid 3 -

vOUT Vqut (Step 2) - V0UT (Step 3)

VCC 2 volts

5. Refer the reading to the input by dividing by Open Loop Voltage
Gain (Aql).

V|0/Vcc =
Vout/vcc

A0L

Fig.5

6. Repeat procedures 1 through 5 for the Negative Supply (Vee)-

7. Device Dissipation

PT = VCC'C + VeeIE

IC = Direct Current into Terminal (13) or @
IE = Direct Current out of Terminal(|)or

Procedure:

Input Bias Current and Input Offset Current

1. Adjust Ve for
I Vqut I

< 0.1 V DC.

2. Measure and record VE and V| N ..

3. Calculate the Input Bias Current using the following equation:

V|N4
'14 = TT

100 kO

4. Calculate the Input Offset Current using the following equation:

1 10
= VE/100 kQ
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Linear Integrated Circuits

CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038
TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038;

Italic Numbers in Square Boxes are for CA3010, CA3015

OPEN-LOOP VOLTAGE GAIN vs. FREQUENCY
FOR CA3008, CA3010, CA3015, CA3016,

CA3037, CA3038
OPEN-LOOP VOLTAGE GAIN vs. FREQUENCY

FOR CA3029 AND CA3030

POSITIVE DC SUPPLY VOLTS (Vcc )

NEGATIVE DC SUPPLY VOLTS (VEE )

SOURCE RESISTANCE (RsHIKfl

TERMINAL No. 8 [5] OPEN

DO 100

1

o 80
<

z
<o 60

o
<

O 40
>

o
o
V 20
z
Q.
o

POSITIVE DC SUPPLY VOLTS (Vcc> AMBIENT TEMPERATURE
NEGATIVE DC SUPPLY VOLTS (VEE ) (Ta )=25°C
SOURCE RESISTANCE (RsH Kft
TERMINAL No. 8 OPEN

"

Vrc =+12

=-12VEE )

(Vcc )=+6

) >8 4 , 8 6 8 6 8 > 3
1

FREQUENCY (f)— MHz

Fig. 6
92CS-I4848

FREQUENCY (f)—MHz

Fig.7

100

92CS-I4864

OPEN-LOOP DIFFERENTIAL VOLTAGE GAIN, MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE, AND OPEN-LOOP BANDWIDTH AT -3 dB POINT TEST CIRCUIT

Procedure:

1. Adjust VE for VouT = ±0.1 V DC.

2. Measure Open-Loop Differential Voltage Gain (Aql) at f = 1 kHz.

VOUTA0L = 20 Log10
IN

3. Measure Maximum Peak-to-Peak Output Voltage at f = 1 kHz.

4. Measure Open-Loop Bandwidth at -3 dB Point.

Reference Level = Am at 1 kHz,OL

Fig. 8

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE
FOR CA3008, CA3010, CA3015, CA3016, CA3037, CA3038

+ 25°C
+ I25°C

""&

.:?,

o 1" VCC = *I2V
VEE = -I2V

3
t 10-

1 AMBIENT TEMPERATURE (Ta) = -55°C -

I 7

t + 25°C

W-
< °

¥tUJ
1

2 25 -

VEE = -6V
NEGATIVE DC SUPPLY VOLTS (VEE ) -

TERMINAL No. 8 [§ SHORTED TO
2 "
s MINI

II 1 1 II 1
I I I I I M I I I I I ! I I I I M I IT

0.5 0.75 I I.25 I.5 I.75 2

LOAD RESISTANCE (RL)— K OHMS 92CS-I4849

(a)

_ "7.5 POS
a NEC

4 I5-JS

ITIVE DC SUPPLY VOLTS (Vcc)
ATIVE DC SUPPLY VOLTS (VEE )

r x ____ p
X X

£ " X X 5X -"---3*
:= :-TT''*%''.'* xt

t

XL
z{z ix

a. _ '

5 io-: v
c

O - V
C =+I2V X

E (TA ) = I2

j
|

"F 7 2*^ X- TTT
2

-55°C -
+

assls =~

< 5— X
0. -— VCC =

§ Z5—J-

Fig. 9

LOAD RESISTANCE (RJ— K OHMS 92CS-I4862

(b)
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Operational Amplifiers

CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038
TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038;

Italic Numbers in Square Boxes are for CA3010, CA3015

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE

FOR CA3029 AND CA3030

POSITIV

NEGATh
TERMIN

/E DC SUPPLY VOLTS (VEE )

M No. 8 SHORTED TO TERMIN
1 L.J. ; :. , 1 _-4^ .

.

, * . 4
CL ^ ^ ^ j^V TTTFg l25 ~-

\

i"T4 \
*c=n n\ III !

1
I* III!

+ 25°C -4- AMBIEN T TEMPERATURE (Ta) = 0°C£ '

i

1% =
vcc=*

Tl£ =jvee=-

I ^-X- IT
+ 70°C / !

<tio75 ih— i j

U|-
O j

s > -+-

i * 1

X<
g f*

vcc
= -6V

41
1

1 ,. 1 ,
,. ,. . _

0.75 I 1.25 1.50 1.75

LOAD RESISTANCE (R|J— KQ

(a)

a.
1

a.

.1 l5

in

> 12.5

t-

a.

8 ,0

<
UJ

T 75

1-

3 5u
a.

2
2 2.5

X
<
S

.

]
'

1

[
! ! Mil

NEGATIVE DC SUPPLY VOLTS (VEE )

T41 III
II

"| 444-- 441 1

TtT iTT -L -t-
1

1

I 1 1

*/CC
= +| 2V

1

'

r^
. V Ml 1

AMBIENT TEMPERATURE
1

/

S+25°C
°C

|

!

»cc=,,v
vEE =-sv

j
1

"Z|Z

1

1 XT
1 1

1
1

Fig.10

LOAD RESISTANCE (R|_)— K OHMS

(b)

COMMON-MODE REJECTION RATIO AND COMMON-MODE
INPUT-VOLTAGE-RANGE TEST CIRCUIT

V CC

Procedures:

Common-Mode Rejection Ratio:

1. SetV B|AS
=

°- Adi ust VE for Vqut(DC) = ± 0.1 V.

2. Apply 1-kHz sinusodial input signal and adjust for V$ = 0.3 V
(RMS)

.

3. Measure and record the RMS value of Vquj- An oscilloscope is

used for this measurement so that the output signal may be visu-

ally separated. from noise output.

4. Calculate Common-Mode Voltage Gain:

ACM = V ut/vS

ACM in dB = -20 LOG10 Vs/VquT

5. Calculate Common-Mode Rejection Ratio:

CMR in dB = AqifF in dB - Aqm 'n dB.

Common-Mode Input-Voltage Range:

1. Calculate and record CMR for various positive and negative values

of VgiAS within the maximum limits shown on Page 2. The Com-

mon-Mode Input-Voltage Range limits are those values of Vr|AS
at which CMR is 6 dB less than that calculated in Step 5 of the

procedure given above.

Fig. 11

DC
VOLTMETER

(RCA
WV-38A

OR
EQUIVALENT)

J.

^ o-

VOUT (DC)

0±0.l V
V0UT<"< H *'

OSCILLOSCOPE
(TEKTRONIX
TYPE 502A

OR
EQUIVALENT)

±
92CM-I4858

COMMON-MODE REJECTION RATIO vs. FREQUENCY

POSITIVE DC SUPPLY VOLTS
NEGATIVE DC SUPPLY VOLTS

vcc:
(VE[L )

AMBIENT TEMPERATURE (TA ) = 25

TERMINAL No. 8 U OPEN
"C

110

100
z
o

31
it a: 80

s2 7°
i i-z<
g* 60
So
° 50

40

vcc
VEE

12

-12

V
V

vcc= +(

vee =
-
>V

BV

FREOUENCY (f)— MHz

Fig.12

100

4859
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Linear Integrated Circuits

CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038
TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038;

Italic Numbers in Square Boxes are for CA3010, CA3015

SINGLE-ENDED INPUT IMPEDANCE vs. TEMPERATURE SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT

-75 -50 -25 25 50 75 I00 I25

AMBIENT TEMPERATURE (Ta)— "C 92CS-I4930

Fig. 13

Fig. 14

OUTPUT IMPEDANCE TEST CIRCUIT

I kHz
SIGNAL
SOURCE

"X"

VOLTMETER
(RCA
WV-38A

OR
EQUIVALENT)

T-

m9 ^
V0UT (DC) VouTt""*)
0±O.IV

VOLTMETER
(BALLANTINE
TYPE 314

OR
EQUIVALENT)

T

Fig. 15

Procedure:

1. With S2 in position (c), adjust VE for Vqut(dc ) = ± 0.1 volt.

2. With Sj in position (a), and S2 in position (d), record VouTi( rnis )-

3. With Switch Si in position (b),and S2 in position (d), adjust R[_ until

VouTi(rms)
v0UT2(rms ' • Record value of R(_ as ZquT-

POSITIVE OC SUPPLY VOLTS (Vcc
NEGATIVE DC SUPPLY VOLTS (vE
FREQUENCY (f ) =

1 kHz
E>

w _-:_:::__:_!"-; ::vCC + 6V Vff =-6V
z ----.._.._...-.

UJ ^
^ 150 ,

= 'si*. ^
Z ioo -= __--:r
3 «.

"t
_t

_.''::;:;:: '::

OUTPUT IMPEDANCE vs. TEMPERATURE

Fig. 16

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (Ta)— *C 92CS-I4933
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Operational Amplifiers

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A

Operational Amplifiers

Feature*:

These new types have all the desirable features and characteristics of

their prototypes plus lower noise figures and improved input charac-

teristics for offset voltage, offset current, bias current, and impedance
All types are electrically identical within their voltage groups

For use in telemetry, data-processing, instrumentation, and communi-
cation equipment
Built-in temperature stability from -55° C to +T25°C for flat pack, TO-5

style, and ceramic dual-in-line packages; 0°C to +70°C for plastic

dual-in-line packages

6-Volt Types

CA3008A
CA3010A
CA3029A

CA3037A

12-Volt Types

CA3016A
CA3015A
CA3030A

CA3038A

Package

14-Lead Flat Pack
U-Lead TO-5 Style

14-Lead Plastic Dual-

ln-Llne(TO-116)
14-Lead Ceramic
Dual-ln-Llne (TO-116)

Applications:

Narrow-band and band-pass amplifier

Operational functions

Feedback amplifier

DC and video amplifier

Multivibrator

Oscillator

Comparator
Servo driver

Scaling adder
Balanced modulator-driver

CA3008A
CA3016A r 2|7
CA3029A 3.
CA3030A "i^'ok

CA3037A
CA3038A

Schematic diagrams.
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Linear Integrated Circuits

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A
ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, Ta - 25°C

Voltage or current limits shown for each terminal can be applied under the indicated

voltage or other circuit conditions for other terminals

All voltages are with respect to ground (common terminal of Positive and Negative DC Supplies)

Terminal Voltage o Current

CA3010A

CA3008A

CA3029A

CA3037A

Limits Circuit Conditions

Nega-

tive

Posi-

tive Terminal Voltage

12 1
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

CA3010A

CA3008A
CA3029A
CA3037A

1 2 -8V OV 4

10

6

13

-8

+6

1 2

2 3 -4V +1V 3

4

10

4

6

13

-

-6

+6

1 2

3 4 -4V +1V 2

4

10

3

6

13

-6

+6

- 5 NO CONNECTION

4 6 -10 V OV 1

10

2

13 +6

-
7 NO CONNECTION

5 8
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

6 9
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

1 2

7 10 0V +7V 4

10

6

13

-6

+6

8 11
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

4 6 -6

10 13 +6

9 12 30 mA
200 0. Between Terminals
6 & 12 (CA3008A,
CA3029A, CA3037A)

4 & 9 (CA3010A)

10 13 OV +10 V 1

4

2

6 -6

1 2

11 14 OV +7V 4

10

6

13

-6

+6

CASE
Internally connected to Terminal No.6,
CA3008A, CA3029A, CA3037A No.4,

CA3010A (Substrate) DO NOT GROUND

CA3008A CA3010A

CA3016A CA3015A

CA3037A CA3038A

OPERATING TEMPERATURE RANGE . . -55°C to +125°C

STORAGE TEMPERATURE RANGE. . . . -65°C to +200°C

CA3029A

CA3030A

Tern inal Voltage or Current

CA3015A

CA3016A

CA3030A

Limits Circuit Conditions

Nega- Posi-

CA3038A tive tive Terminal Voltage

12 1
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

CA3015A

CA3016A
CA3030A
CA3038A

1 2 -16 V OV 4

10

6

13

-16

+12

1 2

2 3 -8V +1V 3

4

10

4

6

13

-12

+12

1 2

3 4 8 V +1 V
2

4

10

3

6

13

-12

+12

- 5 NO CONNECTION

4'
6 -20 V OV 1

10

2

13 +12

- 7 NO CONNECTION

5 8
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

6 9
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

1 2

7 10 OV +14 V 4

10

6

13

-12

+12

8 11
DO NOT APPLY VOLTAGE FROM AN EX-
TERNAL SOURCE TO THIS TERMINAL

4 6 -12

10 13 +12

9 12 30 mA 400 H Between Terminals

6 & 12 (CA3016A,
CA3030A, CA3038A)

4 & 9 (CA3015A)

10 13 0V +20 V 1

4

2

6 -12

1 2

11 14 OV +14 V 4

10

6

13

-12

+12

CASE
Internally connected to Terminal No.6,

CA3016A, CA3030A, CA3038A No.4,

CA3015A (Substrate) DO NOT GROUND

CA3016A CA3015A

CA3030A CA3038A

0°C to +70°C

-25°C to +85°C

MAXIMUM SIGNAL VOLTAGE -8 V to +1

V

MAXIMUM DEVICE DISSIPATION 600 mW

CA3008A CA3O10

CA3029A CA3037

-4 V to +1

V

300 mW
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Operational Amplifiers

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A
ELECTRICAL CHARACTERISTICS at Ta = 25°C

Characteristics Symbols

Special Test Conditions

Terminal No.8 (CA3008A,

CA3016A, CA3029A, CA3030A,

CA3037A,CA3038A),

Terminal No.5 (CA3010A,

CA3015A) Not Connected

Test

Cir-

cuit

CA3008A

CA3010A

CA3029A

CA3037A

CA3016A

CA3015A

CA3030A

CA3038A

Units

Typical

Charac-

teristic

Curves

Unless Otherwise Specified Fig. Min. Typ. Max. Min. Typ. Max. Fig.

STATIC CHARACTERISTICS:

Input Offset Voltage VlO
VCC = <6V, Vee = -6V

= +12V = -12V
4

-
0.9 2

.
1 2

mV 2

Input Offset Current HO
= +6V = -6V

= +12V = -12V
5

.

0.3 1.5

. 0.5 1.6
A<A 2

Input Bias Current h
= +6V = -6V

= +12V = -12V
5

.

2.5 4

. 4.7 6

/"A 3

Input Offset Voltage

Sensitivity: Positive

Negative

AV| /AVCC

AVio/AVEE

= +6V = -6V

= +12V = -12V

' = +6V =-6V

= +12V = -12V

4

-

0.10

0.26

1

1
-

0.096

0.156

0.5

0.5

mV/V none

Device Dissipation Pt

= +6V =-6V
= +12V = -12V

4

- 40 - -

175

-

mW none[5]shortedto[9]
VCC

e

=;6V
v

8 shorted to 12 \^ -

102 -

- 500

-

DYNAMIC CHARACTERISTICS: All tests at f = 1 kHz except BWol

Open-Loop Differential

Voltage Gain

AOL
vcc = +6V, vee = -6V

= +12V = -12V
8

57 60

. 66 70 .

dB 6&7

Open-Loop Bandwidth

at -3 dB Point
BW

0|_

= +6.V = -6V

= +12V = -12V
8

200 300 -

200 320

-

kHz 6&7

Slew Rate SR Vcc = +6V VEE = -6V

= +12V = -12V

Rs =

lkft
none

- 3 -

: 7 ;

V//us none

Common-Mode Rejection

Ratio

CMR VCC = +6V, VEE = -6V

= +12V = -12V
11

70 -94 -

80 103

-

dB 12

Maximum Output-Voltage

Swing
V (P-P)

= +6V = -6V

= +12V = -12V
8

- 6.75

. . 14 .

V
P.p

9&10

Input Impedance Z
IN

= +6V = -6V

= +12V = -12V
14

15 20

. 7.5 id .

kft 13

Output Impedance ZOUT
= 6V =-6V

= +12V = -12V
15

- 160

.

-

85 .

n 16

Common-Mode

Input-Voltage Range
VCMR

= +6V = -6V

= +12V = -12V

11

+0.5

-4

-

-

+0.65

-8

-

V none

Noise Figure NF

vcc = +3V , vee = -3v

= +6V = -6V

= +9V = -9V

= +12V = -12V

Rs =

lkQ
18

-

6.3

8.3

9

12

-

6.3

8.3

10

11

9

12

14

16

dB 17
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Linear Integrated Circuits

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A
TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS

Terminal Numbers in Circles are for CA3008A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A;
Italic Numbers in Square Boxes are for CA3010A, CA3015A

INPUT OFFSET VOLTAGE AND CURRENT INPUT BIAS CURRENT

"""J"
POSITIVE DC SUPPLY VOLTS (VC c> I

I i

'-25 "": ::
_
: H

"'" ~ ~
ltl
p.,T offset wyrp---?

>o s*---"| \

wW/y« -b5C" t t

y>Y>075 _i Sr -_ _Vrr = +6V - - -- W-r =+l2V

&& *«, _ : ;;, :vee---sv~z
~

vEE»-i2v

ki- n«i--i------s«-- **s.._L 'ore- input __ I
-
::

=>= 5;;— SF- F̂SCT riimjpTrr t

zz - - *» a - t "" *"--.£..-
»»„. j_

0" ~ ~~ - -

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (Ta)— *C

Fig.2

POSITIV
NEGATI\

I OC SUPPLY VOLTS (Vc(
tE DC SUPPLY VOLTS (VE

•)

t-i

<
a.

OD 1*.

- -|,C .-/*
5 5 «i^£--Vrr..Jj VI

-1/
C 6 '-

!iii».. V
fe-e«-6v

2.5

__n:__- _ : !

-25 25 50 75 100

AMBIENT TEMPERATURE (Ta)— "C
92CS -14847

Fig.3

INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT

DC
VOLTMETER

(RCA
WV-38A

OR
EQUIVALENT )

92CS-I4855

Fig.4

INPUT OFFSET CURRENT AND INPUT BIAS CURRENT
TEST CIRCUIT

100 KQ
ti% < "'n4 i IN3 rjj

Procedure:

Input Offset Voltage

1. Adjust V£ for a DC Output Voltage (Vqijt) of ± 0.1 volts.

2. Measure Ve and record Input Offset Voltage in millivolts as
VE/1000.

Input Offset Voltage Sensitivity

1. Adjust Vp for a DC Output Voltage (Vquj) of ± 0-* volts.

2. Increase
| Vqc I

by 1 volt and record output voltage (VquT)-

3. Decrease
| Vqc I

by 1 volt and record output voltage (Vqut) •

4. Divide the diference between Vqut measured in steps 2 and 3 by the
change in Vqq in steps 2 and 3.

vOUT _ vOUT (
steP 2) - Vqut (Step 3)

Vqc 2 volts

5. Refer the reading to the input by dividing by Open Loop Voltage
Gain (Aql). .

vio/vcc
vout/vcc

*0L

Fig.5

6. Repeat procedures 1 through 5 for the Negative Supply (Vee).

7. Device Dissipation

Pt = VCC'C + VeeIE

IC = Direct Current into Terminal 13 or @
IE = Direct Current out of Terminal 6 or (7]

Procedure:

Input Bias Current and Input Offset Current

1. Adjust V£ for
I Vqut I

< 0.1 V DC.

2. Measure and record Ve and V|n-

3. Calculate the Input Bias Current using the following equation:

V|N
4

l| 4 = —
100 kfi

4. Calculate the Input Offset Current using the following equation:

1

1

= Ve/100 kfi
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Operational Amplifiers

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A
TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS

Terminal Numbers in Circles are for CA3008A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A;

Italic Numbers in Square Boxes are for CA3010A, CA3015A

OPEN LOOP VOLTAGE GAIN vs. FREQUENCY
FOR CA3008A, CA3010A, CA3015A, CA3016A,

CA3037A, CA3038A

CD

I

§ 75

z 70
<
° 60m
o4
5 50
o

I 40
o

|
30

£ 20
o

10

POSITIVE DC SUPPLY VOLTS <Vcc>

NEGATIVE DC SUPPLY VOLTS (VEE )

SOURCE RESISTANCE (Rs)'IKfl

TERMINAL No. 8 [3] OPEN

.

+ 25"C

AM BIErIT TEMPE *AT JRE (TA)' -55' C
l_

V CC = +I2V

EE="I2V
vcc«+b
VEE =-6 V

+ I25-C

I I A
O.I I I0 I00

FREQUENCY (f)— MHz 92CS-I4848

Fi-g.6

OPEN LOOP VOLTAGE GAIN vs. FREQUENCY
FOR CA3029A AND CA3030A.

CD I00

I

O 80
<

z
<o 60
LU
o
<
1-

O 40
>
Q.
O
o
V 20
z
0-
o

POSITIVE DC SUPPLY VOLTS; (Vcc> AMBIENT TEMPERATURE
NEGATIVE DC SUPPLY VOLTS (VEE )

(TA ) = 25°C
SOURCE RESISTANCE (Rs) = l KJ1

TERMINAL No. 8 OPEN

Vrr +l?

(VEE )
=-12

[
(Vcc )=+6

2 4 58 2 4 6 e 2 4 5 8 2 » 6 8 > 4 5 8
Ol I 10 I00

FREQUENCY (f)—MHz 92CS-I4864

Fig.7

OPEN-LOOP DIFFERENTIAL VOLTAGE GAIN, MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE, AND OPEN-LOOP BANDWIDTH AT -3 POINT TEST CIRCUIT

SIGNAL
SOURCE

"X"

r

IDC) —

AC
VOLTMETER
(BALLANTINE
TYPE 3I4

OR
EQUIVALENT)

Procedure:

1. Adjust Ve for VrjUT = ±0.1 V DC.

2. Measure Open-Loop Differential Voltage Gain (Aql) at f = 1 kHz

V r

A
0|_

= 20 Log10

' OUT

'IN

3. Measure Maximum Peak-to-Peak Output Voltage at f = 1 kHz

4. Measure Open-Loop Bandwidth at -3 dB Point

Reference Level = Am at 1 kHzOL

Fig.

8

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE
FOR CA3008A, CA3010A, CA3015A, CA3016A, CA3037A, CA3038A

,_ VEE*-I2V l/ji(

>5 ± j7 y /

is!
7-5

~T_jz~fU^.
—

g;;Bs= s ' c+25 *c
~

o IZ^2 »5*""- »"""" " + 125 •C
1-

3 ,« i!'j vCc
s+6V NEGATIVE OC SUPPLY VOLTS (VEE ) -

5 , , i |
-. II | 1 TFRMINAI No 1? [5]

1 1 M 1 M 1 1 1 1 1 M 1 1 II I 1 1J_U_

0.5 0.75 I 1.25 1.5 1.75 2

LOAD RESISTANCE <RL)— K OHMS 92CS-I4849

(a)

ST NEGATIVE DC SUPPLY VOLTS (VEE)

i= iri
VCC =+I2V I^J'*- l. -

< i/i ~ ' ".. V, 1 1 1 1 1 1

t"
^ J j/t 55 °C ^ -- ;d-i ]

e (44 W/f[ ii i-rfrU-1 Ht t
i , -—if : -::;jsi3si::'::::: :::::::::::::::::
V tl **A* VCC -+6V

3E if Zif ~ VEE" 6V _ __
2 r>' J A%*I «-lhj' _ __
x tji
< "52 _ _
2 f

1 1 1 1 1 1 1
1
ii i ii 1

1
ii 1 1 1

1

Fig.

9

LOAD RESISTANCE (Rl>
— K OHMS

(b)

20

92CS- 14862
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Linear Integrated Circuits

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A
TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS

Terminal Numbers in Circles are for CA3008A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A;

Italic Numbers in Square Boxes are for CA3010A, CA3015A

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE
FOR CA3029A AND CA3030A

POSITIVE DC s

NEGATIVE DC
TERMINAL No.

UPPLY VOLTS (Vcc)
SUPPLY VOLTS (V££)

8 SHORTED TO TER

CL

g I2.5-

*<—

i

<a.
BIENT TEMPERATURE (Ta) = 0°Cy 1 . X

^"°- ' u„-n?Uu 2y II I
-- "~

t^> vEE = h2V t(S
2 " ~ ~ -

,1 ----

S * A f
s> I
i * -I —

VCC = +6V-

_ _.

_ ±
0.75 I 125 1.50 1.75 2

LOAD RESISTANCE (Ri_>— Kfl 32CS-I4860

(a)

a.
i

CL

£ l5

§12.5
1-

z>
Q.

<.

T ™
o
i-

< 5
ui
a.

4
i 2.5

X
<
2

POSITIVE DC J

NEGATIVE DC SUPPLY VOLTS (VEe) _ _ _ _

VCC =+I2V ; laSsJS* +70°C

/2s * \
\

t
i*r l , : ll l

"
'

I

1 1

1
1

I ll

I

/ MINI
|

!! gfH + 'Jb " C

I* Vcc = +6V ~

Fig. 10

10 15 20

LOAD RESISTANCE (RL)—K OHMS
92cs_|486 |

(b)

COMMON-MODE REJECTION RATIO AND COMMON-MODE
INPUT-VOLTAGE-RANGE TEST CIRCUIT

vcc

X IMfl

lOO^FX VBIAS

Procedures:

Common-Mode Rejection Ratio:

1. SetVB!AS = 0. Adjust Vf£ for VouT(DC) = ± 0.1 V.

2. Apply 1-kHz sinusodial input signal and adjust for Vc = 0.3 V
(RMS).

3. Measure and record the RMS value of Vqut- An oscilloscope is

used for this measurement so that the output signal may be visu-

ally separated. from noise output.

4. Calculate Common-Mode Voltage Gain:

ACM = Vqut/Vs
ACM in dB = -20 LOGio Vs/VouT

5. Calculate Common-Mode Rejection Ratio:

CMR in dB = ArjlFF in dB - Aqm in dB.

Common-Mode Input-Voltage Range:

1. Calculate and record CMR for various positive and negative values
of Vbias wi thin the maximum limits shown on Page 2. The Com-
mon-Mode Input-Voltage Range limits are those values of Vrias
at which CMR is 6 dB less than that calculated in Step 5 of the

procedure given above.

Fig.n

EQUIVALENT)

1

VQUT (DC) V0UT (lkHz)

0±0.l V

OSCILLOSCOPE
(TEKTRONIX
TYPE 502A

OR
EQUIVALENT)

T
92CM-14858

COMMON-MODE REJECTION RATIO vs. FREQUENCY

POSITIVE DC SUPPLY VOLTS
NEGATIVE DC SUPPLY VOLTS

(VC C)
(VEE )

AMBIENT TEMPERATURE (TA ) = 25
TERMINAL No. 8 g] OPEN

'C

110

100
z
o
ho ono'a 3

3i
cece 80

s§
|o 70

1 K-Z<
I* 60
2
o
° 50

40

vcc

VEE

+12

= -12

V
V

vc
VE r = -

5V
SV

0.1 1 10 100

FREQUENCY (f)— MHz 92CS- 14859

Fig. 12
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Operational Amplifiers

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A
TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS

Terminal Numbers in Circles are for CA3008A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A;

Italic Numbers in Square Boxes are for CA3010A, CA3015A

SINGLE-ENDED INPUT IMPEDANCE vs. TEMPERATURE

40
</>

2
I

NEGATIVE DC SUPPLY VOLTS (Vee)

|

Z 30
IM 3°
UJ

z ,

g 25
UJ
0-

£ 20
a.
z
o
g 15

z
i

Ul
-> 10o
z
CO

5

Vee=-6V

EE = "I2

v t +
-

XX '

-50 -25 25 50 75 ICO I25

AMBIENT TEMPERATURE (Ta)— °C 92CS-I485I

Fig. 13

SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT

Fig. 14

OUTPUT IMPEDANCE TEST CIRCUIT

I kHz
SIGNAL
SOURCE

"X"

92CM-I4857

w &

Fig. 15

DC
VOLTMETER

(RCA
WV-38A

OR
EQUIVALENT)

J-

V0UT IDC) v0UT (rms)

OtO.IV

VOLTMETER
(BALLANTINE
TYPE 314

OR
EQUIVALENT)

I
~ Procedure:

1. With S2 in position (c) , adjust VE for Vqut(dc ) =0 + 0.1 volt.

2. With Si in position (a) , and S2 in position (d) , record VouTi(rms )

3. With Switch Si in position (b) and S2 in position (d) adjust R\_ until

V0UTi(fms)

v0UT2(rms >
Record value of R|_ as Zqut-

. ..... . 1 .._ I
. ._. .. ._..

_ _ __ -+-

,n 2°
2
O v vcc =+6v ^r

1 17

t-

O i an»,. H
a 15

= "~--«t = :;;;;
UJ

z
<

" ~+
~

a.
2

VCC = + I2V "

5 10

1-
3

S -i-« "" " it

75S::::::±:::::::::::::::::::::::::::::::::

OUTPUT IMPEDANCE vs. TEMPERATURE

Fig. 16

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (Ta)— °C 92CS-I4850
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Linear Integrated Circuits

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, CA3037A, CA3038A
NOISE FIGURE vs. FREQUENCY

POSITIVE DC SUPPLY VOLTS (Vcc)
NEGATIVE OC SUPPLY VOLTS (VEE)

SOURCE RESISTANCE =
I K OHM

20

00

1 '5

u.
z
UJ
ac

O

oz

5

i&«.
^^S^,^^\.^^ THESE CL

APPLY FO
(CA3008A
CA3037A

RVES DO NOT
R 6-VOLT UNITS
,CA30IOA,CA3029A,

N^

^yf'

> i f

NOISE FIGURE TEST CIRCUIT

1000

FREQUENCY (f)— Hz

" 10000

92CS- 14852

TO
QUAN-TECH
MODEL No.

311 OR
EQUIVALENT
TESTER

92CS-I4863

Fig. 17 Fig.18
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Operational Amplifiers

12-Lead TO-5

CA3021, CA3022, CA3023

Low-Power Wideband Amplifiers

Features:
Lower DC Power Drain:

\ CA3021 =4 mWtyp. )

Pt
\ CA3022 = 12.5 mW typ.\ at Vcc = 6 V

' CA3023 = 35 mW tp. )

m Excellent frequency response:
, CA3021 = 2.4 MHz typ.

-3dB \ CA3022 = 7.5 MHz typ.
BW

j CA3023 = 16 MHz typ.

m High Voltage (Jain:

. CA3021 = 56 dB typ. at 0.5 MHz
A \ CA3022 = 57 dB typ. at 2.5 MHz

j CA3023 = 53 dB typ. at 5 MHz

Wide AGC Range: 33 dB typ.

Only one powei supply (4.5 to 12 V)

required

Hermetically sealed 12-lead TO-5-
style package
Operation from -55° C to +125°C

Applications:

Gain-controlled linear

amplifiers

m AM/FM IF amplifiers

m Video amplifiers

Limiters

92CS-I44I6RI

Fig. 1 - Schematic diagram for CA3021, CA3022, and CA3023.
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Linear Integrated Circuits

CA3021, CA3022, CA3023
ABSOLUTE-MAXIMUM RATINGS:

OPERATING-TEMPERATURE RANCH -55°C to +I25°C

STORAGE-TEMPERATURE RANGE -(>5°C to +I59°C

LEAD TEMPERATURE (During Soldering):

At distance I/I6 + I/32 inch (I ,5<> + ().7 l)mm)

from case tor 10 seconds max + 2(>5°C

DEVICE DISSIPATION, PT 1 20 max.

INPUT-SIGNAL VOLTAGE -3, +3 max.

DC VOLTAGES AND CURRENTS See Table Below

mW

V

VOLTAGE OR

CURRENT LIMITS
CIRCUIT CONDITIONS

TERMINAL NEGATIVE POSITIVE TERMINAL CONDITIONS

1 -3V +3V

1

Connected to

Voltage
Source

through 100Q
Resistor

5 +12V

10, 11, 12 Ground

2 -3V +12V
5 +12V

10, 11, 12 Ground

3 ov +12V
5 +12V

10, 11, 12 Ground

4
-12V

10 ma

+12V

«.. mA
6, 11 Ground

5 OV +18V 10, 11, 12 Ground

6
-12V

10 ma

+12V

n. mA
5, 11 Ground

VOLTAGE OR

CURRENT LIMITS
CIRCUIT CONDITIONS

TERMINAL NEGATIVE POSITIVE TERMINAL CONDITIONS

7 0V +12V-

5 +12V

10, 11, 12 Ground

8 20 max. mA
5 +12V

10, 11, 12 Ground

9 -0.5V +3V
5 +12V

10, 11, 12 Ground

10 0V +4V
2,5 +12V

11 Ground

11 -6V +12V
2 Ground

5 +12V

12 OV 44V
2,5 +12V

11 Ground
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Operational Amplifiers

CA3021, CA3022, CA3023
ELECTRICAL CHARACTERISTICS, at ta

25° c\ VCC
= + 6V, unit* s

f

otherwise spe • if iec

CHARACTERISTIC SYMBOL

TEST CONDITIONS LIMITS
..

TEST SETUP

AND

PROCEDURE

FEEDBACK

RESISTANCE

(Up) BETWEEN

TERMINALS

3 AND 7

FRE-

QUENCY

f

CA3021

(TA5219)

CA3022

(TA5236 )

CA3023

(TA5218)
JNITS

TYPICAL

CHARAC-

TERISTIC

CURVE

Fig. n MHz Min.

1

Typ. Max. Min. Fyp. Max. Mm. Typ. Max. Units Fig.

Device

Dissipation Pt 2

00 4 8 - -

24

- - - mW 3a,d

00 - - - - 5 12.5 - - - mW 3b,d

CO 24 35 48 mW 3c,

d

Quiescent

Output

Voltage

Vo

39k - - 2.2 - - - - - - - V

-
2 10k

4.7k

_ _ _ _ - 1.9 _ - - - V

1.3 - V

AGC Source

Current
'agc

4 Vagc-+6v
'

- 0.8 -. - 0.8 - - 0.8 - mA -

Voltage Gain A 5

560k 0.5 50 56 - - - - - - - dB 6a

39k 0.8 40 46 dB 6a,d

39k 2.5 - - - 50 57 - - - - dB 6b

10k 3 - - - 40 44 - - - - dB 6b,d

18k 5 50 53 - dB 6c

4.7k 10 40 44 - dB 6c,d

Bandwidth at

-3 dB Point
BW 5

39k - 0.8 2.4 MHz 6a

10k - - - - 3 7.5 - - - - MHz 6b

6c
4.7k 10 16 - MHz

Input-

Impedance

Compo-

nents

Input

Resistance
R
IN

7

39k
- 4000 12

-
10k

- - - - 1300 - - - - a

4.7k
300 - n

Input

Capaci-

tance

C
IN

7

39k
- 11 PF

-
10k

_ - - - 18 - - - - PF

4.7k
13 - PF

Output

Resistance
ROUT 8

39k
- 300 Q

-
10k

- - - - 120 - - - - n

4.7k
- 100

- Q

Noise Figure NF 9

39k
- 4.2 8.5 dB

-
10k

- - - - 4.4 8.5 - - - dB

4.7k
- - - - - - - 6.5 8.5 dB

AGC Range AGC 10

_ 33 dB

-_ _ - - - 33 - - - - dB

- 10 33 - dB

Maximum

Output Voltage vout
5

39k
- 0.6 V(rms

1

10k
- - - - 0." _ - - - V(rms

)

)(RMS ValtJe) 4.7k 10
0.5 -

V(rms
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Linear Integrated Circuits

CA3021, CA3022, CA3023
TEST SETUP FOR MEASUREMENT OF DEVICE DISSIPATION

AND QUIESCENT OUTPUT VOLTAGE

Pt = vCc (•)

Fig.2

DEVICE DISSIPATION VS DC SUPPLY VOLTAGE
FOR CA3022m z

:^fctitf :

:it:trrr:
4-
4.ir
rfIt'

i::j
-t +-+—
-l-r :--

* 4---U-.-

t:l4t4ti4t ;:4t4it
t"4t

-4 1"!/

T>V
4+4-f-

t T . Tt

a
-4 44 >f-j- -44-

-4-444-

ttf^ 1
44,

o "*"
— |—- 1— -

±t-4--
i '.rt: rtiti" :.. -JT-t.. '- -it

2 . ~t-ti ±1-4 Z\Z"
« 30

--J--
_

-

-•' 4 I + { t- !
j 4-4-+44-Q -4+1

irh Iruj __T
i i tt r

> T I
! ! III! -14—

!j> ,
"~i"*TT

- ^t-T t- .4 !-_4
--4| :

44--r-t-rt-

44L4-+^,«'!4-t + +J_ t itir
j- ?

t IT T - _t4- t-
31. --Li- . u -L t .T

-iikT LL4 Li- 4- t tt- -4
da iiit t i Sffifc4 -44 -tt +44~ i4-T\. iii Mi 'TT+r T1 I

8 II

DC SUPPLY VOLTS (Vcc>

Fig. 3(b)

12

92CS -14.58?

DEVICE DISSIPATION VS TEMPERATURE FOR
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DEVICE DISSIPATION VS DC SUPPLY VOLTAGE
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Fig. 3(a)

DEVICE DISSIPATION VS DC SUPPLY VOLTAGE
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TEST SETUP FOR MEASUREMENT OF AGC
SOURCE CURRENT

92CS-I4433

lAGC IS THE CURRENT FLOWING INTO TERMINAL 2.

Fig. 4
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Operational Amplifiers

TEST SETUP FOR MEASUREMENTSOF VOLTAGE-GAIN, -3dB

BANDWIDTH, AND MAXIMUM OUTPUT VOLTAGE

RF VTVM
BOONTON
TYPE 9IA

=r

PROCEDURES

Voltage Gain:

(a) Set ej n = 0.5 mVat frequency specified, read eou t
Voltage Gain

(A) = 20 Log
10
—

Bandwidth: ein

(a) Set eou t to a convenient reference voltage at f = 100 kHz and

record corresponding value of ejn.

(b) Increase the frequency, keeping ejn constant until e
Qut

drops

3-dB. Record Bandwidth.

CA3021, CA3022, CA3023
VOLTAGE GAIN VS FREQUENCY FOR CA3021

AMBIENT TEMPERATURE (T
fl ) = 25°C FEEDBACK RESISTANCE (R/3)

DC SUPPLY VOLTS (VCc) « +6 CONNECTED BETWEEN TERM-
TERMINALS No. IO,ll,AND 12 CONNEC- INALS No.3 AND 7

TED TO GROUND
70

60

00

I

50

<

2 40

<
O
uj 30

<

O 20
>

10

I

ill
FEEDBACK RESISTANCES ft)

560 Kfl
~"

l^o
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Linear Integrated Circuits

CA3021, CA3022, CA3023
TEST SETUP FOR MEASUREMENT OF INPUT-

IMPEDANCE COMPONENTS

Fig.7

TEST SETUP FOR MEASUREMENT OF NOISE FIGURE

ICUT
"0
Kil

CA302I 39

CA3022 IO

CA3023 4.7

OVF

tL
l-MHz

AMPLIFIER a
FILTER
GAIN =s

60 dB

RF VTVM
BOONTON
TYPE 9IA

OR
EQUIVALENT

CA3021 - R/3 = 39 kQ

CA3022 - R/3 = 10 kQ
CA3023 - R/3 = 4.7 kQ

Fig. 9

TEST SETUP FOR MEASUREMENT OF OUTPUT
RESISTANCE

vcc
+ 6V

* e in Z 10 mV

Fig.8

TEST SETUP FOR MEASUREMENT OF AGC RANGE

vcc
+ 6V

ATTENUATOR]
Z = 50n f

1, 5,10 MHz
AMPLIFIER

GAIN:0T045dB

1 ,5,10 MHz
SIGNAL
SOURCE

TYPE
f

(MHz) L
R

(KfJ)

CA302I 1 2.5mH 10

CA3022 5 260/iH 4.7

CA3023 10 62^H 4.7

RF VTVM
BOONTON
TYPE 9IA

+ 6V +0.7V

AGC RANGE = 20 LOG,

(A = VOLTAGE GAIN)

A WITH S IN POSITION 1

A WITH S IN POSITION 2

f

MHz

CA3021 1

CA3022 '5

CA3023 10

Fig. 10
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Operational Amplifiers

(

8-Lead TO-5
With Dual-ln-Line

Formed Leads
"DIL-CAN"
(S Suffix)

H-1787

Mini-DIP
(E Suffix)

H-1817

8-Lead TO-5
(T Suffix)

H-1528

CA3100 Types

Wideband Operational Amplifier

Features:

High open-loop gain at video

frequencies - 42 dB typ. at 1 MHz
m High unity-gain crossover fre-

quency (M - 38 MHz typ.

m Wide power bandwidth - Vo= 18

Vp-p typ. at 1.2 MHz
m High slew rate -70 V/fjs [typ.] in 20

dB amplifier

25 V/fjs [typ.] in unity-gain amplifier

m Fast settling time - 0.6 fjs typ.

m High output current - ±15 mA min.

m LM118.748/LM101 pin compatibility

Single capacitor compensation
m Offset null terminals

Applications:

Video amplifiers

Fast peak detectors

Meter-driver amplifiers

m High-frequency feedback amplifiers

m Video pre-drivers

Oscillators

m Multivibrators

Voltage-controlled oscillator

m Fast comparators

RCA-CA3100S, CA3100T is a large-signal wideband, high-

speed operational amplifier which has a unity gain cross-

over frequency (f-r) 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 1 8 Vp-p and 30 mA p-p at the output when operating

from ±15 volt supplies. The CA3100 can be compensated
with a single external capacitor and has dc offset adjust

terminals for those applications requiring offset null. (See
Fig. 15).

The CA3100 circuit contains both bipolar and P-MOS tran-

sistors on a single monolithic chip.

The CA3"100 is supplied in either the standard 8-lead TO-5
package ("T" suffix), or in the 8-lead TO-5 dual-in-line

formed-lead "DIL'CAN" package ("S" suffix).

©-

750fl< s'son

^

>60on ison*

-©
OFFSET
NULL
AND

92CM-21655R1

Fig. 1 — Schematic diagram for CA3100.
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Linear Integrated Circuits

CA3100 Types
ELECTRICAL CHARACTERISTICS, At TA = 2S°C:

CHARACTERISTICS
TEST CONDITIONS
SUPPLY VOLTAGE (V+,V~) = 15 V
UNLESS OTHERWISE SPECIFIED

LIMITS

UNITS
MIN. TYP. MAX.

STATIC

Input Offset Voltage, V|o Vq = 0+0.1 V - ±1 ±5 mV
Input Bias Current, l|B

Vq = ± 1 V
- 0.7 2 JUA

Input Offset Current, ho - ±0.05 ±0.4 \XA

Low-Frequency Open-Loop
Voltage Gain.AQL*

Vq = ± 1 V Peak, F = 1 kHz 56 61 - dB

Common-Mode Input

Voltage Range, V|cr
CMRR >76 dB ±12

+ 14

-13
- V

Common-Mode
Rejection Ratio, CMRR V| Common Mode = + 12 V 76 90 _ dB

Maximum Output Voltage:

Positive, Vqm +
Differential Input Voltage = 0+0.1 V

R L = 2 «S2

+9 + 11 _
V

Negative,Vqm~ -9 -11 -

Maximum Output Current:

Positive, loM + Differential Input Voltage =- 0+0.1 V

R L 250 il

+ 15 +30
mA

Negative, IfOM
- -15 -30 -

Supply Current, l

+ V 0+0.1 V, R L > 10 Kil - 8.5 10.5 mA
Power-Supply

Rejection Ratio, PSRR Av + = + 1 v, Av = t 1 v 60 70 - dB

DYNAMIC

Unity-Gain

Crossover Frequency, fy
Cc =0,Vo =03V IP-P) - 38 - MHz

1-MHz Open-Loop

Voltage Gain, AOL
f = 1 MHz, Cc :0, Vq- 10 V (P-P) 36 42 - dB

Slew Rate, SR:

20-dB Amplifier Av = 10, Cc = 0, V| = 1 V (Pulse) 50 70
V/Jis

Follower Mode AV = 1, Cc = 10 pF, V| = 10 V (Pulse) - 25 -

Power Bandwidth, PBWA :

20-dB Amplifier AV = 10, CC s 0, V = 18 V (P-P) 0.8 1.2
MHz

Follower Mode Av = 1, Cq = 10 pF, V = 18 V (P-P) - 0.4 -

Open-Loop Differential

Input Impedance, Z\
F = 1 MHz - 30 - Kft

Open-Loop

Output Impedance, Zq
F = 1 MHz - 110 - n

Wideband Noise Voltage Re-

ferred to Input, e|\j(Total) BW = 1 MHz, Rs = 1 <£2 - 8 - MVrmS
Settling Time, t

s

(To Within ± 50 mV of 9 V
|_Output Swing

R L = 2 K$2, C l = 20 pF - 0.6 - Ms

A Slew Rate .m Power Bandwidth = Low-frequency dynamic characteristic
rrv (P-P)

PHASE
COMPENSATION J-. _^TAB

AND OFFSET NULL [8]

PHASE COMPENSATION

TOP VIEW

v-©—

—©v
D OUTPUT

__tT\ OFFSET
•o> NULL

92CS- 23840

S & T Suffixes

92CS-Z4T

E Suffix

TERMINAL ASSIGNMENTS
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Operational Amplifiers

CA3100 Types
MAXIMUM RATINGS, Absolute-Maximum Values:

Supply Voltage (between V+ and V- terminals) 36 V
Differential Input Voltage ±12 V
Input Voltage to Ground* ±15 V
Offset Terminal to V~ Terminal Voltage ±0.5 V
Output Current 50 mA*
Device Dissipation:

Up to TA = 55°C 630 mW
Above TA = 55°C 6.67 mW/°C

Ambient Temperature Range:

Operating:

E Type -40 to +85 °C
S and T Types -55 to +125 °C

Storage -65 to +150 °C
Lead Temperature (During Soldering)

:

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max. . . . +265 °C

* If the supply voltage is less than ±15 volts, the maximum input voltage to ground is equal to the supply

voltage.

• CA3100S, CA3100T does not contain circuitry to protect against short circuits in the output.

TYPICAL CHARACTERISTIC CURVES
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Fig. 2 — Open-loop gain, open-loop phase shift vs.

frequency.
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Fig 5 — Required compensation capacitance vs.
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frequency.
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Linear Integrated Circuits

CA3100 Types
TYPICAL CHARACTERISTIC CURVES (Cont'd)
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Fig. 8'— Wideband input noise voltage vs. source

resistance.
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Operational Amplifiers

CA3100 Types
TEST CIRCUITS

'ol'IvTI'—

-^—OH)0—ig UH>

WITH Vr ADJUST

_ POTENTIOMETER (Rx)

«x X01 ^
10 KQ '

SET Vi TO GIVE

DESIRED Vo LEVEL
AT TEST FREOUENCY

NULL 'adJUST AT FREOUENCY>l MHI Vr 8 V

POTENTIOMETER MEASURED WITH HP8405A

VECTOR VOLTMETER

Fig. 15 — Open-loop voltage gain test circuit.

^ ca3ioo>-(?)—r ©

'WIDTH > vs

Fig. 17 - Follower slew rate test circuit.

RL'250(1 FOR IomTEST

T ,

V
1°- 250n

Fig 19 - Output voltage swing (Vqm). output

current swing (Iqm) test circuit.

Fig. 16 - Slew rate in 10X amplifier test circuit.

r

_c"vW©-'

Fig. 18 - Wideband input noise voltage test

circuit.

Fig 20 — Settling time test circuit.

TYPICAL APPLICATIONS
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j^r^^:
TERMINATED

son
TRANSMISSION

LINE

Fig. 21 — 20 dB video amplifier.

-I5V

Fig. 22 - 20 dB video line driver.
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CA3100 Types
TYPICAL APPLICATIONS (Cont'd)

Fig. 23 - Fast positive peak detector.

ZERO
ADJUST
2000 ZOKfl

Ql5V

Vrms FULL SCALE

FULL SCALE
CALIBRATION
ADJUST 92CS- 21506

Fig. 24—1 MHz meter-driver amplifier.

Chip Dimensions and Pad Layout

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. 1 7 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 110-3 inch).
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Operational Amplifiers

H-1817 I |

All Types
8-LEAD TO-5
with Dual-ln-Line

Formed Leads

(S suffix)

H 1787

Mini-DIP
CA3130E
CA3130AE

All Types
8-LEAD TO-5
(T suffix)

H 1528

CA3130, CA3130A, CA3130B

BiMOS
Operational Amplifiers

With MOS/FET Input/ COS/MOS Output

FEATURES:
MOS/FET input stage provides:

very high Z = 1.5 TQ (1.5 x 10™Cl) typ.

very low II = 5 pA typ. at 15-V operation

2 pA typ. at 5-V operation

m Common-mode input-voltage range includes -n

negative supply rail; input terminals can Ideal for

be swung 0.5 V below negative supply rail ± single-supply

COS/MOS output stage permits signal swing applications

to either (or both) supply rails _J

RCA-CA3130T, CA3130E, CA3130S, CA-3130AT, CA
3130AS, CA3130AE, CA3130BT, and CA3130BS are

integrated-circuit operational amplifiers that combine the

advantages of both COS/MOS and bipolar transistors on a

monolithic chip.

Gate-protected p-channel MOS/FET (PMOS) transistors

are used in the input circuit to provide very-high-input

impedance, very-low-input current, and exceptional speed

performance. The use of PMOS field-effect transistors in

the input stage results in common-mode input-voltage

capability down to 0.5 volt below the negative-supply

terminal, an important attribute in single-supply applica-

tions.

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 external capacitor, and have terminals for adjust-

ment of offset voltage for applications requiring offset-null

capability. Terminal provisions are also made to permit

strobing of the output stage.

The CA31 30 Series is supplied in standard 8-lead TO-5 style

packages (T suffix), 8-lead dual-in-line formed lead TO-5

style "DIL-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

Low Vjq: 2 mV max. (CA3130B)

Wide BW: 15 MHz typ. (unity-gain crossover)

High SR: 10 V/fjs typ. (unity-gain follower)

High output current (Iq): 20 mA typ.

High Aou 320,000 (1 10 dB) typ.

Compensation with single external capacitor

APPLICATIONS:
Ground-referenced single-supply amplifiers

Fast sample-hold amplifiers

Long-duration timers/monostables

High-input-impedance comparators

(ideal interface with digital COS/MOS)
i
High-input-impedance wideband amplifiers

i Voltage followers

(e.g., follower for single-supply D/A

converter)

i Voltage regulators

(permits control of output voltage

down to zero volts)

i Peak detectors

i Single-supply full-wave precision rectifiers

i Photo-diode sensor amplifiers

package (E suffix). All types operate over the full military-

temperature range of -55° C to +125° C. The CA313QB is

intended for applications requiring premium-grade

specifications. The CA3130A offers superior input

characteristics over those of the CA3130.
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Linear Integrated Circuits

CA3130, CA3130A, CA3130B
ELECTRICAL CHARACTERISTICS at TA-25°C, V+-15 V, V" - V (Unless otherwise specified)

CHARACTERISTIC
LIMITS

Units
CA3130B (T.S) CA3130A (T,S,E) CA3130 (T,S,E)

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max
Input Offset Voltage,

|V I0 | , V±=±7.5 V
- 0.8 2 - 2 5 - 8 15 mV

Input Offset Current,

|l| |. V±=±7.5V
- 0.5 10 - 0.5 20 - 0.5 30 PA

Input Current, l

(

V±=±7.5 V
- 5 20 - 5 30 - 5 50 PA

Large-Signal Voltage

Gain, Aq|_

VO=10Vp .p , R L=2kft

100 k 320 k - 50 k 320 k - 50 k 320 k - V/V

100 110 - 94 110 - 94 110 — dB
Common-Mode
Rejection Ratio,CMRR 86 100 - 80 90 - 70 90 - dB

Common-Mode Input-

Voltage Range, Vj^r

-0.5

to

12

10

-0.5

to

12

10

-0.5

to

12

10 V

Power-Supply Rejection

Ratio, AViq/AV1

V*^!.* V

- 32 100 - 32 150 - 32 320 JiV/V

Maximum Output

Voltage:

AtR.-2kn ^QM— 12 13.3 12 13.3 12 13.3

V

L vOM
_ — 0.002 0.01 - 0.002 0.01 - 0.002 0.01

AtR.=°° ^QM. 14.99 15 - 14.99 15 - 14.99 15 —
L vOM

- — 0.01 - 0.01 - 0.01

Maximum Output

Current:

'OM
+

(Source) @
v = ov 12 22 45 12 22 45 12 22 45

mA
l M~ (Sink)©

V = 15V 12 20 45 12 20 45 12 20 45

Supply Current, l

+
:

V =7.5V,R L
=oo - 10 15 - 10 15

-'
10 15

mAV = OV, R L
= ~ - 2 3 - 2 3 - 2 3

Input Offset Voltage

Temp. Drift,

AV, /AT*

- 5 " 10 - - 10 - uV/°C

PHASE COMPENSATION TAB

OFFSET /7\_
NULL \1S^

INV INPUT©
NON f\

INV INPUTV

*-©-

© STROBE

I-©v

'output

(*)V- AN0 CASE TOP VIEW

TOP VIEW 9?CS-247,3
^

S and T Suffixes e Suffix
Fig. 1 — Functional diagrams for the CA3130 series.
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Operational Amplifiers

CA3130, CA3130A, CA3130B

TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE

CHARACTERISTIC

TEST
CONDITIONS

CA3130B

(TfS)

CA3130A
(T.S.E)

CA3 130
(T.S.E)

UNITS

V+ = +7.5 V
V- = -7.5 V
TA = 25°C

(Unless Other-

wise Specified)

Input Offset Voltage

Adjustment Range

10 k£2 across

Terms. 4 and 5

or 4 and 1

±22 ±22 +22 mV

Input Resistance, R| 1.5 1.5 1.5 TO

Input Capacitance, C| f = 1 MHz 4.3 4.3 4.3 pF

Equivalent Input Noise

Voltage, en

BW = 0.2 MHz
R s

= 1 Mft*

23 23 23 MV

Unity Gain Crossover

Frequency,
f

j

CC = 15 15 15
MHz

Cc = 47pF 4 4 4

Slew Rate, SR:

Open Loop cc = o 30 30 30
V/jis

Closed Loop Cc = 56 pF 10 10 10

Transient Response:

Rise Time, t
r

Cc = 56 pF

C L = 25pF

R L =2kft

(Voltage

Follower)

0.09 0.09 0.09 Ms

Overshoot 10 10 10 %

Settling Time (4 V
p .p

Input to <0.1%)
1.2 1.2 1.2 Ms

Although a 1-MH source is used for this test, the equivalent input noise remains constant for values of Rs

up to 10 Ma.

CHARACTERISTIC

TEST
CONDITIONS

CA3130B
(T.S)

CA3130A
(T.S.E)

CA3130
(T.S.E)

UNITS

V+ = 5 V
V~ = 0V
TA = 25°C

(Unless Other-

wise Specified)

Inpiut Offset Voltage, V|q 1 2 8 mV

Input Offset Current, I jq
0.1 0.1 1 PA

Input Current, l| 2 2 2 pA

Common-Mode Rejection

Ratio, CMRR 100 90 80 dB

Large-Signal Voltage

Gain, Aq|_

V = 4V P-P

R L =5kn

100 k 100 k 100 k V/V

100 100 100 dB

Common-Mode Input

Voltage Range, Vjqr to 2.8 to 2.8 to 2.8 V

Supply Current, l

+

V = 5 V,

R|_ = °°
300 300 300

ma
V = 2.5 V,

R|_ = °°
500 500 500

Power Supply Rejection

Ratio, AV| /AV + 200 200 200 MV/V
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MAXIMUM RATINGS, Absolute-Maximum Values

DC SUPPLY VOLTAGE
(Between V+ and V~ Terminals) 16 V
DIFFERENTIAL-MODE
INPUT VOLTAGE ±8 V
COMMON-MODE DC
INPUT VOLTAGE. . . (V + +8 V) to (V

-
-0.5 V)

INPUT-TERMINAL CURRENT 1mA
DEVICE DISSIPATION:
WITHOUT HEAT SINK -
UP TO 55°C 630 mW
ABOVE 55°C Derate linearly 6.67 mW/°C
WITH HEAT SINK -
UPTO90°C 1 W
ABOVE 90°C • Derate linearly 16.7 mW/°C

TEMPERATURE RANGE:
OPERATING (all types) -55 to + 125°C
STORAGE (all types) -65 to + 150°C
OufPUT SHORT-CIRCUIT
DURATION *....) INDEFINITE
LEAD TEMPERATURE
(DURING SOLDERING):
AT DISTANCE 1/16 ± 1/32 INCH
(1 .59 ± 0.79 mm) FROM 9ASE
FOR 10 SECONDS MAX +265°C

Short circuit may be applied to ground or to either
supply.

~i r -

7i a3v

40 kli
R2

5kfl

r

©T-

INPUT STAGE

D5 I D6

|- CURRENT SOURCE FOR 06 AND 07
~~l C

^
nJ

t4^
1

itf tji
"

CURRENT- SOURCE
LOAD" FOR Oil

S
n^

©>

(5>» OFFSET NULL —Q)~ COMPENSATION -®~ STROBING -«"{4) V

NOTE:
DIODES D5 THROUGH D8 PR0VI0E GATE -OX IDE PROTECTION
FOR MOS/FET INPUT STAGE.

Fig. 2 — Schematic diagram of the CA3130 Series.

92CM-24 7I4RI

CIRCUIT DESCRIPTION
Fig. 3 is a block diagram of the CA3130
Series COS/MOS Operational Amplifiers. The
input terminals may be operated down to
0.5 V below the negative supply rail, and the
output can be swung very close to either
supply rail in many applications. Conse-
quently, the CA3130 Series circuits are ideal

for single-supply operation. Three Class A
amplifier stages, having the individual gain
capability and current consumption shown
in Fig. 3, provide the total gain of the
CA3130. A biasing circuit provides two
potentials for common use in the first and

second stages. Term. 8 can be used both for
phase compensation and to strobe the output
stage into quiescence. When Term. 8 is tied
to the negative supply rail (Term. 4) by
mechanical or electrical means, the output
potential at Term. 6 essentially rises to the
positive supply-rail potential at Term. 7.
This condition of essentially zero current
drain in the output stage under the strobed
"OFF" condition can only be achieved when
the ohmic load resistance presented to the
amplifier is very high (e.g., when the amplifier
output is used to drive COS/MOS digital

circuits in comparator applications).
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Input Stages—The circuit of the CA3130 is

shown in Fig. 2. It consists of a differential-

input stage using PMOS field-effect tran-

sistors (Q6, Q7) working into a mirror-pair

of bipolar transistors (Q9, Q10) functioning

as load resistors together with resistors R3
through R6. The mirror-pair transistors also

function as a differential-to-single-ended con-

verter to provide base drive to the second-

stage bipolar transistor (Q1 1 ). Offset nulling,

when desired, can be effected by connecting

a 100,000-ohm potentiometer across Terms.

1 and 5 and the potentiometer slider arm to

Term. 4. Cascode-connected PMOS transistors

02, Q4 are the constant-current source for

the input stage. The biasing circuit for the

constant-current source is subsequently de-

scribed. The small diodes D5 through D8
provide gate-oxide protection against high-

voltage transients, e.g., including static elec-

tricity during handling for Q6 and Q7.

Second-Stage-Most of the voltage gain in the

CA3130 is provided by the second amplifier

stage, consisting of bipolar transistor Q11

and its cascode-connected load resistance

provided by PMOS transistors Q3 and 05.

The source of bias potentials for these PMOS
transistors is subsequently described. Miller-

Effect compensation (roll-off) is accom-

plished by simply connecting a small capa-

citor between Terms. 1 and 8. A 47 -picofarad

capacitor provides sufficient compensation

for stable unity-gain operation in most

applications.

Bias-Source Circuit-At total supply voltages,

somewhat above 8.3 volts, resistor R2 and

zener diode Z1 serve to establish a voltage of

8.3 volts across the series-connected circuit,

consisting of resistor R1, diodes D1 through

D4, and PMOS transistor Q1. A tap at the

junction of resistor R1 and diode D4 provides

a gate-bias potential of about 4.5 volts for

PMOS transistors 04 and Q5 with respect to

Term. 7. A potential of about 2.2 volts is

developed across diode-connected PMOS tran-

sistor Q1 with respect to Term. 7 to provide

gate bias for PMOS transistors 02 and Q3. It

should be noted that 01 is "mirror-con-

nected"* to both 02 and 03. Since tran-

sistors Q1 , 02, 03 are designed to be iden-

tical, the approximately 200-microampere

current in Q1 establishes a similar current in

02 and 03 as constant-current sources for

both the first and second amplifier stages,

respectively.

At total supply voltages somewhat less than

8.3 volts, zener diode Z1 becomes non-

conductive and the potential, developed

across series-connected R1, D1-D4, and Q1,

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 (PSRR) 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.

tFor general information on the characteristics

of COS/MOS transistor-pairs in linear-circuit

applications, see File No. 619, data bulletin on

CA3600E "COS/MOS Transistor Array".

TOTAL SUPPLY VOLTAGC (FOP, INDICATED VOLTAGE OAINS) 15 V

"WITH INPUT TERMINALS BIASED SO THAT TERM 6 POTENTIAL

IS »75V ABOVE TERM 4

*WITM OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAIL

Fig. 3 - Block diagram of the CA3130 Series.

Ill I NJP>LY'vOLT*«::'V
+:-ISv'iV-«

UJ<i AMBIENT TEMKIIftTURC <Ta)-2S

&&II
I 111 Mill

I III! I I

10 10* 10s 10* 10s 10* I07 w*
FREQUENCY (f ) — Hi

»2C»-»47I»

Fig. 4 - Open-loop voltage gain and phase shift

vs. frequency for various values of

CL , Cq, and Rf_.
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Fig. 7 — Quiescent supply current vs. supply voltage.

92CS- 24720
Fig. 8 - Quiescent supply current vs. supply voltage

at several temperatures.

MAGNITUDE OF LOAD CURRENT (IJ — mA

92CS-2472I
Fig. 9 - Voltage across PMOS output transistor

<Q8) vs. load current.

Input Current Variation with Common-
Mode Input Voltage

As shown in the Table of Electrical Charac-
teristics, the input current for the CA3130
Series Op-Amps is typically 5 pA at Ta=25°C
when terminals 2 and 3 are at a common-
mode potential of +7.5 volts with respect to
negative supply Terminal 4. Fig.11 contains
data showing the variation of input current
as a function of common-mode input voltage
at Ja = 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

MAGNITUDE OF LOAD CURRENT (IL)— »A

_. »2C»-2472I
Fig. 70 - Voltage across NMOS output transistor

(Q12) vs. load current.

gate-protection diodes in the input circuit
and, therefore, a function of the applied

INPUT CURRENT <I T I- pA

•2CS-2MI*

Fig. 11 — Input current vs. common-mode voltage.
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voltage. Although the finite resistance of the

glass terminal-to-case insulator of the TO-5
package also contributes an increment of

leakage current, there are useful compensa-

ting factors. Because the gate-protection net-

work functions as if it is connected to

Terminal 4 potential, and the TO-5 case of

the CA3130 is also internally tied to Term-
inal 4, input terminal 3 is essentially "guarded"
from spurious leakage currents.

Offset Nulling

Offset-voltage nulling is usually accomplished

with a 100,000-ohm potentiometer con-

nected across Terms. 1 and 5 and with the

potentiometer slider arm connected to Term.

4. A fine offset-null adjustment usually can

be effected with the slider arm positioned in

the mid-point of the potentiometer's total

range.

Input-Current Variation with Temperature

The input current of the CA3130 Series cir-

cuits is typically 5 pA at 25°C. The major

portion of this input current is due to leakage

current through the gate-protective diodes in

the input circuit. As with any semiconductor-

junction device, including op amps with a

junction-FET input stage, the leakage cur-

rent approximately doubles for every 10°C
increase in temperature. Fig.12 provides data

on the typical variation of input bias current

as a function of temperature in the CA3130.

4000
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s. *
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~ 100

s !

£ -

° 2

I l0
8
6

4

2

v+. 7.5 V

—

-80 -60 -40 -20 20 40 60 80 100 120 140

AMBIENT TEMPERATURE <TA )— 'C

92CS-2B244

Fig. 12 — Input current vs. ambient temperature.

In applications requiring the lowest practical

input current and incremental increases in

current because of "warm-up" effects, it is

suggested that an appropriate heat sink be

used with the CA3130. In addition, when
"sinking" or "sourcing" significant output

current the chip temperature increases,

causing an increase in the input current. In

such cases, heat-sinking can also very mar-

kedly reduce and stabilize input current

variations.

Input-Offset-Voltage (V| ) Variation with

DC Bias vs. Device Operating Life

It is well known that the characteristics of a

MOS/FET device can change slightly when a

dc gate-source bias potential is applied to the

device for extended time periods. The magni-

tude of the change is increased at high tem-

peratures. Users of the CA3130 should be

alert to the possible impacts of this effect if

the application of the device involves ex-

tended operation at high temperatures with a

significant differential dc bias voltage applied

across Terms. 2 and 3. Fig. 13 shows typical

data pertinent to shifts in offset voltage

encountered with CA3130 devices (TO-5

package) during life testing. At lower tem-

peratures (TO-5 and plastic), for example

at 85°C, this change in voltage is con-

siderably less. In typical linear applica-

tions where the differential voltage is small

and symmetrical, these incremental changes

are of about the same magnitude as those

encountered in an operational amplifier em-
ploying a bipolar transistor input stage. The
two-volt dc differential voltage example rep-

resents conditions when the amplifier output
stage is "toggled", e.g., as in comparator

applications.

500 1000 I5O0 2000 2500 3000 3500 4000

TIME (D- HOURS
92CS-24724RI

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 Q8 and Q12 are

driven increasingly positive with respect to

ground, current flow through Q12 (from the

negative supply) to the load is increased and

current flow through Q8 (from the positive

supply) decreases correspondingly. When the

gate terminals of 08 and Q12 are driven in-

creasingly negative with respect to ground,

current flow through Q8 is increased and

current flow through Q12 is decreased

accordingly.

Single-supply operation: Initially, let it be

assumed that the value of R|_ is very high

(or disconnected), and that the input-terminal

bias (Terms. 2 and 3) is such that the out-

put terminal (No. 6) voltage is at V+/2, i.e..
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~n±

(o) DUAL POWER-SUPPLY OPERATION (b) SINGLE POWER-SUPPLY OPERATION

92CS-24T29

Fig. 14 — CA3130 output stage in dual and single power-supply operation.

the voltage-drops across Q8 and Q12 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 linear portion of their

voltage-transfer characteristics (see Fig. 6).

If either Q8 or Q12 are swung out of their

linear regions toward cut-off (a non-linear
region), there will be a corresponding 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 Q12 is completely cut off and the
supply-current to series-connected transistors

Q8,. Q12 goes essentially to zero. The two
preceding stages in the CA3130, however,
continue to draw modest supply-current (see

the lower curve in Fig. 7) even though the
output stage is strobed off. Fig. 14a shows a

dual-supply arrangement for the output stage
that can also be strobed off, assuming Ri_

=0°,
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+/2. Since PMOS transistor

Q8 must now supply quiescent current to

both R(_ and transistor Q12, it should be
apparent that under these conditions the
supply-current must increase as an inverse
function of the R(_ magnitude. Fig. 9 shows
the voltage-drop across PMOS transistor Q8
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 inp'it signal is

in the order of 1 megohm or more. In this

case, the total input-referred noise voltage
is typically only 23 juV 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
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 i?

BW(-3dB)-200 kHz
TOTAL NOISE VOLTASE (REFERRED

TO INPUT ) 23 „v TYP

92CS-24726

Fig. 15 — Test-circuit amplifier (30-dB gain) used
for wideband noise measurements.
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"i_r

-75 V
Cc-SSpF -±-

BW(-3aB)«4MHl
SR=IOV/M »

tn

Top Trace: Output

Bottom Trace: Input

(a) Small-signal response (50 mV/div

and 200 ns/div.)

(a) Output-waveform with input-signal ramping

(2 V/div. and 500Ms/div.)

92CS-24739
Top Trace: Output signal (2 V/div.

and 5 jis/div.)

Center Trace: Difference signal (5 mV/div.

and 5 jus/div.)

Bottom Trace: Input signal (2 V/div.

and 5 /us/div.)

(b) Input-output difference signal showing

settling time (Measurement made with

Tektronix 7 A1 3 differential amplifier)

Fig. 16 - Split-supply voltage follower with

associated waveforms.

linear over a wide dynamic range, as illus-

trated by the reproduction of the output

waveform in Fig. 17a, with input-signal

ramping. The waveforms in Fig. 17b show

that the follower does not lose its input-to-

output phase-sense, even though the input is

92CS-24728RI

Top Trace: Output (5 V/div. and 200 /xs/div.)

Bottom Trace: Input (5 V/div. and 200 /is/div.)

(b) Output-waveform with ground-reference

sine-wave input

Fig. 17 - Single-supply voltage-follower with

associated waveforms, (e.g., for use

in single-supply D/A converter; see

Fig.9 in ICAN-6080).

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.
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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.

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 system. The line-voltage

regulation (approximately 0.2%) permits a

9-bit accuracy to be maintained with varia-

10 V LOGtC INPUTS

© ® Y <b © © © © ©

REQUIRED
BIT RATIO- MATCH

1 STANDARD
2 to 1%
J ±02%
4 0 4%
5 10 8%

6-9 s 1 % ABS

ALL RESISTANCES IN OHMS

92CL- 2*729

Fig. 18 - 9-bit DAC using COS/MOS digital switches and CA3130.

The circuit, uses an R/2R voltage-ladder
network, with the output potential obtained
directly by terminating the ladder arms at
either the positive or the negative power-
supply terminal. Each CD4007A contains
three "inverters", each "inverter" function-
ing as a single-pole double-throw switch to
terminate an arm of the R/2R network at
either the positive or negative power-supply
terminal. The resistor ladder is an assembly

"Digital-to-Analog Conversion Using the
RCA-CD4007A COS/MOS IC", Application
Note ICAN-6080.

tions of several volts in the supply. The
flexibility afforded by the COS/MOS building
blocks simplifies the design of DAC systems
tailored to particular needs.

Single-Supply, Absolute-Value, Ideal Full-
Wave Rectifier

The absolute-value circuit using the CA3130
is shown in Fig. 19. During positive excur-
sions, the input signal is fed through tne

feedback network directly to the output.
Simultaneously, the positive excursion of the
input signal also drives the output termi-
nal (No. 6) of the inverting amplifier in a
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negative-going excursion such that the 1N914
diode effectively disconnects the amplifier

from the signal path. During a negative-going

excursion of the input signal, the CA3130
functions as a normal inverting amplifier with

a gain equal to — R2/R1. When the equality

of the two equations shown in Fig. 19 is

satisfied, the full-wave output is symmetrical.

CA3130, CA3130A, CA3130B
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-

20 V p-p INPUT; BW(-SdB)" 230 km, DC OUTPUT (AVG.) -3.2 V

I VOLT p-p INPUT: BW(-3dB)-l30 kHl, DC OUTPUT (AVG.)-I60n

92CS-24730

92CS-24738RI

Top Trace: Output signal (2 V/div.)

Bottom Trace: Input signal (10 V/div.)

Time base on both traces: 0.2 ms/div.

Fig. 19 — Single-supply, absolute-value, ideal full-wave

rectifier with associated waveforms.

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

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 Q11, 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 Q11, the

transistor functions in an active "pull-down"

mode so that the intrinsic capacitance can be

discharged more expeditiously.

age by continuous adjustment over the range

from to 13 volts. Q3 and Q4 in IC2 (a

CA3086 transistor-array IC) function as

zeners to provide supply-voltage for the

CA3130 comparator (IC1). Q1, 02, and

Q5 in IC2 are configured as a low impedance,

temperature-compensated source of adjust-

able reference voltage for the error amplifier.

Transistors Q1, Q2, Q3, and Q4 in IC3

(another CA3086 transistor-array IC) are

connected in parallel as the series-pass ele-

ment. Transistor Q5 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-

_n_n_n.

6 Vp-p INPUT;

BW(-3dB)-360 kHz

0.3 Vp.p INPUT;

BW(-3dB)-320kHl

Q + T.i V

0l MF

(o) PEAK POSITIVE DETECTOR CIRCUIT lb) PEAK NEGATIVE DETECTOR CIRCUIT

Fig.20 — Peak-detector circuits.
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L £V» Rl >v

REGULATION (NO LOAD TO FULL LOAD). < 0.01%
INPUT REGULATION: 0.02%/

V

HUM AND NOISE OUTPUT: < 28 MV UP TO 100 kHl

Fig,21 — Voltage regulator circuit (0 to 13 Vat 40 ma).

2N3055,

i-S-

92CM-24792

+9

-6-1

rrr?*

100

OUTPUT:
0.1 TO SO V
AT I A

REGULATION (NO LOAO TO FULL LOAD): < 0.003%
INPUT REGULATION: <O.OI%/V
MUM AND NOISE OUTPUT: < 250 MV RMS UP TO 100 kHl

J—1—5-

92CM- 24734

Fig.22 - Voltage regulator circuit 10. 1 to 50 V at 1 A).
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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 (Q4) to provide adequate

base drive for the Darlington -connected series-

pass transistors Q1, Q2. 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 R1 and R2 are used to bias the

CA3130 to the mid-point of the supply-volt-

age and R3 is the feedback resistor. The

pulse repetition rate is selected by position-

ing S1 to the desired position and the rate

remains essentially constant when the re-

sistors which determine "on-period" and

"off-period" are adjusted.

Function Generator

Fig. 24 contains a schematic diagram of a

function generator using the CA3130 in the

integrator and threshold detector functions.

This circuit generates a triangular or square-

wave output that can be swept over a

1,000,000:1 range (0.1 Hz to 100 kHz) by

means of a single control, R1. A 'voltage-

control input is also available for remote

sweep-control.

The heart of the frequency-determining sys-

tem is an operational-transconcluctance-ampli-

fier (OTA)*, IC1, operated as a voltage-con-

trolled current-source. The output, Irj, is a

current applied directly to the integrating

capacitor, C1, in the feedback loop of the

integrator IC2, using a CA3130, to provide

the triangular-wave output. Potentiometer

R2 is used to adjust the circuit for slope

symmetry of positive-going and negative-

going signal excursions.

Another CA3130, IC3, is used as a controlled

switch to set the excursion limits of the

triangular output from the integrator circuit.

Capacitor C2 is a "peaking adjustment" to

optimize the high-frequency square-wave

performance of the circuit.

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.

01 p.F

R2 <? ^=
100 kfl

FREQUENCY RANGE
POSITION OF SI PULSE PERIOD

O 001 fit 4 M s TO I ms

0.01 /iF 40 ^s TO 10ms

I jiF 04 ms TO 100 ms

I uF 4 ms TO I s

92CS- 24733

Fig.23 — Pulse generator (astable multivibrator) with

provisions for independent control of "ON"
and "OFF" periods.
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I0 kfl

VOUTA6E OAW4
CONTROLLED
INPUT

J~L
6-75 V

Fig. 24 — Function generator (frequency can be varied
1,000,000/1 with a single control).

92CM-24T55

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-handling

capability of the CA3130 output stage by
about 2.5X.

The amplifier circuit in Fig. 25 employs
feedback to establish a closed-loop gain of

48 dB. The typical large-signal bandwidth
(-3 dB) is 50 kHz.

See File No. 619 for technical information.

INPUT 2 kfl

o )[

IpF

© © ©

*V(CL) * «8 OB

LARGE SIGNAL
BW(-3dB) • 50 kHi

M

<' (?)-<> (jo)—" '•

ni nz ni

JalbiLbi!
-_ .L- ij

2 2

~"1 500 uF

SEE FILE NO. 619

TRANSISTORS pl,pz,p3 AND nl,n2,n3 ARE
PARALLEL -CONNECTED WITH 08 AND 012
RESPECTIVELY. OF THE CA3I30

92CM-247S7

Fig. 25 - COS/MOS transistor array (CA3600E)
connected as power-booster in the
output stage of the CA3130.
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59-

50-

20-1

CA3130, CA3130A, CA3130B

Dimensions in parentheses are in millimeters arid

are derived from the basic inch dimensions as in-

dicated. Grid graduations are in mils (10~3 inch).

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° in-

stead 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 and Pad Layout for CA3130H.
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>^ sassf |
BiMOS Operational Amplifiers

^^P M-mi/ ^h^ With MOS/FET Input/Bipolar Output

ill Types
8-Laad TO-5
With Dual-ln-Lina
Formed Leads
"DIL-CAN"
(S Suffix)

H-1787

FEATURES:
MOS/FET Input Stage

(a) Very high input impedance (Z//y/J — 1.5 TCI typ.

(b) Very low input current {i\) — 10 pA typ. at ± 15 V
(c) Low input-offset voltage (Vio) — to 2 mV max.
(d) Wide common-mode input-voltage range (Vjcr)—

can be swung 0.5 volt below negative supply-voltage
rail

(e) Output swing complements input common-mode range
(f) Rugged input stage — bipolar diode protected

TheCA3140B,CA3140A,andCA3140areintegrated-circuit
operational amplifiers that combine the advantages of high-
voltage PMOS transistors with high-voltage bipolar
transistors 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 CA31 30 COS/MOS operational
amplifiers and the versatility of the 741 series of industry-
standard operational amplifiers.

The CA3140, CA3140A, and CA3140 BiMOS operational
amplifiers feature gate-protected MOS/FET (PMOS)
transistors in the input circuit to provide very-high-input
impedance, very-low-input current, and high-speed
performance. 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 operation, and,
additionally, have access terminals for a supplementary
external capacitor if additional frequency roll-off is desired.
Terminals are also provided for use in applications
requiring input offset-voltage nulling. The use of PMOS
field-effect transistors in the input stage results in common-
mode input-voltage capability down to 0.5 volt below the
negative-supply terminal, an important attribute for single-
supply applications. The output stage uses bipolar
transistors and includes 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 terminal pin-out
used for the "741" and other industry-standard operational
amplifiers. They are supplied in either the standard 8-lead
TO-5 style package (T suffix), or in the 8-lead dual-in-line
formed-lead TO-5 style package "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

Directly replaces industry type 741 in most applications

m Includes numerous industry operational

amplifier categories such as general-pur-

pose, FET input, wideband (high slew rate)

m Operation from 4-to-44 volts

Single or Dual supplies

u Internally compensated
m Characterized for ± 15-volt operation

and for TTL supply systems with

operation down to 4 volts

Wide bandwidth — 4.5 MHz unity

gain at ± 15 V or 30 V; 3.7 MHz at 5 V
High voltage-follower slew rate — 9 V//js

Fast setting time — 1.4 fjs typ.

to 10 mV with a 10-Vp.p signal

Output swings to within 0.2 volt

of negative supply
m Strobable output stage

APPLICATIONS:
Ground-referenced single-supply amplifiers

in automobile and portable instrumentation

Sample and hold amplifiers

u Long-duration timers/multivibrators

(microseconds—minutes—hours)
m Photocurrent instrumentation

Peak detectors Active filters

m Comparators
Interface in 5 V TTL systems & other

low-supply voltage systems
All standard operational amplifier applications

Function generators Tone controls
m Power supplies Portable instruments

Intrusion alarm systems
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plastic package (Mini-DIP-E suffix). The
CA3140B is intended for operation at

supply voltages ranging from 4 to 44 volts,

for applications requiring premium-grade
specifications. The CA3140A and CA3140

CA3140, CA3140A, CA3140B Types

are for operation at supply voltages up to 36
volts (±18 volts). All types can be operated

safely over the temperature range from
-55°Cto+125°C.

TYPICAL ELECTRICAL CHARACTERISTICS

CHARACTERISTIC

TEST
CONDITIONS

V+ = +15V

V~=-15V
Ta = 25°C

CA3140B
(T,S)

CA3140A
(T,S,E)

CA3140
<t,s,e)

UNITS

Input Offset Voltage

Adjustment Resistor

Typ.Value of Re-

sistor Between

Term. 4 and 5 or

4 and 1 to Adjust

Max. V|0

43 18 4.7 kft

Input Resistance Ri; 1.5 1.5 1.5 Tft

Input Capacitance C| 4 4 4 pF

Output Resistance Ro 60 60 60 ft

Equivalent Wideband

Input Noise Voltage en

(See Fig. 39)

BW= 140 kHz

RS = 1 Mft
48 48 48 /iV

Equivalent Input

Noise Voltage en

(See Fig. 10)

f= 1 kHz Rs =

100 ft

40 40 40
nV/v/HT

f=10kHz 12 12 12

Short-Circuit Current to

Opposite Supply Source IOM+ 40 40 40 mA
Sink IOM

-
18 18 18 mA

Gain-Bandwidth

Product, (See Figs. 5 &I8) fT 4.5 4.5 4.5 MHz

Slew Rate, (See Fig.6) SR 9 9 9 V/jus

Sink Current From Terminal 8

To Terminal 4 to Swing

Output Low
220 220 220 ma

Transient Response:

Rise Time

Overshoot (See Fig. 37)
r

R L =2kft
CL = 100 pF

0.08 0.08 0.08 JiS

10 10 10 %

Settling Time

at 10Vp.p

(See Fig. 17)

1 mV ts

RL = 2kft
4.5 4.5 4.5

MS
10mV

Voltage Fol lower
1.4 1.4 1.4
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CA3140, CA3140A, CA3140B Types
ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN

At V+ = 15 V, V- = 1 5 V, TA = 25°C Unless Otherwise Specified

CHARACTERISTIC
LIMITS

UNITSCA3140B CA3140A CA3140

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

Input Offset Voltage, |V|o| - 0.8 2 - 2 5 _ 5 15 mV
Input Offset Current, |l|o| - 0.5 10 - 0.5 20 - 0.5 30 PA

Input Current, l| - 10 30 - 10 40 - 10 50 PA

Large-Signal

Voltage Gain, Aql*
(See Figs. 4,18)

50 k 100 k - 20 k 100 k - 20 k 100 k - V/V

94 100 - 86 100 - 86 100 - dB

Common-Mode
Rejection Ratio, CMRR
(See Fig. 9)

- 20 50 - 32 320 - 32 320 /iV/V

86 94 - 70 90 - 70 90 - dB

Common-Mode

Input-Voltage

Range, V|CR
(See Fig. 20)

-15
-15.5

to

+ 12.5

12 -15
-15.5

to

+ 12.5

12 -15

-15.5

to

+ 12.5

11 V

Power-Supply

Rejection AV|q/AV - 32 100 - 100 150 - 100 150 //V/V

Hauo, rbn H

(See Fig.11)
80 90 - 76 80 - 76 80 - dB

Max. Output

Voltage" Vqm +
+ 12 13 . + 12 13 + 12 13

V
(See Figs. 13,20) Vom" -14 -14.4 - -14 -14.4 - -14 -14.4 -

Supply Current, l

+

(See Fig. 7 )

- 4 6 - 4 6 - 4 6 mA

Device Dissipation, Pp - 120 180 - 120 180 - 120 180 mW
Input Offset Voltage

Temp. Drift, AV| /AT
- 5 - - 6 - - 8 -

/iV/°C

Max. Output Vom + + 19 + 19.5 - - - - - - -
V

Voltage* VfjM
- -21 -21.4 - - - - - - -

Large -Signal

Voltage Gain, Aql

20 k 50 k - - - - - - - V/V

86 94 - - - - - - - dB

At Vo = 26Vp.p , +12V, -14V and R|_ = 2 kJ2.

* At Vq = +19 V, -21 V, and R|_ = 2 kfi.

" At R|_ = 2kft.

* At V+ = 22 V, V- = 22 V.

AND CASE

TOP VIEW Fig. 1 — Functional diagrams of the

S and T Suffixes CA3140 series.

-<D°n
f
S

'OUTPUT

OFFSET
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CA3140, CA3140A, CA3140B Types
MAXIMUM RATINGS, Absolute-Maximum Values:

CA31 40, CA31 40A CA3140B
DC SUPPLY VOLTAGE
(BETWEEN V+ AND V- TERMINALS) 36 V 44 V

DIFFERENTIAL-MODE INPUT VOLTAGE ±8V ±8 V
COMMON-MODE DC INPUT VOLTAGE (V+ +8 V) to (V~ -0.5 V)
INPUT-TERMINAL CURRENT 1 mA
DEVICE DISSIPATION:

WITHOUT HEAT SINK t
UPT0 55°C 630 mW
ABOVE 55°C Derate linearly 6.67 mW/°C

WITH HEAT SINK -

Up to 55°C 1 W
Above 55°C Derate linearly 16.7 mW/°C

TEMPERATURE RANGE:
OPERATING (ALL TYPES) -55to+125°C
STORAGE (ALL TYPES) -65to+150°C
OUTPUT SHORT-CIRCUIT DURATION* INDEFINITE
LEAD TEMPERATURE (DURING SOLDERING):
AT DISTANCE 1/16 ±1/32 INCH (1.59 ± 0.79 MM)
FROM CASE FOR 10 SECONDS MAX +265°C

* Short circuit may be applied to ground or to either supply.

TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE
At V+ = 5 V, V- = V, Ta = 25°C

CHARACTERISTIC CA3140B
(T,S)

CA3140A
(T,S,E)

CA3140
(T,S,E)

UNITS

Input Offset Voltage IViol 0.8 2 5 mV
Input Offset Current |||q| 0.1 0.1 0.1 PA

Input Current l| 2 2 2 PA

Input Resistance 1 1 1 Tfi

Large-Signal Voltage Gain Aql
(See Figs. 4,18)

100 k 100 k 100 k V/V

100 100 100 dB

Common-Mode Rejection Ratio, CMRR 20 32 32 juV/V

94 90 90 dB

Common-Mode Input-Voltage Range V|CR

(See Fig.20)

-0.5 -0.5 -0.5
V

2.6 2.6 2.6

Power-Supply Rejection Ratio AV|q/AV+ 32 100 100 juV/V

90 80 80 dB

Maximum Output Voltage V()M + 3 3 3
V

(See Figs. 13,20) Vqm~ 0.13 0.13 0.13

Maximum Output Current:

Source 'OM + 10 10 10
mA

Sink IOM~ 1 1 1

Slew Rate (See Fig. 6) 7 7 7 V//us

Gain-Bandwidth Product (See Fig. 5) fj 3.7 3.7 3.7 MHz
Supply Current (See Fig. 7) l

+ 1.6 1.6 1.6 mA
Device Dissipation Pq 8 8 8 mW
Sink Current from Term. 8 to

Term. 4 to Swing Output Low
200 200 200 ma
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Fig.2 — Block diagram of CA3140 series.

BIAS CIRCUIT SECOND STAGE OUTPUT STAGE DYNAMIC CURRENT SINK u +

© O (s)
OFFSET NULL STROBE

ALL RESISTANCE VALUES ARE IN OHMS

Fig.3 — Schematic diagram of CA3140 series.

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 cascoded
constant-current flow circuits in the first and
second stages. The CA3140 includes an on-

chip phase-compensating capacitor that is

sufficient for the unity gain voltage-follow-

er configuration.

Input Stages — The schematic circuit diagram

of the CA3140 is shown in Fig. 3. It con-

sists of a differential-input stage using PMOS
field-effect transistors (Q9, Q10) working

into a mirror pair/ of bipolar transistors (Q1 1,

Q12) functioning as load resistors together

with resistors R2 through R5. The mirror-

pair transistors also function as a differen-
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tial-to-single-ended converter to provide base-

current drive to the second-stage bipolar
transistor (Q13). Offset nulling, when de-
sired, can be effected with a 10-kft poten-
tiometer connected across terminals 1 and
5 and with its slider arm connected to termi-
nal 4. Cascode-connected bipolar transistors

Q2, Q5 are the constant-current source for
the input stage. The base-biasing circuit for
the constant-current source is described sub-
sequently. The small diodes D3, D4, D5 pro-
vide gate-oxide protection against high-volt-

age transients, e.g., static electricity.

Second Stage — Most of the voltage gain in

the CA3140 is provided by the second amp-
lifier stage, consisting of bipolar transistor

Q13 and its cascode-connected load resis-

tance provided by bipolar transistors Q3, Q4.
On-chip phase compensation, sufficient for
a majority of the applications is provided by
C1. Additional Miller-Effect compensation
(roll-off) can be accomplished, when de-
sired, by simply connecting a small capa-
citor between terminals 1 and 8. Terminal
8 is also used to strobe the output stage into

quiescence. When terminal 8 is tied to the
negative supply rail (terminal 4) by mechani-
cal or electrical means, the output terminal 6
swings low, i.e., approximately to terminal

4 potential.

Output Stage - The CA3140 Series circuits

employ a broadband output stage that can
sink loads to the negative supply to comple-
ment the capability of the PMOS input stage

when operating near the negative rail. Quies-
cent current in the emitter-follower cascade
circuit (Q17, Q18) is established by tran-

sistors (Q14, Q15) whose base-currents are

"mirrored" to current flowing through diode
D2 in the bias circuit section. When the
CA3140 is operating such that output ter-

minal 6 is sourcing current, transistor Q18
functions as an emitter-follower to source
current from the V+ bus (terminal 7), via

D7, R9, and R11. Under these conditions,
the collector potential of Q13 is suffi-

ciently high to permit the necessary flow of

base current to emitter follower Q17 which,
in turn, drives Q18.

When the CA3140 is operating such that

output terminal 6 is sinking current to the
V- bus, transistor Q16 is the current-sinking

CA3140, CA3140A, CA3140B Types
element. Transistor Q1 6 is mirror-connected
to D6, R7, with current fed by way of Q21,
R12, and Q20. Transistor Q20, in turn, is

biased by current-flow through R13, zener
D8, and R14. The dynamic current-sink
is controlled by voltage-level sensing. For
purposes of explanation, it is assumed that
output terminal 6 is quiescently established
at the potential mid-point between the V+
and V- supply rails. When output-current
sinking-mode operation is required, the col-

lector potential of transistor Q13 is driven
below its quiescent level, thereby causing
Q17, Q18 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
Q21. As a consequence, there is an incre-

mental increase in current flow through
Q20, R12, Q21, D6; R7, and the base of
Q16. As a result, Q16 sinks current frorr

terminal 6 in direct response to the incre

mental change in output voltage caused b\

Q18. This sink current flows regardless of
load; any excess current is internally supplied
by the emitter-follower Q18. Short-circuit
protection of the output circuit is provided
by Q19, which is driven into conduction by
the high voltage drop developed across R11
under output short-circuit conditions. Under
these conditions, the collector of Q19 di-

verts current from Q4 so as to reduce the
base-current drive from Q17, thereby limit-

ing current flow in Q18 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 R1. The function of the bias cir-

cuit is to establish and maintain constant-
current flow through D1, Q6, Q8 and D2.
D1 is a diode-connected transistor mirror-
connected in parallel with the base-emitter
junctions of Q1, 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 Q6
(via Q1) to maintain a constant current
through Q6, Q8, D2. The base-currents in

Q2, Q3 are also determined by constant-
current flow D1. Furthermore, current in

diode-connected transistor D2 establishes the
currents in transistors Q14 and Q15.
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APPLICATIONS CONSIDERATIONS

Wide dynamic range of input and output
characteristics with the most desirable high

input-impedance characteristic is achieved in

the CA3140 by the use of an unique design

based upon the PMOS-Bi polar 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.

ate both power transistors and thyristors

directly without the need for level-shifting

circuitry usually associated with the 741
series of operational amplifiers.

Fig. 16 show some typical configurations.

Note that a series resistor, R|_, 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 a.t the

thyristor input to prevent large negative

transient surges that can appear at the gate of

thyristors, from damaging the integrated

circuit.

500 1000 1900 2000 2900 3000 3900 4000
TIME (t)- HOURS

9ZCS-24724RI

Fig. 14 — Typical incremental offset-voltage

shift vs operating life.

LOGIC
SUPPLY

" 5 V

Fig. 12 — Zener clamping diode connected to

terminals 8 and 4 to limit CA3140
output swing to TTL levels.

Fig. 13 shows output current-sinking capa-

bilities of the CA3140 at various supply

voltages. Output voltage swing to the nega-

tive supply rail permits this device to oper-
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AMBIENT TEMPERATURE <TA).29*C
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<" A
<&'

_ _L-
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/
v

'
'

LOAD (SINKING) CURRENT — »A

Fig. 13 — Voltage across output transistors Q1S
and Q16 vs load current.

OFFSET-VOLTAGE NULLING

The input-offset voltage can be nulled by
connecting a 10-kJ2 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

163



Linear Integrated Circuits

CA3140, CA3140A, CA3140B Types

Fig. 15 — Three offset-voltage nulling methods.

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.

Fig. 16 — Methods of utilizing the VQ^(sat) 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 setting time characteristics are largely

due to the high combination of high gain and
wide bandwidth of the CA3140; as shown in

Fig. 18.
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Fig. 17 — Input voltage vs settling time.

INPUT CIRCUIT CONSIDERATIONS

As mentioned previously, the amplifier in-

puts can be driven below the terminal 4
potential, but a series current-limiting re-
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Fig. 18 — Open-loop voltage gain and phase lag

vs frequency.

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-

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-kfi resistor is sufficient.

The typical input current is in the order of

10 pA when the inputs are centered at nomi-

nal device dissipation. As the output supplies

load current, device dissipation will increase,

raising the chip temperature and resulting in

increased input current. Fig. 19 shows typi-

cal input-terminal current versus ambient

temperature for the CA3140.

It is well known that MOS/FET devices can

exhibit slight changes in characteristics (for

example, small changes in input offset volt-

age) due to the application of large differ-

ential input voltages that are sustained over

long periods at elevated temperatures.

Both applied voltage and temperature ac-

celerate these changes. The process is rever-

sible and offset voltage shifts of the opposite

polarity reverse the offset. Fig.14 shows the

typical offset voltage change as a function of

various stress voltages at the maximum rating

of 125°C (for TO-5); at lower temperatures

(TO-5 and plastic), for example, at 85°C,

this change in voltage is considerably less.

In typical linear applications, where the

differential voltage is small and symmetircal,

these incremental changes are of about the

same magnitude as those encountered in an

operational amplifier employing a bipolar a

transistor input stage.

SUPER SWEEP FUNCTION GENERATOR
A function generator having a wide tuning

range is shown in Fig.21. The 1,000,000/1

Fig. 19 — Input current vs ambient

temperature.

SUPPLY VOLTAGE <V f
, V" I— VOLTS

Fig.20 — Output-voltage-swing capability and
common-mode input-voltage range

vs supply voltage and temperature.

adjustment range is accomplished by a single

variable potentiometer or by an auxiliaty

sweeping signal. The CA31 40 functions as a

non-inverting read-out amplifier of the tri-

angular signal developed across the integra-

ting capacitor network connected to the

output of the CA3080A current source.

Buffered triangular output signals are then

applied to a second CA3080 functioning as

a high-speed hysteresis switch. Output from
the switch is returned directly back to the
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input of the CA3080A current source, there-

by, completing the positive feedback loop.

The triangular output level is determined by
the four 1N914 level-limiting diodes of the

second CA3080 and the resistor-divider net-

work connected to terminal No.2 (input) of

the CA3080. These diodes establish the in-

put trip level to this switching stage and,

therefore, indirectly determine the ampli-

tude of the output triangle.

Compensation for propagation delays around
the entire loop is provided by one adjust-

ment on the input 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 linearity is adjusted by the
single 7-to-60 pF capacitor in the output of

the CA3080A.

It must be emphasized that only the CA-
3080A is characterized for maximum output
linearity in the current-generator function.

IOO kll

FROM BUFFER
METER DRIVER >-

II kfl

10 k«

EXTERNAL

39kfll|20n
'°J

a ADJUSTMENT

-15 V ' +15 V
|

A
THIS NETWORK IS USED WHEN THE
OPTIONAL BUFFER CIRCUIT IS NOT
USED

TOP TRACE : OUTPUT AT JUNCTION OF
270 AND 51 n RESISTORS
5V/DIV AND 500m»/OIV

CENTER TRACE: EXTERNAL OUTPUT OF
TRIANGULAR FUNCTION
GENERATOR
2V/DIV AND 500m»/DIV

BOTTOM TRACE: OUTPUT OF "LOG"
GENERATOR
IOV/DIV AND 500 ms/DIV

92CS-27922

(b1) Function generator sweeping

(a) Circuit

METER DRIVER
AND BUFFER
AMPLIFIER

(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

100-pA level.

(b2) Function generator with fixed frequencies

Fig. 21 — Function generator.
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Hfl^r,, $ 620 0.

I kfl

g)200 MA METER

Fig. 22 — Meter driver and buffer amplifier.

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
Control. This low-driving impedance re-

quirement is easily met by using a CA3140
connected as a voltage follower. More-
over, a meter may be placed across the

input to the CA3080A to give a logarithmic

analog indication of the function generators

frequency.

Analog frequency readout is readily accom-
plished by the means described above be-

cause the output current of the CA3080A
varies approximately one decade for each
60-mV change in the applied voltage, VabC
(voltage between terminals 5 and 4 of the

CA3080A of the function generator). There-
fore, six decades represent 360-mV change
in VABC-

Now, only the reference voltage must be

established to set the lower limit on the

meter. The three remaining transistors from
the CA3086 Array used in the sweep gener-

ator are used for this reference voltage. In

addition, this reference generator arrange-

ment tends to track ambient temperature
variations, and thus compensates for the ef-

fects of the normal negative temperature

coefficient of the CA3080A VABC termi-

nal voltage.

Another output voltage from the reference

generator is used to insure temperature

tracking of the lower end of the Frequency
Adjustment Potentiometer. A large series

resistance simulates a current source, assuring

similar temperature coefficients at both ends
of the Frequency Adjustment Control.

To calibrate this circuit, set the Frequency
Adjustment Potentiometer at its low end.

Then adjust the Minimum Frequency Calibra-

tion Control for the lowest frequency. To
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 SHAPE

R

The circuit shown in Fig. 23 uses a CA3140
as a voltage follower in combination with

diodes from the CA3019 Array to convert

the triangular signal from the function gen-

erator to a sine-wave output signal having ty-

pically less than 2% THD. The basic zero-

crossing slope is established by the 10-kft

potentiometer connected between terminals

2 and 6 of the CA3140 and the 9.1-kft re-

sistor and 10-kl2 potentiometer from termi-

nal 2 to ground. Two break points are es-

tablished by diodes Di through D4. Positive

feedback via D5 and D6 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.

167



Linear Integrated Circuits

CA3140, CA3140A, CA3140B Types
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-|, followed by an adjustment of

R2- The final slope is established by ad-

justing R3, thereby adding additional seg-

ments that are contributed by these diodes.

Because there is some interaction among
these controls, repetition of the adjustment

procedure may be necessary

SWEEPING GENERATOR
Fig. 24 shows a sweeping generator. Three
CA3140's are used in this circuit. One
CA3140 is used as an integrator, a second
device is used as a hysteresis switch that
determines the starting and stopping points
of the sweep. A third CA3140 is used as a

logarithmic shaping network for the log

function. Rates and slopes, as well as saw-
tooth, triangle, and logarithmic sweeps are

generated by this circuit.

AAA—
TO WIDEBAND
OUTPUT
AMPLIFIER

lOkfl
'-AAA—*

EXTERNAL
OUTPUT

Fig. 23 — Sine-wave shaper.

Fig. 24 — Sweeping generator.
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Fig. 25 — Wideband output amplifier.

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//Js. (18 volts peak-to-peak x IT x 0.5

MHz).

POWER SUPPLIES

High input-impedance, common-mode capa-

bility down to the negative supply and high

output-drive current capability are key fac-

tors in the design of wide-range output-volt-

age supplies that use a single input voltage

to provide a regulated output voltage that

can be adjusted from essentially Oto 24 volts.

Unlike many regulator systems using com-
parators having a bipolar transistor-input

stage, a high-impedance reference-voltage di-

vider from a single supply can be used in con-

nection with the CA3140 (see Fig. 26).

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 volts the

output will be 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 (Vp^sat) across the output of the

CA3140 (see Fig. 13). This saturation volt-

age level may indeed set the lowest volt-

age obtainable.

OUTPUT
O.I V t* 24 V

AT I AMPERE

62 kfl

LOAD REGULATION
(NO LOAD TO FULL LOAD)

(MEASUREMENT BA'NDWIDTH ~ 10 MHl) < 0.02%
LINE REGULATION

01%/VOLT .„„ „„,„

Fig. 26 — Basic single-supply voltage regulator

showing voltage-follower configuration. Fig. 27 — Regulated power supply.
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The high impedance presented by terminal
8 is advantageous in effecting current limit-
ing. Thus, only a small signal transistor is

required for the current-limit sensing amp-
lifier. Resistive decoupling is provided for
this transistor to minimize damage to it or
the CA3140 in the event of unusual input or
output transients on the supply-rail.

Figs. 27 and 28, show circuits in which a

D2201 high-speed diode is used for the
current sensor. This diode was chosen for its

slightly higher forward-voltage drop charac-
teristic thus giving greater sensitivity. It must
be emphasized that heat sinking of this

diode is essential to minimize variation of the
current trip point due to internal heating of
the diode. That is, 1 ampere at 1 volt

forward drop represents one watt which
can result in significant regenerative changes
in the current trip point as the diode tem-

perature rises. Placing the small-signal refer-

ence amplifier in the proximity of the cur-

rent-sensing diode also helps minimize the

variability in the trip level due to the nega-

tive temperature coefficient of the diode.

In spite of those limitations, the current

limiting point can easily be adjusted over

the range from 10 mA to 1 ampere with a

single adjustment potentiometer. If the

temperature stability of the current-limiting

system is a serious consideration, the more
usual current-sampiing resistor-type of cir-

cuitry should be employed.

A power Darlington transistor (in a heat

sink TO-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 D2201 diode is used for

current sampling. Foldback is provided by
the 3 kQ. and 100 kQ. 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 juV 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-J2 load at 20 volts out-

put.

liStS' ffif£L«5EI

cV—l
i-^

(MEASUREMENT BANDWIDTH ~ 10 MHz)
LINE REGULATION

0.1%/VOLT

LOAD REGULATION
(NO LOAD TO FULL LOAD)

< 0.02%

Fig. 28 — Regulated power supply with

"foldback " current limiting.

SUPPLY TURN -ON AND TURN-OFF
CHARACTERISTICS

( 5 VOLTS /DIV AND -I »/DIV.)

92CS -27882

TRANSIENT RESPONSE
TOP TRACE ' OUTPUT VOLTAGE

( 200 mV/DIV AND 5Ms/DIV)
BOTTOM TRACE COLLECTOR OF LOAD

SWITCHING TRANSISTOR
LOAD" I AMPERE
(5V0LTS/DIV AND5MS/DIV)

92CS-2788I

Fig. 29 — Waveforms of dynamic characteristics

ofpower supply currents shown
in Figs. 29 and 30.
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Fig. 30 — Tone control circuit using CA3130 series

(20-dB midband gain).

± IS dB BASS AND TREBLE BOOST
AND CUT AT 100 Hz AND 10 kHz,

RESPECTIVELY
25 VOLTS p-p OUTPUT AT 20 kHz
-3 dB AT 70 kHz FROM I kHz

,
REFERENCE

[TONE CWm^NETWORK] o dB FLAT POSITION GAIN

FOR DUAL SUPPLIES

Fig. 31 - Baxandall tone control circuit using

CA3 140 series.

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 analysis 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.

TONE CONTROL CIRCUITS

High-slew-rate, wide-bandwidth, high-output

voltage capability and high input impedance

are all characteristics required of tone-con-

trol amplifiers. Two tone control circuits

that exploit these characteristics of the

CA3140 are shown in Figs. 30 and 31.

The first circuit, shown in Fig. 31, is the

Baxandall tone-control circuit which provides

unity gain at midband and uses standard

linear potentiometers. The high input im-

pedance of the CA3140 makes possible the

use of low-cost, low-value, small-size capaci-

tors, as well as reduced load of the driving

stage.

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 Ri = R2 = R and C1 = C2 = C,

the frequency equation reduces to the fa-

miliar f = 1/2 7T RC and the gain required for

oscillation, AosC 's 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-
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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, R
s , is commonly re-

placed with some variable resistance element.
Thus, through some control means, the value

of R s 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.

OUTPUT
OI9 Vp-p TO 22 V p-

THO < 3 %

50 Hz, R = 3.3 Mft
lOOHz, R= I.6MA

I kHz, R = 160 kfl

10 kHz, R = 16 k»
30 kHz, R = 5. 1 kll

Fig. 33 — Wien bridge oscillator circuit using

CA3 140 series.

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-/uF polycarbonate capa-

citors and 22 MJ7 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 rate of approximately 9 volts/

jus when its amplitude is 16 volts peak-to-

peak.

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-

SPMULATED LOAD —'*! x ^
NOT REQUIRED --£_-

Fig. 34 — Sample- and hold circuit.

plished with the CA3140 via its offset

nulling terminals. A typical simulated load

of 2 kf2 and 30 pF is shown in the schematic.

In this circuit, the storage compensation
capacitance (C-|) is only 200 pF. Larger
value capacitors provide longer "hold" periods
but with slower slew rates. The slew rate

— =— = 0.5 mA/200 pF = 2.5 V//ns.

ICAN-6668 "Applications of the CA3080
and CA3080A High-Performance Oper-
ational Transconductance Amplifiers".
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Pulse "droop" during the hold interval is

170 pA/200 pF which is = 0.85 /uV//us;

(i.e., 170 pA/200 pF). In this case, 170 pA
represents the typical leakage current of

the CA3080A when strobed off. If Ci were

increased to 2000 pF. the "hold-droop" rate

will decrease to 0.085 jiV/jus, but the slew rate

would decrease to 0.25 V//us. The parallel

diode network connected between terminal

H

TOP TRACE OUTPUT

(50mV/DIV AND 200ns/ DIV.)

BOTTOM TRACE INPUT

(50 mV/DIV. AND 200 ns/DIV.)

92CS- 27883

LARGE-SIGNAL RESPONSE AND
SETTLING TIME

TOP TRACE: OUTPUT SIGNAL

(5 V/DIV AND 2^5/DIV I

BOTTOM TRACE INPUT SIGNAL

(5V/DIV AND 2/is/DIV.)

CENTER TRACE DIFFERENCE OF INPUT AND OUTPUT
SIGNALS THROUGH TEKTRONIX
AMPLIFIER 7AI3

(5mV/DIV AND 2fis/DIV ) 92CS-2788

SAMPLING RESPONSE
TOP TRACE : SYSTEM OUTPUT

UOOmV/DIV. AND 500 ns/DIV)

BOTTOM TRACE : SAMPLING SIGNAL

( 20 V/DIV AND 500 ns/ DIV )

92CS-27885
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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.

CURRENT AMPLIFIER
The low input-terminal current needed to

drive the CA3140 makes it ideal for use in

current-amplifier applications suchas 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(_. This load

current is increased by the multiplication

factor R2/R1, when the load current is

monitored by the power supply meter M.
Thus, if the load current is 100 nA, with

values shown, the load current presented

to the supply will be 100 jiA; 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.

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.

Fig. 35 Sample- and hold system dynamic

characteristics waveforms.

• "Operational Amplifiers Design and Ap-

plications", J. G. Graeme, McGraw-Hill

Book Company, page 308 - "Negative

Immittance Converter Circuits".
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/wv\

20 V p-p INPUT BW(-;aBM290 kHj. 0C OUTPUT

Fig. 37 - Single-supply, absolute-value, ideal full-wave rectifier with associated waveforms.

10 Kfl

>-A/W0—

>-t--T

ioopF-r ^S

BWI-3dB>'4 5 MHz
SR'9 V/Ms

TOP TRACE :OUTPUT
(50mV/DIV ANq 200 ns/OIV)

BOTTOM TRACE : INPUT

<50mV/DIVAND 200ns/DIV)

(o) SMALL- SIGNAL RESPONSE

(50mV/OIV AND 200ns/DIV)

TOP TRACE : OUTPUT SIGNAL

(5 V/DIV AND 5/u/DIV )

CENTER TRACE: DIFFERENCE SIGNAL
(5m V/DIV- AND 5>»5/DIV.)

BOTTOM TRACE INPUT SIGNAL
(5V/DIV. AND 5jis/DIV>

(b) INPUT- OUTPUT DIFFERENCE SIGNAL
SHOWING SETTLING TIME (MEASUREMENT
MADE WITH TEKTRONIX 7AI3 DIFFERENTIAL
AMPUFIER

> 92CS-27680

Fig. 38 — Split-supply voltage-follower test circuit and associated waveforms.
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BV»(-3dB)- I40 kHz
TOTAL NOISE VOLTAGE (REFERRED

TO INPUT) =48 F V TYP

Fig. 39 — Test circuit amplifier (30-dB gain) used

for wideband noise measurement.

58-66
(I.473-I.676)

4-I0
(O.I02-0.254)

62-70
(I.575-I.778) 92CM -32235

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).
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^^ SiD6'o

p
E |

BiMOS Operational Amplifiers
• -^ < .

; ™_ With MOS/FET Input, COS/MOS Output

All Types
8-LEAD TO-5 .,,,.
with Dual-ln-Line A" J*??* c
Formed Leads %LE*? 7°*
(S suffix) <T suff,x)

H 1787 H 1528

FEATURES:
Similar to CA3130 but has internal compensation
MOS/FET input stage provides:

very high Z\ = 1.5 TQ (1.5 X 70 12OJ typ.

very low // = 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

m COS/MOS output stage permits signal swing

to either (or both) supply rails

Ideal for

single-supply

applications

The RCA-CA3160T, CA3160S, CA3160E; CA3160AT,
CA3160AS, CA3160AE; and CA3160BT, CA3160BS are
integrated-circuit 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
performance. The use of PMOS field-effect transistors in

the input stage results in common-mode input-voltage
capability down to 0.5 volt below the negative-supply
terminal, an important attribute in single-supply applica-
tions.

A complementary-symmetry MOS (COS/MOS) transistor-
pair, capable of swinging the output voltage to within 10
millivolts of either supply-voltage terminal (at very high
values of load impedance), is employed as the output
circuit.

The CA3160 Series circuits operate at supply voltages
ranging from 5 to 16 volts, or +2.5 to +8 volts when using
split supplies, and have terminals for adjustment of offset
voltage for applications requiring offset-null capability.
Terminal provisions are also made to permit strobing of the
output stage.

The CA31 60 series is supplied in standard 8-lead TO-5 style
packages (T suffix) and 8-lead dual-in-line formed-lead
TO-5 style "DIL-CAN" packages (S suffix). The CA3160 is

available in chip form (H suffix).

i Low Vio- 2 mV max. (CA3160B)
i Wide BW: 4 MHz typ. (unity-gain crossover)
i High SR: 10 V/fjs typ. (unity-gain follower)

i High output current (Iq): 20 mA typ.

i High AqL : 320,000 (110 dB) typ.

i Internal phase compensation for unity gain
(With terminal access for supplementary external
phase compensation network if desired)

APPLICATIONS:
i Ground-referenced single-supply amplifiers

i 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)

Wien-Bridge oscillators

Voltage-controlled oscillators

Photo-diode sensor amplifiers

The CA3160A and CA3160 are also available in the 8-lead
dual-in-line plastic package (Mini-DIP-E suffix). All types
operate over the full military-temperature range of -55° C to

+ 125° C. The CA3160B is intended for applications
requiring premium-grade specifications. The CA3160A
offers superior input characteristics over those of the
CA3160.
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ELECTRICAL CHARACTERISTICS at TA=25°C, V
+=15 V, V- = V (Unless otherwise specified)

CHARACTERISTIC

LIMITS

UnitsCA3160B (T, S) CA3160A (T, S, E) CA3160 (T, S, E)

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

Input Offset Voltage,

|V |0|, V±=±7.5V
- 0.8 2 - 2 5 - 6 15 mV

Input Offset Current,

|l| |. V^.BV
- 0.5 10 - 0.5 20 - 0.5 30 PA

Input Current, l|

V±=±7.5 V
- '5 20 - 5 30 - 5 50 PA

Large-Signal Voltage

Gain, Aq|_

Vo=10 Vp.
p

, R L=2k£2

100 k 320 k - 50 k 320 k - 50 k 320 k - V/V

100 110 - 94 110 - 94 110 - dB

Common-Mode
Rejection Ratio, CMRR

86 100 - 80 95 - 70 90 - dB

Common-Mode Input-

Voltage Range, V|qr

-0.5

to

12

10

-0.5

to

12

10

-0.5

to

12

10 V

Power-Supply Rejection

Ratio, AViq/AV*
V ± =±7.5 V

- 32 100 .- 32 150 - 32 320 /iV/V

Maximum Output

Voltage:

AtPl o i,ri
VOM 12 ,13.3 12 13.3 12 13.3

V
vOM - 0.002 0.01 - 0.002 0.01 - 0.002 0.01

A
t P ™ vOM

+
14.99 15 - 14.99 15 - 14.99 15 -

At «l \/
"" -

VOM - 0.01 - 0.01 - 0.01

Maximum Output

Current:

Iqm
+

(Source) @
v = o V 12 22 45 12 22 45 12 22 45

mA
l0M " (Sink)@

V = 15 V 12 20 45 12 20 45 12 20 45

Supply Current, l

+
:

VQ=7.5 V,R L
=°° - 10 15 - 10 15 - 10 15

mA
VQ = V, R L

= °° - 2 3 - 2 3 - 2 3

Input Offset Voltage

Temp. Drift,

AV| /AT*

- 5 - - 6 - - 8 - pV/°C

SUPPLEMENTARY
COMPENSATION

S and T Suffixes

OFFSET fT\_
NULL \IJ

NV INPUT®-

©~

(e) STROBE

-®V
DouTPUT

TOP VIEW 92C5-290«6

E Suffix
;.s ?"<» 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. 1 - Functional diagrams of the CA3160 Series.
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TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE

CHARACTERISTIC

TEST
CONDITIONS

CA3160B

(T.S)

CA3160A

(T, S, E)

CA3160

(T.S, E)

UNITS

V+ = +7.5 V
V- = -7.5 V
TA = 25°C

(Unless Other-

wise Specified)

Input Offset Voltage

Adjustment Range

10 kU across

Terms. 4 and 5

or 4 and 1

±22 ±22 ±22 mV

Input Resistance, R| 1.5 1.5 1.5 Tf2

Input Capacitance, C| f = 1 MHz 4.3 4.3 4.3 PF

Equivalent Input Noise

Voltage, e n

BW=
0.2 MHz

Rs=1 Mft

R s=10Mn
40

50

40

50

40

50
MV

Equivalent Input Noise

Voltage, en

RS
=

100 n
1 kHz

10kHz
72

30

72

30

72

30
nV\^Hz"

Unity Gain Crossover

Frequency, f j

4 4 4 MHz

Slew Rate, SR: 10 10 10 V/jus

Transient Response:

Rise Time, t
r

C L
= 25 pF

R L
= 2 k£2

0.09 0.09 0.09 JUS

Overshoot 10 10 10 %

Settling Time (4 V„
p

Input to <0.1%)
Follov

ye

i/er) 1.8 1.8 1.8 MS

CHARACTERISTIC

TEST

CONDITIONS

CA3160B
(T.S)

CA3160A
(T, S, E)

CA3160
(T, S, E)

UNITS

V+ = 5 V
V~ = V
TA = 25°

C

(Unless Other-

wise Specified)

Input Offset Voltage, V|q 1 2 6 mV
Input Offset Current, I|q 0.1 0.1 0.1 PA
Input Current, l|

-

2 2 2 PA
Common-Mode Rejection

Ratio, CMRR 100 90 80 dB
Large-Signal Voltage

Gain, Aq|_

vO = 4Vp-P

R L = 5k£2

100 k 100 k 100 k V/V

100 100 100 dB

Common-Mode Input

Voltage Range, V|Qp to 2.8 to 2.8 Oto 2.8 V

Supply Current, l

+

VQ = 5 V,

R L
= °°

300 300 300

HAV = 2.5 V,

R L
= oo

500 500 500

Power Supply Rejection

Ratio, AV )0/AV
+

200 200 200 A<V/V
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MAXIMUM RATINGS, Absolute-Maximum

DC SUPPLY VOLTAGE
(Between V+ and V

-
Terminals) 16 V

DIFFERENTIAL-MODE
INPUT VOLTAGE ±8 V
COMMON-MODE DC
INPUT VOLTAGE. . . (V + +8V)to (V

-
-0.5 V)

INPUT-TERMINAL CURRENT 1mA
DEVICE DISSIPATION:
WITHOUT HEAT SINK -
UP TO 55°C 630 mW
ABOVE 55°C Derate linearly 6.67 mW/°C
WITH HEAT SINK

-

UPTO90°C 1 W
ABOVE 90° C • • Derate linearly 16.7 mW/°C

Operational Amplifiers

CA3160, CA3160A, CA3160B Types

Values
TEMPERATURE RANGE:

OPERATING (All Types) -55to+125°C

STORAGE (All Types) -65to+150°C
OUTPUT SHORT-CIRCUIT
DURATION* INDEFINITE

LEAD TEMPERATURE
(DURING SOLDERING):
AT DISTANCE 1/16 ± 1/32 INCH
(1 .59 ± 0.79 MM) FROM CASE
FOR 10 SECONDS MAX +265°C

*Shorf circuit may be applied to ground or to either

supply.

BIAS CIRCUIT

n r:

CURRENT SOURCE FOR 06 AND Q7 | |

CU
f^n- fn^Q^

Uh Fqi
I I

02!h>J
I I

n

,,_A/VV-»-

£

5 kfl

r INPUT STAGE

INV- INPUT

05 I W DS l D7

P^
nd

W

(5)» OFFSET NULL -«-{T

J i I L
SUPPLEMENTARY
' COMPENSATION

IF DESIRED

©V +

n 1-

-,
| OUTPUT

i—
1

1—i >

|)» STROBING -••(*) V
"

NOTE
DIODES D5 THROUGH D8 PROVIDE GATE-OXIDE PROTECTION
FOR MOS/FET INPUT STAGE

92CM-28536

Fig.2 — Schematic diagram of the CA3160 Series.

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 CA31 60 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 CA31 60.

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).
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Input Stages — The circuit of the CA3160 is

shown in Fig. 2. It consists of a differential-

input stage using PMOS field-effect tran-

sistors (Q6, Q7) working into a mirror-pair

of bipolar transistors (Q9, Q10) functioning

as load resistors together with resistors R3
through R6. The mirror-pair transistors also

function as a differential-to-single-ended con-
verter to provide base drive to the second-

stage bipolar transistor (Q11). Offset nulling,

when desired, can be effected by connecting
a 100,000-ohm potentiometer across Terms.
1 and 5 and the potentiometer slider arm to

Term. 4. Cascode-connected PMOS tran-

sistors Q2, Q4, are the constant-current source

for the input stage. The biasing circuit for the

constant-current source is subsequently de-

scribed. The small diodes D5 through D7
provide gate-oxide protection against high-

voltage transients, e.g., including static elec-

tricity during handling for Q6 and Q7.

Second-Stage — Most of the voltage gain in

the CA3160 is provided by the second am-
plifier stage, consisting of bipolar transistor

Q1 1 and its cascode-connected load resistance

provided by PMOS transistors Q3 and Q5.
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-k£2

resistor connected between the base and
collector of transistor 0.11. 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

circuit, consisting of resistor R1, diodes D1
through D4, and PMOS transistor Q1. A
tap at the junction of resistor R1 and diode
D4 provides a gate-bias potential of about
4.5 volts for PMOS transistors Q4 and Q5
with respect to Terminal 7. A potential of

about 2.2 volts is developed across diode-
connected PMOS transistor Q1 with respect

to Terminal 7 to provide gate bias for PMOS
transistors Q2 and Q3. It should be noted
that Q1 is "mirror-connected"t to both Q2
and Q3. Since transistors Q1, Q2, Q3 are

designed to be identical, the approximately
200-microampere current in Q1 establishes

a similar current in Q2 and Q3 as constant-
current sources for both the first and sec-

ond amplifier stages, respectively.

At total supply voltages somewhat less than
8.3 volts, zener diode Z1 becomes non-
conductive and the potential, developed
across series-connected R1, D1-D4, and Q1,
varies directly with variations in supply
voltage. Consequently, the gate bias for

Q4, Q5 and Q2, Q3 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.

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".

TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) • 15 V
"WITH INPUT TERMINALS BIASED SO THAT TERM 6 POTENTIAL
IS +75 V ABOVE TERM 4

'WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAIL.

Fig. 3 - Block diagram of the CA3160 Series.
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FREQUENCY (II 92CS- 28558

Fig.4 — Open-loop voltage gain and phase shift

vs. frequency.

Operational Amplifiers

CA3160, CA3160A, CA3160B Types

AMBIENT TEMPERATURE (T») — °C

Fig.5 - Open-loop gain vs. temperature.

supply voltage : v*« is, v" o v p;:'

AMBIENT TEMPERATURE (TA)-2S*C p; m\

25 5 7 5 10 I2.3 15 ITS 20 22 5

GATE VOLTAGE (V G ) [TERMS 4 5 b] — V

Fig.6 — Voltage transfer characteristics of

COS/MOS output stage.
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Offset Nulling

Offset-voltage nulling is usually accomplished
with a 100,000-ohm potentiometer con-
nected across Terminals 1 and 5 and with the
potentiometer slider arm connected to Term-
inal 4. A fine offset-null adjustment usually
can be effected with the slider arm positioned
in the mid-point of the potentiometer's total

range.

Input Current Variation with Common-
Mode Input Voltage

As shown in the Table of Electrical Charac-
teristics, the input current for the CA3160
Series Op-Amps is typically 5 pA at Ta=25°C
when Terminals 2 and 3 are at a common-
mode potential of +7.5 volts with respect to

negative supply Terminal 4. Fig. 12 contains

INPUT CURRENT (I T )- pA 92CS-Z8537

Fig. 12 — Input current vs. common-mode voltage.

data showing the variation of input current
as a function of common-mode input voltage

at Ta=25°C. These data show that circuit

designers can advantageously exploit these

characteristics to design circuits which typi-

cally require an input current of less than 1

pA, provided the common-mode input volt-

age does not exceed 2 volts. As previously

noted, the input current is essentially the
result of the leakage current through the

gate-protection diodes in the input circuit

and, therefore, a function of the applied
voltage. Although the finite resistance of the
glass terminal-to-case insulator of the TO-5
package also contributes an increment of
leakage current, there are useful compensa-
ting factors. Because the gate-protection net-

work functions as if it is connected to

Terminal 4 potential, and the TO-5 case of

the CA3160 is also internally tied to Term-
inal 4, input terminal 3 is essentially "guarded"
from spurious leakage currents.

Input-Current Variation with Temperature

The input current of the CA3160 Series cir-

cuits is typically 5 pA at 25°C The major
portion of this input current is due to leakage

current through the gate-protective diodes in

the input circuit. As with any semiconductor-
junction device, including op amps with a

junction-FET input stage, the leakage cur-

rent approximately doubles for every 10°C
increase in temperature. Fig. 13 provides data

on the typical variation of input bias current

as a function of temperature in the CA3160.
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Fig. 13 — Input current vs. ambient temperature.

In applications requiring the lowest practical

input current and incremental increases in

current because of "warm-up" effects, it is

suggested that an appropriate heat sink be
used with the 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 (Vjq) Variation with

DC Bias vs. Device Operating Life

It is well known that the characteristics of a

MOS/FET device can change slightly when a

dc gate-source bias potential is applied to the

device for extended time periods. The magni-
tude of the change is increased at high temp-
eratures. Users of the CA3160 should be alert

to the possible impacts of this effect if the

application of the device involves extended
operation at high temperatures with a signi-

ficant differential dc bias voltage applied

across Terminals 2 and 3. Fig. 14 shows typi-

cal data pertinent to shifts in offset voltage

encountered with CA3160 devices in TO-5
packages during life testing. At lower temper-

atures (TO-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 dc differential voltage example

represents conditions when the amplifier out-

put state is "toggled", e.g., as in comparator

applications.

Power-Supply Considerations

Because the CA3160 is very useful in single-

supply applications, it is pertinent to review

some considerations relating to power-supply

current consumption under both single- and
dual-supply service. Figs. 15(a) and 15(b)

show the CA3160 connected for both dual-

and single-supply operation.

(o) DUAL POWER-SUPPLY OPERATION

-nt

92CS-28576

(b) SINGLE POWER-SUPPLY 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 Q8 and
Q12 are driven increasingly positive with

respect to ground, current flow through Q12
(from the negative supply) to the load is in-

creased and current flow through Q8 (from

the positive supply) decreases correspond-

ingly. When the gate terminals of Q8 and
Q12 are driven increasingly negative with

respect to ground, current flow through Q8
is increased and current flow through Q12 is

decreased accordingly.

Single-supply operation: Initially, let it be

assumed that the value of Rl is very high

(or disconnected), and that the input-terminal

bias (Terminals 2 and 3) is such that the out-

put terminal (No. 6) voltage is at V+/2, i.e.,

the voltage-drops across Q8 and Q12 are of

equal magnitude. Fig. 7 shows typical quies-

cent supply-current vs. supply-voltage for the

CA3160 operated under these conditions.

CA3160, CA3160A, CA3160B Types

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 Q8 or Q12are
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 Q12 is completely cut off

and the supply-current to series-connected

transistors Q8, Q12 goes essentially to zero.

The two preceding stages in the 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|_=°°, by pulling the potential of

Terminal 8 down to that of Terminal 4.

Let it now be assumed that a load-resistance

of nominal value (e.g., 2 kilohms) is con-

nected between Terminal 6 and ground in

the circuit of Fig. 15(b). Let it further be

assumed again that the input-terminal bias

(Terminals 2 and 3) is such that the output
terminal (No. 6) voltage is a V+/2. Since

PMOS transistor Q8 must now supply quies-

cent current to both R|_and transistor Q12,
it should be apparent that under these condi-

tions the supply-current must increase as an

inverse function of the Rl magnitude. Fig. 9
shows the voltage-drop across PMOS tran-

sistor Q8 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 /xV when the test-circuit

amplifier of Fig. 16 is ope-ated at a total

supply voltage of 15 volts. This value of

BW(-3dB)»200 kHz
TOTAL NOISE VOLTAGE (REFERRED

TO INPUT) ««0 M V TYP.

Fig. 16 — Test-circuit amplifier (30-dB gain) used
for wideband noise measurements.
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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.

I

jB^^Z^ZilB
11BMM
Km _

1id
{HH ssss

i_r

(b) Small Signal Response

Top Trace: Output

Bottom Trace: Input

25 pF
SIMULATED LOAD
CAPACITANCE

BW(-3dB)= 4 MHz
SR= 10 V/p

92CS-28578

92CS ^8579

(c) Input-Output Difference Signal Showing
Settling Time
Top Trace: Output Signal

Center Trace: Difference Signal 5 mV/div
Bottom Trace: Input Signal

Fig. 17 — Split-supply voltage follower with associated waveforms.

TYPICAL APPLICATIONS
Voltage Followers

Operational amplifiers with very high input

resistances, like the CA3160, are particularly

suited to service as voltage followers. Fig. 17

shows the circuit of a classical voltage

follower, together with pertinent waveforms
using the CA3160 in a split-supply config-

uration.

A voltage follower, operated from a single-

supply, is shown in Fig.18 together with

related waveforms. This follower circuit is

linear over a wide dynamic range, as illus-

trated by the reproduction of the output
waveform in Fig. 18b with input-signal ramp-
ing. The waveforms in Fig. 18c show that

the follower does not lose its input-to-

output phase-sense, even though the input is

being swung 7.5 volts below ground poten-

tial. This unique characteristic is an important

attribute in both operational amplifier and
comparator applications. Fig. 18c also shows
the manner in which the COS/MOS output

stage permits the output signal to swing down

to the negative supply-rail potential (i.e.,

ground in the case shown). The digital-to-

analog converter (DAC) circuit, described in

the following section, illustrates the practical

use of the CA3160 in a single-supply voltage-

follower application.

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.

"Digital-to-Analog Conversion Using the RCA-
CD4007A COS/MOS IC", Application Note
ICAN-6080.
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I pF

(a)

92CS-28580

Fig. 18 — Single-supply voltage-follower with associated

waveforms, (e.g., for use in single-supply D/A
converter; see Fig.9 in ICAN-6080.)

92CS-28581R1

(c) Output-Waveform with Ground-Reference

Sine-Wave Input

Top Trace: Output
Bottom Trace: Input

10 V LOGIC INPUTS

+ IO.OIO

O—

© © © Y © © © © © ©

REQUIRED
BIT RATIO- MATCH

I STANDARO
2 ±0.1%
3 ±0.2%
4 ±0.4%
5 ±0.8%

6-9 ±1% ABS.

ALL RESISTANCES IN OHMS

0.1 ^F
92CM-28M2

Fig. 19 - 9-bit DAC using COS/MOS digital switches and CA3160.
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The circuit uses an R/2R voltage-ladder net-

work, with the output-potential obtained

directly by terminating the ladder arms at

either the positive or the negative power-
supply terminal. Each CD4007A contains

three "inverters", each "inverter" function-

ing as a single-pole double-throw switch to

terminate an arm of the R/2R network at

either the positive or negative power-supply
terminal. The resistor ladder is an assembly
of one per cent tolerance metal-oxide film

resistors. The five arms requiring the highest

accuracy are assembled with series and para-

llel combinations of 806,000-ohm resistors

from the same manufacturing lot.

A single 15-volt supply provides a positive

bus for the CA3160 follower amplifier and
feeds the CA3085 voltage regulator. A
"scale-adjust" function is provided by th%

regulator output control, set to a nominal

10-volt level in this system. The line-voltage

regulation (approximately 0.2%) permits a

9-bit accuracy to be maintained with varia-

tions of several volts in the supply. The

flexibility afforded by the COS/MOS building

blocks simplifies the design of DAC systems

tailored to particular needs.

Error-Amplifier in Regulated Power Supplies

The CA3160 is an ideal choice for error-

amplifier service in regulated power supplies

since it can function as an error-amplifier

when the regulated output voltage is re-

quired to approach zero.

The circuit shown in Fig.20 uses a CA3160
as an error amplifier in a continuously ad-

justable 1 -ampere power supply. One of the

key features of this circuit is its ability to

regulate down to the vicinity of zero volts

with only one dc power supply input.

An RC network, connected between the base

of the output drive transistor and the input

voltage, prevents "turn-on overshoot", a

condition typical of many operational-ampli-

fier regulator circuits. As the amplifier be-

comes operational, this RC network ceases

to have any influence on the regulator per-

formance'.

2N6385
POWER DARLINGTON

O OUTPUT

HUM AND NOISE OUTPUT < 290 pV RMS'.
REGULATION (NO LOAD TO FULL LOAD)
cO 005 % :

INPUT REGULATION < 01 %/V

92CM-28S83RI

Fig.20 — Voltage regulator circuit 10. 1 to 35 V at 1 A).
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Precision Voltage-Controlled Oscillator

The circuit diagram of a precision voltage-

controlled oscillatbr is shown in Fig.21. The
oscillator operates with a tracking error in the
order of 0.02 percent and a temperature co-

efficient of 0.01%/°C. A multivibrator
(A-|) generates pulses of constant amplitude
(V) and width (T2). Since the output
(terminal 6) of A^ (a CA3130) can swing
within about 10 millivolts of either supply-
rail, the output pulse amplitude (V) is

essentially equal to V+. The average output
voltage (Eavg = V T2/T1) isapplied 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 = VI. This circuit

condition is accomplished by feeding an out-

put signal from terminal 6 of A2 through R4,
D4 to the inverting terminal (terminal 2)

CA3160, CA3160A, CA3160B Types
of Ai, thereby adjusting the multivibrator

interval, T3.

Voltmeter With High Input Resistance

The voltmeter circuit shown in Fig.22 il-

lustrates an application in which a number
of the CA3160 characteristics are exploited.
Range-switch SW1 is ganged between input

and output circuitry to permit selection of
the proper output voltage for feedback to
Terminal 2 via 10 K£2 current-limiting re-

sistor. The circuit is powered by a single

8.4-volt mercury battery. With zero input
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.

in vl

VCO CONTROL VOLTAGE ( Vj

)

(0-IOV)
(SENSITIVITY* IkHz/VOLT)

01 -05 = IN9I4

Fig.21 — Voltage-controlled oscillator.

BATTERY
TEST

OFF I ON

-i_l, T + 3- POSITION
___J-t SLIDE SWITCH

92CM-28585R1

Fig.22 — High-input-resistance DC voltmeter.
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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 C1, C2, and C3 shape

the triangular signal between 500 kHz and

1 MHz. Capacitors C4, C5, and the trimmer

potentiometer in series with C5 maintain

essentially constant (±10%) amplitude up
to 1 MHz.

82Kfl
A/W-

BUFFER CENTERING DETECT
VOLTAGE FOLLOWER _ lOOKfl

-7 5 VO VWYVV 0*-73 V
f7^V t *75V

930 KG
OI|.F

HIGH

To-aopF y^-eop^

J-75V

«'I?a ^EXTERNAL
-'vW ^SWEEPING INPUT

ioko 6.2Kn soon 'soon
FRE0
ADJUST

92CM-28586RI

Fig. 23(a) - 1,000,000/1 single-control function

generator — 1 MHz to 1 Hz.

92CS 28588

(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.

(c) — Triple-trace of the function generator

sweeping to 1 MHz. The bottQm 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.
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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.

CA3160, CA3160A, CA3160B Types

5.IKJJ IN9I4

STEP HEIGHT
ADJUST
4-60pF|

1

x
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Picoammeter Circuit

Fig. 25 is a current-to-voltage converter con-

figuration utilizing a CA3160 and CA3140
to provide a picoampere meter for ±3 pA full

scale meter deflection. By placing Terminals

2 and 4 of the CA3160 at ground potential,

the CA31 60 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

92CS- 28596

(b) — Staircase Generator Waveform

Top Trace: Staircase Output

2 Volt Steps

Center Trace: Comparator

Bottom Trace: Oscillator

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-KJ2 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 K£2 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-KMS2 resistor.
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+ I5V l( |OpF

M ) 300-0-500,»A

92CM-28589R

Fig.25 — Current-to-voltage converter to provide a picoammeter

with ± 3 pA full-scale deflection.

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 to 10 volts. The output from the input

buffer integrator network is coupled to a

CA3080A. The CA3080A functions as a

strobeable current source for the CA3140
output integrator and storage capacitor. The
CA3140 was chosen because of its low out-

put impedance and constant gain-bandwidth

product. Pulse "droop" during the hold

interval can be reduced to zero by adjusting

the 100-KH bias-voltage potentiometer on
the positive input of the CA3140. 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 ± 1 00 pA
of output current will be available.

IMfl

OFFSET'
VOLTAGE
ADJ

STROBE INPUT

Fig.26(a) — Single-supply sample-and-hold system-

input 0-to- 10 volts.

92CM- 28590

(b) — Sample-and-hold waveform.

Top Trace: Sampled Output

Center Trace: Input Signal

Bottom Trace: Sampling Pulses

(c) — Sample-and-hold waveform.

Top Trace: Sampled Output

Center Trace: Input

Bottom Trace: Sampling Pulse
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Wien Bridge Oscillator

A simple, single-supply Wien Bridge oscil-

lator using a CA3160 is shown in Fig. 27.

A pair of parallel-connected 1N914 diodes

comprise the gain-setting network which
standardizes the output voltage at approxi-

mately 1.1 volts. The 500-ohm potentiometer
is adjusted so that the oscillator will always
start and the oscillation will be maintained.

Increasing the amplitude of the voltage may
lower the threshold level for starting and for

sustaining the oscillation, but will introduce

more distortion.

Operational Amplifiers

CA3160, CA3160A, CA3160B Types

ii OOUTPUT
!• 100 KHl
2% THO 01 1. 1 Vp-p

X
4. *

j

2 »V(R||JR2)CI R3C2

»2CS-2»5»IRI

Fig.27 — Single-supply Wien Bridge oscillator.

Operation with Output-Stage Power-Booster

The current sourqng 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

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

(-3dB) is 190 kHz.

input
v , 2 nn

O )

I mf

© © ©

[Efl

A>20 dB
LARGE SIGNAL
BW(-3dB-l90KHi

mB
o

<- ©HI ©-,, ..i

—

\-©-»

ggg
NOTE:

TRANSISTORS pi, p2,p3 AND nl,n2,n3 ARE
PARALLEL -CONNECTED WITH 08 AND 012,
RESPECTIVELY, OF THE CA3I60

"SEE FILE NO. 619

500 uF

71-1

son
100 mW
AT 10% THO.

92CM- 28992

Fig.28 - COS/MOS transistor array (CA3600E) connected as power
booster in the output stage of the CA3160.
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(I.676-I.879)
92CM-333I5

Dimensions in parentheses are in millimeters and
are derived from the basic inch dimensions as

indicated. Grid graduations are in mils (10~3 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
9Cr° with respect to the face of the chip. Therefore,

the isolated chip is actually 7 mils (0. 17 mm)
larger in both dimensions.
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Dual BiMOS Operational Amplifiers

With MOS/FET Input, Bipolar Output

Features:

Dual version of CA3140
Internally compensated

m MOS/FET input stage
(a) Very high input impedance (Z(N )

- 7.5 TCI typ.

(b) Very low input current (l
( )

- 10 pA typ. at ± 15 V
(c) Wide common-mode input-

voltage range (V,cr) - can be
swung 0.5 volt below negative
supply-voltage rail

(d) Rugged input stage - bipolar
diode protected

m Directly replaces industry types 747
and 1458 in most applications

m Operation from 4-to-36 volts single
or dual supplies

Characterized for ± 15-volt opera-
tion and for TTL supply systems
with operation down to 4 volts

Wide bandwidth -4.5 MHz unity

gain at - 15 V or 30 V
m High voltage-follower slew rate -

9/V/js

Output swings to within 0.5 volt of
negative supply at V* = 5 V, V~ =

Applications:

Ground-referenced single-supply
amplifiers in automobile and portable
instrumentation

Sample and hold amplifiers
u Long-duration timers/multivibrators
{microseconds - minutes - hours)
Photocurrent instrumentation
Active filters

Intrusion alarm systems
Comparators

m Instrumentation amplifiers
m Function generators
Power supplies

The RCA-CA3240A and CA3240 are dual versions of the
popular CA3140-series integrated circuit operational am-
plifiers. They combine the advantages of MOS and bipolar
transistors on the same monolithic chip. The gate-
protected MOS/FET (PMOS) input transistors 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 allowa wide output voltage swing
and provide a high output current capability.

The CA3240A and CA3240 are supplied in the 8-lead dual-
in-line plastic package (Mini-DIP, E suffix), and in the 14-
lead dual-in-line plastic package (E1 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
+85° C. The offset null feature is available only when these
types are supplied in the 14-lead dual-in-line plastic pack-
age (E1 suffix). The CA3240 is also available in chip form (H
suffix).

(J (J ONLY AVAILABLE WITH

OFFSET I4-LEAD DIP (El SUFFIX)
NULL *

92CS-300I3

Fig. 1 — Block diagram of one-half CA3240 series.
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE
(BETWEEN V + AND V~ TERMINALS) 36 V

OPERATING VOLTAGE RANGE 4 to 36 V
or ±2 to ±18 V

DIFFERENTIAL-MODE INPUT VOLTAGE ±8 V
COMMON-MODE DC INPUT VOLTAGE <V

+ +8 V) to (V
-

-0.5 V)

INPUT-TERMINAL CURRENT 1mA
DEVICE DISSIPATION:

UPT0 55°C 630 mW
ABOVE 55°C Derate linearly 6.67 mW/°C

TEMPERATURE RANGE:
OPERATING -40to+85°C
STORAGE -65to+150°C

OUTPUT SHORT-CIRCUIT DURATION* UNLIMITED
LEAD TEMPERATURE (DURING SOLDERING):

AT DISTANCE 1/16 ± 1/32 INCH (1 .59 ± 0.79 MM)
FROM CASE FOR 10 SECONDS MAX +265°C

* Short circuit may be applied to ground or to either supply. Temperatures and/or supply voltages must

be limited to keep dissipation within maximum rating.

BIAS CIRCUIT INPUT STAGE SECOND STAGE OUTPUT STAGE DYNAMIC CURRENT SINK

"1
I .1

_J_.JL_JjLL__lJL-.Lj J
o »o

OFFSET NULL

ALL RESISTANCE VALUES ARE IN OHMS

*0NLY AVAILABLE WITH 14-LEAD OIP (El SUFFIX)

6
92CL-300I4

Fig. 2 — Schematic diagram of one-half CA3240 series.

Circuit Description

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 Q10 with gate-to-

source protection against static discharge

damage provided by zener diodes D3, D4,

and D5. Constant current bias is applied to

the differential amplifier from transistors Q2

and Q5 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 Q13 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-lead plastic

package (E1 suffix) is provided through the

use of this current mirror.
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The gain stage transistor Q13 has a high-

impedance active load (Q3 and Q4) to pro-

vide maximum open-loop gain. The collector

of Q13 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 Q14 and Q15
and (2) dynamic current-sink transistor Q16
and its associated circuitry. The level of pull-

down current is constant at about 1 mA for

Q15 and varies from to 18 mA for Q16
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

CA3240, CA3240A Types

than V+ by about 15 V. When this condition

exists, transistors Q21 and Q1 6 are turned on
causing Q16 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

Q18 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-kJ2 load to ground. When the load is

returned to V+, it may be necessary to supple-

ment the 1 mA of current from Q15 in order

to turn on the dynamic current sink (Q16).

This may be accomplished by placing a

resistor (approx. 2 kJ2) between the output

and V-

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT
At V + = 15 V, V- = 15 V, TA = 25°C Unless Otherwise

DESIGN
Specified

CHARACTERISTIC
LIMITS

UNITSCA3240A CA3240

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

Input Offset Voltage, |V|
j

- 2 5 - 5 15 mV

Input Offset Current, |I|q| - 0.5 20 - 0.5 30 PA

Input Current, I

j

- 10 40 - 10 50 PA

Large-Signal

Voltage Gain, Aql*
(See Figs. 4, 19)

20 k 100 k - 20 k 100 k - v/v

86 100 - 86 100 - dB

Common-Mode
Rejection Ratio, CMRR
(See Fig. 9)

-- 32 320 - 32 320 piV/V

70 90 - 70 90 - dB

Common-Mode
Input-Voltage

Range, V| CR
(See Fig 16)

—15

-15.5

to

+12.5

12 -15

-15.5

to

+ 12.5

11 V

Power-Supply AV| /AV - 100 150 - 100 150 /iV/V

Rejection Ratio, PSRR

(See Fig. 11) 76 80 - 76 80 - dB

Maximum Output

Voltage," vOM
+ + 12 13 _ + 12 13 _

V
(See Figs. 22, 16) Vq|^i~ -14 -14.4 - -14 -14.4 -

Maximum Output

Voltage, 1 vOM~
0.4 0.13 - 0.4 0.13 - V

Supply Current, 1

(See Fig. 7)

For Both Amps.

- 8 12 - 8 12 mA

Total Device

Dissipation, Pq - 240 360 - 240 360 mW

-14 V and R, = 2 kil.

At R, = 2 kS2.

f AtV + = 5V, V~ = GND, l Sink

'L

200 nA.
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CA3240, CA3240A Types
TYPICAL ELECTRICAL CHARACTERISTICS

TEST
CONDITIONS

TYPICAL VALUES

UNITSCHARACTERISTIC V + = +15 V
V- = -15 V
TA = 25°C

CA3240A CA3240

Input Offset Voltage

Adjustment Resistor

(E1 Package Only)

Typ. Value of

Resistor Between

Terms. 4 and

3(5) or Between

4 and 14(8) to

Adjust Max.

V|0

18 4.7 kn

Input Resistance R-| 1.5 1.5 jn
Input Capacitance C| 4 4 PF

Output Resistance Rq 60 60 n
Equivalent Wideband

Input Noise Voltage en
(See Fig. 21)

BW=140kHz
R s = 1 Mfi

48 48 /iV

Equivalent Input

Noise Voltage en
(See Fig. 10)

f= 1 kHz R S
=

100 n

40 40
nV/VRI

f=10kHz 12 12

Short-Circuit Current to

Opposite Supply Source Iqm
+

40 40
mA

Sink l0M 11 11

Gain-Bandwidth

Product fj

(See Figs. 5 and 19)

4.5
. 4.5 MHz

Slew Rate SR
(See Fig. 6)

9 9 V/^s

Transient Response:

Rise Time
*r

Overshoot (See Fig. 20)

R L=2kfi

C L=100pF

0.08 0.08 MS

10 10 %

Settling Time

at10Vp.
p .

(See Fig. 17)

1 mV
t

R L=2kft

C L-100pF
Voltage Follower

4.5 4.5
[IS

10 mV 1.4 1.4

Crosstalk f = 1 kHz 120 120 dB

inv. /TV.
input [n)KLr
NON-INV^^
INPUT(A)V£/-

OFFSET /"T\_
NULL <A)W~~

v-©-
OFFSET /TV-
NULL (BlVi^
NON-INVyTS
INPUTIBIVV

-
INV. fj\

E1 Suffix

Pin compatible with the

industry-standard 747

OUTPUT (A) (?}-

©-

St£
-<8)V +

-Q OUTPUT (B)

92CS-300II

E Suffix

Pin compatible with the

industry-standard 1458

Fig. 3 — Functional diagrams.
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CA3240, CA3240A Types

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN

At V+ = 15 V, V- = 15 V, TA = -40 to +85 °C Unless Otherwise Specified

CHARACTERISTIC
TYPICAL VALUES

UNITS
CA3240A CA3240 I

Input Offset Voltage, |V|
|

3 10 mV

Input Offset Current* Ihol 32 32 PA

Input Current, 'i
640 640 PA

Large-Signal

Voltage Gain, Aqi_*

(See Figs. 4, 19)

63 k 63 k V/V

96 96 dB

Common-Mode
Rejection Ratio, CMRR
(See Fig. 9)

32 32 juVA/

90 90 dB

Common-Mode
Input-Voltage Range, V\CR
(See Fig. 16)

-15

to

+12.3

-15

to

+12.3

V

Power-Supply Rejection AV|q/AV 150 150 juV/V

Ratio, PSRR

(See Fig. 11) 76 76 dB

Maximum Output

Voltage," V0M
+

12.4 12.4
V

(See Figs. 16, 22) V0M
- -14.2 -14.2

Supply Current, l

+

(See Fig. 7) For Both Amps. 8.4 8.4 mA

Total Device Dissipation, Pq 252 252 mW

Temperature Coefficient

of Input Offset Voltage, AV| /AT 15 15 juV/°C

*At VQ = 26 V +12 V. -14 V and R
L

= 2 k£J.

" At R L
= 2 kSi.

*AtT A =85°C

CO

I

9
z I25
<

§100

*™

J 50

%
25

LOAD RESISTANCE (RL)"2

--25'C

SUPPLY VOLTAGE (V*. V") — VOLTS SUPPLY VOLTAGE (V*, V") — VOLTS
92CS-300I6

Fig. 4 — Open-loop voltage gain as a function of

supply voltage and temperature.

Fig. 5 — Gain-bandwidth product as a function

of supply voltage and temperature.
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CA3240, CA3240A Types
TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE
AtV+ = 5V, V- = V, TA = 25°C

CHARACTERISTIC
TYPICAL VALUES

UNITS
CA3240A CA3240

Input Offset Voltage, |V|
|

2 5 mV

Input Offset Current, |I|q| 0.1 0.1 PA

Input Current, l| 2 2 PA

Input Resistance 1 1 TS2

Large-Signal Voltage Gain, Aq|_

(See Figs. 4, 19)

100 k 100 k V/V
100 100 dB

Common-Mode Rejection Ratio, CMRR 32 32 juV/V

90 90 dB

Common-Mode Input-Voltage

Range, V, CR
(See Fig. 22)

-0.5 -0.5

V
2.6 2.6

Power-Supply Rejection Ratio, PSRR 31.6 31.6 ,uV/V

90 90 dB

Maximum Output Voltage, ^OM
+

3 3
V

(See Figs. 16,22) vOM~ 0.3 0.3

Maximum Output Current:

Source, ' 'OM
+ 20 20

mA
Sink I m

-
1 1

Slew Rate (See Fig. 6) 7 7 V/ms

Gain-Bandwidth Product, fj
(See Fig. 5)

4.5 4.5 MHz

Supply Current, l

+

(See Fig. 7)

4 4 mA

Device Dissipation, Pq 20 20 mW
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Fig. 6 — Slew rate as a function of supply

voltage and temperature.

Fig. 7 — Quiescent supply current as a

function of supply voltage and

temperature.
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Fig. 8 — Maximum output voltage swing

as a function of frequency.
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Fig. 12 — Output sink current as a function
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Fig. 11 — Power supply rejection ratio

as a function of frequency.
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-

Fig. 13 — Supply current as a function of

output voltage.

FREQUENCY (II
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Fig. 14 — Crosstalk as a function of frequency. Fig. 15 — Voltage across output transistors

Q15 and Q16 as a function of load current.
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CA3240, CA3240A Types

OUTPUT VOLTAGE (+V )

COMMON-MODE INPUT VOLTAGE (+V1CR 1

SUPPLY VOLTAGE (V T,V")-V

Fig. 16 — Output-voltage-swing capability and

common-mode input-voltage range

as a function of supply voltage and

temperature.
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CA3240, CA3240A Types

>^vvvQ-

BW(-3dB)"43 MHi
SR'S-V/^u

TOP TRACE: INPUT
(50mV/OIV> 200n»/DIV)

BOTTOM TRACE : OUTPUT
(90mv/DIV.;200ni/DIV)

a) SMALL SIGNAL RESPONSE

(b) LARGE SIGNAL RESPONSE

TOP TRACE'. INPUT
(SV/DIV ; l Mt/DtV)

BOTTOM TRACE : OUTPUT
( 5 V/DI V , I m/OIV)

92CS- 30029

Fig. 20 — Split-supply voltage-follower test

circuit and associated waveforms.

BW(-3dB) = 140 kHl
TOTAL NOISE VOLTAGE (REFERRED

TO INPUT) =48 n V TYP.

92CS- 30027

Fig. 21 — Test-circuit amplifier (30-dB gain)

used for wideband noise measurement.
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CA3240, CA3240A Types

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, F>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-

cuit.

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.

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.

92CS- 30030

Fig. 23 — Methods of utilizing the VQg(sat)
sinking-current capability of the

CA3240 series.

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.

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-k£2 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

lOKs

I

6

5 ioo

1
10

[

-60 -40 -20 20 40 60 80 100 120 140

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 10-kfi 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 potentiometer 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

Characteristics 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.
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*SEE CHARACTERISTICS CHART
FOR VALUE R

c. SIMPLER
IMPROVED
RESOLUTION

Fig. 25 - Three offset-voltage nulling methods.

(CA3240AE1, CA3240E1 only.)

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-k£2 resistor and 36-kft/42-kn

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.

o.oi ,,fT

„ I20V/220VO AC
60 Hi/ 50 Hi

SOURCE -[=
''

92CM- 30005

*AT 220 V OPERATION, TRIAC SHOULO BE T23O00,
RS-I8K.5W

Fig. 26 - On /off touch switch.
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CA3240, CA3240A Types
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 voltage 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.

LED ON WHEN WATER
OUTSIDE OF LIMITS

92CM- 30006

Fig. 27 — Dual level detector.

VZ »30V

-fc. CHASSIS GROUND

V RANGE- 20 mV— 25 V

LOAD REGULATION'
VOLTAGE < 08 %

„ CURRENTt 0.05%
OUTPUT HUM AND NOISE • < I50,, V RMS

(10 MHj BANPWIDTH)
CINE REGULATION'S

1 %/V
lO RANGE- 10mA— I 3A

Fig. 28 — Constant-voltage/constant-current power supply.

92CL- 30007
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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 capability of the CA-

3240E allows it to sense the voltage across

Operational Amplifiers

CA3240, CA3240A Types

29 shows the transient response of the

supply during a 100-mA to 1-A load transi-

tion.

Precision 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

TRANSIENT RESPONSE

TOP TRACE OUTPUT VOLTAGE
(500mV/cm AND 5^s/cm)

BOTTOM TRACE COLLECTOR OF LOAD
SWITCHING TRANSISTOR
LOAD=IOOmA TO IA

(5V/cm AND 5uS/cm>

Fig. 29 — Transient response.

the 1-ft 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.

result in patient discomfort in the event of a

fault condition. In this case, 10-Mft resistors

have been used to limit the current to less

than 2 ;uA without affecting the performance

of the circuit. Fig. 31 shows a typical

electrocardiogram waveform obtained with

this circuit.

FREQUENCY RESPONSE (-3dB) DC TO I MHz

SLEW RATE I 5 V /^ s«c

COMMON MODE REJ:B6dS
GAIN RANGE : 35 dB -60 dS

92CM- 30008

Fig. 30 - Precision differential amplifier.
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vertical; i.OmV/oiv.
(AMPLIFIER GAIN = IOOX)
(SCOPE SENSITIVITY' O.IV/OIV

HORIZONTAL :>0 2 SEC/DIV (UNCAL)

92CS-J0O33

TYPICAL ELECTROCARDIOGRAM WAVEFORM

Fig. 31 — Typical electrocardiogram waveform.

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 light

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.

\\

RCA ( V ) 5.1 K<
C30809 v ~*~ '

\\
RCA

C30809
PHOTO
DIODE

92CM- 30009

Fig. 32 - Differential light detector.
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CA3240H Dimensions and Pad Layout

10 20 30 40 90 /60 TO 8082

I
I

92CM-30035

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 inch).
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Linear Integrated Circuits

CA3260, CA3260A, CA3260B Types

All Types
8-Lead TO-5
with Dual-ln-Line
Formed Leads
(S Suffix)

H-1787

All Types
8-Lead TO-5
(T Suffix)

H-1528

BiMOS Operational Amplifiers

With MOS/FET Input, COS/MOS Output

FEATURES:
Dual version of the CA3160
MOS/FET input stage provides:
very high Z/ = 1.5 TO (1.5 X 10^0) typ.

very low II = 5 pA typ. at 15-V operation
= 2 pA typ. at 5-V operation

Common-mode input-voltage range includes -v
negative supply rail; input terminals can

] ideal for
be swung 0.5 V below negative supply rail L single-supply
COS/MOS output stage permits signal swing

\ applications
to either (or both) supply rails _j

The RCA-CA3260T, CA3260.S, CA3260E; CA3260AT
CA3260AS, CA3260AE; and CA3260BT, CA3260BS are
integrated-circuit operational amplifiers that combine the
advantages of both COS/MOS and bipolar transistors on a
monolithic chip. The CA3260 series circuits are dual
versions of the popular CA3160 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
performance. The use of PMOS field-effect transistors in
the input stage results in common-mode input-voltage
capability down to 0.5 volt below the negative-supply
terminal, an important attribute in single-supply applica-
tions.

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 CA3260-series circuits operate at supply voltages
ranging from 4 to 16 volts, or ±2 to ±8 volts when using split
supplies.

The CA3260 series is supplied in standard 8-lead TO-5-
style packages (T suffix) and 8-lead dual-in-line formed-
lead TO-5 style "DIL-CAN" packages (S suffix). The
CA3260 is available in chip form (H suffix).

The CA3260A and CA3260 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 CA3260B is intended for applications
requiring premium-grade specifications. The CA3260A
Offers superior input characteristics over those of the
CA3260.

Low Vio: 2 mV max. (CA3260B)
Wide BW: 4 MHz typ. (unity-gain crossover)
High SR: 10 V/fjs typ. (unity-gain follower)
High output current (lo): 20 mA typ.

m High A0L : 320,000 (110 dB) typ.

Internal phase compensation for unity gain.
Same pin-out as CA1458, CA1558

APPLICATIONS:

Ground-referenced single-supply amplifiers
Fast sample-hold amplifiers

m 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

m Photo-diode sensor amplifiers
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Operational Amplifiers

CA3260, CA3260A, CA3260B Types

ELECTRICAL CHARACTERISTICS for Each Amplifier at Ta=25°C,

V+=15 V, V~=0 V (Unless otherwise specified)

LIMITS

UNITSCHARACTERISTIC CA3260B (T,S) CA3260A (T,S,E) CA3260 (T.S.E)

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

Input Offset Voltage,

|V|OI, V±=±7.5 V
- 0.8 2 - 2 5 - 6 15 mV

Input Offset Current,

|l IO |,V
±=±7.5V

- 0.5 10 - 0.5 20 - 0.5 30 PA

Input Current, l|

V±=±7.5 V
- 5 20 - 5 30 - 5 50 PA

Large-Signal Voltage

Gain, Aol
Vo=10 Vp.p, Rl=10 kfl

100 k 320 k — 50 k- 320 k — 50 k 320 k — V/V

100 110 — 94
.

110 — 94 110 - dB

Common-Mode

Rejection Ratio, CMRR
86 100 - 80 95 - 70 90 - dB

Common-Mode Input

Voltage Range, V|CR

0.5

to

12

10

0.5

to

12

10

0.5

to

12

10 V

Power-Supply Rejection

Ratio, AVio/AV*

V±=±7.5 V

- 32 100 - 32 150 - 32 320 jzV/V

Maximum Output

Voltage:

a* o. m i,n "OM 11 13.3 11 13.3 11 13.3

VVOM — 0.002 0.01 — 0.002 0.01 — 0.002 0.01

. tR| _„ VOM + 14.99 15 — 14.99 15 — 14.99 15 —
At Hl-°° —-

VOM — 0.01 — 0.01 — 0.01

Maximum Output

Current,

Iqm+ (Source) @
Vo=7.5 V

12 22 45 12 22 45 12 22 45

mA

lOM (
Sink

) @
Vo^7.5 V

12 20 45 12 20 45 12 20 45

Total

Supply Current, l

+

R|_=°°

Vo(Ampli.A)=Vo

(Ampli.B)=7.5 V 9 15.5 9 15.5 9 15.5 mA

Vo (Ampli.A)=Vo

(Ampli.B)=0 V
- 1.2 3 — 1.2 3 - 1.2 3

Vo (Ampli.A)=0 V

Vo(Ampli.B)=7.5V
- 5 8.5 - 5 8.5 - 5 8.5

Input Offset Voltage

Temp. Drift, AV|o/AT
- 5 - - 6 - - 8 - mV/°C

Crosstalk f=1 kHz 120 — — 120 — — 120 — dB
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Linear Integrated Circuits

CA3260, CA3260A, CA3260B Types
MAXIMUM RATINGS, Absolute-Maximum

DC SUPPLY VOLTAGE
(Between V+ and V" Terminals) 16 V
DIFFERENTIAL-MODE
INPUT VOLTAGE ±8 V
COMMON-MODE DC
INPUT VOLTAGE (V

+ +8 V) to (V"-0.5 V)

INPUT-TERMINAL CURRENT 1 mA
DEVICE DISSIPATION:
WITHOUT HEAT SINK -
UP TO 55°C 630 mW
ABOVE 55° C . . . Derate linearly 6.67 mW/°C

'Short circuit may be applied to ground or to

either supply.

Values:

WITH HEAT SINK -
UPTO90°C '... 1 w
ABOVE 90°C . . . Derate linearly 16.7 mW/°C

TEMPERATURE RANGE:
OPERATING (All Types) -55 to +125°C
STORAGE (All Types) . . : -65 to +150°C
OUTPUT SHORT-CIRCUIT
DURATION* INDEFINITE
LEAD TEMPERATURE
(DURING SOLDERING):
At distance 1/16 ± 1/32 in.

(1.59 ± 0.79 mm) from case
for 10 s max +265° C

TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE

CHARACTERISTIC TEST

CONDITIONS

CA3260

(T, S)

CA3260

(T, S, E)

CA3260

(T, S, E)
UNITS

V+=+7.5 V, V-=-7.5 V, TA=25°C (Unless Otherwise Specified)

Input Resistance, R| 1.5 1.5 1.5 Tn
Input Capacitance, C| f=1 MHz 4.3 4.3 4.3 PF
Unity Gain Crossover

Frequency, f

j

4 4 4 MHz

Slew Rate, SR 10 10 10 V/M s
Transient Response:

Rise Time, t
r

Cl-25 pF

R|_=2 kil

(Voltage

Follower)

0.09 0.09 0.09 Ms
Overshoot 10 10 10 %

Settling Time (4 Vp .p
Input to <0.1%)

1.8 1.8 1.8 MS

V+=5 V, V-=0 V, TA=25°C (Unless Otherwise Specified)

Input Offset Voltage, V|q 1 2 6 mV
Input Offset Current, l|o 0.1 0.1 0.1 PA
Input Current, l| 2 2 2 pA
Common-Mode Rejection

Ratio, CMRR 80 70 60 dB

Large-Signal Voltage

Gain, Aol
V =4 Vp.p

RL=20 kO

100 k

100

100 k

100

100 k

100

V/V

dB
Common-Mode Input

Voltage Range, Vicr
to 2.5 to 2.5 to 2.5 V

Supply Current, l

+

V =5 V,

R L=oo
1 1 1

mAV =2.5 V,

R|_=oo
1.2 1.2 1.2

Power Supply Rejection

Ratio, AV|q/AV+ 200 200 200 //V/V
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AMPLIFIER A

Operational Amplifiers

CA3260, CA3260A, CA3260B Types

AMPLIFIER B

ozotirr

,„ >RI2 <-]

i <2K I

W* r-1
lQ24 I h-lC

>IK

©

027J—*—W28 R|3<

H 20OK

018J—»—[QI7

© ©

F/g. 7 - Schematic diagram of CA3260 series.

10 20 30 40 50 60 64

(1.549-1.752)

92CM-33323RI

Dimensions and pad layout for CA3260H.

Dimensions in parentheses are in millimeters

and are derived from the basic inch dimensions

as indicated. Grid graduations are in mils (10~3

inch).

The layout represents 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.
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Linear Integrated Circuits

CA3260, CA3260A, CA3260B Types

N0N-INV(5
INPUT(B)

OUTPUT (A) (T)-

INPUT (Al^^

NON-INV
INPUT (A)

v-0-

~A :

-®v +

JJ OUTPUT (B)

"®

92CS- 25015

S and T Suffixes
Pin compatible with the
Industry-standard 1458

E Suffix

Pin compatible with the

industry-standard 1458

Fig. 2 - Functional diagrams for the CA3260 Series.
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Operational Amplifiers

t
S-Suffix Types

8-LEAD TO-5 , ,

with Dual-ln-Line » !

Formed Leads

'DIL-CAN'
H 1787

H-1817

T-Suffix Types

8 LEAD TO-5
H 1528

CA3094E
8-LEAD DUAL
IN-LINE PLASTIC
PACKAGE
"MINI-DIP"

CA3094, CA3094A, CA3094B Types

Programmable Power
Switch/Amplifier

For Control & General-Purpose Applications

CA3094T,S,E: For Operation Up to 24 Volts

CA3094AT,S,E: For Operation Up to 36 Volts

CA3094BT,S: For Operation Up to 44 Volts

Features:

Designed for single or dual power

supply
m Programmable:' strobing, gating,

squelching, AGC capabilities

m 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]

m Total harmonic distortion [THD] @
0.6 W in class A operation -

1.4% typ.

m High current-handling capability -

100 mA (avg.), 300 mA (peak)

m Sensitivity controlled by varying

bias current

u Output: "sink" or "drive" capability

Applications:

Error-signal detector: temperature

control with thermistor sensor;

speed control for shunt wound dc
motor

u Over-current, over-voltage, over-

temperature protectors

Dual-tracking power supply with

RCA-CA3085
u Wide-frequency-range oscillator

m Analog timer

m Level detector

Alarm systems

m Voltage follower

m Ramp-voltage generator

m High-power comparator

m Ground-fault interrupter [GFI]

circuits

The CA3094 is a differential-input power-control switch/

amplifier with auxiliary circuit features for ease of program-

mability. 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 sig-

nal is sufficient to directly drive high-current thyristors,

relays, dc loads, or power transitors. The CA3094 has the

generic characteristics of the RCA-CA3080 operational am-

plifier 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 (Ubc), permitting programmable vari-

ation of the integrated circuit sensitivity with either digital

and/or analog programming signals. For example, at an Ubc

of 100 /jA, a one-millivolt change at the input will change the

output from to 100 mA (typical).

The CA3094 is intended for operation up to 24 volts and is

especially useful for timing circuits, in automotive equip-

ment, and in other applications where operation up to 24

volts is a primary design requirement (see Figs. 28, 29 and

30 in Applications Section). The CA3094A and CA3094B

are like the CA3094 but are intended for operation up to 36

and 44 volts, respectively (single or dual supply).

These types are available in 8-lead TO-5 style packages

with standard leads ("T" suffix) and with dual-in-line

formed leads "DIL-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).

>;v

EXTERNAL FREQUENCY _
COMPENSATION OB INHIBIT INPUT {^J (7) V

rrK-Ti
°' ^9

Differential "V, V

SINK
'

r-®
OUTPUT

T-P
^K 1

'-ABO ©-»—-T °3
0,, S

A

0|3

KflS "SOURCE'1 47 xn> souf

J OUTPi

"&*

Fig. 1 — Schematic diagram of CA3094.

OUTPUT j
OUTPUT INPUTS

KOOE |
TERM iNV NON-lNV

"SOURCE " 6 2 5

"SINK" | e 3 2
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Linear Integrated Circuits

CA3094, CA3094A, CA3094B Types
MAXIMUM RATINGS. Absolute-Maximum Values:

CA3094 CA3094A CA3094B

DC SUPPLY VOLTAGE:
Dual Supply ±12V ±18V ±22V
Single Supply 24 V 36 V 44 V

DC DIFFERENTIAL INPUT VOLTAGE
(Terminals 2 and 31 ± 5*

DC COMMON MODE INPUT VOLTAGE Term. 4 < Term. 2 & 3 « Term. 7

PEAK INPUT SIGNAL CURRENT
(Terminals 2 and 3) + 1

PEAK AMPLIFIER BIAS CURRENT
(Terminal 5) 2 —

OUTPUT CURRENT:
Peak 300
Average 100

DEVICE DISSIPATION:

UptoTA = 550C:

Without heat sink 630
With heat sink 1.6 —

Above TA = 55°C '•

Without heat sink derate linearly — 6.67 .

With heat sink derate linearly 16.7
;

THERMAL RESISTANCE
(Junction to Air) 140

AMBIENT TEMPERATURE RANGE:
Operating -55 to + 1 25

Storage _65 to +150

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16+ 1/32 in. (1.59+ 0.79 mm)
from case tor 10s max . + 300

Exceeding this voltage rating will not damage the device unless, the peak input signal current (1 mAI is also exceeded.

mA
mA

mW
W

mW/°C
mW/°C

°C

°C

FUNCTIONAL DIAGRAMS
EXTERNAL
FREQUENCY
COMPENSATION (T)

OPERATION

IABC CURRE

2) [programmable
INPUT
[(STROBE OR AGC

TO-5 Style Package Plastic Package

TYPICAL CHARACTERISTICS CURVES

s

4

3

2 2

°
>

* -2

K -s

-*

S -5

? -6

-7

-8

SUPPLY VOLTS :v + + 15, V -,5
|

! 1 1

1

j

+ I25*C/

.

1

+90JV

t-55'C

\ +70 i-l

Y*S-+90 "f8 zk^5 1

+ 25
\

*

i

- .._— - .....

! 1 1

—44-
7+125'C

-

— - |+ ...

i — i- 1+
, L i

< 8 « 8 • e

10
!

6

- 2

3 l0

| 0.1

001

- -

~'~

-
.is£i

-

-

» € 8 8 6 8

AMPLIFIER BIAS MICROAMPERES ( IaBC 1

AMPLIFIER BIAS MICROAMPERES HabC 1

Fig. 2 — Input offset voltage vs. amplifier bias

current (IABO terminal No. 5).

Fig.3 — Input offset current vs. amplifier bias

current (IABO terminal No. 5).
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Operational Amplifiers

CA3094, CA3094A, CA3094B Types

ELECTRICAL CHARACTERISTICS at TA = 25°C For Equipment Design

TEST CONDITIONS LIMITS

Single Supply V+ = 30 V
Dual Supply V+ = 15 V,

CHARACTERISTIC V-=15V
lABC = 100/uA

Unless Otherwise

Specified

Mm. Typ. Max. UNITS

INPUTPARAMETERS
TA = 250C - 0.4 5 mV

Input Offset Voltage V|o
TA = to 70°C - - 7 mV

Change in V|0

Input-Offset-Voltage Change
|
AV|0| Between 1ABC = 100 piA

and lABC = 5 MA

" 1 8 mV

TA = 250C - 0.02 0.2 ma
Input Offset Current 1 10

Ta = to 70°C - •
- 0.3 ma

Ta = 250C - 0.2 0.50 ma
Input Bias Current l|

Ta = to 70°C - - 0.70 ma

Device Dissipation Pq "out = 8 10 12 mW

Common-Mode Rejection Ratio CMRR 70 110 - dB

High 27 28.8 - V

Common-Mode Input-
Vipp

Voltage Range

V + - 30 V ,

Low 10 0.5 - V

V+=15V +12 +13.8 - V

V-= 15 V -14 -14.5 - V

IC = 7.5 mA

Unity Gain- Bandwidth VcE= 15 V

lABC = 500piA

30 MHz

IC = 7.5 mA
Open- Loop Bandwidth

„ BWOL VCE= 15 V - 4 - kHz

At -3 dB Point

lABC = 500 /iA

Total Harmonic Distortion Pq = 220 mW - 0.4 -
%THD

(Class A Operation) Pq = 600 mW — 1.4 —

Amplifier Bias Voltage VabC \ 0.68 V
(Terminal (No.5 to Terminal No. 4)

Input Offset Voltage AV|o/AT 4 mV/°C
Temperature Coefficient

Power-Supply Rejection AV|o/AV - 15 150 mV/v

1/F Noise Voltage En
f = 10 Hz

IABC=50mA
- 18 - tjV/VHz

1/F Noise Current In
f = 10 Hz

iAbc = 5°ma
- 1.8 - pA^/fil

Differential Input Resistance R| •ABC=20/iA 0.50 1
- Mn

f= 1 MHz
Differential Input Capacitance C|

V+ = 30 V
2.6 PF
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Linear Integrated Circuits

CA3094, CA3094A, CA3094B Types
ELECTRICAL CHARACTERISTICS at TA = 25°C For Equipment Design

TEST CONDITIONS LIMITS

Single Supply V+ = 30 V
Dual Supply V+ = 15 V

CHARACTERISTIC V- = 15 V
lABC = 100/iA

Unless Otherwise

Specified

Min. Typ. Max. UNITS

OUTPUT PARAMETERS (Differential Input Voltage = 1V)

Peak Output Voltage:

(Terminal No. 6) V+ = 30 V
WithQ13"ON" V+OM RL = 2 k£2 to ground 26 27 V
With Q13 "OFF" V~OM _ 0.01 0.05 V

Peak Output Voltage:

(Terminal No. 6)
V+ = +15V, V" = -15V 0.5

Positive V+OM RL = 2 kil to -15 V +11 +12 V
Negative V-OM - -14.99 -14.95 V

Peak Output Voltage:

(Terminal No. 8) V+ =30 V
With Q13 "ON" V+OM
With Q13 "OFF" V-OM RL = 2kS2to30 V 29.95 2S.99

0.040

- V
V

Peak Output Voltage:

(Terminal No. 8) V+ = 15V, V- - - 15V
Positive V +OM R(_ - 2 kS2 to + 15 V + 14.95 + 14.99 V
Negative V~OM _ 14.96 _ V

Collector-to-Emitter V+ = 30 V
Saturation Voltage

(Terminal No. 8) VcE(sat)

IC = 50 mA
Terminal No.6 grounded

0.17 0.80 V

Output Leakage Current

(Terminal No. 6 to V + = 30 V 2 10 HA
Terminal No. 4)

Composite Small-Signal V+ = 30 V
Current Transfer Ratio (Beta) VC E = 5 V 16,000 100,000

(CI12 and Q 13 ) h fe IC = 50 mA
Output Capacitance: f = 1 MHz

Terminal No. 6 ~
-r-

Cn
Terminal No. 8

All Remaining 5.5 pF
Terminals Tied to _ 17 _ pF
Terminal No. 4

TRANSFER PARAMETERS

V+ = 30 V

Voltage Gain A l ABC= 100 juA

AV0ut - 20 V

20,000 100,000 V/V

R|_ - 2 kS2
86 100 — dB

Forward Transconductance

To Terminal No. 1 9m 1650 2200 2750 /umhos

Slew Rate:

Open Loop:

Positive Slope lABC= 500 mA 500 V/jiS

V//is
Negative Slope RL= 2kf2 _ 50 _

Unity Gain

(Non- Inverting,

Compensated)

'ABC= 500 /iA

RL = 2kCl
- 0.7 V/ps
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Operational Amplifiers

CA3094, CA3094A, CA3094B Types

TYPICAL CHARACTERISTICS CURVES (Cont'd)
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Linear Integrated Circuits

CA3094, CA3094A, CA3094B Types
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Fig. 14 — Slew rate vs amplifier bias current.
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Fig. 15 — Slew rate vs closed-loop voltage gain.
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Fig. 16 — Phase compensation capacitance and
resistance vs closed-loop voltage gain.

OPERATING CONSIDERATIONS
The "Sink" Output (terminal No. 8) and the

"Drive" Output (terminal No. 6) of the
CA3094 are not inherently current (or power)
limited. Therefore, if a load is connected
between terminal No.6 and terminal No.4
(V
-

or ground), it is important to connect a

current-limiting resistor between terminal

8 and terminal No.7 (V+) to protect tran-

sistor Q-|3 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.

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.O or 1 MJ2 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 juA

'ABC are E n = 18nV//|^ and In = 1.8

pA/yRT- V
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Operational Amplifiers

CA3094, CA3094A, CA3094B Types

TEST CIRCUITS

FOR POWER SUPPLY
9.9 «fl REJECTION TEST

11) VARY V* BY -2 VOLTS.

2 VOLTS

EQUATIONS
tl) V* REJECTION •

Ep OUT - E t OUT

POWER SUPPLY REJECTION

OUT (<«>-20LOG '

STEP 1 OR STEP 2

Fig. 17 — Input offset voltage and power-supply
rejection test circuit

5 V -"-"CO * ® */( IMPUT CURRENT (Tjl-y

92CS-20SM

Fig. 19 — Input bias current test circuit.

!abC
CCOMP'!"

5

50 50

500 500

?<?>

cCOMPT t
-OUTPUT (RMSI

Fig.21 — l/F noise test circuit.

Tin

Fig.23 — Open-loop slew rate vs IABC test circuit.

^DISSIPATION.

OFFSET CURRENT I os

Fig. 18 — Input offset current test circuit.

|

E 2 0UT- E iOUT

VOLTAGE RANI

CMHR (aB)'20 LOG

Fig.20 — Common-mode range and rejection ratio

test circuit.

-I5V lOKil .15

"s
a

T-ABC
MA

56K 500

560K 50

56M 5

92CS- 20*01

Fig.22 — Open-loop gain vs frequency test circuit.

J L-l K>^A/V(D-

•=- -15 V

Fig.24 — Slew rate vs. non-inverting unity gain

test circuit.
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CA3094, CA3094A, CA3094B Types
TEST CIRCUITS (Cont'd)

CLOSED
LOOP
GAIN

Kn

R2 H
3

Kn

10 m

to 10 l 10

40 [ 1 01 ,0 !

Fig.25 — Phase compensation test circuit.

TYPICAL APPLICATIONS
For Additional Application Information, re-

fer to Application Note ICAN-6048 "Some
Applications of a Programmable Power/
Switch Amplifier IC".

Design Considerations

The selection of the optimum amplifier bias

current UaBC) depends on -
1. The Desired Sensitivity — the higher the

IABC the higher the sensitivity — i.e., a

greater-drive current capability at the out-

put for a specific voltage change at

the input.

C, -0-5mF
D| HN9I4
R| = 05I Mil=3 MIN.

R2= 5-I MIi=30MIN.

R3' 22Mfi = 2HRS.

R 4 = 44 MJl = 4 HRS.

R5= I-5 KH
R 6 = 50 Kfl

R? = 5.IKJ}

R 8 = I.5KJ}

92CS-20405R2

TIME- I HR.

S2 SET TO R 4

POTENTIOMETER REQUIRED FOR INITIAL TIME SET
TO PERMIT DEVICE INTERCONNECTING TIME VARIATION
WITH TEMPERATURE < 0.3 %/«C

Fig.26 — Presettable analog timer.

2. Required Input Resistance — the lower
the IABC 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

equipment design is sufficiently flexible to
tolerate a wide range of these parameters, it

is recommended that the equipment designer
begin his calculations with an IABC of 100
juA, 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.

AS AN INVERTING OP-AMP A/W-

WHERE-^
E IN

CHARACTERISTICS OF Z| AND Z 2

' f ( —) DEPENDS ON THE

EOUT*

WHERE E UT=E|N

IN SINGLE- ENDED OUTPUT OPERATION, THE CA3094
MAY REQUIRE A PULL UP OR PULL DOWN RESISTOR

Fig.27 - Application of the CA3094: fa) as an inverting op-amp, and
(b) in a non-inverting mode, as a follower.

TIME DELAY (SECONDS) = RC APPR0X.-±-

92CS-20406RI

Problem: To calculate the maximum value of R
required to switch a 100-mA output current
comparator

GiV6n:
lABC = 5/iA,RABC = 3.6Mfi*^-

1 1
= 500 nA @ I ABC = 1 00 jUA (from Fig.4)

1 1
= 5 flA can be determined by drawing a line on

Fig.4 through lABC = 100/Mand le = 500nA
parallel to the typical TA = 25°C curve.

Then: l| = 33 nA @ l ABc = 5 JUA

R 18-12 volts
max = 33nA = 180 Mf2 @ TA=25°C

Rmax = 180 Mfi x 2/3* = 120 M£2@
#

TA = -55°C
Ratio of 1 1 at TA = +25°C to l| at TA = -55°C
for any given value of lABc

Fig.28 — RC timer.
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CA3094, CA3094A, CA3094B Types

TYPICAL APPLICATIONS (Cont'd)

n
°-r

A-

On a negative-going transient at input (A), a

negative pulse at C will turn "on" the CA3094.

and the output (E) will go from a low to a high

level.

At the end of the time constant determined by Ci

,

R 1. R 2. R 3. tne CA3094 will return to the "off"

state and the output will be pulled low by

RLOAD- Ttlis condition will be independent of

the interval when input A .eturns to a high level.

Fig.29 — RC timer triggered by external negative pulse.

• <„iiOKnMIN
<"]_l Mfl MAX

330Rft< MYLAR

>

TIME CONSTANT I » RC«I20
Cl

PULSE WIDTH u»

p~™>dlRTL

c 92CS- 20407

Fig.30 — Free-running pulse generator. Fig.31 — Current or voltage-controlled oscillator.

92CS-20408

Fig.32 — Single-supply astable multivibrator. Fig.33 — Dual-supply astable multivibrator.
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Linear Integrated Circuits

CA3094, CA3094A, CA3094B Types
i YMCAL APPLICATIONS (Cont'd)

UPPER THRESHOLD

-

8)—i—•—QOUTPUT

(a) DUAL SUPPLY

LOWER THRESHOLD

(b) SINGLE SUPPLY
Fig.34 — Comparators (threshold detectors) —dual-

and single-supply types:

RCA
TYPE
DI20IF

=f=50 M F ^0 /<,*'

i—L.J 1
ALL RESISTANCES IN OHMS -1/2 WATT

Fig. 35 — Temperature controller.

»V + INPUT >—i CA3085A
1^. VOLTAGE REG

MAX louT - ± '00 mA

sen

*" INPUT RANGE = 19 TO 30
FOR 15 V OUTPUT

I'lNPUT RANGE = -I6 TO-30
FOR -15 V OUT

REGULATION:

MAX LINE = A V0UT

[v0UT (INITIAL)],

MAX LOAD = A V0UT
' 100 = 0075 % v0u

I, FROM I TO 50 r

Fig.36 — Dual-voltage tracking regulator.

Fig.37 — Ground fault interrupter (GFI) and
waveform pertinent to ground fault

detector.
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CA3094, CA3094A, CA3094B Types

TREBLE
a "BOOST" "CUT"

(CW) I* KB (CCW)

FOR STANDARD INPUT: SHORT C2 R
t

= ?50 Kfi

C, = 047„F REMOVE Rj

FOR CERAMIC CARTRIDGE INPUT C|=00047 /i F

R, =2 5 Mil. REMOVE JUMPER FROM C
2i

LEAVE R
2

TYPICAL PERFORMANCE DATA
For 12-W Audio Amplifier Circuit

Power Output (8H load, Tone Control set at "Flat")

Music lat 5% THD, regulated supply I

Continuous (at 0.2% IMD. 60 Hz & 2 kHz mixed in a 4 1 ra

unregulated supply) See Fig»8 In ICAN 6048

Total Harmonic Distoration

At 1 W, unregulated supply

At 12 W, unregulated supply

Voltage Gam
Hum and Noise (Below continuous Power Output)

Input Resistance

Tone Control Range

005
0.57

40

83

250

See Fig 9 In ICAN 6048

Fig.38 — 12-watt amplifier circuit featuring true complementary-symmetry

output stage with CA3094 in driver stage.
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Linear Integrated Circuits

CA3060, CA3060A Types

16-LEAD DUAL-IN LINE

CERAMIC PACKAGE

16-LEAD DUAL-IN-LINE
PLASTIC PACKAGE

Operational Transconductance
Amplifier Arrays

Features:

Low power consumption - as low as
100 /jW per amplifier

u Independent biasing for each
amplifier

m High forward transconductance
Programmable range of input
characteristics

m Low input bias and input offset

current

High input and output impedance
No effect on device under output
short-circuit conditions

m Zener diode bias regulator

Applications:

For low power conventional opera-
tional amplifier applications
Active filters

Comparators
Gyrators
Mixers

m Modulators
m Multiplexers

m Multipliers

Strobing and gating functions
Sample and hold functions

RCA-CA3060AD, CA3060BD, CA3060D, and CA3060E,
monolithic integrated circuits, are arrays of three indepen-
dent 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 de-
scribed by transconductance rather than voltage gain
(open-loop voltage gain is the product of the transconduct-
ance and the load resistance, gmR L ). When operated into a
suitable load resistor and with provisions for feedback,
these amplifiers are well suited for a wide variety of
operational-amplifier and related applications. 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 appli-
cation. The electrical characteristics of each amplifier are a
function of the amplifier bias current (Ubc). This feature
offers the system designer maximum flexibility with regard
to output current capability, power consumption, slew rate,

REGULATOR OUT
|J_-

REGULATOR IN [T

v+ G[

INV. INPUT No. 3 (T-

NON-INV. INPUT No. 3 £5

BIAS No. 3 [][

OUTPUT No. 3 (T—

V- [8

input resistance, input bias current, and input offset cur-
rent. The linear variation of the parameters with respect to
bias and the ability to maintain a constant dc level between
input and output of each amplifier also makes the CA3060
suitable for a variety of non-linear applications such as
mixers, multipliers, and modulators.

In addition; the types in the CA3060 family incorporate a
unique Zener diode regulator system that permits current
regulation below supply voltages normally associated with
such systems.

Generic applications of the OTA are described in ICAN-
6668, Applications of the CA3080 and CA3080A High-
Performance Operational Transconductance Amplifiers.

The CA3060AD, CA3060BD, nd CA3060D 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 +125° C. The CA3060E is supplied in a 16-lead dual-in-
line plastic package and is operational from -40° C to
+85° C.

]6] OUTPUT No. I

l|] BIAS No. I

^l NON-INV. INPUT No.

I

-TJ] INV. INPUT No. I

-jf] INV. INPUT No 2

TTJ NON-INV. INPUTNo.2

To) BIAS No. 2

9] OUTPUT No. 2

92SS-4I06R2
TOP VIEW

Fig. 1 — Functional block diagram for each type in the CA3060 family.
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Operational Amplifiers

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

DC Supply Voltage (between V+ and V" terminals):

CA3060AD, CA3060BD, CA3060E 36V |±18V)

CA3060D 14 V (±7V)

Differential Input Voltage (each amplifier):

CA3060AD, CA3060BD, CA3060E ±5V

CA3060D iSV

DC Input Voltage V +
to V"

Input Signal Current (each amplifier of each type): ±1 mA

Amplifier Bias Current (each amplifier of each type) 2 mA

Bias Regulator Input Current -5 mA

Output Short-Circuit Duration* No limitation

CA3060, CA3060A Types

Device Dissipation:

Total Package of each type up to Ta = 75°C 490 mW
Above TA = 75°C Derate linearly 6.67 mW/°C

Temperature Range:

Operating —

CA3060AD, CA3060BD, CA3060D -55 to +125°C
CA3060E -40 to +85°C

Storage -

CA3060AD, CA3060BD, CA3060D,
CA3060E -65 to +150°C

Lead Temperature (During Soldering):

At distance 1/16 ±1/32 in. (1 .59 ±0.79 mm)
from case for 10s max +300°C

*Short circuit may be applied to ground or to either supply.

ZENER BIAS REGULATOR

I 7.
1

A INVERTING INPUT OF AMPLIFIERS 1,2. AND 3 IS ON TERM
Nos. 13, 12 AND 4, RESPECTIVELY

O NON-INVERTING INPUT OF AMPLIFIERS 1, 2, AND
TERMINAL Nos. 14, 11, AND 5, RESPECTIVELY

* OUTPUT OF AMPLIFIERS 1, 2, AND 3 IS ON TERMINAL Nos.

AND 7, RESPECTIVELY
AMPLIFIER BIAS CURRENT OF AMPLIFIERS 1, 2, AND 3 I

TERMINAL Nos. 15, 10, AND 6, RESPECTIVELY

INAL

3 IS

16,9,

S ON

NOTE: A complete schematic diagram of the OTA is shown on Page 6 . 9 2cs-i586om

Fig.2-Simplified schematic diagram showing bias regulator and one operational transconductance amplifier for

each type of the CA3060 family.

2

>
£

I I.9

H
>
UJ
o
<

3
'

u.

I-

SUPPLY VOLTAGE V
V

* 6V.V
-

'

5V.V"
-6V
-I5V

j +I25*C

i +25*C
/-55'C

•

'J

10 " * "100

AMPLIFIER BIAS CURRENT (I ABC ) pAA0t n
92C8- 19612

Fig.3-Input offset voltage vs. amplifier bias current.

1000 8
6

% 4

1

a 2

5*C

SUPPLY VOLTAGE :V*>6V,V-6V
V*.|5V,V-«-l5V

1 >
- &s

^
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5 4

t
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2

1 —^
I 1 > 1

1

i <1 1 •
1 30

2 « I 1
00

AMPLIFIER BIAS CURRENT Uabc>— M A
WCS- 1 96 IS

Fig.4-lnput offset current vs. amplifier bias current.
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Linear Integrated Circuits

CA3060, CA3060A Types
ELECTRICAL CHARACTERISTICS (CA3060D)

For each amplifier at Ta * 25<>C, V+ = 6 V, V" •6 V

CHARACTERISTIC SYMBOL

TYPICAL

CHARACTER
ISTICS

CURVES
Fi9.

LIMITS

Amplifier Bias Currant

UNITS
"ABC " 1 PA 'ASC-IOjUA •ABC " 10DjUA

I MAXMIN.
|
TYP.

|
MAX. MIN.

|
TYP.

1
MAX. MIN.

|
TYP.

STATIC CHARACTERISTICS

Input Offset Voltage VlO 3 - 1 5 - 1 5 _
1 5 mV

Input Offset Current '10 4 - 3 14 - 30 100 - 250 1000 nA

Input Bias Current >IB 5a, b - 33 70 - 300 550 - 2500 5000 nA

Peak Output Current •OM 6a, b 1.3 23 - 15 26 - 150 240 - JIA

Peak Output Voltage:

Positive vOM+
7

46 5 _ 4.5 4.8 _ 4.5 4.7

VNegative vOM - 5.8 5.95 - 5.8 5.95 - 5.7 5.9 -

Amplifier Supply

Current (each amplifier) 'A 8a, b _ 8.5 14 _ 85 120 850 1200 |UA

Power Consumption

(each amplifier) P _ - 0.10 0.17 _ 1 1.45 10 14.5 mW
Input Offset-Voltage

Sensitivity":

Positive Av)0/Av
+

- 1.5 120 2 120 2 120
pV/V

Negative Avlo/Av" - 20 120 - 20 120 - 30 120

Amplifier Bias Voltage* VABC 9 - 0.54 -- - 0.60 - - 0.66 - V

DYNAMIC CHARACTERISTICS (at 1 kHz unless spec fied otherwise)

Forward Transconductance

(large signal) 921 10a, b 03 1.55 3 18 30 102 mmho

Common-Mode Rejection

Ratio CMRR _ 70 110 _ 70 110 _ 70 90 dB

Common-Mcde Input-

Voltage Range VICR _
4.4 to -5 1 min.

4.7 to -5 3 typ

4.3 to -5 min.

4.6 to -5.2 typ.

4.3 to -5 min.

4.6 to -5.2 typ. V

Slew Rate (Test ckt.,

Fig. 13 SR _ 1 _ _ 1 . 8 VlfJs

Open-Loop (g2 4
)

Bandwidth BWOL 11 ._ 20 _ _ 45 _ 110 kHz

Input Impedance

Components:

Resistance B| 12 800 1600 90 170 10 20 kil

Capacitance at t MHz C| - - 27 - - 2.7 - - 27 - pF

Output Impedance

Components:

Resistance Ro 14 200 20 2 Mft

Capacitance at 1 MHz Co -
.

- 45 - - 4.5 - - 4.5 - pF

ZENER BIAS REGULATOR CHARACTERISTICS (at Ta = 25°C, 12 = 0.1 m/\)

Voltage vz 15 Temp. Coeff = 3 mV/°C

MIN. TYP. MAX.

6.2 67 7.9 V

Impedance zz - 200 300 n
Temperature-Coefficient; -2.2 mV/°C (at VA 8C " 054 v < 'A8C "

1 AlA; -2.1 mV/°C (at VABC = 0.060 V, lABC = 10 flA): -19
mV/°C (at VABC = °-66 V, l ABC = 100 /XA)

Conditions for Input Offset Voltage and Supply Sensitivity

(a) Bias current derived from the regulator with an appropriate

resistor connected from terminal No. 1 to the bias terminal on
the amplifier under test —

V+ is reduced to 5 volts for V+ sensitivity

V" is reduced to -5 volts for V' sensitivity

Voffset - Voffset for +5 V and -6 V supplies

1 volt
(b) V+ sensitivity in /iV/V

V- sensitivity in jiV/V =
Voffset Voffset for 5 V and *6 V supplie!i

1 volt
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Operational Amplifiers

ELECTRICAL CHARACTERISTICS (CA3060AD, CA3060BD, CA3060E)
For each amplifier at Ta = 25°C, V+ = 15 V, V" = -15 V

CA3060, CA3060A Types

CHARACTERISTIC SYMBOL

TYPICAL

CHARACTER-
ISTICS

CURVE
Fig.

LIMITS

UNITS

Amplifier Bias Current

'ABC " 1 J*A IABC = 10/JA IABC-100MA
MIN.|TYP.

|
MAX. MIN.|TYP.

|
MAX. MIN.

|
TYP. |MAX.

CA3060BD
CA3060AD
CA3060BD
CA3060E

STATIC CHARACTERISTICS

Input Offset Voltage VlO 3 - 1 5 -
1 5 -

1 5 mV

Input Offset Current '10 4 - 3 14 - 30 100 - 250 1000 nA

Input Bias Current >IB 5a ,b - 33 70 - 300 550 - 2500 5000 nA

Peak Output Current 'OM 6a.b 1.3 2.3 15 26 - 150 240 - AIA

Peak Output Voltage:

Positive vOM +

7

12 13.6 _ 12 13.6 _ 12 13.6
V

Negative VOM- 12 14.7 - 12 14.7 - 12 14.7 -

Amplifier Supply

Current (each amplifier) <A 8a ,b _ 8.5 14 _ 85 120 _ 850 1200 J"A

Power Consumption

leach amplifier) P- _ _ 026 042 _ 2.6 3.6 _ 26 36 mW
Input Offset-Voltage

Sensitivity":

Positive AV| 'Av +
1 5 150 2 150 2 150

jUV/V
Negative •AV| /Av" -' 20 150 - 20 150 - 30 150

Amplifier Bias Voltage' VABC 9 - 54 - - 60 - - 0.66 - V

DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise)

Forward Transconductance

(large signal) 921 10a.

b

0.3 1.55 - 3 18 - 30 102 _ mmho

Common-Mode Rejection

Ratio CMRR _ 70 110 70 110 _ 70 90 _ dB

Common-Mode Input

Voltage Range V ICR
+ 12 to -12 mm.
t-1 3 to -14 typ

+ 12 to -12 mm.
+ 13 to -14 typ.

+ 12 to -12 mm.
+ 13 to -14 typ.

V

Slew Rate (Test ckt
,

F,g. 13 ) SR -
1

- -
1

_ 8 _ V/^ls

Open-Loop (g2i

)

Bandwidth BW0L 1 1 20 - - 45 - - 110 _ kHz

Input Impedance

Components

Resistance R| 12 800 1600 90 170 10 20 kft

Capacitance at 1 MHz C| • - 2 7 - - 2 7 - - 2 7 - pF

Output Impedance

Components:

Resistance Ro 14 200 20 2 Mft

Capacitance at 1 MHz Co - - 4 5 - - 4.5 - - 4.5 - PF

ZENER BIAS REGULATOR CHARACTERISTICS (atTA=25°C, l 2 = 0.1 mA)

Voltage vz 15 Temp Coeff .
= 3 mV/°C

MIN. TYP. MAX.

62 6 7 7.9 V

Impedance zz - 200 300 n

Temperature-Coefficient, -2.2 mV/°C (at VABC - 54 V, l ABC =

1 /JA; 2.1 mV/°C (at VABC = 0.060 V, l ABC = 10 /JAI; -1 9

mV/°C (at VABC = 0.66 V. I ABC - 100 \XM
Conditions for Input Offset Voltage and Supply Sensitivity

(a) Bias current derived from the regulator with an appropriate

resistor connected from terminal No. 1 to the bias terminal on

the amplifier under test --

V +
is reduced to 1 3 volts for V +

sensitivity

V" is reduced to - 1 3 volts for V ~ sensitivity

lb) V + sensitivity ,n uV/V -
VoHset

'
V°" Set «Q' +*3 V and -15 V suPPlie*

1 volt

V sensitivity in /iV/V =
Voffsel - Vo»set for -13 V and +15 V supplies

1 volt

227



Linear Integrated Circuits

CA3060, CA3060A Types
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Fig.5b—Input bias current vs. ambient

temperature.
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INPUT "s

92Cb- ,3oiLRl

V^ is measured between terminals 1 and 8.

N/aBC is measured between terminals 15 and 8.

Hz .W^mSJi. .RABC = YZ_VABC
'2 'ABC

Supply Voltage: for both ±6 V and ±15 V.

TYPICAL SLEW RATE TEST CIRCUIT PARAMETERS

abc
SLEW
RATE '2 RABC Rs Rf Rb Rc cc

)UA V/jUs /JA ohms MF

100 8 200 62 k 100k 100k 51k 100 0.02

10 1 200 620k 1M 1M 510k Ik 0.005

1

.

0.1 2 6.2M 10M 10M 5.1 M oo

Fig. 13—Slew rate test circuit for amplifier No. I of CA3060.
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OPERATING CONSIDERATIONS

The CA3060 consists of three operational amplifiers similar

in form and application to conventional operational ampli-

fiers but sufficiently different from the standard operational

amplifier (op-amp) to justify some explanation of their

characteristics. The amplifiers incorporated in the CA3060
are best described by the term Operational Transconductance

Amplifier (OTA). The characteristics of an ideal OTA are

similar to those of an ideal op-amp except that the OTA has

an extremely high output impedance. Because of this

inherent characteristic the output signal is best defined in

terms of current which is proportional to the difference

between the voltages of the two input terminals. Thus, the

transfer characteristic is best described in terms of transcon-

ductance rather than voltage gain. Other than the difference

given above, the characteristics tabulated on pages 3 and 4 of

this data bulletin are similar to those of any typical op-amp.

The OTA circuitry incorporated in the CA3060 (See Fig. 16)

provides the equipment designer with a wider variety of

circuit arrangements than does the standard op-amp; because

as the curves in the data bulletin indicate, the user may select

the optimum circuit conditions for a specific application

simply by varying the bias conditions of each amplifier. If

low power consumption, low bias, and low offset current, or

high input impedance are primary design requirements, then

low current operating conditions may be selected. On the

other hand, if operation into a moderate load impedance is

the primary consideration, then higher levels of bias may be

used.

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

'ABC-
^"n 's enables the designer to have complete control

over transconductance, peak output current and total power

consumption independent of supply voltage.
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OV+

COMPLETE OTA CIRCUIT mc-i»«ii

Fig. 16—Complete schematic diagram showing bias regulator and one of the three operational transconductance amplifiers.

In addition, the high output impedance makes these

amplifiers ideal for applications where current summing is

involved.

The design of atypical operational amplifier circuit (See Fig.

17) would proceed as follows:

INPUT

6-» i
RABC
la/wo To* 6 v

560 Kil

92CS-I9704

Fig. 17-20-dB amplifier using the CA3060.

Circuit Requirements

Closed loop voltage gain = 10 (20 dB)

Offset voltage adjustable to zero

Current drain as low as possible

Supply voltage = ±6 V
Maximum input voltage = ±50 mV
Input resistance = 20 kfi

Load resistance = 20 kfi

Device: CA3060

Calculation

1. Required transconductance g2i-

Assume that the open loop gain Aql m <Jst be at least ten

times the closed loop gain. Therefore, the forward

transconductance required is given by

921 =AOL/ R L

= 100/18 kH

s 5.5 mmho

(R L = 20 kQ, in parallel with 200 kfi

s 18 k£7)

2. Selection of suitable amplifier bias current.

The amplifier bias current is selected from the minimum
value curve of transconductance (Fig. 10a) to assure that

the amplifier will provide sufficient gain. For the required

g2i of 5.5 mmho an amplifier bias current l/\BC °f 20.juA

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 /uA. However, the amplifier must

also supply the necessary current through the feedback

resistor and for Rs = 20 kJ2 than Rp = 200 kft if Aql =

10. Therefore, the feedback loading = 0.5/200 kfi = 2.5m A.

The total amplifier current output requirements are,

therefore, ±27.5 juA. Referring to the data given in Fig. 6a

we see that for an amplifier bias current of 20 mA the

amplifier output current is ±40 nA. This is obviously

adequate and it is not necessary to change the amplifier

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 R^BC
may be directly calculated using Ohm's law.
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VSUP " VABC

^ABC
'ABC

D _ 12-0.63
RABC= 20x10-6

= 568.5 kft or = 560 k£l

Calculation of offset adjustment circuit.

In order to reduce the loading effect of the offset

adjustment 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.

20 x 200 x 106 ohms

220 x 103
^ 18kft

Because the maximum offset voltage is 5 mV and an

additional increment due to the offset current (Fig. 4)

flowing through the source resistance

(i.e. 200 x 10"9 x 18 x 103 volts ^therefore,

the Offset Voltage Range = 5 mV + 3.6 mV = ±8.6 mV

The current necessary to provide this offset is

8.6 x 10"3

18 x 103
or 0.48 juA

With a supply voltage of ±6 V, this current can be provided

by a 10 Mfi resistor. However, the stability of such a resistor

is often questionable and a more realistic value of 2.2 MJ2

was used in the final circuit.

OTHER CONSIDERATIONS

Capacitance Effects

The CA3060 is designed to operate at such low power levels

that high impedance circuits must be employed. In designing

such circuits, particularly feedback amplifiers, stray circuit

capacitance must always be considered because of its adverse

effect on frequency response and stability. For example a

10-kH load with a stray capacitance of 15 pF has a time

constant of 1 MHz. Fig. 18 illustrates how a 10-k£2 15-pF

load modifies the frequency characteristic.
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\ X

= 10 kfl

R L=I0 kft \
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FREQUENCY(f)— MHz
92CS-I5884RI

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, l ABC (see Fig. 6a), the maximum slew rate is limited

to the maximum rate at which the capacitance can be
charged by the Iqm- Therefore,

SR = dV/dt = l M/cL

where C|_ 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

accomplished in this case with a shunt capacitor at the

output of the first amplifier. The high gain following

compensation assures a high slew rate.

APPLICATIONS

Having determined the operating points of the CA3060
amplifiers, they can now function in the same manner as

conventional op-amps, and thus, are well suited for most

op-amp applications, including inverting and non-inverting

amplifiers, integrators, differentiators, summing amplifiers

etc.

TRI-LEVEL COMPARATOR

Tri-level comparator circuits are an ideal application for the

CA3060 since it contains the 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.
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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-

t v +

UPPEP LIMIT
REFERENCE VOLTAGE

INPUT SIGNAL

INTERMEDIATE-LIMIT
REFERENCE VOLTAGE

LOWER LIMIT
REFERENCE VOLTAGE -

CA3060
TRI-LEVEL
DETECTOR

4>

3>

CA3086
FLIP-FLOP

It
CA3086
FLIP-FLOP

POSITIVE——OUTPUT
/WHEN UPPER\
LIMIT IS

\REACHED /

POSITIVE
•OUTPUT

/WHEN LOWER
LIMIT IS

"=^" \REACHED

92CS-I9609

Fig.20— Functional block diagram of a tri-level comparator.

limit reference voltages. The third amplifier is used to

compare the input signal with a selected value of inter-

mediate-limit reference voltage. By appropriate selection or

resistance ratios this intermediate-limit may be set to any

voltage between the upper-limit and lower-limit values. The

output of the upper-limit and lower-limit comparator sets the

corresponding upper or lower-limit flip-flop. The activated

flip-flop retains its state until the third comparator (inter-

mediate-limit) in the CA3060 initiates a reset function,

thereby indicating that the signal voltage has returned to the

intermediate-limit selected. The flip-flops employ two

CA3086 transistor-array IC's, with circuitry to provide

separate "SET" and "POSITIVE OUTPUT" terminals.

INPUT SIGNAL(Es)

O

Operational Amplifiers

CA3060, CA3060A Types
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 Uabc' to tne tnree amplifiers via

terminal 1. Lower-limit and upper-limit reference voltages are

selected by appropriate adjustment of potentiometers R1

and R2, respectively. When resistors R3 and R4 are equal in

value (as shown), the intermediate-limit reference voltage is

automatically established at a value midway between the

lower-limit and upper-limit values. Appropriate variation of

resistors R3 and R4 permits selection of other values of

intermediate-limit voltages. Input signal (Eg) 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.

Active Filters - Using the CA3060 as a Gyrator

The high output impedance of the OTAs makes the CA3060
ideally suited for use as a gyrator in active filter applications.

Fig. 22 shows two OTAs of the CA3060 connected as a

gyrator in an active filter circuit. The OTAs in this circuit can

make a 3-juF capacitor function as a floating 10-kilohenry

inductor across Terminals A and B. The measured Q of 13 (at

a frequency of 1 Hz) of this inductor compares favorably

with a calculated Q of 16. The 20-kilohm to 2-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 g2i of

the OTAs, thereby changing the gyration resistance.

Qv*=6v

REGULATOR
IN

CA3060

CA3086

SATURATES WHEN
UPPER LIMIT IS

EXCEEDED
UPPER LIMIT
FLIP-FLOP

WHEN INTERMEDIATE
REFERENCE LIMIT
IS REACHED

QV* = 6V

LOWER LIMIT
REFERENCE
VOLTAGE

NOTE 2 Es>Eu=Q|(0N),Q2(0FF)

Es< — — =Q|(0FF),Q2 (0FF)

Eo<E, iQ, (ON), Q, (OFF)

LOWER LIMIT

FLIP-FLOP

SATURATES WHEN
LOWER LIMIT IS

EXCEEDED

NOTE I : ITEMS IN SHADED AREAS ARE EXTERNAL
TO THE CA3086

RESISTANCE VALUES ARE IN OHMS

Fig.21— Tri-level comparator circuit-
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RESISTANCE VALUES ARE IN OHMS

92CS- 158 6 IRI

Fig.22- Two operational transconductarice amplifiers of the

CA3060 connected as a gyrator in an active filter

circuit.

CA3060
QV +=I5V

2k
O-AA/V

STROBE 'ON' |—, +I5V

STROBE 'OFF'

STROBF
RESISTANCE VALUES ARE IN OHMS

92CS-I96IO

Fig.23— Three-channel multiplexer.

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 OabC> terminal of each amplifier should be
decreased to maintain 100 /liA of strobe-"ON" current at

this lower supply voltage. Second, the drain resistance for the

MOS/FET should be decreased to maintain the same value of

source current. The low cost dual-gate protected MOS/FET,
RCA-40841, may be used when operating at the low supply
voltage.

The phase compensation network consists of a single 390ft

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//isec.

The system slew rate is directly proportional to the value of

the phase compensation capacitor. Thus, with higher gain

settings where lower values of phase compensation capacitors

are possible, the slew rate is proportionally increased.

NON LINEAR APPLICATIONS

AM Modulator (Two-Quadrant Multiplier)

Fig. 24 shows Amplifier No. 3 of the CA3060 used in an AM
modulator or 2-quadrant multiplier circuit. When modulation

is applied to the amplifier bias input. Terminal B, and the

carrier frequency to the differential input, Terminal A, the

waveform, shown in Fig. 24, is obtained. Fig. 24 is a result of

adjusting the input offset control to balance the circuit so

that no modulation can occur at the output without a carrier

input. The linearity of the modulator is indicated by the

solid trace of the superimposed modulating frequency. The
maximum depth of modulation is determined by the ratio of

the peak input modulating voltage to V.T

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/^bC are zero -
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Fig.24-Two-quadrant multiplier circuit using the CA3060

with associated waveforms.

Four-Quadrant Multiplier

The CA3060 is also useful as a four-quadrant multiplier. A

block diagram of such a multiplier, utilizing Amplifier Nos.

1, 2, and 3, is shown in Fig. 25 and a typical circuit is shown

in Fig. 26. The multiplier consists of a single CA3060 and, as

in the two-quadrant multiplier, exhibits no level shift

between input and output. In Fig. 25, Amplifier No. 1 is

mnected as an inverting amplifier for the X-input signal,

fhe output current of Amplifier No. 1 is calculated as

follows:

l n) = l-Vx ] [g2 l(D] (Eq.3)

Ampl. No. 2 is a non-inverting amplifier so that

l (2) = (+VX 1 1921 (2)1 (Eq - 4)

Because the amplifier output impedances are high, the load

current is the sum of the two output currents, for an output

voltage

V = VX R L [g2 i(2) -921<1)] (E^ 5)

The transconductance is approximately proportional to the

amplifier bias current; therefore, by varying the bias current

the 921 is also controlled. Amplifier No. 2 bias current is

proportional to the Y-input signal and is expressed as

(V) + Vy
>ABC(2)~ Ri

CA3060, CA3060A Types

Hence,

g21 (2) * k [ (V) + VY ]

.

(Eq.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(1)< therefore, varies inversely with Vy.

And by the same reasoning as above

g2i(D*k [(V-)-VY l. (Eq. 8)

Combining equation 5, 7, and 8 yields:

V ~VX - k- R L j[(V-) + VY l [(V-)-VY l| or

V *2kR L Vx VY

Fig. 26 shows the actual circuit including all the adjustments

associated with differential input and an adjustment for

equalizing the gains of Amplifiers No. 1 and No. 2.

Adjustment of the circuit is quite simple. With both the X

and Y voltages at zero, connect Terminal 10 to Terminal 8.

This procedure disables Amplifier No. 2 and permits

adjusting the offset voltage of Amplifier No. 1 to zero, by

means of the 100-kf2 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 R1 1 are

adjusted for symmetrical output signals. Fig. 27 shows the

output waveform with the multiplier adjusted. The voltage

waveform in Fig. 27a shows suppressed carrier modulation of

1-kHz carrier with a triangular wave.

92CS-I5862

(Eq. 6)

Fig.25—Four-quadrant multiplier using the CA3060.

Figures 27b and 27c, respectively, show the squaring of a

triangular wave and a sine wave. Notice that in both cases the

outputs are always positive and return to zero after each

cycle.
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ALL RESISTANCE
VALUES ARE IN

OHMS

92CS-I5887RI

Fig.26- Typical four-quadrant multiplier circuit.

Fig.27-Voltage waveforms of four-quadrant

multiplier circuit.
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Micropower Operational

Amplifier

Features:

Low standby power: as low as 700 nW

Wide supply voltage range: ±0.75 to ±15 V

High peak output current: 6.5 mA min.

Adjustable quiescent current

Output short-circuit protection

Applications:

Portable electronics

Medical electronics

Instrumentation

i Telemetry

i Intrusion alarms

The RCA-CA3078 and CA3078A are high-

gain monolithic operational amplifiers which

can deliver milliamperes of current yet only

consume microwatts of standby power. Their

operating points are externally adjustable

and frequency compensation may be accom-

plished with one external capacitor. The

CA3078 and CA3078A provide the designer

with the opportunity to tailor the frequency

response and improve the slew rate without

sacrificing power. Operation with a single

1.5-volt battery is a practical reality with

these devices.

The CA3078A is a preminum device having a

supply voltage range of V* = 0.75 to V* =

15 V and an operating temperature range of

-25°C to +1 25°C. The CA3078 has the same

lower supply voltage limit but the upper limit

is V+ = +6 V and V~ = -6 V. The operating

temperature range is from 0°C to +70°C.

The CA3078 and CA3078A are supplied in

the standard 8-lead TO-5 package ("T"

suffix), the 8-lead dual-in-line formed-lead

"DIL-CAN" package ("S" suffix), or the

8-lead dual-in-line plastic "MINI-DIP" pack-

age ("E" suffix).

BIAS

Fig. 1 - Schematic diagram of the CA3078 and CA3078A.
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MAXIMUM RATINGS, Absolute-Maximum Values at TA =25°C

DC Supply Voltage (between V +
and V~ terminal .

Differential Input Voltage

DC Input Voltage

Input Signal Current

Output Short-Circuit Duration*

Device Dissipation . . 150mW(
Temperature Range:

Operating

Storage

Lead Temperature (During Soldering):

At distance 1/16 ±1/32 in. (1 .59 ±0.79 mm) from
case for 1 0s max

* Short circuit may be applied to ground or to either supply.

CA3078A CA3078

36 V 14 V
±6V ±6 V

V+ to V
-

V+ to V~
0.1 mA 0.1 mA

No Limitation No Limitation

nW (up to 125°C) 500 mW (up to 70°C)

-55to+125°C to +70°C
-65 to+150°C -65 to +150°C

+300°C +300°C

ELECTRICAL CHARACTERISTICS For Equipment Design

CHARAC-
TEST CA3078A LIMITS CA3078 LIMITS

U
CONDITIONS RSET = 5.1 MaiQ = 20MA RSET = 1 Mfi,lQ=100/jA

TERISTICS

SYMBOLS V+

&
V

Rs Rl TA = 25°C

TA = -55 to

125°C TA = 25°C

TA = 0to

70°C

N
1

T

SMIN. TYP. MAX. MIN. MAX. MIN. TYP. MAX MIN MAX
V| ii

6

V

<10 - - 0.70 3.5 - 4.5 - 1.3 4.5 - 5 mV
V|0 - - - 0.50 2.5 - 5.0 - 6 32 - 40 nA

'IB
- - - 7 12 - 50 - 60 170 - 200 nA

A0L - >10 92 100 - 90 - 88 92 - 86 - dB

'Q - - - 20 25 - 45 - 100 130 - 150 MA

Pd - - - 240 300 - 540 - 1200 1560 - 1800 mw
V0M - >10 ±5.1 ±5.3 - ±5 - ±5.1 ±5.3 - ±5 - V

V ICR <10 - -
-5.5

to

+5.8

-
-5

to

+5

- -
-5.5

to

+5.8

-
-5

to

+5

- V

CMRR <10 - 80 115 - - - 80 110 - - _ dB

l0M+or 'OM
- - - 12 - 6.5 30 - 12 - 6.5 30 mA

AV, /AV+
<10

76 105 - - - 76 93 - - —
//V/V

AV, /AV - 76 105 - - - 76 93 - -

RSET = 13 Ma Iq = 20mA

V|0

15

<10 - - 1.4 3.5 - 4.5 - - - - - mV
A0L - >10 92 100 - 88 - - - - - - dB

'Q - - - 20 30 - 50 - - - - - HA

PD - - - 600 750 - 1350 - - - - MW
V0M - >10 ±13.7 ±14.1 - ±13.5 - - - - - - V

CMRR <10 - 80 106 - - - - - - - dB

'IB
- - - 7 14 - 55 nA

ho - - 0.50 2.7 - 5.5 nA
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ELECTRICAL CHARACTERISTICS, at TA = 25°C

Typical Values Intended Only for Design Guidance

CHARAC-
TERISTICS

SYMBOLS

TYPICAL VALUES

UNITS

CA3078A CA3078

V+ = +1.3V,

V- = -1.3 V

RSET = 2Mn
Iq= 10/iA

V+ = +0.75 V,

V- = -0.75 V

RSET = 10MJ2

|Q= 1 MA

V+ = +1.3 V,

V---1.3 V

RSET = 2Mfi

Iq= 10/iA

V+ = +0.75 V,

V- = -0.75 V

RSET= 10Mn
|Q= 1 juA

VlO 0.7 0.9 1.3 1.5 mV

'10 0.3 0.054 1.7 0.5 nA

'IB
3.7 0.45 9 1.3 nA

AOL 84 65 80 60 dB

"a 10 1 10 1 HA

Pd 26 1.5 26 1.5 juW

v0PP 1.4 0.3 1.4 0.3 V

VICR

-0.8

to

+1.1

-0.2

to

+0.5

-0.8

to

+1.1

-0.2

to

+0.5

V

CMRR 100 90 100 90 dB

i
+

12 0.5 12 0.5 mA

AViq/AV* 20 50 20 50 juV/V

Typical Values Intended Only for Design Guidance at TA = 25°C and V* = +6 V, V~~ = -6V

CHARAC-
TERISTICS

SYMBOLS

TEST
* CONDITIONS

CA3078A CA3078

UNITSRSET = 5.1 MJ2

Iq = 20mA
RSET= 1 MV.

1q = 100 /xA

RSET = 1 Mft

Iq= 100 mA

AV| /ATA Rs <10k£2 5 6 6 juV/°C

AV, /ATA Rs <10kft 6.3 70 70 pA/°C

BW0L 3dB pt. 0.3 2 2 kHz

SR See Figs.

20,21

0.027 0.04 0.04
V/jus

0.5 1.5 1.5

- 10% to 90%
Rise Time

3 2.5 2.5 Ms

R| 7.4 1.7 0.87 MQ.

Ro 1 0.8 0.8 kn

eN
(10 Hz) RS = 40 - 25 nV/v^Rz

i N
(10Hz) Rs = 1 MS2 0.25 -

1 pA/^FTz
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COMPENSATION

COMPENSATION (7)—
INV INPUT (5)

NON-INV o.
INPUT \Z/

NON-INV
INPUT

NOTE: PIN 4 IS CONNECTED TO CASE

S and T Suffixes BCSH75BRI

"©-

—(?) COMPENSATION

-<7)V+

6) OUTPUT

—©BIAS

TOP VIEW

E Suffix

Fig. 2 — Functional diagrams.

SUPPLY VOLTS V + . + 6.V---6
AMBIENT TEMPERATURE ( TA I

- 25*C
SOURCE RESISTANCE IR s )<IOKH

TOTAL QUIESCENT MICROAMPERES (I n )

Fig. 3 - Input offset voltage vs. total quiescent
current.
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Fig. 5 — Input bias current vs. total quiescent
current.
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Fig. 7 — Bias-setting resistance vs. total

quiescent current.

2 8

ni 01

001

SUPPLY VOLTS V + . + 6. V" = -6
1

.'

AMBIENT TEMPERATUREITjl^S-c o4^'1
1!

I

—
> * 1---

• t

^ t

i

t-

;

L.

4

., -

1!
;".;

t

—

'- =

!
1

- [
- -

-""~- -

F/p. 4 — Input offset current vs. total quiescent
current.
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Fig. 6 - Open-loop voltage gain vs. total
quiescent current.
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Fig. 8 — Maximum output current vs. total

quiescent current.
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Fig. 9 — Output voltage swing vs. total

quiescent current.

Fig. 10 - Open-loop voltage gain vs. frequency

for lQ = 100 VA - CA3078.
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Fig. 12 — Open-loop voltage gain vs. frequency

for lQ = 20lXA - CA3078.

Fig. 11 — Output and common-mode voltage

vs. supply voltage.

-50 -25 25 50 75 IOO I25

AMBIENT TEMPERATURE I

T

A ) — "C

Fig. 13 — Input offset voltage vs. temperature.

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA I— *C

J2CS-I962MI

Fig. 14 — Input offset current vs. temperature.

SUPPLY VOLTS V + '+6

:... .::: ::: :::: :::: ::::

75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA )
— °C

Fig. 15 - Input bias current vs. temperature.
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-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA )
— *C

9ZCS-I9624RI

Fig. 16 — Open-loop voltage gain vs.

temperature.

SUPPLY VOLTAGE : V* 6 V, V" - 6 V
AMBIENT TEMPERATURE (TA)"25°C
CA6078AT F

-X 171
I II*

SUPPLY CURRENT (I Q ) = 2C)iA

-H-f

FREQUENCY If) Hi

Fig. 18 — Quivalent input noise voltage vs.

frequency.

' O 20 30 40 50 60 70 80 90
CLOSED-LOOP NON-INVERTINC VOLTAGE GAIN— dB

6 I9U 297 40 ~?6 60 TO 80 90
CLOSED-LOOP INVERTING VOLTAGE GAIN dB

Fig. 20 — Slew rate vs. closed-loop gain
for lQ = 100 ulA - CA3078.

1 SUPPLY VOLTS: V* + 6, V"

I

.-e::::-::::::: ::ri: fe

" cAs£I2s".!r5s5_ -- x

:~:±:. :.±::::.:.:o >-

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA )—'C
9ZCS-I9626RI

Fig. 17 - Total quiescent current vs.

temperature.

SUPPLY VOLTAGE: V»'6V,V-.-6V
AMBIENT TEMPERATURE (T4I'25

- C

t

CA6078AT

i M • I
-

»«^^U" CURRENT (Iq = I00^A

T- rrf-r- "t
*

r *

20..A

FREQUENCY If)

Fig. 19 — Equivalent input noise current vs.

frequency.

20 30 40 50 60 70 80 90
CLOSED-LOOP NON-INVERTING VOLTAGE GAIN— dB

6 5i 297 40 50 60 TO 80 90
CLOSEO-LOOP INVERTING VOLTAGE GAIN dB

92CS-I959)

Fig. 21 — Slew rate vs. closed-loop gain

for lQ = 20iiA- CA3078.

Fig. 22 — Transient response and slew-rate, unity
gain (inverting) test circuit.

Fig. 23 — Slew-rate, unity gain (non-inverting)

test circuit.
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20 30 40 50 60 70 80 90

CLOSED-LOOP NONINVERTING VOLTAGE GAIN dB

'—I iaj 297 40 50 60 70 8(5 90

CLOSED-LOOP INVERTING VOLTAGE dB Mcs-19595

Fig. 24 - Phase compensation capacitance vs.

closed-loop gain - CA3078.

'CAPACITOR -RESISTOR
COMPENSATION

-C| BETWEEN ! su

^TERMINALS 18 6) °'

10 20 30 40 50 60 70 60 90

CLOSED-LOOP NONINVERTING VOLTAGE GAIN dB

^~6
191 297 40 50~ 60 70 60 90

CLOSED-LOOP INVERTING VOLTAGE dB 92CS-I9!

Fig. 25 — Phase compensation capacitance vs.

closed-loop gain — CA3078A.

Table I — Unity-gain slew rate vs. compensation — CA3078 and CA3078A

SUPPLY VOLTS: V+ = 6, V
- = -6 TRANSIENT RESPONSE: 10% OVERSHOOT FOR

AN OUTPUT VOLTAGE OF 100 mV
OUTPUT VOLTAGE (V ) = ±5 V AMBIENTTEMPERATURE (TA ) = 25°C

LOAD RESISTANCE (R L ) = 10 kft

COMPENSATION
TECHNIQUE

CA3078-Iq=100juA

UNITY GAIN (INVERTING)

Fig. 22

UNITY GAIN (NON-INVERTING)

Fig. 23"

R1 C1 R2 C2
SLEW
RATE R1 C1 R2 C2

SLEW
RATE

kn PF kfi MF V/jus kfi PF kfi MF V/jus

Single Capacitor 750 oo 0.0085 1500 OO 0.0095

Resistor & Capacitor 3.5 350 oo 0.04 5.3 500 OO 0.024

Input oo 0.25 0.306 0.67 OO 0.311 0.45 0.67

CA3078A-Iq = 20juA

Single Capacitor 300 oo 0.0095 800 OO 0.003

Resistor & Capacitor 14 100 oo 0.027 34 125 oo 0.02

Input oo 0.644 0.156 0.29 OO 0.77 0.4 0.4

OPERATING CONSIDERATIONS

Compensation Techniques

The CA3078A and CA3078 can be phase-

compensated with one or two external

components depending upon the closed-

loop gain, power consumption, and speed

desired. The recommended compensation

is a resistor in series with a capacitor

connected from terminal 1 to terminal 8.

Values of the resistor and capacitor required

fDr compensation as a function of closed

loop gain are shown in Figs. 24 and 25.

These curves represent the compensation

necessary at quiescent currents of 1 00 /uA

and 20 fiA, respectively, for a transient

response with 10% overshoot. Figs. 20 and

21 show the slew rates that can be obtained

with the two different compensation tech-

niques. Higher speeds can be achieved with

input compensation, but this increases noise

output. Compensation can also be accom-

plished with a single capacitor connected

from terminal 1 to terminal 8, with speed

being sacrificed for simplicity. Table I gives

an indication of slew rates that can be

obtained with various compensation tech-

ques at quiescent currents of 100 /uA and

20 mA.

Single Supply Operation

The CA3078A and CA3078 can operate

from a single supply with a minimum total

supply voltage of 1.5 volts. Figs. 27 and 28

show the CA3078A or CA3078 in inverting

the non-inverting 20-dB amplifier configu-

rations utilizing a 1.5-volttype "AA"cell for

a supply. The total power consumption for
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either circuit is approximately 675 nano-

watts. The output voltage swing in -this

configuration is 300 mV p-p with a 20 kft

load.

NON-INVERTING

INPUT RI

v+f)

J>
RB

IMEG^* WW-©- "

V-0
R F

Value of R B required to have „
null adjustment range of • 7 5 mV
•R B >

iiRr-Vr
B

(Rl» R F )7.5x 10 T

8
"i*Rf

92CS-208I2R2

Fig. 26 — Offset voltage null circuits.

Mill eol R B required o have a

nul adjustment range 3f 7.5irt

Rb
RI V '

7 5 x 10 3

TlmgRg . . Rj

92CS 208I3R2

92CS-I7555R3

Fig. 27 - Inverting 20-dB amplifier circuit.

92CS-I7557R3

Fig. 28 - Non inverting 20-dB amplifier circuit.

244



Operational Amplifiers

uT»
f 1

;

CA3080S
CA3080AS '1

8-LEAD TO-5
with Dual-ln-Line CA3080
Formed Leads CA3080A
"DIL-CAN" 8-LEAD TO-5

^^ H-1787 H-1528^^ CA3080E£Mf CA3080AE

m HP* 8 LEAD Dual-

^W*- i
ln-Line Plastic

i M Package

H-1817! "MINI-DIP"

CA3080, CA3080A Types

Operational Transconductance

Amplifiers (OTA's)

Gatable-Gain Blocks

Features:

Slew rate (unity gain, compensated): 50 V//us

Adjustable power consumption: 10/iW to 30 mW
Flexible supply voltage range: ±2Vto±15V

Fully adjustable gain: to gmR L limit

Tight gm spread: CA3080 (2:1), CA3080A (1.6:1)

Extended gm linearity: 3 decades

The RCA-CA3080 and CA3080A types are Gatable-Gain

Blocks which utilize the unique operational-transconductance-

amplifier (OTA) concept described in Application Note

ICAN-6668, "Applications of the CA3080 and CA3080A
High-Performance Operational Transconductance Ampli-

fiers".

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 transconductance (gm )is

directly proportional to the amplifier bias current OabC)-

The CA3080 and CA3080A types are notable for their

excellent slew rate (50 V//us), which makes them especially

useful for multiplex and fast unity-gain voltage followers.

These types are especially applicable for multiplex appli-

cations 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 specifically controlled for applications such as sample-

hold, gain-control, multiplex, etc. Operational transcon-

ductance 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" (CA3094, CA3094A, CA3094B).

These types are supplied in the 8-lead TO-5-style package

(CA3080, CA3080A), and in the 8-lead TO-5-style package

with dual-in-line formed leads ("DIL-CAN", CA3080S,
CA3080AS). The CA3080 is also supplied in the 8-lead

dual-in-line plastic ("MINI-DIP") package (CA3080E,
CA3080AE), and in chip form (CA3080H).

Applications:

Sample and hold

Multiplex

Voltage follower

Multiplier

Comparator

Fig. 1 - Schematic diagram for CA3080

and CA3080A.

245



Linear Integrated Circuits

CA3080, CA3080A Types
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE (Between V+ and V" terminals)

DIFFERENTIAL INPUT VOl TAGE
DC INPUT VOLTAGE
INPUT SIGNAL CURRENT
AMPLIFIER BIAS CURRENT

36 V
iS V

V+ to V-
1 mA
2 mA

OUTPUT SHORT-CIRCUIT DURATION* Indefinite
DEVICE DISSIPATION '

125 mW
TEMPERATURE RANGE:
Operating

CA3080, CA3080E, CA3080S to + 70 °C
CA3080A, CA3080AE, CA3080AS -55to + 125°C

Storage -65to+150°C
L EAD TEMPERATURE (During Soldering):

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

Short circuit may be applied to ground or to either supply.

TAB

Input (f>( ]©<

u '- ~/™\ ~~^ BIAS INPUT

NC ©

INV (2V—INPUT K±s

NON-INV. (i\
INPUT ^

V®—

@ NC

•©OUTPUT

TO 5 Style Package Plastic Package (E Suffix)

Fig. 2 — Functional diagrams.

TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS FOR THE CA3080 AND CA3080A

6 B| 2 4

AMPLIFIER BIAS MICROAMPERES ( IaBC 1

Fig. 3 — Input offset voltage as a function of
amplifier bias curren t.
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Fig. 4 — Input offset current as a function of
amplifier bias current.
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Fig.6 — Peak output current as a function ot
amplifier bias current.
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ELECTRICAL CHARACTERISTICS
For Equipment Design

CHARACTERISTIC

TEST CONDITIONS CA3080

UNITS

V+=15V,V-=-15V
•ABC = 500 mA

Ta = 25°C
(unless indicated

otherwise)

CA3080E
CA3080S
LIMITS

Min. Typ. Max.

Input Offset Voltage V|Q
- 0.4 5 mV

Ta = to 70°C - - 6

Input Offset Current • 10
- 0.12 0.6 MA

Input Bias Current '|

- 2 5
HA

Ta = to 70°C - - 7

Forward Transconductance
9m

(large signal)

6700 9600 13000
fjmho

TA = to 70°C 5400 - -

Peak Output Current I'OMl
RL = 350 500 650

HA
RL = 0, Ta = 0to70°C 300 - -

Peak Output Voltage:

Positive V +OM
R L

=- 12 13.5 _
V

Negative V OM -.12 -14.4 -

Amplifier Supply Current >A 0.8 1 1.2 mA

Device Dissipation pD 24 30 36 mW

Input Offset Voltage Sensitivity:

Positive AV|0/AV+ _ - 150
MV/V

Negative AV|o/AV- - - 150

Common-Mode Rejection Ratio CMRR 80 110 - dB

Common-Mode Input-Voltage VirR
Range

12 to

-12

13.6 to

-14.6
- V

Input Resistance R| 10 26 |
- kn

ELECTRICAL CHARACTERISTICS
Typical Values Intended Only for Design Guidance

CA3080
CA3080E
CA3080S

Input Offset Voltage V|o l ABC = 5^A 0.3 mV

Input Offset Voltage Change |AV|o|
l ABC = 500AiAto

lABC = 5^A 0.2 mV

Peak Output Current 1 M lABC = 5^A 5 /iA

Peak Output Voltage:

Positive V +OM
lABC -5fiA

13.8
V

Negative V~OM -145

Magnitude of Leakage Current
lABC = 0, VjP = 0.08

nA
lABC = 0, VTP = 36V 0.3

Differential Input Current iabc = o, vqiff = 4 v 0.008 nA

Amplifier Bias Voltage VabC 0.71 V

Slew Rate:

Maximum (uncompensated) c
75

V/ps

Unity Gain (compensated) 50

Open-Loop Bandwidth BWol 2 MHz

Input Capacitance C| f = 1 MHz 3.6 pF

Output Capacitance Co f = 1 MHz 5.6 pF

Output Resistance Ro 15 MI2

Input-to-Output Capacitance C
( q f = 1 MHz 0.024 pF

Propagation Delay tpHL^PLH lABC=500 /<a 45 ns
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CA3080, CA3080A Types
ELECTRICAL CHARACTERISTICS
For Equipment Design

CHARACTERISTIC

TEST CONDITIONS

UNITS

V+= 15V,V-=-15V
'ABC = 500 /iA

TA = 25°C
(unless indicated

otherwise)

CA3080AE
CA3080AS
LIMITS

Min. Typ. Max.

Input Offset Voltage V|o

iabc = 5ma - 0.3 2

mV- 0.4 2

TA = _55to+125°C - - 5

1 nput Offset Voltage Change |AV| o
|

'ABC = 500 juA to

lABC = 5|iA
- 0.1 3 mV

1 nput Offset Current | |Q
- 0.12 0.6 HA

Input Bias Current |

(

- 2 5
HATa = -55to+ 125°C - - 8

Forward Transconductance

(large signal) gm
7700 9600 12000

/L/mho
TA = -55to+ 125°C 4000 _ - .

Peak Output Current |lOIVl|

lABC = 5 juA, R L = 3 5 7

MARL = 350 500 650

R L = 0,TA = -55to + 125°C 300 - -

Peak Output Voltage:

Positive V+OM lABC = 5/jA

R L = °°

12 13.8

V
Negative V

_
0M -12 -14.5 -

Positive V+om
R L

=oc 12 13.5 -

Negative V~0M -12 -14.4 -

Amplifier Supply Current l/\ 0.8 1 1.2 mA
Device Dissipation Pp> 24 30 36 mW
Input Offset Voltage Sensitivity: |

Positive AV|q/AV+ 150
AiV/V

Negative AV|q/AV
_ - - 150

Magnitude of Leakage Current
'ABC = 0, VTP = - 0.08 5

nA
lABC = 0, VTP = 36 V - 0.3 5

Differential Input Current 'ABC = 0, VqifF = 4 V - 0.008 5 nA

Common-Mode Rejection Ratio CMRR 80 110 - dB

Common-Mode Input-Voltage

Range V ICR
12 to

-12
13.6 to

-14.6
- V

Input Resistance R| 10 26 - kn

ELECTRICAL CHARACTERISTICS
Typical Values Intended Only for Design Guidance

CA3080A
CA3080AE
CA3080AS

Amplifier Bias Voltage VabC 0.71 V

Slew Rate:

Maximum (uncompensated)

Unity Gain (compensated)

75
V/ms

50

Open-Loop Bandwidth BWol - 2 MHz
Input Capacitance C| f = 1 MHz 3.6 pF

Output Capacitance Co f = 1 MHz 5.6 pF

Output Resistance Ro .15 M£2

Input-to-Output Capacitance C|.o f = 1 MHz 0.024 pF

Input Offset Voltage

Temperature Drift AV|o/AT
lABC= 100 juA,

TA = -55to+125°C 3 MV/°C

Propagation Delay tPHL^PLH lABC=500^A 45 ns
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Operational Amplifiers

CA3080, CA3080A Types
TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS (Cont'd)

SUPPLY VOLTS: V~ = -H5,V~ = -I5

AMBIENT TEMPERATURE (TA )=25°C
LOAD RESISTANCE IR L ) oo

AMPLIFIER BIAS MICROAMPERES !IflBC !

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.
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Fig. 10 — Transconductance as a function of
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Fig. 1 1 — Leakage current test circuit. Fig. 12 — Leakage current as a function of temperature.
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Linear Integrated Circuits

CA3080, CA3080A Types
TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS (Cont'd)
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Fig. 15 — Input resistance as a function of

amplifier bias current.
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Fig. 17 — Input and output capacitance as a

function of amplifier bias current.
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Fig. 16 - Amplifier bias voltage as a function of
amplifier bias current.

10%

2

I I

y io'-

£ 10*-

3 2

10-

SUPPLY VOLTS: V*>tl5, V"— 15
AMBIENT TEMPERATUREITA ].25*C

V

4

6 6 e 2 6 € 2 6 S

AMPLIFIER BIAS MICROAMPERES Ua8C'
92CS-I7603

Fig. 18 — Output resistance as a function of
amplifier bias curren t.
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Fig. 19 — Input-to-output capacitance test circuit.

APPLICATIONS

Fig.20 — Input-to-output capacitance as a
function of supply voltage.

V -15 V, V" = -I5V

ME-O.I iis/DIN

92CS-24034

Fig.21 — Schematic diagram of the CA3080 and CA3080A in a unity-gain voltage follower
configuration and associated waveform.
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Operational Amplifiers

CA3080, CA3080A Types

THRESHOLD
CENTERING DETECTOR

100 K[l
75V O V\/WV\—O ? 5 v

Fig.22 — 1,000,000/1 single-control function generator — 1 MHz to 1 Hz.

(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-28588

(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.23 — Function generator dynamic characteristics waveforms.

Fig.24 — Schematic diagram of the CA3080A in a sample-hold configuration.
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Linear Integrated Circuits

CA3080, CA3080A Types

3w SAMPL

s LJ l_l moi n

Fig.25 — Sample- and hold circuit.

LARGE-SIGNAL RESPONSE AND
SETTLING TIME

TOP TRACE : OUTPUT SIGNAL

(5 V/DIV. AND 2/is/DIV )

BOTTOM TRACE INPUT SIGNAL
-(5V/DIV AND 2f»s/DIV )

CENTER TRACE DIFFERENCE OF INPUT AND OUTPUT
SIGNALS THROUGH TEKTRONIX
AMPLIFIER 7AI3

( 5mV/DIV AND 2/is/DIV )

92CS-27884

Fig.26 — Large-signal response and settling time

for circuit shown in Fig. 25.

SAMPLING RESPONSE

TOP TRACE: SYSTEM OUTPUT

(lOOmV/DIV AND 500 ns/DIV )

BOTTOM TRACE SAMPLING SIGNAL

( 20 V/DIV AND 500 ns/DIV. )

92CS-27885

Fig.27 — Sampling response for circuit

shown in Fig. 25.

TOP TRACE OUTPUT

(50mV/DIV AND 200ns/DIV)
BOTTOM TRACE INPUT

(50 mV/DIV AND 200 ns/DIV. I

92CS 27883

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.
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Operational Amplifiers

CA3080, CA3080A Types
+7.5

Q
SAMPLE
CONTROL
AMPLIFIER

OUTPUT

i-
2 K

_L «-g 30pF(TYP)

Fig.30 — Schematic diagram of the CA3080A in a sample-

hold circuit with BiMos output amplifier.

TOP TRACE: OUTPUT— 5 V/DIV. a 2 /is/DIV.

CENTER TRACE: DIFFERENTIAL COMPARISON OF
INPUT 8 OUTPUT— 2 mV/DIV. a 2 /is/DIV

BOTTOM TRACE: INPUT— 5 V/DIV. 8 2 /iS/DIV

TOP TRACE: OUTPUT— 20 mV/ DIV. a 100 n»/DIV.

BOTTOM TRACE: INPUT— 200 ttW/DIV. 8 100 ns/DIV.

Fig.31 — Large-signal response for circuit shown Fig.32 — Small-signal response for circuit shown
in Fig. 30. in Fig. 30.

50 mV

-50 mV;-J=t-
INO-

•56KA

I-ABC' 50(V A

OUT ,—,
, ,

A 1L

J
c \.

y-—

^

92CM-34766

Fig. 33 - Propagation delay test circuit and associated waveforms.
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Linear Integrated Circuits

CA3440, CA3440A, CA3440B

AH Types
8-Lead TO-5
With Dual-ln-Line

Formed Leads
"DIL-CAN"
(S Suffix)

H-1787

All Types
8-Lead TO-5
(T Suffix)

H-1528

Nanopower BiMOS Op Amp

Features:

300-nW (typ.) standby power at V+ = 5 V
Supply current, BW, slew rate programmable
using external resistor

10-pA (typ.) input current

4.0 to 15-V supply

Output drives typical bipolar-type loads

Low-cost 8-lead Mini-DIP, TO-5

The RCA-CA3440B, CA3440A, and CA3440* are integrated

circuit operational amplifiers that combine the advantages of

MOS and bipolar transistors on a single monolithic chip.

The CA3440-series BiMOS Op Amp features gate-protected
PMOS transistors in the input circuit to provide very-high-

input impedance and very-low-input current (10 pA). These
devices operate at total supply voltages from 4 to 15 volts and
can be operated over the temperature range from -55° C to

+125°C. Their virtues are programmability and very low
standby power consumption (300 nW). These operational
amplifiers are internally phase-compensated to achieve stable

operation in the unity-gain follower configuration. Terminals
are also provided for use in applications requiring input offset-

voltage nulling. The use of PMOS in the input stage results in

common-mode input voltage capability down to 0.5 volts

below the negative-supply terminal, an important attribute for

single-supply applications. The output stage uses MOS
complementary source-follower form which permits moderate
load driving capability (10 KO) at very low total standby
currents (50 nA).

The CA3440-series has the same 8-lead terminal pin-out used
for "741" and other industry-standard op amps with two
exceptions: terminals one and five must be connected to the
negative supply or to a potentiometer if nulling is required.

Terminal 8 must be programmed through an external resistor

returned to the negative supply.

These devices are supplied in either the standard 8-lead TO-5
style package (T suffix), 8-lead dual-in-line formed-lead TO-5
style "DIL-CAN" package (S suffix), or in the 8-lead dual-in-

line plastic package "Mini-DIP" (E suffix). They are also

available in chip form (H suffix).
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Fig. 1 - Output-voltage-swing and common-mode input-voltage

range versus supply voltage.

* Formerly Dev. Type No. TA10590.

IOOOB
6

4

t

< IOO

i 6

S 4

1- z

3 e
° 6

z

1

— I—

4 6 S ' 2 468 2 468
100 1000 10,000

SUPPLY CURRENT <IS>-„A a2cs_^„

Fig. 2 - Set current versus supply current.

254



Operational Amplifiers

CA3440, CA3440A, CA3440B
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE

(BETWEEN V+ AND V
- TERMINALS) 25 V

DIFFERENTIAL-MODE INPUT VOLTAGE ±9 V

COMMON-MODE DC INPUT VOLTAGE (V 4 +8 V) to (V" -0.5 V)

INPUT-TERMINAL CURRENT 1mA

DEVICE DISSIPATION:

WITHOUT HEAT SINK -

UP TO 55° C 630 mW
ABOVE 55° C Derate linearly 6.67 mW/° C

WITH HEAT SINK —
AT125°C 418 mW
BELOW 125°C Derate linearly 16.7 mW/°C

TEMPERATURE RANGE:

OPERATING -55 to +125°C

STORAGE "65 to +-150°

C

OUTPUT SHORT-CIRCUIT DURATION INDEFINITE

LEAD TEMPERATURE (DURING SOLDERING):

AT DISTANCE 1/16 ± 1/32 IN. (1.59 ± 0.79 MM) FROM CASE FOR 10 SECONDS MAX +265°C

TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE

CHARACTERISTIC

TEST CONDITIONS

V+=+5 V; V=-5 V

RSET=10 Mn ;
TA=25°C

CA3440B

(T,S)

CA3440A CA3440 UNITS

Input Resistance, R| 2 2 2 TO

Input Capacitance, Cj 3.5 3.5 3.5 PF

Ouput Resistance, R 450 450 450 Q

Equivalent Input

Noise Voltage, en

f= 1 kHz
Rs-ioon

110 110 110
nV/VHz"

f=10kHz 110 110 110

Short-Circuit Current

Source IOM+ 15 15 15

mATo Opposite Supply

SinklOM- 4.5 .4.5 4.5

Gain-Bandwidth Product, fy 63 63 63 kHz

Slew Rate, SR 0.03 0.03 0.03 V///S

Transient Response

Rise Time, t
r

R L= 10 kO 5.6 5.6 5.6 /US

Overshoot C L=1 00 pF 10 10 10 %

255



Linear Integrated Circuits

CA3440, CA3440A, CA3440B
ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN
At V+ = +5 V, V- - -5 V, Ta = 25° C Unless Otherwise Specified, RsET=10 MO.

CHARACTERISTIC
LIMITS

UNITSCA3440B CA3440A CA3440
Min. Typ. Max. Min. Typ. Max. Mln. Typ. Max.

Input Offset Voltage, |VjoI - 0.8 2 - 2 5 — 5 10 rr.V

Input Offset Current, |I|q| — 2.5 10 — 2.5 20 — 2.5 30
PAInput Current, |l|| - 10 30 — 10 40 — 10 50

Large-Signal Voltage Gain, AOL
(R|_=10KO.)

32K 100K - 10K 100K — 10K 100K — V/V

90 100 — 80 100 — 80 100 — dB
Common-Mode

Rejection Ratio, CMRR

— 32 180 — 100 320 — 100 320 //V/V

75 90 — 70 80 — 70 80 dB
Common-Mode Input VICR+ +3.5 +3.7 - +3.5 +3.7 — +3.5 +3.7

VVoltage Range, VICR- -5.0 -5.3 - -5.0 -5.3 — -5.0 -5.3 —
Power Supply Rejection Ratio,

AVIO/AV 20 180 32 320 32 320 //V/V

PSRR 75 94 — 70 90 — 70 90 dB
Maximum Output Voltage,

VOM+
VOM-

+3 +3.2 +3 +3.2 +3 +3.2
V-3 -3.2 - -3 -3.2 — -3 -3.2

Supply Current, l+ — 10 17 — 10 17 — 10 17 //A

Device Dissipation, Pq — 100 170 — 100 170 — 100 170 //W
Input Offset Voltage Temperature

Drift, AVIO/AT
- 4 - - 4 - - 4 - //V/°C

———

_
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if
10

8

AMBIENT TEMPERATURE (TA)=25"
SET CURRENT U SET >= lM A
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Fig. 3 - Total harmonic distortion percentage versus load resistance.
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Operational Amplifiers

CA3440, CA3440A, CA3440B
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^ETT RSET

(high gain]

^ I00 db J

STAGE 2

BUFFER
LOW Z

OUTPUT

92CS-34304

F/g. 9 - Nanopower op amp {supply current programmable using

RSET) 1-pA typical input bias current, 4.0 to 15-volt supply.

Fig. 10 - Nanopower op amp (usable standby power versus

programming resistor RsET)-

As RsET ^increased, IsET and the standby power decrease
while the BW/SR also decreases.

Operating at a +5 V single supply, the CA3440 exhibits the

following characteristics:

RSET
1 Mn
10MQ

100 Mfi

1000 MO

Standby
Power

250 //W

25 /yW

2.5 //W

250 nW

BW
164 kHz
27 kHz
2.6 kHz
78 Hz

SR

0.17V//US

0.017 V/f/s

.0017V///S

0.00017 V//us

The CA3440 is pin-compatible with the 741 except that pins

1 and 5 (typical negative nulling pins) must be connected
either directly to pin 4 or to a negative nulling potentiometer.

In addition, pin 8, the Iset terminal, must be returned to

either ground or —V via RSET
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Linear Integrated Circuits

CA3440, CA3440A, CA3440B

INVERTING ^-v
INPUT (2)

NON-INVERTING (5)

Fig. 11 - Schematic diagram for CA3440.

APPLICATIONS CIRCUITS

<5 V

92CM-34308

1 •—VW—• » • • (1

4 7 Mfl

R(n>20 Mfl
STAND-BY POWER » 90uW
GAIN* 20 db
BW:20-Hl TO 3- KHz
SR»00I6V/M $ 92CS-34309

Fig. 12 - High-input impedance amplifier.
92CS-343I0

Fig. 13 - Micropower bandgap reference.

INV
INPUT

NON-INV
INPUT (3

(4^

CASE 92CS-34306

S and T Suffixes

(T) OFFSET^—' NULL

92CS-34307

Functional diagrams for CA3440 series.
E Suffix

258



Operational Amplifiers

CA3440, CA3440A, CA3440B

(I 499-1701)

92CS-343II

Dimensions and pad layout for CA3440H.

Dimensions in parentheses are in millimeters and are derived from the

basic inch dimensions as indicated. Grid graduations are in mils

(10~3 inch).

The layout represents 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.
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Linear Integrated Circuits

CA3280, CA3280A

16- Lead Dual-ln-Line
Plastic Package

H-1622

Dual Variable

Operational Amplifiers

Features:

Low initial input-offset voltage: 500 juV max.

(CA3280A)

Low offset-voltage change versus Iaejc :

< 500 /iV typ. for all types

Low offset-voltage drift: 5 /uV/C max.

(CA3280A)

The RCA-CA3280 and CA3280A types
types consist of two variable operational
amplifiers that are designed to substantially
reduce the initial input offset voltage and the
offset-voltage variation with respect to
changes in programming current. This design
results in reduced "AGC thump," an ob-
jectionable characteristic of many AGC
systems. Interdigitation, or crosscoupling, of
critical portions of the circuit reduces the
amplifier dependence upon thermal and
processing variables.

The CA3280 has all the generic charac-
teristics of an operational voltage amplifier

Excellent matching of the two amplifiers for

all characteristics

Internal current-driven linearizing diodes

reduce the external input current to an

offset component
i Differential amplifier emitters brought out
for use in emitter-coupled dual-differential

amplifier applications

i Low noise: 8 nVA/fiz @ 1 kHz. typ.
1 Low distortion: 0.4% THD typ.
1 Two modes of gain control

06 9ZCS-3I50I

Fig. 1 - Functional diagram of 1/2 CA3280.
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Operational Amplifiers

except that the forward transfer charac-

teristic is best described by transconductance

rather than voltage gain, and the output is

current, not voltage. The magnitude of the

output current is equal to the product of

transconductance and the input voltage.

This type of operational transconductance

amplifier was first introduced by RCA in

1969*, and it has since gained wide acceptance

as a gateable, gain-controlled building block

for instrumentation and audio applications,

such as linearization of transducer outputs,

standardization of widely changing signals

for data processing, multiplexing, instru-

mentation amplifiers operating from the

nanopower range to high current and high-

speed comparators.

CA3280, CA3280A

"OTAObsoletesOpAmp," by C.F. Wheatley and
H.A. Wittlinger, NEC Proceedings, December, 1969.

The CA3280 and CA3280A are supplied

in the 16-lead dual-in-line plastic package
(E suffix). The operating-temperature ranges

are -55 to +1 25° C for the CA3280A and to

+70° C for the CA3280. The CA3280 is also

supplied as a hermetic (H suffix).

Applications:

m Voltage-controlled amplifiers

Voltage-controlled filters

Voltage-controlled oscillators

Multipliers

Demodulators

Sample and hold

Instrumentation amplifiers

Function generators

Triangle wave-to-sine wave converters

Comparators

Audio preamplifiers

I D ,AI LINEARIZATION

Al EMITTER (?)

lABC, Al (?)

NC ©
JABC, A2 (|)

A2 EMITTER ©
ID ,A2 LINEARIZATION (S)

-@ + VIt AI

<7S) - V X ,AI

© V + ,AI

©OUTPUT Al

©OUTPUT A2

©V + ,A2

©-Vj,A2

<D + V I ,A2

Terminal Assignment

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE (BETWEEN V+ AND V~ TERMINALS) 36 V

DIFFERENTIAL INPUT VOLTAGE ±5 V

DC INPUT VOLTAGE RANGE V+ to V

INPUT SIGNAL CURRENT AT l D
= 100 MA

AMPLIFIER BIAS CURRENT 10 mA
OUTPUT SHORT CIRCUIT DURATION* Indefinite

LINEARIZING DIODE BIAS CURRENT, l D 5 mA
PEAK INPUT CURRENT WITH LINEARIZING DIODE ±I D
POWER DISSIPATION, PD :

Either Amplifier 600 mW
Total Package 750 mW
Above 55°C Derate linearly at 6.67 mW/ C

AMBIENT TEMPERATURE RANGE, TA :

Operating:

CA3280 0to+70
Q
C

CA3280A -55to+125
Q
C

Storage, All Types -65 to +150 C

LEAD TEMPERATURE (DURING SOLDERING).
At distance 1/16 ±1/32 in. (1.59 ±0.79 mm)
from case for 10 sec. max +265 C

* Short circuit may be applied to ground or to either supply.
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262

ELECTRICAL CHARACTERISTICS at TA = 25°C, V± = 15 V (Unless Otherwise Stated) For Equipment Design

CHARAC-
TERISTIC

Input Offset Volt-

age, V|

TEST CONDITIONS

'abc=1 mA

lABC=100MA

LIMITS

CA3280

Min.

nput Offset Volt-

age Change,

|AVI0 |

Amplifier Bias

Voltage, VabC

Peak Output

Voltage:

Positive VOM +

Negative VOM-

Positive VOM+
Negative VOM-

Common-Mode
Input Voltage

Range, V|CR

I abc=10mA

l ABC=1mAto 10/uA

TA =full temp, range

lABC=1/jAto 1mA

l ABC=100MA

TA =full temp, range

l ABC=100MA

l ABC=500MA

l ABC=5/iA

Joise Voltage, ep

10 Hz

1 kHz

10kH2

nput Offset

Current, I|q

Input Bias

Current, l| B

Peak Output

Current:

Source IOM+

Sink IOM-

Source IOM +

Sink IOM-

Sink and

Source, IOM- .

IOM+

Linearization

Diodes:

Dynamic

Impedance

Offset Current

l ABC=100^A

Typ.

0.7

12

12

12

l ABC=500/iA

Iabc=500mA

I abc=500/uA

l ABC=500/uA
TA =full temp, range

lABC=500MA

'abc=5ma

lABC=500^A
TA =full temp, range

l D = 100mA

ID =100mA

ID=10/jA

-13

Max.

0.8

0.5

1.2

13.7

-14.3

13.9

12 -14

A

CA3280A
Min.

1 -

13

350

-350

350

20 -

7 -

0.3 0.7 -

410

-410

4.1

-4.1

450

700

10

0.5

Typ.

0.25

Max.

0.5

0.5

0.5

0.8

0.5

12.5

-13.3

12.5

-13.5

-13

650

-650

7

-7

550

1.2

13.7

-14.3

13.9

-14.5

1.5

UNITS

mV

13

mV

juV/°C

V

20 -

350

-350

350

7 -

0.3 0.7

410

-410

4.1

-4.1

450

700

10

0.5

650

-650

550

nV/

AtV/

,/hT

nV/

-v/hT

ii/\

liA

fiA

£1

MA



Operational Amplifiers

CA3280, CA3280A

ELECTRICAL CHARACTERISTICS (Cont'd)

CHARAC-
TERISTIC

TEST CONDITIONS

LIMITS

UNITSCA3280 CA3280A

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

Diode Network
Supply Current

l ABC=100(iA 250 400 800 250 400 800 MA

Amplifier Supply

Current

(Per amplifier)
Iabc=500mA

- 2 2.4 - 2 2.4 mA

Amplifier Output

Leakage
Current, Iql

iabc=o, v =ov - 0.015 0.1 - 0.015 0.1 nA

lABC=0 <
V =30V - 0.15 1

- 0.15 1

Common-Mode
Rejection

Ratio, CMRR
Iabc=100mA 80 100 - 94 100 - dB

Power-Supply

Rejection

Ratio, PSRR
lABC=100fiA 86 105 - 94 105 - dB

Open- Loop
Voltage

Gain, Agr_

Iabc=100mA,
R|_=°°,

Vo=20 Vp-p

94 100 94 100 dB

50K 100K - 50K 100K - V/V

Forward
Transconductance:

Large Signal, Gm lABC=50/iA 0.8 1.2 0.8 1.2 mmho

Small Signal, gm lABC=1mA
- 16 22 - 16 22

Input Resistance, R| Iabc=10mA 0.5 - - 0.5 - - MSI

Channel Separation f=1 kHz - 94 - - 94 - dB

Open- Loop Total

Harmonic
Distortion

f=1 kHz, l ABC=

1.5 mA,
R L=15kl2,Vo=
20 Vp-p

- 0.4 - - 0.4 - %

Bandwidth
lABC=1mA,
R L

= 100ft
- 9 - - 9 - MHz

Slew Rate, SR:

Open Loop lABC=1mA
- 125 - - 125 - V/ms

Capacitance:

Input, C|
Iabc=100mA

_ 4.5 - - 4.5 -
PF

Output, Cq - 7.5 - - 7.5 -

Output Resistance,

*0
lABC=100^A

- 63 - - 63 - Mn

Figs. 2 and 3 show the equivalent circuits

for the current source and linearization

diodes in the CA3280. The current through

the linearization network is approximately

equal to the programming current. There are

several advantages to driving these diodes

with a current source. First, only the offset

current from the biasing network flows

through the input resistor. Second, another

input is provided to extend the gain control

dynamic range. And third, the input is truly

differential and can accept signals within the

common-mode range of the CA3280.

The structure of the variable operational

amplifier eliminates the need for matched
resistor networks in differential to single-

ended converters, as shown in Fig. 4. A
matched resistor network requires ratio

matching of 0.01% or trimming for 80 dB of

common-mode rejection. The CA3280, with

its excellent common-mode rejection ratio, is

capable of converting a small (±25 mV)
differential input signal to a single-ended

output without the need for a matched
resistor network.
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Fig. 5 shows the CA3280 in a typical

gain-control application. The input-signal

range as a function of distortion at various

levels of linearization diode current is shown
in Fig. 6. This curve shows only the AGC
capability of the diode network, but gain

control can also be performed with the
amplifier bias current Oabc'- With no diode
bias current, the gain is merely gmR|_. For
example, with an lABC of 1 mA, the gm is

approximately 16 mmhos. With the CA3280
operating into a 5 kQ, resistor, the gain is

80.

rd
= SMALL SIGNAL DIODE
IMPEDANCE

92CS-3I502

Fig. 2 — VOA showing linearization diodes and
current drive.

92CS-3I504

Fig. 4 — Differential to single-ended converter.
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The need for external buffers can be
eliminated by the use of low-value load
resistors, but the resulting increase in the
required amplifier bias current reduces the
input impedance of the CA3280. The
linearization diode impedance also decreases

as the diode bias current increases, which
further loads the input. The diodes, in

addition to acting as a linearization network,
also operate as an additional attenuation

system to accommodate input signals in the

volt range when they are applied through
appropriate input resistors.

ABC

92CS-3I503

Fig. 3 — Block diagram of linearized VOA.

f-^V +=+l5v

OUTPUT:
21 V

p
.p

14 mV AGC
FEEDTHRU
400 pV
NOISE®

1/2 \ ^-> MAX. GAIN
CA3280,

Fig. 5 — Typical gain control circuit.

Wv\ <
lOkfl

10 I02 I03 IO« I0 5 I06 I07 I0« 10'

FREQUENCY (f) — Hj 92CS-3I506

Fig. 6 — Amplifier gain as a function of frequency.

>—)|-^wvl A—(?)
05 10 K 1/2 CD40I3

TO I0KH

®
7Y-».T0 lOKil2>^ ©

92CM-3I507

Fig. 7 — Two-channel linear multiplexer.
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Fig. 8 - CA3280 used in con/unction with a CA3160
to provide a function generator with a

tunable range of from 2 Hz to 1 MHz.
92CM-3I528

Fig. 9 shows a triangle wave-to-sine wave

converter using the CA3280. Two 100Kft

resistors are connected between the differ-

ential amplifier emitters and V + to reduce

the current flow through the differential

amplifier. This allows the amplifier to fully

cut off during peak input signal excursions.

THD is approximately 0.37%. for this circuit.

92CS- 31508

Fig. 9 — Triangle wave-to-sine wave converter.

92CS-3I509

I

Fig. 10— Leakage current test circuit.

0T ©:

Fig. 11 — Channel separation test circuit.
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lOkfl
>—vw-([S)-

Iabc* 650 ^*
Iq'200/iA

VERT =200 jiA/DIV

HOR'IV/DIV 92CS-3I5I2

a) With diode programming terminal active

Iabe*650^A
|5V 92CS-3I5I4 Io .

VERT -200^A/0IV
b) With diode programming terminal cut-off HOR = 25 mV/DIV 92CS-3I 513

Fig. 12 - CA3280 transfer characteristics.
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10* IO3

DIODE CURRENT <ID )
—MA 92CS-3I5I5

Fig. 13 — Supply current as a function of diode
current.

AMPLIFIER BIAS CURRENT (IaBC > — ^A 92c

Fig. 15 - Input offset voltage as a function of
amplifier bias current.
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Fig. 14 — Input offset current as a function of
amplifier bias current.
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j
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AMPLIER BIAS CURRENT (IABC )—M A
92CS-3I5I6

Fig. 16 — Peak output voltage as a function of
amplifier bias current.
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DIFFERENTIAL INPUT- VOLTAGE -V

Fig. 17— Input current as a function of input

differential voltage.

6 8
10 2

2 4 6 8
|o3

AMPLIFIER BIAS CURRENT (I ABC )_ *A 92CS-3I520

Fig. 19 - Amplifier bias voltage as a function of

amplifier bias current.

6 8
io2

2 ' " io 3

AMPLIFIER BIAS CURRENT U ABC )
—

M A 92 cs-3l523

Fig. 21 — Peak output current as a function of

amplifier bias current.

IO
4

E
o i IO

3

<JL
|E

It *
gg
"o IO

"s i

t-

—p.

l

|

1 '
o° I

T~-^
K i

1

V

^ i
|

A,

^
<f. !

r\ [ ,

1?
J —

- +l ?*,'< ,

T~T

1

i l!
i

IO
-5 IO"2 10"' I 10 IO2 IO3 IO4

AMPLIFIER BIAS CURRENT (IABC)-^A 92CS-3I525

Fig. 23 — Amplifier gain as a function of amplifier

bias current.

75 -50 -25 25 50 75 100 125 150 175

AMBIENT TEMPERATURE <TA J
— °C 92CS . 3I5I9

Fig. 18 — Leakage current as a function of

temperature.

FREQUENCY (tl Hz 92CS-3I52I

Fig. 20 - l/F noise as a function of frequency.
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Fig. 22 - Diode resistance as a function of diode

current.
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Fig. 24 — Supply current as a function of amplifier

bias current.
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AMPLIFIER BIAS CURRENT (Ia bc )
—

P A

Fig. 25 - Input bias current as a function of amplifier
bias current.

Dimensions and pad layout for CA3280H.

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 indicated.

Grid graduations are in mils (10~~* inch).
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Voltage Comparators
Technical Data

Single Unit pa9e

CA311 27°

CA3098+ 278

CA3099+ 285

Dual Unit

CA3290* 291

Quad Unit

CA139 301

CA239 301

CA339 301

+Programmable
*BiMOS types
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CA311

"
S-Sufflx Types
(DIL-CAN)

H-1787
T-Sufflx Types
(TO-5 Style)

H-1528

Voltage Comparator

E-Sufflx Types
(Mlnl-DIP)

H-1817

o"l!er?te^™ h! L
S

.

a mo"olithic volta9e comparator thatoperates from dual supplies up to ±15 V, or from sinqle

the
PP
outDuts

W
nf £

5 V
H
ThiS Sin9le SUpp,

y »P-b'^ m-S:
tti a h J^o

th6Se dev,ces compatible with RTL, DTL

relav and ?j?t
C
H
CU

u
8

-

' n addition they can drive ,am PS orrelays, and sw.tch voltages up to 40 V at currents as high as

For Commercial and Industrial Applications
Features:

Single- or dual-supply operation
Power consumption - 135 mWat±15V
Strobe capability

Low input-offset current - 6 nA(typ.)
Differential input-voltage range - ±30 V
Directly interchangeable with National
Semiconductor LM31 1 Series

Applications:

Multivibrators

Positive and negative peak detectors
Crystal oscillators

Zero-crossing detectors
Solenoid, relay, and lamp drivers

The i nputs and outputs of the CA311 can be isolated from

?o gSundT orT
Win9 the

°UtPUt t0 driVe '°adS referred

ItlnS 5 ,

'! a^ilable in 8-'ead TO-5 style packages with

r23d le

£
d* (

o
T Suffix)

'
dua|-'n-"ne formed leads ("DIL-

SJJ p
S
e

su
f

"'*> 8
-"f

ad dual-in-line plastic package ("MINI-DIP
,
E suffix), and in chip form (H suffix).

NOTE ALL RESISTANCES ARE IN OHMS

Fig. 1 - Schematic diagram of CA31 1.
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Voltage Comparators
~~ ~ CA311

Maximum Ratings, Absolute Maximum Values at Ta = 25° C:

DC SUPPLY VOLTAGE (between V+ and V" terminals) 36 v

DC INPUT VOLTAGE* ±15 V

DIFFERENTIAL INPUT VOLTAGE ±30 v

OUTPUT TO NEGATIVE SUPPLY VOLTAGE (V?-4) 4 V

GROUND TO NEGATIVE SUPPLY VOLTAGE (Vi-4) 30 v

OUTPUT SHORT-CIRCUIT DURATION 10 8

DEVICE DISSIPATION:

UP TO Ta = 25°C 500 mW
Above Ta = 25 C C derate linearly at 6.67 mW/°C

AMBIENT TEMPERATURE RANGE:
Operating... 0to+70°Cf

Storage ^ 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

•This rating applies for ±15 V supplies. The positive input-voltage limit is 30 V above the negative supply. The negative input-voltage limit is

equal to the negative supply voltage or 30 V below the positive supply. The negative input-voltage limit is equal to the negative supply voltage

or 30 V below the positive supply, whichever is less.

tTypes CA31 1 E, S, and T can be operated over the temperature range of -55 to +1 25° C, although the published limits for certain electrical

specifications apply only over the temperature range of to 70° C.

_v+-tab

©INPUT OFFSET/
STROBE

(5) INPUT OFFSET

9ECS-27473RI

FUNCTIONAL DIAGRAM FOR PLASTIC PACKAGE.

INPUT
INPUT OFFSET

v 92CS-24379RI

FUNCTIONAL DIAGRAM FOR TO-5 STYLE PACKAGE.

TYPICAL CHARACTERISTICS

0.2 04 0.6 0.8

TIME <t>— pi

Fig. 2 - Response time for various input

overdrive voltages - positive input.

Fig. 3 - Response time for various input

overdrive voltages - negative input.
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ELECTRICAL CHARACTERISTICS

CHARACTERISTICS

Input Offset Voltage Vio

Saturation Voltage

TEST CONDITIONS

SUPPLY VOLTAGE (V±) = 15V
UNLESS OTHERWISE SPECIFIED

LIMITS

CA311

Rs |< 5 kO, Note 2

Vi <-10 mV, lo = 50 mA

Input Voltage Range Vipp

Input Offset Current ho

Input Bias Current ha

V+ > 4.5 !V, V- -0, Vi < -10 mV,
Isink < 8 mA

Ta = 25°C

Notel

Ta = 25°C

Note 2

Note 2

Notel

Notel

Ta = 25°C

MIN. TYP. MAX.

7.5

Notel

Ta = 25°C

Notel

Postive Supply Current

Negative Supply Current |-

Output Leakage Current

Strobe on Current

Voltage Gain, A

Response Time

Vi > 10 mV, Vo = 35 V

Ta = 25°C

Ta = 25°C

Ta = 25°C

0.75

0.23

±14

100

10

1.5

0.4

UNITS

mV

50

70

250

Ta = 25°C

Ta = 25°C

Input Voltage Range

100 mV Input Step with 5 mV
Overdrive Voltage

Ta = 25°C

Ta = 25°C

40

5.1

4.1

200

-14.5

300

7.5

nA

nA

mA

mA

50

200

13.8

-14.7
13

nA

mA

V/mV

ns

Note 1
:

Ambient temperature (Ta) over applicable operating temperature of to + 70° C

Fig. 4 - Response time for various input

overdrive voltages - positive input.
Fig. 5 - Response time for various input

overdrive voltages - negative input.
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CA311

1 150

x

H 129

K 100
K

t 75
3
K

C
o
« 2=

AMBIENT TEMPERATURE (TA >- M«ct:--:~ : : x:
07

0.6

OS

Tit N LLLLi » - ! 4-powt R DISSIPATION IPplH- 04

03

MTAIscl T"TTTTT"H"

!±b±::::::: 1LLL

OUTPUT VOLTAGE (V )—

V

Fig. 6 - Output limiting characteristics.

5 «oo

K> 20 30 40 50 «0 70 80

AMBIENT TEMPERATURE <TA >— *C

92CS-24396

Fig. 8 - Input bias current vs. ambient

temperature.

DIFFERENTIAL INPUT VOLTAGE (Viol—

V

Fig. 10- Input characteristics.

AMBIENT TEMPERATURE

X 5;
OUTPUT LOW f=Hmr-Trf111 -

g 3

TMirTI 11111 1

J_

i

92CS-24386

Fig. 7 - Supply current vs. supply voltage.

10 20 30 40 50 60 70 80

AMBIENT TEMPERATURE ITA )— *C

92CS-24397

Fig. 9 - Input offset current vs. ambient

temperature.

I0 20S0403060TOBO
AMBIENT TEMPERATURE <Ta>— *C

92C3-24399

Fig. 1 1 - Common-mode voltage range limits vs.

ambient temperature.

DIFFERENTIAL INPUT VOLTAGE (Vlo>—

"

92CS-24400

Fig. 12 - Transfer function. Fig. 13 - Output saturation voltage vs. output

current.
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CA311
SUPPLY VOLTAGE <V*)'I5V

_j_

:::::i:::::::r±:i:i::i:::i::::i:::M±i;;;;

IO20S0405O6O7O80
AMBIENT TEMPERATURE (Ta)— *C

92C3- 24402

Fig. 14 - Supply current vs. ambient temperature.
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H |0" 3-

O 2
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2

I0" 5

^f.v* 1'^^-
.jff^^l

#£2J2>^^

1

55 45 53 65
AMBIENT TEMPERATURE <TA J

— 'C

92CS-24403

fVg. 15 - Input and output leakage current vs.

ambient temperature.

100
8

> 6

E

J.

4

>

<

o to-

AMBIENT TEMPERATURE tTA )-25*C
Vio'Vjo + RsIio

*$

^\

100 k

INPUT RESISTANCE (R^—

Fig. 16 - Offset error.

TYPICAL APPLICATIONS

Q IN400I
V + = 5V V +=5V

9 9

92CS-24405

Fig. 17 - Comparator and solenoid driver.

v+Q

"INPUT POLARITY IS REVERSED WHEN
USING PIN I AS OUTPUT

92CS-24407

Fig. 19- Driving a ground-referred load.

Fig. 18- Digital transmission isolator.

V~»I0V 92CS-244

Fig. 20 - Zero-crossing detector driving MOS
logic.
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CA311
TYPICAL APPLICATIONS (cont'd)

92CS- 24409

Fig. 21 - Using clamp diodes to improve

response.

inputQ—©— *

Fig. 23 - Zero-crossing detector driving andMOS
switch.

*R2 SETS THE COMPARISON. AT COMPARISON THE
"^ PHOTODIODE HAS LESS THAN 5 mV ACROSS IT,

DECREASING LEAKAGES BY AN ORDER OF
MAGNITUDE 92CS-244I3

Fig. 25 - Precision photodiode comparator.

V + '5V
Rl O R5
20 kfl Y IkftAM »-4-AVWin

'TTL OR DTL FANOUT OF TWO

92CS-244I5

3 V

O R4
T sooa

*r^
SOLID TANTALUM

92C5-244I0

Fig. 22 - Low-voltage adjustable-reference

supply.

ABSORBS INDUCTIVE KICKBACK OF RELAY
AND PROTECTS IC FROM SEVERE VOLTAGE
TRANSIENTS ON DC SUPPLY LINE 9 j cs -244

Fig. 24 - Relay driver with strobe.

ISk

VJ.CMWV-"

92CS- 24420

Fig. 26 - 100-kHz free-running multivibrator. Fig. 27 - Switching power amplifier.
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CA311
TYPICAL APPLICATIONS (cont'd)

FROM D/A NETWORK

9

L@- ^^^

CA311
| ^>—©—

o

flNA
!:
5*^ x-J-v 1 > fi\ ~/^v

\

qiVh J ©
3NI28 ^—

'

|
,
02

<!!>

~O.I M F j
^2^613

SAMPLE J
X*V TTL—^ STROBE

^TYPICAL INPUT CURRENT
IS 50 pA WITH INPUTS
STROBED OFF

92CS-244I2

Fig. 28 - Strobing off both input and output

A
A
|5

U
V
ES
THR

H
E°S

W
HOL

ARE ^ " ° T0 3° V L°G 'C S*'NG *ND

'

SPIKED
AD°ED T° C0NTROL SPEED AND "EDUCE NOISE

92CS-244I6

Fig. 29 - TTL interface with high-level logic.

92CS-244

Fig. 30 - Crystal oscillator. "SOLID TANTALUM
'ADJUST TO SET CLAMP LEVEL

Fig. 31 - Precision squarer.

ADJUST FOR SYMMETRICAL SQUARE WAVE
TIME WHEN Vj.«5mv

'MINIMUM CAPACITANCE 20 pF
MAXIMUM FREQUENCY 50 kHl

__^ TRIANGULAR
-OWAVE

OUTPUT

SQUARE
-•—OWAVE

OUTPUT

0-I5N

Fig. 32-10 Hz to 10 kHz voltage controlled

oscillator.

92CM-244I9

-O OUTPUT
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TYPICAL APPLICATIONS (cont'd)

92CS-2442I

Fig. 33 - Switching power amplifier.

63-71
(1.600-1.803)

(1.067-1.270)

92CS-33253

Dimensions and pad layout for CA31 1H.

Dimensions in parentheses are in millimeters

and are derived from the basic inch dimensions

as indicated. Grid graduations are in mils (10~3

inch).

CA311
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CA3098

Iff 1

1 f
H

H-1787
CA3098S

1528

CA3098T^
CA3098E

f H-1817

Programmable Schmitt Trigger
— With Memory
— Dual-Input Precision Level Detectors

Features:

Programmable operating current
Micropower standby dissipation
Direct control of currents up to

150 mA
m Low input on/off current of less

than 1 nA for programmable bias
current of 1 fjA

Built-in hysteresis: 20 mV max.
u Programmable hysteresis: 20 mV

to V*

m Dual reference input
High sensor range: 100 Q to

100 MQ
m Stable predictable switching levels
m Temperature-compensated

reference voltage

m Power can be strobed off via term. 2

Applications:

Control of relays, heaters, LED's
lamps, photo-sensitive devices,
thyristors, solenoids, etc.

* Signal reconditioning
Phase and frequency modulators

m On/off motor switching
Schmitt triggers, level detectors

u Time delays
m Overvoltage, overcurrent, over-

temperature 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, re-
lays, 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" 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.

SIGNAL INPUT CD-

© programmable
bias current
input 'Ibias'

<D
V

Fig. 1 — Block diagram of CA3098 programmable Schmitt trigger.
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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

CA3098
operating current and performance para-

meters.

TheCA3098 is supplied in the 8-lead dual-in-

line plastic package ("Mini-Dip", E suffix),

8-lead TO-5 style package (T suffix), 8-lead

TO-5-style package with formed leads "DIL-

CAN" (Ssuffix), and in chipform (H suffix).

For information on another RCA Dual-Input

Precision Level Detector, see the data bulletin

for the RCA-CA3099E, File No. 620.

ELECTRICAL CHARACTERISTICS at TA = 25°C Unless Otherwise Specified

CHARACTERISTIC TEST CONDITIONS
Fig.

No.

LIMITS
UNITS

Min. Typ. Max.

Input Offset Voltage:

"Low" Ref.,V| (LR)
V LR = Gnd, VHR = 3 V
I b)as =100mA

5 -15 -3 6 mV

"High"Ref.,V| 0(HR)
VHR = Gnd, V LR = -3 V

I B)AS =100mA
6 -10 ±10 10

Temp. Coeff:

"Low" Ref.

"High" Ref.

-55°Cto + 125°C

-55°Cto+ 125°C

7

8

- 4.5

±8.2

-
MV/°C

Min. Hysteresis

Voltage V, 0(HR . LR ).

V REG = 6 V, V+ = 12 V

l B | AS =100AiA
9 - 3 20 mV

Temp. Coeff. -55°Cto + 125°C 10 - 6.7 - AiV/°C

Output Saturation Voltage,

VCE (SAT)
V, =4 V, V REG = 6 V,

V+ = 12 V, l mAS =100/iA
11,12 - 0.72 1.2 V

Total Supply Current,

>TOTAL :

"ON"
V| = 4 V, V REG = 6 V;

V+ =12V,I B | AS =100mA
13,14 500 710 800 MA

"OFF"
V|=8V,V reg = 6V
V + =12V,I B | AS =100mA

400 560 750 HA

Input Bias Current, l| B :

'B(p-n-p)

V| =4V, V REG = 6 V

V+ = 12VJmAS =100juA
15 - 42 100 nA

'B(n-p-n)

V
(

= 8 V, V REG = 6 V

V+ =12V,l B | AS =100/uA
- 28 100 nA

Output Leakage Current,

'CE(OFF)

Current 'from Term. 3 when

Q46is"OFF"
- - - 10 juA

Switching Times:

Delay, td
lc = 100 nA

l BIAS =100^A

V + = 5 V

V REG = 2.5V

18

- 600 - ns

Fall.tf
- 50 - ns

Rise, t
r

- 500 - ns

Storage, t
s

- 4.5 - jUS

Output Current, Iq V+ =12V,l B ,As = 50)uA - 100 - - mA
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CA3098
Maximum Ratings, Absolute-Maximum Values at TA = 25°C:

Supply Voltage Between Terminals 6 and 4, 16 V
Output Voltage Between Terminals 7 and 4, and 3 and 4 16 v
Differential Input Voltage Between Terminals 8 and 1, and

Terminals 7 and 8 10 V
Operating Voltage Range:

Term. 8 V~ to V+
Term

-
7 (V- plus 2.0 V) to V+

Term
-

1 (V-) to (V+ minus 2.0 V)
Load Current (Term. 3)

1 50 mA
Input Current to Voltage Regulator (Term. 5) 25 mA
Programmable Bias Current (Term. 2) 1 mA
Output Current Control (Term. 5) 15 mA
Power Dissipation:

Without Heat Sink:

Up to TA = 55°C

CA3098S, CA3098T 630 mW
CA3098E .' 630 mW
Above TA = 55°C Derate linearly at 6.67 mW/°C

With Heat Sink:

Up to TA = 55°C

CA3098S, CA3098T 1.6 w
Above TA = 55°C
CA3098S, CA3098T Derate linearly at 16.67 mW/°C

Ambient Temperature Range (All Packages):

°Perating -55 to +125 °C
Stora9e -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

'FSFTVFtR
-®v

PROGRAMMABLE
BIAS CURRENT
INPUT (Ib|AS>

<D

Fig. 2 - Schematic Diagram of CA3098.
92CL-269I8RI
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CA3098

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 (l Dias) supplied

to terminal 2.

An auxiliary means of controlling the magni-

tude of load-current flow at terminal 3 is

provided by "sinking" current into terminal 5.

Figs. 3 and 4 highlight the operation of the

CA3098 when connected as a simple hys-

teresis switch (Schmitt trigger).

Sequence Input Signal Level °Ut
?
Ut Wolt*°° <V)

(Term. 3)

4>E |N >0
8>EIM >4

8>E |N >4
4>E |N >0

12

12

Fig. 3 — Basic hysteresis switch (Schmitt trigger).

Fig. 4 — Resultant output states of the CA3098.
shown in Fig. 3 as a function of various

input signal levels.

TYPICAL CHARACTERISTIC CURVES
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Fig. 5 — Input-offset voltage ("low" reference)

vs. programming bias current.

PROGRAMMING BIAS CURRENT ( X BtAS ) — ^A 92I.S-

Fig. 6 - Input-offset voltage ("high" reference)

vs. programming bias current.
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Fig. 7 — Input-offset voltage ("low reference)

vs. ambient temperature.
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Fig. 8 — Input-offset voltage ("high reference)

vs. ambient temperature.
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CA3098
TYPICAL CHARACTERISTIC CURVES (Cont'd)
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Fig. 9 — Min. hysteresis voltage vs. programming
bias current.
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Fig. 11 — Output saturation voltage vs. output
sink current.

4 6 8 I0 2 4 6 8|b 2 " 6 8^
PROGRAMMING BIAS CURRENT (IbiasW*

Fig. 13 — Total supply current vs. programming
bias current.

Fig. 10 — Min. hysteresis voltage vs. ambient

temperature.
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Fig. 14 — Total supply current vs. ambient

temperature.
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Fig. 15 - Input bias current vs. programming bias
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TEST CIRCUIT

Fig. 16 — Input-offset voltage

test circuit.

HYSTERESIS VOLTAGE-Vj "OFF"— Vj'ON"

«CS-269I0

Fig. 17 — Min. hysteresis voltage, total

supply current, and input-

bias-current test circuit.

CA3098

Ibias6 T —

\

u
r
t)

£ (

£430 I

D 1 ^sn V
°-j \

CAJC98>—(T)-uv D
j r

cf -*iTf }—
r)

;
111

—HTr
U

92CS-269II

t^-r
T«RC!n2

Fig. 18 - Switching time test circuit.

TYPICAL APPLICATIONS

T » RC fn 2

Fig. 19 — Time delay circuit: Terminal 3
"sinks" after r seconds.

Fig. 20 - Time delay circuit: "sink" current
interrupted after T seconds.

Fig. 21 — Sine-wave to square-wave converter

with duty-cycle adjustment

(V-, and V2).

283



Linear Integrated Circuits

CA3098
TYPICAL APPLICATIONS (Cont'd)

92CS- 26920

Notes (a) Motor pump is "ON" when water level rises above
thermistor TH2.

(b) Motor pump remains "ON" until water level falls

below thermistor TH
(c) Thermistors, operate in self-heating mode.

Fig. 22(a) - Water-level control.

™ 2 .

~Ti

3 WATER
LEVEL

Fig. 22(b) — Water level diagram for

circuit of Fig. 22(a).

mMTI

INPUT PULSE MUST
BE GREATER THAN

\ J I ms BUT LESS
RCATMT2 than DESIRED t,

TRIAC

+ 2.5V

Fig. 23 — OFF/ON control of triac with

programmable hysteresis.

ov _l Ltrigger

Fig. 24 — One-shot multivibrator.
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^0
14-Lead Dual-in-Line

Plastic Package

Programmable Comparator

.

CA3099E

With Memory

Features:

Programmable operating current

Micro-power standby dissipation

Directly controls current up to 150 mA
Low input on/off current of less than 1 nA
for programmable bias current of 1 juA

Built-in hysteresis: 10 mV max.

Programmable hysteresis: 10 mV to V+

Dual reference input

High sensor range: 100 12 to 100 M12

Stable predictable switching levels

Temperature-compensated reference

voltage

Applications:

Control of relays, heaters, LED's, lamps,

photo-sensitive devices, thyristors,

solenoids, etc.

Signal reconditioning

Phase and frequency modulators

On/off motor switching

Schmitt triggers, level detectors

Time delays

Overvoltage, overcurrent,

overtemperature protection

Battery-operated equipment

Square and triangular-wave generators

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 1 50 mA. It operates with

microwatt standby power dissipation when the current to be

Formerly Developmental No. TA6189.

controlled is less than 30 mA. The CA3099E contains the

following six (6) major circuit-function features (Figure 1):

1. Differential amplifiers and summer; the circuit uses two

differential amplifiers, one to compare the input voltage

with the "high" reference, and the other to compare the

input with the "low" reference. The resultant output of

the differential amplifiers actuates a summer circuit

which delivers a trigger that initiates a change in state of

a flip-flop.

SOURCE OF REFERENCE.--^
VOLTAGE («Vb /2l vlV

SIGNAL INPUT (T3>-

: ©-

POSITIVE
SUPPLY VOLTAGE
FOR BIAS
SYSTEM (V b l

i

INTERNAL
SOURCE r
OF BIAS

|

IJ-BIAS)

INTERNAL
REFERENCE
VOLTAGE

PROGRAMMABLE POSITIVE SUPPLY
BIAS VOLTAGE FOR
CURRENT CONSTANT-
INPUT (Ibias 1 CURRENT BIAS V 1

©
1

CONSTANT-
CURRENT

BIAS

COMPARATOR

VOLTAGE
REGULATOR

© ®

©

OUTPUT
CURRENT
CONTROL

-0

-®
"SINK"
OUTPUT

©
92CM- 21059

Fig. 1 —Block diagram of CA3099E programmable comparator.

(See page 3 for general description of circuit operation.)
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CA3099E
Major Circuit- Function Features (Cont'd)

2. Flip-flop; the flip-flop functions as a bistable "memory"

element that changes state in response to each trigger

command.

3. Driver and output stages; these stages permit the circuit to

"sink" maximum peak load currents up to 150 mA at

terminal 3.

4. Programmable operating current; the circuit incorporates

a separate terminal to permit programming the desired

quiescent operating current and performance parameters.

5. Internal sources of reference voltage and programmable

bias current; an integral circuit supplies a temperature-

compensated reference voltage (Vb/2) which is about 1/2

of the externally applied bias voltage (V D ), Additionally,

integral circuitry can optionally be used to supply an

uncompensated constant-current source of bias (
I bias)-

6. Voltage regulator; provides optional on-chip voltage regu-

lation when power for the CA3099E is provided by an

unregulated supply.

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

Supply Voltage Between Terminals 10 and 4,

9 and 4, 8 and 4 16 V

Output Voltage Between Terminals 7 and 4,

and 3 and 4 16 V

Differential Input Voltage Between

Terminals 14 and 1 , and Terminals 13 and 14 . . 10 V

Operating Voltage Range:

Term. 14 V to V +

Term. 13 2.0 V to V+
Term. 1 V to V+ minus 2.0 V

Load Current (Term. 3). ' 150 mA
Input Current to Voltage Regulator (Term. 5) . . 25 mA
Programming Bias Current (Term. 2) 1 mA
Output Current Control (Term. 7) 15 mA

Power Dissipation:

Up to TA = 55°C 750 mW
Above Ta = 55°C .... Derate Linearly at 6.67 mW/°C

Ambient Temperature Range:

Operating -55 to +125 °C
Storage -65to+150°C

Lead Termperature (During Soldering):

At distance not less than 1/32 inch (3.17 mm)
from seating plane for 10 s maximum .... +265 C

ELECTRICAL CHARACTERISTICS AT Ta = 25°C (Unless otherwise indicated)

CHARACTERISTICS SYMBOL TEST CONDITIONS
Ta = 25°C Unless Otherwise Indicated

FIG. No.
LIMITS

UNIT
MIN. TYP. MAX.

Reference Voltage

Vref
Term. 9 = 12 V, Term.4 = Grd, Term.1 1 = Test - 5.7 6 6.3 V

Reference Voltage

Temperature Coefficient
- - 100 - juv/°c

Regulated Supply Voltage VREG Term.5 1 K to 12V, Term.4 = Grd, Term.6 10KtoGrd 5 6 7.2 8 V

Regulated Supply Voltage

Temperature Coefficient
5 - 2.9 - mV/°C

Input Offset Voltage:

"Low" Reference V|0 (LR) V LR = Grd, VHR = 3V, l B | AS = 100/iA 20,6 -8 -3 2
mV

"High" Reference v IO (HR) V H R = Grd,V LR = -3V, l B | AS = 100 MA 20, 7 -5 ±1 5

"Low" Reference Temp.
Coefficient

-55°C to +125°C 20,8 - 4.5 20

MV/°C
"High" Reference Temp.
Coefficient -55°C to +125°C 20,9 - ±8.2 ±20

Min. Hysteresis Voltage v IO(HR-LR) VREG = 6 V, V + = 12 V, leiAS = 100 MA 21, 10 - 3 10 mV

Min. Hysteresis Voltage

Temperature Coefficient
~55°C to +125°C 11 - 6.7 20 jUV/°C

Output Saturation Voltage VCE (SAT) V| =4V, VREG = 6V, V+ = 12 V, l B |AS= 100 MA 21,12,13 - 0.72 1.2 V

Total Supply Current:

'TOTAL "ON"
'TOTAL

V| =4 V, VREG = 6V, V+ = 12 V, l B |AS= 100 /M 21,14,15 600 710 800
MA

'TOTAL "OFF" V, =8 V, VREG = 6V, V+= 12 V, I BIAS = 100 MA 21,14,15 420 560 750

Input Bias Current:

'B(p-n-p)

'IB

V| =4 V, VREG = 6 V, V+ = 12 V, IBIAS = 100jUA 21,16,17 33 200
nA

'B(n-p-n) V| = 8 V,VREG = 6V, V+ = 12 V, l B |AS = 100/iA 21,16,17 - 20 60

Output Leakage Current 'CE(OFF) Current from Term.3 when Q46 is "OFF" - - - 10

MAInternal Bias Current 'IBC 18,19 120 200 280

Switching Times:

Delay <d l c = 100 /ZA

'BIAS = 'OO^

V + = 5 V

VREG = 2.5V

22 600

ns
Fall tf 22 - 50 -

Rise t
r 22 - 500 -

Storage <s 22 - 4.5 -
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Fig.2-Schematic diagram of CA3099E.

General Description of Circuit Operation (Refer to Fig.1)

When the signal-input voltage of the CA3099E is equal to or

less than the "low" reference voltage (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 voltage (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 be-

comes equal to or less than the "low" reference voltage (VR).

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

('bias' 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 (VD )

applied at terminal 9 develops a source of temperature-

compensated reference voltage (« VD/2) at terminal 1 1 and

additionally supplies a source of bias current at terminal 12

via line "A". Alternately, when a positive supply voltage is

applied at terminal 8, a source of constant-current biasing is

provided at terminal 12 via line "B".

An auxiliary means of controlling the magnitude of load-cur-

rent flow at terminal 3 is provided by "sinking" current into

terminal 7. The CA3099E contains an on-chip voltage regu-

lator which may optionally be used to regulate the voltages and

bias currents (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.

287



Linear Integrated Circuits

CA3099E

Fig.3—Functional diagram.

1 LOA0"ON" vX LOAD "OFF

Fig.4—Logic diagram.

TYPICAL CHARACTERISTIC CURVES

-50 -25 25 50 75

AMBIENT TEMPERATURE (T.) "(

-5

it " 2

"*

ambient tempers
supply voltage

"high" reference
"low" reference

TURE !T A t'25*
{ V*) -- 12 V
VOLTAGE (V MR
VOLTAGE (V LR

'6 V
J

[

VIC VI " VLR

i i

J

!

i

k
1

i i

j
]

8 1

8 ±3

t t2

AMB
SUF

"LO

ENT TEMPERATURE (T A H
PLY VOLTAGE ( V+ t * 12 V
H" REFERENCE VOLTAGE (V
M" REFERENCE VOLTAGE (

25'C

lrI-ov i

._.

!

s

__
i

! "f j

6 B |

PROGRAMMING BIAS PROGRAMMING BIAS CURRENT (Ibias*- Pa

Fig.5— Regulated supply voltage vs.

ambient temperature.
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Fig. 7— Input-offset voltage ("high" reference)

vs. programming bias current.

Fig.8—Input-offset voltage ("low" reference)

vs. ambient temperature.

Fig.9—Input-offset voltage ("high" reference)

vs. ambient temperature.

Fig. 10—Min. hysteresis voltage vs. programming
bias current.

Fig.tl—Min. hysteresis voltage vs. ambient
temperature.

1.4

? o.e

£ 0.2

AMBIENT TEMPERATURE (T A )*25
PROGRAMMING BIAS CURRENT (Ij

SUPPLY VOLTAGE (V + )*I2V
lAS'-l 00 ^A

i

I

' I III!" /

i
i

1 ;

/

-4-

-
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output sink current.
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PROGRAMMING BIAS CURRENT I I B | AS

Fig. 14— Total supply current vs. programming

bias current.
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Fig. 18—Internal bias current vs.

supply voltage.
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Fig. 19—Internal bias current vs. ambient
temperature.

TEST CIRCUITS

Fig.20—Input-offset voltage

test circuit.

HYSTERESIS VOLTAGE 'Vj; "OFF"—Vj 'DN"

Fig.21—Min. hysteresis voltage,

total supply current,

and input-bias-current

test circuit.

ViO-®-f

Fig.22—Switching time test circuit.

TYPICAL APPLICATIONS

Fig. 23(a)— Time delay circuit: Terminal 3
"sinks" after T seconds.

Fig. 23(b)— Time delay circuit: "sink" current

interrupted after T seconds.

289



Linear Integrated Circuits

CA3099E

Rl FOR SETTING "HtGH" REFERENCE VOLTAGE
R2 FOR SETTING "LOW" REFERENCE VOLTAGE
R3 FOR VARIATION OF HYSTERESIS

Fig.24Sensitive temperature control.

+ 6 V

J.

Fig.26—One-shot multivibrator.

Fig.25—OFF/ON control of triac with

programmable hysteresis.

Fig.27—Sine-wave to square-wave converter with

duty-cycle adjustment (Vj and Vg).
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(T Suffix)

8-Lead

TO-5 H

(S Suffix)

8-Lead

T05
(DIL CAN)

H 1787

CA3290, CA3290A, CA3290B

BiMOS Dual Voltage Comparators
With MOS/FET Input, Bipolar Output

Features:

MOS/FET input stage:

(a) Very high input impedance (Z!N )

- 1.7 70 typ.

(b) Very low input current - 3.5 pA
typ. at +5 V supply voltage

(c) Low input-offset voltage (Vl0 )
-

to 6 mV max. (CA3290B)
(d) Wide common-mode input-

voltage range (Vicr) - can be
swung 1.5 V (typ.) below nega-
tive 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 flow of input currents

m Wide supply-voltage range:

Single supply - 4 to 36 V dc

Dual supply - _^ to ±18 V dc

(B-types up to 44 or ±22 V dc)

Very low supply-current drain -

0.8 mA at+5V
Differential input-voltage range -

up to ±36 V
Low output saturation voltage -

120 mV at 4 mA
Output voltage compatible with TTL,

DTL, ECL, MOS, and CMOS logic

systems
All types are rated for operation over
the range of -55 to +125° C
Stable V, vs. time due to source-
follower inputs

Applications:

High-source-impedance voltage

comparators
m Long time delay circuits

m Square-wave generators

m AID converters

Window comparators

SELECTION CHART

Selection

Characteristic Package & Suffix

Max.

(mV)

Max.

1,

(PA)

Min.

AoL (V)

TO-5 Plastic

Std.

DIL-

CAN
8-

Ld.

14-

Ld.
'

CA3290B
CA3290A

CA3290

6

10

20

30

40

50

50K

25K

25K

44

36

36

T

T

T

S

S

s

E

E

E1

E1

The CA3290 is also available in chip form (H suffix)

I 50,! A Q I IOO ,,A Q 1 50 MA OllOO^A

Fig. 1 -r Basic CA3290 comparator.

291



Linear Integrated Circuits

CA3290, CA3290A, CA3290B
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE:
Single Supply:

CA3290B +44 \j

CA3290A, CA3290 +36 v
Dual Supply:

CA3290B ±22V
CA3290A, CA3290 . ±18V

DIFFERENTIAL INPUT VOLTAGE ± 36 V or ± [(V
+-V

-
)+5 V]

(whichever is less)

COMMON-MODE INPUT VOLTAGE V++5 V to V
_-5 V

DEVICE DISSIPATION:

Upto55°C 630 mW
Above 55°C Derate linearly at 6.67 mW/°C

OUTPUT-TO-V
-
SHORT CIRCUIT DURATION* CONTINUOUS

TEMPERATURE RANGE, ALL TYPES:
Operating -55 to +125°C
Storage -65 to +150°C

INPUT TERMINAL CURRENT 1mA
LEAD TEMPERATURE (DURING SOLDERING):

AT DISTANCE 1 /1 6 ± 1/32 INCH (1 .59 ± 0.79 MM)
FROM CASE FOR 10 SECONDS MAX 265°C

•Short circuits from the output to V+ can cause excessive heating and

eventual destruction of the device.

92CS-30038

Fig. 2 - Schematic diagram of CA3290
(only one is shown}.

CIRCUIT DESCRIPTION

The Basic Comparator

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. Transistors Q1 through Q4 com-
prise the differential input stage, with Q5
and Q6 serving as a mirror-connected active

load and differential-to-single-ended con-

verter.. The differential input at Q1 and Q4 is

amplified so as to toggle Q6 in accordance
with the input-signal polarity. For example,
if +V||\] is greater than — V||\|, Q1, Q2, and
current mirror transistors Q5 and Q6will be

turned off; transistors Q3, Q4, and Q7 will

be turned on, causing Q8 to be turned off.

The output is pulled positive when a load

resistor is connected between the output and
V+

In essence, Q1 and Q4 function as source-

followers to drive Q2 and Q3, respectively,

with zener diodes D1 through D4 providing

gate-oxide protection against input voltage

transients (e.g., static electricity). The cur-

rent flow in Q1 and Q2 is established at

approximately 50 microamperes by constant-

current sources l-| and I3, respectively. Since

Q1 and Q4 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
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range. As a result, the input offset voltage

(VGS(Q1 ) + VBE(Q2)-VBE(Q3)-VGS(Q4))
will not be degraded when a large differential

dc 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 Q7 and Q8.

The collector of Q8 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-

CA3290, CA3290A, CA3290B
parator and the common current-source

biasing is shown in Fig. 2. PMOS transistors

Q9 through Q12 are the current-source

elements identified in Fig. 1 as I -( through I4,

respectively. Their gate-source potentials

(Vgs) are supplied by a common bus from

the biasing circuit shown in the right-hand

portion of the Fig. 2. The currents supplied

by Q10 and Q12 are twice those supplied by

09 and Q1 1 . The transistor geometries are

appropriately scaled to provide the requisite

currents with common Vqs applied to Q9
through Q12.

ELECTRICAL CHARACTERISTICS at TA = -55 to +125°C

CHARACTERISTIC

TEST

CONDITIONS

VALUES
UNITSCA3290B CA3290A CA3290

V+ Typ. Max. Typ. Max. Typ. Max.

Input Offset

Voltage, Vjq

VCM = 1-4V,

V =1.4 V
5 V 3.5 - 4.5 - 8.5 -

mV
VCM=OV,
v =o V

±15 V 3.5 - 8.5 - 8.5

Temp. Coefficient

of Input Offset

Voltage,AV, /AT

8 - 8 - 8 - mv/°c

Input Offset

Current, Ijq

VCM=14V 5 V 2 22 2 28 2 32
nA

vCM=o V ±15 V 7 22 7 28 7 32

Input Current, l|

VCM = 1.4V 5 V 2.8 32 2.8 45 2.8 55
nA

VCM= V ±15 V 13 32 13 45 13 55

Supply Current, l

+
R L

-°°
5 V 0.85 1.6 0.85 1 0.85 1.6

mA
30 V 1.62 3.5 1.62 3 1.62 3.5

Voltage Gain, Aqj_ R L=15kO ±15 V
150 - 150 - 150 - V/mV

103 - 103 - 103 - dB

Saturation

Voltage

'SINK = 4 mA

V +=5 V,

+V|=0 V,

-V|=1 V

+125°C 0.22 0.7 0.22 0.7 0.22 0.7
V

-55°C 0.1 0.1 0.1

Output Leakage

Current, Iql

15 V 65 - 65 - 65 -
nA

36 V 130 1k 130 1k 130 1k

"At TA = +125°C

*At T A = -55°C
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CA3290, CA3290A, CA3290B
ELECTRICAL CHARACTERISTICS AT TA - 25°C

CHARACTERISTIC

TEST
COND.

V+

LIMITS
U
N
1

T
S

CA3290B CA3290A

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

Input Offset Voltage,

V I0 VCM=1-4V
V =1.4 V

5 V - 3 6 - 4 10

mV
VCM=0 V
VO=0 V

±15 V - 3 6 - 4 10

Input Current, l|

VCM=1.4V 5 V _ 3.5 30 _ 3.5 40
PA

vCM=o V ±15 V - 12 30 - 12 40

Input Offset Current, I|q

VCM=1.4V 5 V _ 2 20 _ 2 25
PA

VCM =0 V ±15 V - 7 20 - 7 25

Common-Mode Input-

Voltage Range, V|qr

V =1.4 V 5 V
V+-3.5 V+-3.1

V--1.5
V+-3.5 V+-3.1

V--1.5
V

v =ov ±15 V
V +-3.8 V+-3.4

V--1.6
- V+-3.8

v-
V +-3.4

V--1.6
-

Supply Current, l

+

R L
= °°

30 V - 1.35 3 - 1.35 3
mA

5 V - 0.8 1.4 - 0.8 1.4

Voltage Gain, Aql
R L=15kft

±15 V
50 800 - 25 800 - V/mV

94 118 - 88 118 - dB

Output Sink Current

V =1.4 V
5 V 6 30 6 30 - mA

Saturation Voltage

+V|=0 V,

-V|=1 V,

'SINK = 4 mA
5 V - 0.12 0.4 - 0.12 0.4 V

Output Leakage Current,

>OL

15 V - 100 - - 100 -
PA

36 V - 500 - - 500 -

Response Time

R|_=5.1 kf2 Rising Edge

Falling Edge
15 V

_ 1.2 _ _ 1.2 _
Ids

- 200 - - 200 - ns

Common-Mode Rejection

Ratio, CMRR
±15 V - 44 316 - 44 562

juV/V
5 V - 100 316 - 100 562

Power-Supply Rejection

Ratio, PSRR
±15 V - 15 316 - 15 316 juV/V

Large-Signal Response

Time

R L=5.1 k£l

15 V _ 500 _ _ 500 _
ns

5 V — 400 — — 400 —

294



Voltage Comparators

CA3290, CA3290A, CA3290B
ELECTRICAL CHARACTERISTICS AT TA = 25°C

CHARACTERISTIC

TEST
COND.

V+

LIMITS

UNITSCA3290

Min. Typ. Max.

Input Offset Voltage,

V| VCM=1-4V
V =1.4 V

5 V - 7.5 20

mV

v =o V
±15 V - 7.5 20

Input Current, l|

VCM=1.4V 5 V _

.

3.5 50
PA

VCM=0 V ±15 V - 12 50

Input Offset Current, Ijq

VCM=1.4V 5 V _ 2 30
PA

VCM=0 V ±15 V - 7 30

Common-Mode Input-

Voltage Range, V|qr

Vq=1.4V 5 V
V+-3.5

v-
V+-3.1

V--1.5
V

v =o V ±15 V
V+-3.8 V +-3.4

V--1.6
-

Supply Current, l

+

R L = °°

30 V - 1.35 3
mA

5 V - 0.8 1.4

Voltage Gain, Aq^

R L = 15 ki7
±15 V

25 800 - V/mV

88 118 - dB

Output Sink Current

Vo=1-4 V
5 V 6 30 - mA

Saturation Voltage

+V|=0 V,

-V,=1 V,

'SINK = 4 mA
5 V - 0.12 0.4 V

Output Leakage Current,

'OL

15 V - 100 -
PA

36 V - 500 -

Response Time

R L=5.1 kil Rising Edge

Falling Edge
15 V

_ 1.2 _
Ids

- 200 - ns

Common-Mode Rejection

Ratio, CMRR
±15 V - 44 562

MV/V
5 V - 100 562

Power-Supply Rejection

Ratio, P$RR
±15 V - 15 316 jLlV/V

Large-Signal Response

Time

R L=5.1 kfi

15 V _ 500 _
ns

5 V - 400 -
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CA3290, CA3290A, CA3290B
TERMINAL ASSIGNMENTS

TOP VIEW
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Fig. 10 — Parasitic-oscillations test circuit

and associated waveforms.
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Fig. 11 — Non-inverting comparator response-time

test circuit and waveforms. r\y±
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Fig. 12— Inverting comparator response-time

test circuit and waveforms.
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CA3290, CA3290A, CA3290B
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 TO);
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 input 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 parasitic oscillations. The addition
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 of each comparator is adja-

cent to an input 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 kQ a capacitor p* 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 (A1) 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 A1. 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

R1 and R2. The ratio of R1 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 (R1) may be used for long

time delays with relatively small leakage

timing capacitors. The second half of the

CA3290 is used as an output buffer to insure

that the multivibrator frequency will not be

affected by output loading.
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CA3290, CA3290A, CA3290B

15 MEG< <I5K

Fig. 13 - Light-controlled one-shot timer.

PER IO0-IO SEC/CYCLE

2 Ft!

92CS- 30040

Fig. 14 — Low-frequency multivibrator.

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 (V|_) but below the

upper limit (Vy), as determined by the

R1 /R2/R3 resistor divider.

Fig. 15 — Window comparator.
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CA3290, CA3290A, CA3290B
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

inverting 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.

Fig. 16 — LED bar-graph driver.

X 53

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 mils (0. 1 7 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).

( I.270-I.473)
N0TE

NOS. IN PADS ARE FOR 8-LEAD DIP AND TO-5
NOS OUTSIDE OF CHIP ARE FOR I4-LEAD DIP'

92CM-3009I

Dimensions and pad layout for the CA3290H.
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14-Lead Dual-ln-Line

"E" Suffix — Standard

Plastic Package

H-1517

Voltage Comparators

CA139, CA239, CA339 Types

Quad Voltage Comparators

For Industrial, Commerical, and Military Applications

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

Plastic Package

Features:

Operation from single or dual supplies

m Common-mode input-voltage range to ground

Output voltage compatible with TTL, DTL, ECL, MOS and CMOS
m Differential input-voltage range equal to the supply voltage

m Maximum input-offset voltage (Vio):

CA139A, CA239A, CA339A - 2 mV
CA 139, CA239, CA339 - 5 mV

m Replacement for industry types 139, 239, 339, 139A, 239A, and 339A

The RCA-CA139, CA239, CA339, CA139A, CA239A, and

CA339A types consist of four independent single- or dual-

supply voltage comparators on a single monolithic

substrate. The common-mode input voltage range includes

ground even when operated from a single supply, and the

low power supply current drain makes these comparators

suitable for battery operation. These types were designed

to directly interface with TTL and CMOS.

Types CA139A, CA239A, and CA339A have all the features

and characteristics of their prototype counter parts CA139,

CA239, and CA339 plus an even lower input-offset-voltage

characteristic. These devices are supplied in a 14-lead

dual-in-line plastic package (E suffix). The CA339 is also

available in chip form (H suffix).

Applications:

Square-wave generators

m Time-delay generators^

m Pulse generators *

Multivibrators

m High-voltage digital logic gates

m AID converters

MOS clock timers

OUTPUT 2 (T)-

OUTPUT I ©-

NEG. INPUT I (4

POS. INPUT I (D-

NEG. INPUT 2 (?

POS. INPUT 2(7)-

-@ OUTPUT 3

-© OUTPUT 4

@ GROUND

<M)POS. INPUT 4

-@NEG. INPUT 4

©POS. INPUT 3

-@ NEG. INPUT 3

92CS-24I49

Fig. 1 - Functional diagram.
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CA139, CA239, CA339 Types
MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25°C:

DC SUPPLY VOLTAGE
DC DIFFERENTIAL INPUT VOLTAGE
INPUT VOLTAGE
INPUT CURRENT (V, < -0.3 V)*

OUTPUT SHORT CIRCUIT TO GROUND*
(Single Supply)

DEVICE DISSIPATION:

Up to TA = 55°C

Above TA = 55°C derate linearly

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

Inputs must not go more negative than —0.3 V.

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.

36 V or ±18

V

±36 V
-0.3 V to +36 V

50 mA

Continuous

750 mW
at 6.67 mW/°C

-55to+125°C
-65to+150°C

+265°C

TO 2.3,4

0-

* »-TO 2,3.4

COMPARATOR NO. I

Fig. 2—Schematic diagram.

92CM-24I50RI
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Voltage Comparators

CA139, CA239, CA339 Types

ELECTRICAL CHARACTERISTICS

TEST CONDITIONS LIMITS

UNITS
CHARACTERISTIC

V+ = 5V

Unless other

indicate

CA139 CA139A

wise

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

Input Offset

Voltage (V|q)

At Output Switch

Point Vs 1.4 V

v R ef
=

1.4 V,Rs =

25°C - 2 5 - 1 2

mV
Note 1

- - 9 - - 4

Differential Input

Voltage (V (D )

Keep all inputs >0 V
for V

-
(If used),

Notes 1,2

- - 36 - - 36 V

Saturation Voltage

<vsat>

V|
_

= 1 V,

V,+ = 0V,

•sink**
4 mA

25°C - 250 400 - 250 400
J

Note 1
- - 700 - - 700

mV

Common-Mode
Input Voltage

Range (V|CR )

Note 3
25°C V+-1.5 _ V+-1.5

V
Note 1

- V+-2 - V+-2

Input Offset

Current (\[q)
'l

+ -l|-
25°C _ 3 25 - 3 25

nA
Note 1 - - 100 - - 100

Input Bias Current

«IB>

l|
+ orl|-

with Output

in Linear

Range

25°C - 25 100 - 25 100

nA

Note 1
- - 300 - - 300

Supply Current (l
+

)

R|_ = °°on all com-

parators, TA = 25°C
- 0.8 2 - 0.8 2 mA

Output Leakage

Current

V, + >1 V,

v,
_

= o,

V = 5V
25°C - 0.1 - - 0.1 - nA

V|+ >1 V,

V|
_

= 0,

V = 30 V
Note 1

- - 1
- - 1 MA

Output Sink

Current

V|~ >1 V,

v
(

+ = o,

V <+1.5 V,

TA = 25°C

6 16 - 6 16 - mA

Voltage Gain (AqiJ
R L >15kn,V

+=15 V,

TA = 25°C
- 200 - 50 200 - V/mV

Large Signal

Response Time

V| = TTL Logic

Swing, Vpjgp =

+1.4 V,Vr l = 50 V,

R L = 5.1 kS2,

TA = 25°C

- 300 - - 300 - ns

Response Time

See Figs. 5 & 6

VRL = 5V,

R L = 5.1 k«,

TA = 25°C

- 1.3 - - 1.3 - Ms

Note 1

:

Note 2:

Note 3:

Ambient Temperature (T"A ) applicable over operating temperature range as shown below.

CA139
(-55to + 125°C)| '

C
A
A*»

'
<-25to485°C>|;™™ <0to +70°C)

CA139A ICA239A I CA339A
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).

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.
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CA139, CA239, CA339 Types
ELECTRICAL CHARACTERISTICS

CHARACTERISTIC

TEST CONDITIONS LIMITS

UNITS
V+ = 5 V

Unless otherwise

indicated

CA239, CA339 CA239A, CA339A

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

Input Offset

Voltage (V, )

At Output Switch

Point V= 1.4 V

Vref =

1.4 V,Rs =

25°C - 2 5 -
1 2

mV
Note 1

- - 9 - - 4

Differential Input

Voltage (V| D )

Keep all inputs >0
VforV

-
(If used).

Notes 1 , 2

- - 36 - - 36 V

Saturation Voltage

<V
sat>

V|~= 1 V,

V|
+ = V,

lSINK <
4 mA

25°C - 250 400 - 250 400
mV

Note 1 - - 700 - - 700

Common-Mode
Input Voltage

Range (V|CR )

Note 3

25°C - V+-1.5 - V+-1.5

V
Note 1 - V+-2 - V+-2

Input Offset

Current (Ijq)
.,+ -.,-

25°C - 5 50 - 5 50
nA

Note 1
- - 150 - - 150

Input Bias Current

<'lB>

l|
+ orl,-

with Output

in Linear

Range

25°C - 25 250 - 25 250

nA
Note 1

- - 400 - - 400

Supply Current (l
+

)

R|_ = °°on all com-

parators, TA = 25°C
- 0.8 2 - 0.8 2 mA

Output Leakage

Current

V| +>1 V,

V|~ = 0,

V = 5 V
25°C - 0.1 - - 0.1 - nA

V| + >1 V,

V,~ = 0,

V = 30 V
Note 1 - -

1 - -
1 HA

Output Sink

Current

V|~>1 V,

V|+ = 0,

V <+1.5 V,

TA = 25°C

6 16 - 6 16 - mA

Voltage Gain (Aq|_)
R L >15kftV

+=15 V,

TA = 25°C
- 200 - 50 200 - V/mV

Large Signal

Response Time

V| = TTL Logic

Swing, Vpgp =

+1.4 V,V RL = 50V,
R L = 5.1 k«,

TA = 25°C

- 300 - - 300 - ns

Response Time

See Figs. 5 & 6

V RL = 5V,
R L = 5.1 kft,

TA = 25°C

- 1.3 - - 1.3 - Ms

Note 2:

Note 3:

Ambient Temperature (TA ) appl-icable over operating temperature range as shown below.

CA139
(_55 to+125°C)

CA2^ (-25 to +85°C)
CA339

(0 to +70°C)
CA139A CA239A CA339A
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).

The upper end of the common-mode voltage range is (V 1 — 1.5 V, but either or both inputs can

go to +30 V without damage.
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Voltage Comparators

CA139, CA239, CA339 Types

TYPICAL CHARACTERISTICS

COMMON-MODE INPUT VOLTAGE <VIC>0 V

COMMON-MODE INPUT RESISTANCE <RlcW09
fl

SUPPLY VOLTAGE (V+)-V
SUPPLY VOLTAGE (VM—

V

92CS-24I5ZRI

Fig. 3—Supply current vs. supply voltage. Fig. 4—Input current vs. supply voltage.

AMBIENT TEMPERATURE

0.5 I I.5

TIME <t>— pS

Fig. 5—Response time for various input

overdrives—negative transition.

as i i.s

TIME (tl— pS
•tCS-24194

Fig. 6—Response time for various input

o verdrives—positive transition.

Chip Version (CA339H)

lo'e

> 6

1
-

r~ 2

3 io°
e
-

s
4

5
2

§ iot*-

Z 6
O 4

a 2

S l01

1 hH r --

SATURATION '

<e

t\
<,*
<&

1- 6

t-

io- 5

..<*Vf
*-'*y

OUTPUT SINK CURRENT (Io>-

Fig. 7—Output saturation voltage vs. output sink current.

51 '

IO 20 30
I I I

40
1

50 55
1 1

50-
EE

l4

WT

\1M

7

6

51

(1.295

,

In i2 i \7Wio 4
IL i— ^L M ^^^

40-

30- -59
-1.49

20-

10-

l]|j3B4\j 5 *

0-
-4-10

(0.102-0.254)
^2-f?«

(1.321 -1.524)

92CS-33255

Dimensions in parentheses are in millimeters and are

derived from the basic inch dimensions as indicated.

Grid graduations are in mils 11
0~ inch).
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Data Conversion Circuits

Technical Data

A/D Converters paQe
308CA3162

CA3300 3ie

327CA3308

Display Drivers

CA3081 33
J

CA3082 332

CA3161 335

CA3168 339

CA3207! 343

CA3208* 343

'BiMOS types
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CA3162E

16-Lead Dual-ln-Line

Plastic Package

A/D Converter for 3-Digit Display

Features:

Dual-slope AID conversion
Multiplexed BCD display

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-Hz] or high-
speed [96-Hz] conversion rate
"Hold" inhibits conversion but
maintains delay
Overrange indication - "£££" for
reading greater than + 999 mV, "-"

for reading more negative than
-99 mV when used with CA3161E
BCD-to-Seven Segment Decoder/
Driver

The CA3162E is an l

2
L monolithic A/D converter that pro-

vides a 3-digit multiplexed BCD output. It is used with the
CA3161E BCD-to-Seven-Segment Decoder/Driver* and a
minimum of external parts to implement a complete 3-digit
display.

The CA3162 is supplied in 16-lead dual-in-line plastic pack-
age (E suffix). The CA3162 is also available in chip form (H
suffix).

*The CA3161E is described in RCA data bulletin File
No. 1079.

TERMINAL ASSIGNMENT
CA3162E

BCD
OUTPUTS

2
1

(Ty-

DIGIT f NSO ©—

I LSD (J)—
HOLD/BYPASS®

—

GND ©—
ZEKO ADJ (f>—

) 2 ? ) BCD
'

2 ( OUTPUTS
-© 2 1

—@ V +

-© GAIN ADJ

—@ INTEGRATING CAP

—© HIGH INPUT

—® LOW INPUT

-<§) ZERO ADJ

TOP VIEW

92CS-304I5

ZERO 1
ADJ rA/W-i

© © ©

HIGH INPUT (u)

LOW INPUT (loY

BCD OUTPUTS
I

CONTROL LOGIC,
COUNTERS a
MULTIPLEX

MSD-MOST SIGNIFICANT DIGIT
NS0« NEXT SIGNIFICANT DIGIT
LSD- LEAST SIGNIFICANT DIGIT

©

crz

_DIGIT SELECT OUTPUTS

(f)"MSD

©LSD
©•NSD

, CONVERSION

(7) GND

92CM-304I4RI

Fig. 1 — Functional block diagram ot the CA3162E.
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Data Conversion Circuits

CA3162E

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE (between terminals 7 and 14)

INPUT VOLTAGE (terminal 10 or 1 1 to ground)

DEVICE DISSIPATION:

Above

T

A
~=

+
+ 55»C

'.!'.'.'.".!'.'.'.'.'.'.!!'.'.'.'.'.".''.'.'.'. derate linear|V at 79 mW,°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 +265C

+ 7V
:15V

750mW

. . to + 75°C

65 to +150°C

ELECTRICAL CHARACTERISTICS at TA = 25°C, V+ = 5 V, Zero pot centered,

gain pot = 2.4 kQ unless otherwise stated

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS

Min. Typ. Max.

Operating Supply

Voltage Range, V +
4.5 5 5.5 V

Supply Current, I

+ 100 kQ to V + on terms. 3,4,5 — — 17 mA

Input Impedance, Z|
— 100 — MQ

Input Bias Current, \\q Terms. 10 and 11 — —80 — nA

Unadjusted Zero Offset V^ -V10 = V, read decoded

output
-12 - + 12 rriV

Unadjusted Gain V-,-1 -V-(o = 900 mV, read

decoded output
846 - 954 mV

Linearity See Notes 1 and 2 — 1 — + 1 Count

Conversion Rate:

Slow Mode Term. 6 = open or gnd 4
Hz

Fast Mode Term. 6 = 5 V — 96 —
Conversion Control Volt-

age (Hold Mode) at

Terminal 6

0.8 1.2 1.6 V

Common-Mode Input Volt-

age Range, V)CR
See Note 3, 4 —0.2 - + 0.2 V

BCD Sink Current at

terms. 1,2,15,16

VBCD ^ 0.5 V, at logic zero

state
0.4 1.6 — mA

Digit Select Sink Cur-

rent at terms. 3,4,5

vDigit Select = 4 V at logic

zero state
1.6 2.5 — mA

Zero Temperature

Coefficient

Vj = V, zero pot

centered
— 10 — nV/°V

Gain Temperature

Coefficient

Vj = 900 mV, gain pot

= 2.4 kQ
- 0.005 — %/°C

Notes:

1

.

Apply zero volts across V
1

-| to V-|q- 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 ±0.5 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 kQ resistance must be provided for input bias currents.

4. The common-mode input voltage above ground cannot exceed +0.2 V if the full input signal

range of 999mVis required at terminal 11. That is, terminal 11 may not operate higher than 1.2

V positive with respect to ground or 0.2 V negative with respect to ground. If the maximum input

signal is less than 999 mV, the common-mode, input voltage may be raised accordingly.
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CA3162E
Circuit Description
The functional block diagram of the
CA3162E is shown in Fig. 1. The heart of
the system is the V/l converter and
reference-current generator. The V/l con-
verter converts the input voltage applied
between terminals 10 and 11 to a current
that charges the integrating capacitor on
terminal 12 for a predetermined time inter-
val. At the end of the charging interval,
the V/l converter is disconnected 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 CA3162E is supplied by
a 786-Hz ring oscillator, and the input at
terminal 6 determines the sampling rate.
A 5-V input provides a high-speed
sampling rate (96 Hz), and grounding or

floating terminal 6 provides a low-speed
(4 Hz) sampling rate. When terminal 6 is
fixed at + 1.2 V (by placing a 12 K resistor
between terminal 6 and the +5-V supply)
a "hold" feature is available. While the
CA3162E is in the hold mode, sampling
continues at 4 Hz but the display data are
latched to the last reading prior to the ap-
plication of the 1.2 V. Removal of the 1.2 V
restores continuous display changes.
Note, however, that the sampling rate re-
mains at 4 Hz.

Fig. 3 shows the timing of sampling and
digit select pulses for the high-speed
mode. Note that the basic A/D conversion
process requires approximately 5 ms in

both modes.

The "EEF." or "-" displays indicate that
the range of the system has been
exceeded in the positive or negative direc-
tion, respectively. Negative voltages to
—99 mV are displayed with the minus
sign in the MSD. The BCD code is 1010 for

a negative overrange (---) and 1011 for a
positive overrange (EEE).

FAIHCHILD FND507 0R EQUIVALENT

Fig. 2— Basic digital readout system using the CA3162E and the CA3161E.
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D ata Conversion Circuits

CA3162E

TERM i

I J

»«^_

I :

-^J j^^ i
j

s -2

--| i i i

! ! I I

t__ii

I , I :h

f H
i—

i

I }'

I

2m«/DIVISION
92CS-304I3RI

Fig. 3—High speed mode timing diagram.

CA3162E Liquid crystal Display (LCD)

Application

Fig. 4 shows the CA3162E in a typical

LCD application. LCD's may be used in

favor of LED displays in applications re-

quiring lower power dissipation, such as
battery-operated equipment, or when
visibility in high-ambient-light conditions

is desired.

Multiplexing of LCD digits is not prac-

tical, 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

GI-G6CD4049UB
HEX INVERTER

G7-G8CD40IIUB
QUAD 2-INPUT NAND

92CL- 3IOI6

Fig. 4— Typical LCD application.

311



Linear Integrated Circuits

CA3162E
and require pull-up resistors to interface
the open-collector outputs of the
CA3162E to COS/MOS logic. The BCD
outputs of the CA3162E may be con-
nected 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 overlaod indicator (E) as
an "H".

CA3162E Common-Cathode, LED Display
Application
Fig. 5 shows the CA3162E connected to a
CD4511B decode/driver to operate a
common-cathode LED display. Unlike the
CA3161E, the CD4511B remains blank for
all BCD codes greater than nine. After 999
mV the display blanks rather than display-
ing EEE, as with the CA3161E. When

displaying negative voltage, the first digit
remains blank instead of (— ), and during
a negative or positive overrange the
display blanks.

The additional logic shown within the dot-
ted area of Fig. 5 restores the negative
sign (— ), allowing the display of negative
numbers as low as —99 mV. Negative
overrange is indicated by a negative sign
(— ) in the MSD position. The rest of the
display is blanked. During a positive over-
range, only segment b of the MSD is

displayed. One inverter from the CD4049B
is used to operate the decimal points. By
connecting the inverter input to either the
MSD or NSD line either DP1 or DP2 will be
displayed. Fig. 7 shows the P.C. board
and component placement.

Fig. 5— Typical common-cathode LED application.
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CA3162E

92CS-32692

o-o-o-o-o- rO-O-O-O-Oi

•"O-O-O-O-O-1

ODP

o-o-o-o-o-o-o-o

5 IC I

o-o-o-o-o-o-o-o

OV-

OV+

i-o-o-o-o-On r""^

T2

ODP ODP 9"^P

i"::isn^H
H> Vo

IC 2
in r^—»iIN

R2

CoZ:
® n to

!

92CS- 32693

Fig. 6—P.C. board* template (actual size ±3%) and component layout

guide for circuit shown in Fig. 2.

*P.C. board courtesy ETS. Velleman P.V.B.A., St. Amandsberg, Belgium

313



Linear Integrated Circuits

CA3162E

92CS-32691

p-o-o-ooo-o-o

{ CD4050

o-o-o-o-o-o-o-<

»

o o

OH l.2K~l—

O

<H I flK I—

o

92CS-32694

Fig. 7—P.C. board template (actual size ±3%) and component layout

guide for circuit shown in Fig. 5.
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Data Conversion Circuits

CA3162E

Dimensions and pad layout for

the CA3162H Chip.

12 464-2 667)

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).

The photographs and dimensions of each

Linear 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 mils (0.17 mm) larger

in both dimensions.
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CA3300

18-LEAD DUAL-IN-LINE
SIDE-BRAZED

CERAMIC PACKAGE H-1910

CMOS Video Speed 6-Bit Flash
Analog-to-Digital Converter
For Use in Low-Power Consumption, High-Speed
Digitization Applications

FEATURES:
CMOS low power with speed
Parallel conversion technique

u 15-MHz sampling rate (66-ns conversion time)

m 6-bit latched 3-state output with overflow bit

±y2 LSB accuracy

Single supply voltage (3 to 10 V)

a 2 units in series allow 7-bit output

2 units in parallel allow 30-MHz sampling rate

Internal VREF with ext VREF option

The RCA-CA3300 is a CMOS 50-mW parallel (FLASH)
analog-to-digital converter designed for applications
demanding both low-power consumption and high-speed
digitization.

The CA3300 operates over a wide full-scale input-voltage
range of 2.4 volts up to the dc supply voltage with maximum
power consumptions as low as 50 to 200 mW, depending
upon the clock frequency selected. When operated from a
5-volt supply at a clock frequency of 1 1 MHz, the power
consumption of the CA3300 is less than 50 mW. When
operated from an 8-volt supply at a frequency of 1 5 MHz, the

power consumption is less than 150 mW.

The intrinsic high conversion rate makes the CA3300
ideally suited for digitizing high-speed signals. The
overflow bit makes possible the connection of two or more
CA3300S in series to increase the resolution of the
conversion system. A series connection of two CA3300s
may be used to produce a 7-bit high-speed converter.

Operation of two CA3300s in parallel doubles the
conversion speed (i.e., increases the sampling rate from 15

to 30 MHz). CA3300s in parallel may be combined with a

high-speed 6-bit D/A converter, a binary adder, control

logic, and an op amp to form a very high-speed A/D
converter.

Sixty-four paralleled auto-balanced voltage comparators
measure the input voltage with respect to a known
reference to produce the parallel-bit outputs in the CA3300.
Sixty-three comparators are required to quantize all input

voltage levels in this 6-bit converter, and the additional

comparator is required for the overflow bit.

The CA3300 type is available in an 18-lead dual-in-line

ceramic package (D suffix) or in chip form (H suffix).

APPLICATIONS
The CA3300 is especially suited for high-speed
conversion applications where low power is

also important

m TV video digitizing (industrial/security)

m High-speed AID conversion

m Ultrasound signature analysis

m Transient signal analysis

m High-energy physics research

High-speed oscilloscope storage/display

General-purpose hybrid ADCs
m Optical character recognition

m Radar pulse analysis

Motion signature analysis

TOP VIEW

(MSB) B6 I I8 B5

OVERFLOW 2 17 B4

vss — 3 16 REF. CENTER

V Z 4 15 B3

CE2 5 14 B2

CEI 6 13 Bl (LSB)

CLK 7 12 — VDD

PHASE e II V| N
REF + 9 (0 REF-

92CS-32263RI

TERMINAL ASSIGNMENT

316



Data Conversion Circuits

CA3300

ELECTRICAL CHARACTERISTICS

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS

MIN. TYP. MAX.

Resolution — — 6 Bits

Linearity Error
VDD=8 V, Vref=7.68 V

CLK=15 MHz, gain adjusted
- ±0.5 ±0.8

LSBDifferential Linearity Error
VDD=8, VREF=7.68 V

CLK=15 MHz
- ±0.5 ±0.8

Quantizing Error -1/2 — 1/2

Analog Input:

Full Scale Range

Input Capacitance
Input Current

VDD=8 V

CLK=15 MHz 2.4

50

600

VDD
+0.5

1000

V

PF

Gain Temperature Coefficient VDD=8 V, CLK=15MHz — 0.016 — LSB/°C

Maximum Conversion Speed
VDD=5 V

VDD=8 V 15M

12M

19M
SPS

Device Current

(Excludes Iref> 'z)

Vdd=5 V (CLK=11 MHz)

Vdd=8 V (CLK=15 MHz)

Vdd=5 V (Auto Balance State)

Vdd=8 V (Auto Balance State)

-
7

22

6.4

24

16

40

mA

Ladder Impedance 1000 1400 1800 O
Digital Inputs:

Low Voltage

High Voltage

Input Current

VDD=5 V

VDD=8 V

VDD=5 V

VDD=8 V

VDD=8 V

3.5

5.5

±1

1.5

2.5

V

V

V

V

//A

Digital Outputs:

Output Low

(Sink) Current

Output High

(Source) Current

VDD=5 V, Vo=0.4 V

VDD=8 V, Vo=0.5

VDD=5 V, V =4.6 V

VDD=8 V, V =7.5 V

1.6

3.2

-0.8

-1.6

10

15

6

9

-
mA

Zener Voltage

Zener Dynamic Impedance

Zener Temperature Coefficient

lz=10 mA
lz=10 mA

6.2 6.8

10

0.5

7.4

30

V

n
mV/°C

Digital Output Delay, t^j VDD=8 V — 20 —
ns

Aperture Time VDD=8 V — 25 —
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VDD

VlN

9 —VW
i - 2

'^4-0-

REF
CENTER

'VW i
R/2

•l

I
I

I
I

• I

h-H>

4n ! r-^i

44

«-H>

U

ii-H>

i

—<8h

COMPARATOR
LATCHES

AND
ENCODER
LOGIC

D

CL

D Q

CL

D

CL

D Q

CL

CL

D

CL

TT-T H>—

*

B
2 (SAMPLE UNKNOWN)

I
(AUTO BALANCE)

ZENER
OIODE

6-8 NOMINAL

O-H OVER-
FLOW

:=OH3

'=0-0

FCM3

:=OHH

;^^]

:=t>—Dsl BI(LSB)

Y-^r

Lrj-<<l-0-

—<M—<h-
-vss

El 92CL- 34243

F/g. 1 - Block diagram for the CA3300.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE RANGE (VDD )

(VOLTAGE REFERENCED TO VSS TERMINAL) -0.5 to 10 V

INPUT VOLTAGE RANGE
ALL INPUTS EXCEPT ZENER (PIN 4) -0.5 to VDD +0.5 V

DC INPUT CURRENT
CLK, PH, CEl", CE2, V| N ±10 mA

POWER DISSIPATION PER PACKAGE (PD )

FOR TA = -40 to 55°C 315 mW
FOR Ta = 55°C to 85°C Derate linearly at 3.3 mW/°C

TEMPERATURE RANGE
OPERATING -40 to +85°C

STORAGE -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING)

AT DISTANCE 1/16 ± 1/32 in. (1.59 ±0.79 mm) FROM CASE FOR 10 s MAX +265°C
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(a)

?s° latched"
DATA

/ DATA ls SHIFTED
lb LATCHED / jo OUTPUT REGISTERS

CA3300

,*2 *'

OUTPUT OLD DATA

*2

H
> ( NEW [

(•-33 ns

PULSE-MODE OPERATION
WITH* 2 AS STANDBY STATE
AND PHASE CONTROL (PIN 8) LOW
(FASTEST METHOD)

(b)

COMPARATOR
DATA IS LATCHED^ rR-^.'S SHIFTED

\ \ TO OUTPUT REGISTERS
SAMPLE\\ SAMPLE

l
V X(1 + 1lx

CLOCK * 1

PULSES
PULSE- MODE OPERATION
WITH +1 AS STANDBY STATE
AND PHASE CONTROL (PIN 81HIGH
(INDEFINITE STANDBY STATE)

(C)

Fig. 2 - Timing diagrams for the CA3300.
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Fig. 3 - Typical current drain versus sampling rate

as a function of supply voltage.
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Fig. 7 - Typical input current versus input voltage

as a function of supply voltage.
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Fig. 9 - Typical gain error versus sample rate as a function

of supply voltage. (See literature for gain trim.)
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(Above curve includes ladder dissipation but not the

zener dissipation.)
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Fig. 6 - Typical offset error versus sample rate as a function

of supply voltage. (See literature for offset trim.)
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as a function of supply voltage.
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Fig. 1 1 - Typical linearity versus reference voltage

as a function of supply voltage.

Device Operation

A sequential parallel technique is used by the CA3300

converter to obtain its high-speed operation. The sequence
consists of the "Auto Balance" phase, 01, and the "Sample

Unknown" phase 02. (Refer to the circuit diagram.) Each

conversion takes one clock cycle.* With the phase control

(pin 8) low, the "Auto Balance" (01 ) occurs during the High

period of the clock cycle, and the "Sample Unknown" (02)

occurs during the low period of the clock cycle.

During the "Auto Balance" phase, a transmission switch is

used to connect each of 64 commutating capacitors to their

associated ladder reference tap. Those tap voltages will be

as follows:

'tap (N)4vREF/64) x n]-{vr E f/(2 x 64^]

,VREF[(2N-1)/128]

Where: Vtap(n)=reference ladder tap voltage at point n.

vREF=volta9e across R~ to R+
N=tap number (1 through 64)

The other side of the capacitor is connected to a single

stage amplifier whose output is shorted to its input by a

switch. This biases the amplifier at its intrinsic trip point,

which is approximately,(VDD^vSS)/2.The capacitors now
charge to their associated tap voltages, priming the circuit

for the next phase.

In the "Sample Unknown" phase, all ladder tap switches are

opened, the comparator amplifiers are no longer shorted,

and V|N is switch to all 64 capacitors. Sincethe other end of

the capacitor is now looking into an effectively open circuit,

any voltage that differs from the previous tap voltage will

appear as a voltage shift at the comparator amplifiers. All

comparators with tap voltages greater than V|n will drive

the comparator outputs to a "low" state, all comparators

with tap voltage lower than V|n will drive the comparator

outputs to a "high" state.

Data Conversion Circuits
"~~~~~~~"

CA3300
The status of all these comparator amplifiers are stored at

the end of this phase (02), by a secondary latching amplifier

stage. Once latched, the status of the 64 comparators is

decoded by a 64 to 7 bit decode array and the results are

clocked into a storage register at the rising edge of the next

02.

A 3-state buffer is used at the output of the 7 storage

registers which are controlled by two chip-enable signals.

CE1 will independently disable B1 through B6 when it is in a

high state. CE2 will independently disable B1 through B6

and the OF buffers when it is in the low state.

To facilitate usage of this device a phase control input is

provided which can effectively complement the clock as it

enters the chip. Also, an onboard zener is provided for use

as a reference voltage.

Continuous Clock Operation

One complete conversion cycle can be traced through the

CA3300 via the following steps. (Refer to timing diagram

Fig. 2a.) With the phase control in a 'High' state, the rising

edge of the clock input will start a "sample" phase. During

this entire 'High' state of the clock, the 64 comparators will

track the input voltage and the 64 latches will track the

comparator outputs. At the falling edge of the clock, all 64

comparator outputs are captured by the 64 latches. This

ends the "sample" phase and starts the "auto balance"

phase for the comparators. During this 'Low' state of the

clock the output of the latches propagates through the

decode array and a 7-bit code appears at the D inputs of the

output registers. On the next rising edge of the clock, this 7-

bit code is shifted into the output registers and appears with

time delay td as valid data at the output of the 3-state

drivers. This also marks the start of a new "sample" phase,

thereby repeating the conversion process for this next

cycle.

Pulse Mode Operation

For sampling high-speed nonrecurrent or transient data,

the converter may be operated in a pulse mode in one of two

ways. The fastest method is to keep the converter in the

Sample Unknown phase, 02, during the standby state. The

device can now be pulsed through the Auto Balance phase

with as little as 33 ns. The analog value is captured on the

leading edge of 01 and is transferred into the output

registers on the trailing edge of 01 . We are now back in the

standby state, 02, and another conversion can be started

within 33 ns, but not later than 10 /us due to the eventual

droop of the commutating capacitors. Another advantage

of this method is that it has the potential of having the lowest

power drain. The larger the time ratio between 02 and 01,

the lower the power consumption. (See timing diagram Fig.

2b.)

The second method uses the Auto Balance phase, 01 , as the

standby state. In this state the converter can stay

indefinitely waiting to start a conversion. A conversion is

performed by strobing the clock input with two 02 pulses.

The first pulse starts a Sample Unknown phase and

captures the analog value in the comparator latches on the

trailing edge. A second 02 pulse is needed to transfer the

data into the output registers. This occurs on the leading

edge of the second pulse. The conversion now takes place

in 67 ns, but the repetition rate may be as slow as desired.

The disadvantage to this method is the higher device

dissipation due to the low ratio of 02 to 01. (See timing

diagram Fig. 2c.)

*This device requires only a single phase clock. The terminology of

01 and 4>2 refers to the High and Low periods of the same clock.

Increased Accuracy
In most cases the accuracy of the CA3300 should be
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sufficient without any adjustments. In applications where
accuracy is of utmost importance, three adjustments can be
made to obtain better accuracy; i.e., offset trim, gain trim,

and midpoint trim.

Offset Trim
In general offset correction can be done in the preamp
circuitry by introducing a DC shift to V|n or by the offset

trim of the op-amp. When this is not possible the R" (pin 1 0)

input can be adjusted to produce an offset trim. The
theoretical input voltage to produce the first transition is V2

LSB. The equation is as follows:

V|N (0 to 1 transition) = V2 LSB = 1/s(VREF/64)

= VREF/128

If V|n for the first transition is less than the theoretical, then

a single-turn 50-ohm pot connected between R~ and
ground will accomplish the adjustment. Set V|n to V2 LSB
and trim the pot until the to 1 transition occurs.

If V|n for the first transition is greater than the theoretical,

then the 50-ohm pot should be connected between R" and a

negative voltage of about 2 LSB's. The trim procedure is as

stated previously.

Gain Trim
In general the gain trim can also be done in the preamp
circuitry by introducing a gain adjustment for the op-amp.
When this is not possible, then a gain adjustment circuit

should be made to adjust the reference voltage. To perform

this trim, V|n should be set to the 63 to overflow transition.

That voltage is
1
/2 LSB less than VREF and is calculated as

follows:

V )N (63 to 64 transition) = VREF -VREF/128

= VREF (127/128)

To perform the gain trim, first do the offset trim and then

apply the required V|n for the 63 tooverflow transition. NoW
adjust VREF until that transition occurs on the outputs.

Midpoint Trim
The reference center (RC), pin 16, is available to the user as

the approximate midpoint of the resistor ladder. The actual

count that is brought out is count 33. To trim the midpoint
the offset and gain trims should be done first. The
theoretical transition from count 32 to 33 occurs at 32Vi
LSB's. That voltage is as follows:

V|N (32 to 33 transition) = 32.5 (VREF/64)

An adjustable voltage follower can be connected to the RC
pin or a 2K pot can be connected between R+ and R~ with
the wiper connected to RC. Set V|n to the 32 to 33 transition
voltage, then adjust the voltage follower or the pot until the
transition occurs on the output bits.

The Reference Center point can also be used to create
some unique transfer functions. For example, if R~ is

grounded, RC is connected to 3.25 volts, and R+ is

connected to 4.8 volts then the lower order counts, 1

through 33, will have an LSB value of 100 mV while the
upper order counts, 34 through Overflow, will have an LSB
value of 50 mV. This effectively provides twice the
sensitivity in the upper counts as compared to the lower
counts.

7-Bit Resolution
To obtain 7-bit resolution, two CA3300S can be wired
together. Necessary ingredients include an open-ended
ladder network, an overflow indicator, three-state outputs,

and chip-enabler controls—all of which are available on the

CA3300.

The first step for connecting a 7-bit circuit is to totem-pole
the ladder networks, as illustrated in Fig. 13. Since the
absolute resistance value of each ladder may vary, external

trim of the mid-reference voltage may be required.

The overflow output of the lower device now becomes the

seventh bit. When it goes high, all counts must come from
the upper device. When it goes low, all counts must come
from the lower device. This is done simply by connecting
the lower overflow signal to the CE1 control of the lower a-d
converter and the CE2 control of the upper a-d converter.

The three-state outputs of the two devices (bits 1 through 6)

are now connected in parallel to complete the circuitry. The
complete circuit for a 7-bit a-d converter is shown in Fig. 1 4.

O-t-vw

CLOCK
_n_n_n_n_-

X*

r>
7£+

1 86 B5 18

C A 3300
2 OF B4 17

3VSS

4VZ
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7CLK

8 PH

RC 16

B3 IS

B2 14

Bl 13

9 REF+ REF-K

O.I^F

a:

U OF
+-B6

+ B3
B2

-Bl.

DATA
OUTPUT

J-Q2 J;| (

n SIGNAL
INPUT

92CS-34234

Fig. 12 - Typical CA3300 6-bit configuration 15-MHz sampling rate.
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Fig. 13 - Typical CA3300 7-bit resolution configuration 15-MHz sampling rate.

323



Linear Integrated Circuits

CA3300

_L7

-TLTLTU
_L7>

_LT>

1 B6 B5 18

2 OF B4 17

CA3300

RC 16

3VSS

4 VZ B3 15

5 CE2 B2 14

6CET Bl 13

7CLK VDD I2

8PH V)N II

9 REFt REF-IO

1 1
~p0.2MF -plOMF

V+
-o

1

J?

o

v+
O H8PH

X

I B6 B5 18

20F B4 17

CA3300
3VSS RCI6

4VZ

5 CE2 B3 15

6 CEi 62 14

7CLK Bl 13

VbD'2

X

V|N II

» 9 REFt REF-IO

:0.2^F

. DATA
> OUTPUT

fSIGNAL
INPUT

92CM- 34236

Fig. 14 - Typical CA3300 6-bit resolution configuration

30-MHz sampling rate.

8-Bit to 12-Blt Conversion Techniques
To obtain 8 tq 12-bit resolution and accuracy, use a feed-
forward conversion technique. Two a-d converters will be
needed to convert up to 1 1 bits; three a-d converters to

convert 12 bits. The high speed of the CA3300 allows 12-bit

conversions in the 500 to 900-ns range.

The circuit diagram of a high-speed 12-bit a-d converter is

shown in Fig. 15. In the feed-forward conversion method
two sequential conversions are made. Converter A first

does a coarse conversion to 6 bits. The output is applied to a

6-bit d-a converter whose accuracy level is good to 12 bits.

The d-a converter output is then subtracted from the input

voltage, multiplied by 32, and then converted by a second
flash a-d converter, which is connected in a 7-bit

configuration. The answers from the first and second
conversions are added together with bit 1 of the first

conversion overlapping bit 7 of the second conversion.

When using this method, take care that:

The linearity of the,first converter is better than V6 LSB.
An offset bias of 1 LSB (1/64) is subtracted from thefirst

conversion since the second converter is unipolar.

The d-a converter and its reference are accurate to the

total number of bits desired for the final conversion (the

a-d converter need only be accurate to 6 bits).

The first converter can be offset-biased by adding a

20-fi resistor at the bottom of the ladder and increasing

the reference voltage by 1 LSB. If a 6.40-voltage

reference is used in the system, for example, then the

first CA3300 will require a 6.5-V reference.
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S/H,V, N

I

*X32

#1
6 BIT

FLASH
ADC

#2
6 BIT

FLASH
ADC

#3
6 BIT

FLASH
ADC

CONTROL
LOGIC

lil*i

6 BIT DAC

( 12 BIT ACCURACY)

B6 +

B5+0
B4+
B3+
B2+
B I + B7 12 BIT

-OUTPUT
DATA

92CM-34237

Fig. 15 - Typical CA3300 800-nanosecond 12-bit ADC system.
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Fig. 16 - TTL interface circuit for Vqq >5.5 volts.
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CODE DESCRIPTION

ZERO
1 LSB
2LSB

1

/2 Full Scale — 1 LSB
1

/2 Full Scale
1

/2 Full Scale +1 LSB

Ful Scale — 1 LSB
Full Scale

Overflow

OUTPUT CODE TABLE

INPUT VOLTAGE*
VREF VREF VREF VREF
7.68 6.40 5.12 3.20

(VOLTS) (VOLTS) (VOLTS) (VOLTS

0.00

0.12

0.24

7.44

7.56

7.68

0.00

0.10

0.20

0.00

0.08

0.16

0.00

0.05

0.10

BINARY
OUTPUT CODE

(LSB)
0.F B6 B5 B4 B3 B2 B1

3.72 3.10 2.48 1.55

3.84 3.20 2.56 1.60

3.96 3.30 2.64 1.65

6.20

6.30

6.40

4.96

5.04

5.12

3.10

3.15

3.20

1

10

11111
10
10 1

DECIMAL
COUNT

31

32

33

62

1 63

1 127

*THE VOLTAGES LISTED BELOW ARE THE IDEAL CENTERS OF EACH OUTPUT CODE SHOWN AS A FUNCTION OF ITS ASSOCIATER
REFERENCE VOLTAGE.

92-IOO
(2.337-2.540)

(3.I50-3.352)

Dimensions and pad layout for CA3300H.

92CM-33324

Dimensions in parentheses are in millimeters and are derived
from the basic inch dimensions as indicated. Grid graduations
are in mils (70

-3
inch).

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 of90° with

respect to the face of the chip. Therefore, the isolated chip is

actually 7 mils (0.17 mm) larger in both dimensions.

326



Data Conversion Circuits

(D) SUFFIX
24-Lead Dual-ln-Llne

Side-Brazed Ceramic Package

CA3308

CMOS Video Speed 8-Bit Flash

Analog-to-Digital Converter

For Use in Low-Power Consumption,
High-Speed Digitization Applications

Features:

CMOS low power with SOS speed
Parallel conversion technique

15-MHz sampling rate (66-ns conversion time)

8-bit latched 3-state output with overflow bit

± 1
/2 LSB accuracy (typ.)

Single supply voltage (4to8V)
2 units in series allow 9-bit output

2 units in parallel allow 30-MHz sampling rate

The RCA CA3308* is a CMOS 240-mW parallel (FLASH)

analog-to-digital converter designed for applications de-

manding both low-power consumption and high-speed

digitization.

The CA3308 operates over a wide full-scale input-voltage

range of 4 volts up to 8 volts with maximum power

consumptions as low as 240 mW, depending upon the clock

frequency selected. When operated from a 5-volt supply at a

clock frequency of 15 MHz, the power consumption of the

CA3308 is typically 240 mW.

The intrinsic high conversion rate makes the CA3308
ideally suited fordigitizing high-speed signals. The overflow

bit makes possible the connection of two or more CA3308s
in series to increase the resolution of the conversion system.

A series connection of two CA3308s may be used to

produce a 9-bit high-speed converter. Operation of two
CA3308s in parallel doubles the conversion speed (i.e.,

increases the sampling rate from 15 to 30 MHz). CA3308s
may be combined with a high-speed 8-bit D/A converter, a

binary adder, control logic, and an op amp to form a very

high-speed 15-bit A/D converter.

256 paralleled auto-balanced voltage comparators measure
the input voltage with respect to a known reference to

produce the parallel-bit outputs in the CA3308.

255 comparators are required to quantize all input voltage

levels in this 8-bit converter, and the additional comparator
is required for the overflow bit.

The voltage supply for analog circuitry is termed Vaa ar|d

AGND. The voltage supply for digital circuitry is termed

Vqd and VSS-

The CA3308 type is available in a 24-lead dual-in-line

ceramic package (D suffix).

Applications:

The CA3308 is especially suited for high-speed con-

version applications where low power is also important

m TV video digitizing (industrial/security/broadcast)

m High-speed AID conversion

m Ultrasound signature analysis

Transient signal analysis

m High-energy physics research

High-speed oscilloscope storage/display

General-purpose hybrid ADCs
Optical character recognition

Radar pulse analysis

Motion signature analysis

pP data acquisition systems

( TOP

1

VIEW)

(LSB) et — 24 VAA (ANALOG SUPPLY)

B2 2 23 3/4 R

B3 3 22 -t-R

B4 4 21 V|N

B5 5 20 1/2R

B6 6 19 PHASE

B7 7 18 CLK

(MSB) B8 8 17 AGND (ANALOG GROUND)

OVERFLOW 9 16 — V,N
1/4 R 10 15 R

(DIGITAL GROUND) Vss 11 14 CEI

(DIGITAL SUPPLY) VDD 12 13 'CE2

92CS- 34789

• Formerly Developmental Type No. TA11279. TERMINAL ASSIGNMENT
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Linear Integrated Circuits

CA3308
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE RANGE (VDD AND VAA )

(VOLTAGE REFERENCED TO VSS TERMINAL) -0.5 to +8 V
INPUT VOLTAGE RANGE
ALL INpUTS -0.5to VDD +0.5V

DC INPUT CURRENT

CLK, PH, CE1, CE2, V,N ±10 mA
POWER DISSIPATION PER PACKAGE (PD )

FOR TA=-40 to 55°C 315 mW
FOR TA=55°C to 85°C Derate linearly at 3.3 mW/°C

TEMPERATURE RANGE
OPERATING _40to +85o C
STORAGE -65to+150°C

LEAD TEMPERATURE (DURING SOLDERING)

AT DISTANCE 1/16 ± 1/32 in. (1.59 ± 0.79 mm) FROM CASE FOR 10 s MAX +265°C

>. _f77l DIGITAL
Vdd*t1£J supply

SUPPLY

VlN©

3/4 REF te3

9 OVERFLOW

BIT 8 (MSB)

ANALOG
6RQUN0p7|—»AGN0

92CM-34S23R2

vss-HiDg^^

Fig. 1-Block diagram tor the CA3308.
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Data Conversion Circuits

CA3308
ELECTRICAL CHARACTERISTICS

CHARACTERISTIC
TEST CONDITIONS

vaa = vDD

LIMITS
UNITS

MIN. TYP. MAX.

Resolution — — 8 Bits

Linearity Error
VDD=5V,Vref=6.4V
CLK=15 MHz, gain adjusted

- -
±1 (CA3308D)

Differential Linearity Error
VdD=5Vref=6.4V
CLK=15 MHz

- -
±1 (CA3308D)

Quantizing Error _y2 — Vz LSB

Analog Input:

Full Scale Range

Input Capacitance

Input Current

VDD=5 V

CLK=15 MHz

V|N=6.4V

4

50

1000

8

2000

V

pF

Maximum Conversion Speed VDD=5 V 15 M 17M — SPS

Device Current (Excludes Iref) VdD=5V(CLK=15MHz) — 30 — mA

Ladder Impedance 300 600 900 n

Digital Inputs:

Low Voltage

High Voltage

Input Current (Except Pin 18)

VDD=5 V 3.5

±1

1.5 V

V

Digital Outputs:

Output Low (Sink) Current

Output High (Source) Current

VdD=5 V, Vo=0.4 V

Vdd=5 V, V =4.6 V

3.2

1.6

10

-6

-
mA

Digital Output Delay, td VDD=5 V — 25 — ns

8I-»B8 a
F

PHASE
(PIN 19)

COMPARATOR DATA
IS LATCHED

/ AUTO \ SAMPLE / AU
/ BALANCE \ 3 / BAL

AUTO
ANCE

X DATA VALID
O X DATA VALID X OATA VALID

2

DATA IS SHIFTED
'INTO OUTPUT REGISTERS

92CM-34242RI

Fig. 2-Timing diagram for the CA3308.
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CA3308

DIGITAL OUTPUT -

+3 VOLTS

4

(OIQITAL SUPPLY)

<H^i

•*- 5 VOLTS (ANALOG SUPPLY)

6.4 VOLTS (REFERENCE VOLTAGE)

INPUT SIGNAL
"MUSE LH 0033 OR EQUIVALENT)

-TLnjrL
CLOCK

REFERENCE bRIVER CIRCUIT .

2. A GROUND AND D GROUND MUST BE
CONNECTED TO EACH OTHER
NEAR THE CHIP.

3 VAA » + 6V WILL IMPROVE LINEARITY

Fig. 3-Typical circuit configuration for the CA3308.
(15-MHz sampling rate)

92CM- 546I8R2

AND I/4 V,

3/4 VRFF (PIN23

I. ALL RESISTORS ARE 5% I/8WATT

2 ALL POTS ARE MULTITURN
3 ALL CAPACITORS ARE CERAMIC

DISC, 50 VWQC
4 U1 = CAI24 QUAD OP- AMP
5 ADJUST V REF FIRST (GAINTRIM)

THEN ADJUST I /2 VREF , 3/4VREF
'"'"

'
'" VREF POINTS.

1/2 VREF (PIN20)

•- l/4V RFF (PIN 10)

92CM-34790

Fig. 4-Reference driver circuit.

(Use for maximum linearity)
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Data Conversion Circuits

CA3308
Device Operation

A sequential parallel technique is used by the CA3308

converter to obtain its high-speed operation. The sequence

consists of the "Auto Balance" phase, 01 , and the "Sample

Unknown" phase 02. (Refer to the circuit diagram.) Each

conversion takes one clock cycle.* With the phase control

(pin 8) high, the "Auto Balance" (01 ) occursduring the High

period of the clock cycle, and the "Sample Unknown" (02)

occurs during the low period of the clock cycle.

During the "Auto Balance" phase, a transmission switch is

used to connect each of the first set of 256 commutating

capacitors to their associated ladder reference tap. Those

tap voltages will be as follows:

Vtap (N)=[(N/256) VrefH(1/512) VRE p]

=[(2N-1/512]VrEF

Where:

Vtap (n)=reference ladder tap voltage at point n.

VREF=voltage across —REF to +REF

N=tap number (1 through 256)

The other side of these capacitors are connected to single

stage amplifiers whose outputs are shorted to their inputs

by switches. This balances the amplifiers at their intrinsic

trip points, which is approximately, Vod~"vSS/2- Tne first

set of capacitors now charge to their associated tap

voltages.

At the same time a second set of commutating capacitors

and amplifiers are also auto-balanced. The balancing of the

second stage amplifier at its intrinsic trip point removes any

tracking differences between the first and second amplifier

stages. The cascaded auto-balance (CAB) technique, used

here, increases comparator sensitivity and temperature

tracking.

In the "Sample Unknown" phase, all ladder tap switches

and comparator shorting switches are opened. At the same

time Vjn is switched to the first set of commutating

'This device requires only a single phase clock. The terminology of

01 and 02 refers to the High and Low periods of the same clock.

capacitors. Since the other end of the capacitors are now

looking into an effectively open circuit, any input voltage

that differs from the previous tap voltage will appear as a

voltage shift at the comparator amplifiers. All comparators

that had tap voltages greater than Vj n will go to a "low" state

at their outputs. All comparators that had tap voltages

lower than Vj n will go to a "high" state.

The status of all these comparator amplifiers are ac

coupled through the second stage comparator and stored

at the end of this phase (02), by a latching amplifier stage.

Once latched, the status of the comparators are decoded

by a 256 to 9-bit decode array and the results are clocked

into a storage register at the rising edge of the next 02.

A 3-state buffer is used at the output of the 9 storage

registers which are controlled by two chip-enable signals.

CE1 will independently disable B1 through B8 when it is in a

high state. CE2 will independently disable B1 through B8

and the OF buffers when it is in the low state.

To facilitate usage of this device a phase control input is

provided which can effectively complement the clock as it

enters the chip.

Continuous Clock Operation

One complete conversion cycle can be traced through the

CA3308 via the following steps. (Refer to timing diagram

No. 1.) With the phase control in a "low" state, the rising

edge of the clock input will start a "sample" phase. During

this entire "high" state of the clock, the comparators will

track the input voltage and the latches will track the

comparator outputs. At the falling edge of the clock, all 256

comparator outputs are captured by the 256 latches. This

ends the "sample" phase and starts the "auto balance"

phase for the comparators. During this "low" state of the

clock the output of the latches propagates through the

decode array and a 9-bit code appears at the D inputs of the

output registers. On the next rising edge of the clock, this

9-bit code is shifted into the output registers and appears

with time delay td as valid data at the output of the 3-state

drivers. This also marks the start of a new "sample" phase,

thereby repeating the conversion process for this next

cycle.

OPERATING AND HANDLING CONSIDERATIONS

1. Handling
All inputs and outputs of RCA CMOS devices have a

network for electrostatic protection during handling.

Recommended handling practices for CMOS devices

are described in ICAN-6525 "Guide to Better Handling

and Operation of CMOS Integrated Circuits."

2. Operating
Operating Voltage

During operation near the maximum supply voltage

limit, care should be taken to avoid or suppress power

supply turn-on and turn-off transients, power supply

ripple, or ground noise; any of these conditions must

not causeVdd—VSS to exceed the absolute maximum
rating.

Input Signals

To prevent damage to the input protection circuit,

input signals should never be greater than Vqd nor

less than Vss- Input currents must not exceed 10 mA
even when the power supply is off.

Unused Inputs

A connection must be provided at every input terminal.

All unused input terminals must be connected to either

Vqd or VSS. whichever is appropriate.

Output Short Circuits

Shorting of outputs to Vqd or VSS mav damage CMOS
devices by exceeding the maximum device dissipation.
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CA3081,CA3082 Types

4&
16-Lead Dual-ln-Line

Frit-Seal (Hermetic)

Package

16-Lead Dual-ln-Line

Plastic Package

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-
collector [CA3082] configuration

m High lc: 100 mA max.
m Low Vce sat (at 50 mA): 0.4 V typ.

RCA-CA3081 and CA3082 consist of seven high-current (to

100 mA) silicon n-p-n transistors on a common monolithic
substrate. The CA3081 is connected in a common-emitter
configuration and the CA3082 is connected in a common-
collector configuration.

The CA3081 and CA3082 are capable of directly driving
seven-segment displays, such as the RCA NUMITRON de-
vices (DR2000 and DR2010), and light-emitting diode (LED)
displays. These types are also well-suited for a variety of

Applications:

Drivers for:

- Incandescent display devices [e.g.

RCA NUMITRON DR2000 Series and
lamps]
-LED [e.g. RCA-40736R GaAs
High-Efficiency Emitting Diode]
- Relay control
- Thyristor firing

other drive applications, including relay control and thyris-

tor firing.

The CA3081 and CA3082 are supplied in a 16-lead dual-in-
line plastic package, and the CA3081F and CA3082F in a
16-lead dual-in-line frit-seal ceramic package, which in-

cludes a separate substrate connection for maximum flexi-

bility in circuit design. Both types are also available in chip
form.

O-

©-

@-

©-

D

CA308I

<D-

-©

-®
SUBSTRATE

@-

@-

-© ©-

<D ®-

XI.

^c:

r
u

(a)

COMMON-EMITTER CONFIGURATION

92CS-I7958

CA3082

"®

<D

-®
SUBSTRATE

<3>

<D

s^ I

(b)

COMMON-COLLECTOR CONFIGURATION

92CS-I79S7

Fig. 1 — Functional diagrams of types CA3081 and CA3062.
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Data Conversion Circuits
"" ~ ~ CA3081,CA3082 Types

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

Power Dissipation:

500 mW
Any one transistor

T J . . 750 mW
Total package &
Above 55°C Derate " nearly 667 ^^

Ambient Temperature Range:

Operating
-55to + 125 °C

Storage
..-65to + 150 °C

Lead Temperature (During Soldering):

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

from case for 10 seconds max •£DO

The following ratings apply for each transistor in the device:

Collector-to-Emitter Voltage (VCE0 >
16

Collector-to-Base Voltage (VCBq)
20 V

Collector-to-Substrate Voltage (Vc ,q)
20 V

Emitter-to-Base Voltage (VEBQ )
5 V

Collector Current (\ Q )

10° mA

Base Current (lg)
20 mA

* The collector of each transistor of the CA3081 and CA3082 is provide normal transistor action. To avoid un<|esired coupling

isolated from the substrate by an integral diode. The substrate must between transistors, the substrate terminal (5 should be maintained

be connected to a voltage which is more negative than any collector at either DC or signal (AC) ground. A su.table bypass capacitor can

voltage in order to maintain isolation between transistors and be used to establish a signal ground.

ELECTRICAL CHARACTERISTICS at TA = 25°C

CHARACTERISTIC SYMBOL

TEST CONDITIONS LIMITS

UNITS

Typ.

Char.

Curve

Min. Typ. Max.Fig. No.

Collector-to-Base Breakdown Voltage V(BR)CES l C =500/uA, lE = - 20 60 - V

Collector-to-Substrate Breakdown Voltage V(BR)CIO Id = 500/iA, Ie = 0, Ib = - 20 60 — V

Collector-to-Emitter Breakdown Voltage V(BR)CEO IC= 1 mA, Ib = - 16 24 - V

Emitter-to-Base Breakdown Voltage V(BR)EB0 IC = 500 jUA - 5 6.9 - V

DC Forward-Current Transfer Ratio hFE
VcE = 0.5 V, lc = 30 mA - 30 68 -

VcE = 0.8 V, lc= 50 mA - 40 70 -

Base-to-Emitter Saturation Voltage VBE sat Iq= 30 mA, Ib = 1 mA 3 - 0.87 1.0 V

Collector-to-Emitter Saturation Voltage:

CA3081 , CA3082
VCE sat

IC = 30 mA, Ib = 1 mA _ 0.27 0.5
V

CA3081 Iq = 50 mA, Ib = 5 mA 4 - 0.4 0.7

CA3082 le= 50 mA, Ib = 5 mA 4 - 0.4 0.8

Col lector-Cutoff-Current <CEO VcE = 10 V, Ib =o - - - 10 MA

Collector-Cutoff Current |lCBO VCB = 10 V, Ie =0 - - -
1 ma
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CA3081, CA3082 Types
TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR OF TYPES CA3081 AND CA3082

4 6 8 2 4 6
I IU

COLLECTOR MILLIAMPERES (I c )

92CS-I7959

I.O SET DC FORWARD-CURRENt'tr'aNSFER RATIO
AMBIENT TEMPERATURE (TA )=25°C

(h FE )=IO

z
o
t= 0.9
<
cc

C/l O
a:

^
Uj UJ

t>0.8
2 w

?s

< 0-7

0.6

2 A 6 e A 6 8

Fig.2-hpE vs. Iq

COLLECTOR MILLIAMPERES (I c )

FiQ-3~VBEsat vs. ic

COLLECTOR-TO-EMITTER

SATURATION

VOLTS

(VcEsat)

O

O

o

o

SET DC
AMBIEN

"0RWAR0-C
T TEMPER

URRE
4TURE

SIT T RA >JSFER RA7
5°C

IO(h FE )=

** -
tf

W^

4 6 8
|0

2

COLLECTOR MILLIAMPERES (Ic )

92CS-I796I

Fig.4-VCEsat vs. lC at TA =25°C.

TYPICAL READ-OUT DRIVER APPLICATIONS

I SEGMENT OF
INCANDESCENT DISPLAY

1 (RCA-DR2000 SERIES
OR EQUIVALENT)

l/7 CA308I
(COMMON EMITTER)

=" 92CS-I7963

Fig.6—Schematic diagram showing one transistor of

the CA3081 driving one segment of an incan-

descent display.

1.

2

<
a.

£-0.8

a
\L*£

t2o.e

?s
cr 0.4
o
H
UJ '

o 0-2
c_>

SET DC F

AMBIEN
ORWARD-C
T TEMPER

URRE
ATUR

NT 1

E (

RA
rA >

NSFER RA
= 70°C

TI0 (h FE ) = 10

m£rtJJJJJS

TYPICAL

1

2 4 ( i
1 T ! 4 6 8

COLLECTOR MILLIAMPERES (I c )

92C5- 17962

Fig.5-VcEsat vs. Icat TA = 70° C.

QV +

1/7 CA3082
(COMMON COLLECTOR)

LIGHT- EMITTING
DIODE (LED)
RCA-40736R

92CS-I7964

'THE RESISTANCE FOR R IS DETERMINED BY THE RELATIONSHIP

Vo-V D[
- -VEILED)

VF = FORWARD VOLTAGE
DROP ACROSS THE
DIODE

I (LED)

R = FOR Vp = V BE +VF (LED)

Fig.7—Schematic diagram showing one transistor of

the CA3082 driving a light-emitting diode

(LED).
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16-Lead Dual-ln-Line

Plastic Package

Data Conversion Circuits

CA3161E

BCD-to-Seven-Segment
Decoder/Driver

Features:

TTL-compatible input logic levels

25-mA [typ.] constant-current

segment outputs

Eliminates need for output current-

limiting resistors

Pin compatible with other industry

standard decoders

m Low standby power dissipation -

18 mW (typ.)

The RCA-CA3161E is a monolithic intergrated 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 CA31 61 E provides a

complete digital readout system with a minimum number of

external parts.

The CA3161 is supplied in the 16-lead dual-in-line plastic

package (E suffix). The CA3161 is also available in chip

form (H suffix).

*The CA3162E is described in RCA data bulletin File No.

1080.

SEGMENT
-DRIVER
OUTPUTS

92CS-30345RI

TERMINAL ASSIGNMENT
CA3161E

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE (between terminals 1 and 10)
+7

INPUT VOLTAGE (terminals 1 , 2, 6, 7)
+5 -5 v

OUTPUT VOLTAGE:

Output "Off"
+7 V

Output "On" (See note 1 )
+1 ° v

DEVICE DISSIPATION:

Up to TA = +55° C 1 W

Above TA = +55°C -derate linearly at 10.5 mW/°C

AMBIENT TEMPERATURE RANGE:

Operating ° t0 +75° 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

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.
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CA3161E
TRUTH TABLE

BINARY
STATE

INPUTS OUTPUTS
DISPLAY

23 22 21 2 a b c d e f 9

L L L L L L L L L L H

1 L L L H H L L H H H H
/

2 L L H L L L H L L H L 5
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 4
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 I. L L B
9 H L L H L L L L H L L S

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
" H H H H H H H H H H H BLANK
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Data Conversion Circuits

CA3161E

® a

--© b

© <=

--©
-~® •

--© *

--® •

SEGMENT
•DRIVER
OUTPUTS

92CM-30346RI
SEGMENT DRIVER

Fig. 1-Functional block diagram of the CA3161E.

ELECTRICAL CHARACTERISTICS at TA = 25°C

CHARACTERISTIC
LIMITS UNITS

Min. Typ. Max.

Supply Voltage Operating Range, V+ 4.5 5 5.5 V

Supply Current, l

+
(all inputs high) - 3.5 8 mA

Output Current Low (Vq = 2 V) 18 25 32 mA

Output Current High (VQ = 5.5 V) - - 250 MA

Input Voltage High (logic "1" level) 2 - - V

Input Voltage Low (logic "0" level)
- - 0,8 V

Input Current High (logic "1") 2 V -30 - - juA

Input Current Low (logic "0") V -40 - - MA

- 2.6 -
Ms

tPLH
- 1.4 -
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CA3161E

(2.007-2 209)
92CM-3I009

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 f10~3 inch).

Dimensions and pad layout for the CA3161H.

338



24-Lead Dual-ln-Line

Plastic Package

H-1855

Data Conversion Circuits

CA3168E

2-Digit BCD-to-7-Segment

Decoder/Driver

For Common-Anode LED Displays

Features ,.,,••
Separate BCD inputs and segment outputs for each digit

m Input loading less than 15 f/A

m PL logic with buffered inputs and outputs

m Internal input overrange protection circuit

m 5-V supply operation

m Internal biasing circuits

m Output drive capability of 25 mA per segment

m Open collector outputs drive indicators directly

The RCA-CA3168E*is a monolithic integrated circuit

intended for 2-digit display such as "numbers" for TV and

"CB" channel selection, and other 0-99 numerical or

counting for consumer or industrial indicator applications.

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 referenced to

1.7 V. Each of the eight input terminals draws less than 15

Hk and is provided witrran internal protection circuit.

Decoding is accomplished with |2l 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 (Vqc) is intended to be

4.5 V to 6 V. The output voltage (Vo) must not exceed 1 2 V,

which provides for a wide range of common-anode voltage

sources.

The CA3168E is supplied in the 24-lead dual-in-line plastic

package.

•Formerly RCA Dev. Type No. TA10337

CA3168E

TERMINAL ASSIGNMENT

GND ®—

8®-
c®-
lo®-
®"
©-
©-
®~
®-
®-
©-

—@ C

-®«
-©'
-©•
-©!
-® g

92CS- 31032

MAXIMUM RATINGS, Absolute-Maximum Values:

6V
SUPPLY-VOLTAGE, VCC . . • . 3/Vrr v
INPUT-VOLTAGE (MIN./MAX.) ±10 mA
INPUT CURRENT (PROTECTION CIRCUIT)

12 v
OUTPUT VOLTAGE, V

25 mA
OUTPUT SEGMENT CURRENT, (DISPLAY
AMBIENT TEMPERATURE RANGE: 0to+70°C

Operating -55 to +150°C
Storage

POWER DISSIPATION: 400 mW
Up to +70°C * "

_ derate | inear |y at 8 ,7 mw/°C
Above +70°C

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for
+265° C

1 seconds max
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CA3168E
TYPICAL ELECTRICAL CHARACTERISTICS at Vcc = 5 V, V-, = GND
VD |SP .

= 12 V, and TA = 25°C, See Fig. 2

Unless Otherwise Specified

CHARACTERISTIC TEST CONDITIONS LIMITS
UNITS

Min. Typ. Max.

Input Voltage High, V|^ 2.4 5 vCc V
Input Voltage Low, V| L - 0.6 V
Input Current High, l|(_| All BCD lnputs = 5V - - 15 /iA

Input Current Low, l )L All BCD inputs = V -10 - - /iA

On-State Output Voltage, Vql 'O(Sink) = 25 mA -
1 V

Off-State Output Current, Iqh - 5 50 AtA

Power Supply Drain Current, \qq VCC = 6 V - 17 25 mA
Input Capacitance, C| - 5 - PF

Most Significant Digit (MSD)

TRUTH TABLES

Least Significant Digit (LSD)

INPUTS

D CB A

1

10
11

10
10 1

110
I I I

10
10 1

10 10
1 I I

110
I I I

I I I

I I I I

OUTPUTS

bed

I

I

I

1

I

I

1 I

I

I I

1 I

I I I

I I I

e f g

I

1 I I

I

1 I

I

I

1 I I

1

I

1 I

I I I

DISPLAY

I

<?

3

H

5

6

1

B

B

C

R
P

E

BLANK

INPUTS

D C B A

1

10
11

10
10 1

110
I I I

10
1 I

I

I I

1

I I

I I

I I I

OUTPUTS

b c d e f g

1

I I I I

1 1

1 I

1 10
1 1

I

I I I I

1

1

1 I

1 I 1

I I I

I I I I I

I I I I I I

DISPLAY

D

/

<?

3

H

5

6

1

B

s

H

J

t

F

BLANK
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CA3168E
MSD SEGMENT
OUTPUTS

-*- (T)GND

92CM- 3I034

DISPLAY SEGMENT IDENTIFICATION

Fig. 1

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 V, of the Output

Bias Circuit is used for LSD.
Functional diagram for Most Significant Digit (MSD).

V [PINS6-I2(MSDI
PINS I4-2CHLS0)]

St̂ RloadH
io

VDISPLAY
(DISPLAY SUPPLY)

NOTE: See truth table for test sequence of input/output logic tests and
92CS-3I033

Minimum R LOAD - V n .SPl AY - VOL «" each of the 14 seflment

Max - 'display

drive output terminals. (LED is not used in test circuit)

Fig. 2 - Test circuit.
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CA3168E

TO INJECTOR
OUTPUT ROM

TO I2 L INJECTOR __?A*
INPUT ROM

OISVSX

I2 L (JYP)
flNJECTORl

L__t
92CL- 34645

Fig. 3 - Schematic diagram of CA3168E.

Qll

+ 5V (50/to) I.9V

Q Q Qq

0I5-QI8

AL,BL,CL,DL
AM,BM,CM,DM

5/io
J

a

b

cO—

*

VCC + 5

O

. RI9
4.5K

, R20
20 K

1
d

> OUTPUT

,R2I
• IOK

OGND
OUTPUT CELL

92CS-34697

Fig- 4 - Schematic diagram of CA3168E input cell. Fig. 5 - Schematic diagram of CA3168E output cell.
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22-Lead Dual-ln-Llne

Plastic Package (E)

CA3207E, CA3208E

BiMOS Sequencer Driver and Segment

Latch-Driver for

Vacuum Fluorescent Displays
Features:

Serial input, parallel output

a Total of 14 outputs

CMOS and J2L compatible inputs

a Low-power CMOS Logic-

Bipolar high-voltage output

BiMOS process
m Use with vacuum fluorescent

display
a Will operate in an output voltage

range of 35 V to 55 V

The RCA-CA3207E and CA3208E* sequence-driver and

segment latch-driver, respectively, are used in combination

to drive vacuum fluorescent display devices of up to 14

segments with up to 1 4 characters of display. The CA3207E

selects the digit or character to be displayed in sequence

and the CA3208E turns on the required number of segments

of the character selected.

Each sequencer-driver will sequentially activate 14 char-

acters. The sequencer-driver clock line may be used to

drive the cross-coupled CE and CE inputs of 2 segment-

Sequencer Driver (CA3207E)
Sequentially turns on 1 of 14

characters (or 2 of 28 when used

with 2CA3208E's)
a Signal dimming through

Gates 1 or 2

Latch Driver (CA3208E)
Drives any combination of 14

outputs selected by DA TA input

Two or more devices may be

interconnected by means of the CE
and CE inputs to drive more than 14

characters

latch drivers to provide for the display of up to 28 characters

(see Fig. 12). The logic portion of both circuits use CMOS
technology operating at 5 volts. The output drivers use

bipolar technology and operate at supply voltages up to 55

volts. The CA3207E will source 40-mA per character and

the CA3208E will source 7.5-mA per segment.

Both types are supplied in the 22-lead dual-in-line plastic

package (E suffix), and they are also available in chip form

(H suffix).

Formerly Dev. Type No. TA10563 and TA10564,

respectively.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE: '

Vcc- pin 3 t0 GND
-
pin 10

Vqd. Pin 4 t0 GND
-
Pin 10

DEVICE DISSIPATION:
750 mW

Up to Ta=+85°Cv A 13mW/°C
Above TA=+85°C

AMBIENT TEMPERATURE RANGE:
-40to+85°C

Operating .„,....«
-55to+150°C

Storage

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 seconds max 265
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CA3207E, CA3208E(pQ@©®®®©©©®©© ©
OUT I I OUT I I OUT I I ni it 1 I miT I I mi-rl I /J.t 1 I J,., I I -L I I J- I i J._ i i _ _ i J . . U

©—DH>
F/g. 7 - Sequencer-driver (CA3207E) logic diagram.

G2 i

w—
22 G3

Gl 1 2 21 G4
vcc 3 20 G5

vdo 4 19 G6

GATE 1 5 18 G7

GATE 2 6 17 G8

RO 7 16 G9

SYNC 8 15 GIO

CLK 9 14 Gil

GNO 10 13 GI2

GI4 II 12 GI3

TOP VIEW

92CS- 34428

TERMINiXL ASSIGNM
CA3207E

ENT
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©®©®©®©®@®

CL

D CL

CL

D CL

Hcl

D CT

CL

D 'CL

rlCL

D CL

CL

D EC

D

FFI

CLn±a
FF2

D Q

FF3

D

FF4

HCL

D "51

CL

D CT

rlCL

D~CL

D

FF5 FF6

Q

FF7

D

FF8

A

CA3207E, CA3208E
© ® Q ®

CL

D"C"L

LI I

HCL

D"CX

HCL

D CT

D

FF9 FFIO

ilm4-D Q

i-KDv

Hcl

dc!

HCL

D CL

<-

D Q

FFI I

D

FFI2

D Q

FFI3

rELisJ rEhsJ riEhjd HeIi^l! Hshjd rfeh^d pSh^J riEh^J pibspJ rfexl HEisJ rlS^J

1 1 1 1 1—•

—

I 1 1 * • * ^~

D Q

FFI4

£hflJ

n

©
DATA

MCL- 34429

Fig. 2 - Segment-latch driver (CA3208E) logic diagram.

\J~
m

1 22— 1

n 2 21 k

vcc 3 20 J

VDD 4 19 ^-^— i

STROBE 5 18 h

CE 6 17 g

CT 7 16 f

CLK 8 15 e

DATA 9 14 d

GNO 10 13 c

II 12 b

TOP VIEW

92CS -34430

TERMINAL ASSIGNMENT
CA3208E
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CA3207E, CA3208E
STATIC ELECTRICAL CHARACTERISTICS at TA=25°C,
VCC-+55 V, Vpp=+5 V, Cl=50 pF, See Fig. 3 and Fig. 4

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITSCA3207E CA3208E

Mln. Max. Mln. Max.

VCC Supply Current 'CC
No outputs "ON"

Half outputs HIGH "ON"

— 10 -
65

mA

Vdd Supply Current 'DD All inputs HIGH — 1 — mA
All inputs LOW
All inputs HIGH

— — — 800

1

//A

Input Current, Low-Level "IL V|N=0 V —
1 1

//AInput Current, High-Level l|H V|N=5 V — 1 1

Output Voltage, Low-Level VOL
R|_=1.3K

RL=7.1K

—
1 —

1 V

Output Voltage, High-Level VOH
IOH=4 rnA

'OH=7-5 mA
53 —

53

—

Input Low Voltage V|L — 1.5 — 1.5
VInput High Voltage V|H 3.5 — 3.5 -

i_
G2 G3

22

2^ Gl G4
21

+ 55 V — VCC G5
20

4
+ 5 V — Vdd G6

19

5_ GATE G7
IB

24 K T GATE 2 G8
17

yVW 16

I.05 kHz §L SYNC GIO
15

14.7 kHz - CLK Gil
14

IO_
GND

GI4

GI2

GI3

13

12

l3K > Tc^

| |
50 pf

92CS- 3443I

_I_ NOTES:
OUTPUTS ARE PINS 1, 2 AND 11

THROUGH 22.

OUTPUT LOADS ARE R|. (1.3 K)
AND C|_ (50 pF) WHICH RESULTS IN
A 40-mA LOAD CURRENT.
INPUT VOLTAGE LEVELS ARE V
and5V

+ 55V

+ 5 V

I4.7 kHz

47I kHz

235.5 kHz

VCC

VDD

STROBE

CE

CE

CLK

DATA

GND

50 pF
92CS- 34432

NOTES:
OUTPUTS ARE PINS 1, 2 AND 11
THROUGH 22.

OUTPUT LOADS ARE R|_ (7.1 K) AND
Cl (50 pF) WHICH RESULTS IN A 7.5-

mA LOAD CURRENT.
INPUT VOLTAGE LEVELS ARE V
AND5V.

Fig. 3 - Sequencer-driver (CA3207E) test circuit. Fig. 4 - Segment-latch driver (CA3208E) test circuit.
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CA3207E, CA3208E
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=25°C, Vcc=+55 V, Vdd=+5 V, Cl=50 pF, R|.=1.3K

CHARACTERISTIC

LIMITS

UNITSCA3207E

Min. Max.

Sequencer-Driver, See Fig. 5

Sync Pulse Width

Time Delay Gate 1

:

Input-to-Output Inhibit

Input-to-Output Enable

Lead Time Sync to Gate

Lead Time Clock to Gate

Clock Frequency

tsw

tGI

tGE

tSG

tCG

fCL

0.5

0.5

1.5

2.3

14

US

/us

/us

kHz

r*

—

'sg—»!

OUTPUT N
|

rzz^zrx

OUTPUT N+l

I

92CM-34433

OV

5 V

Fig. 5 - Sequencer-driver (CA3207E) timing waveforms.
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CA3207E, CA3208E
DYNAMIC ELECTRICAL CHARACTERISTICS at TA=25°C, VCC=+55 V, VDD=+5 V, C|_= 50 pF, RL=7.1 K

CHARACTERISTIC
LIMITS

UNITSCA3208E

Mln. Max.

Segment-Latch Driver, See Fig. 6

Time Delay:

Strobe to Output tpi_H

Strobe to Output tpHL
CE or 51 to Clock tQE

0.4

0.8

1.8

2.6 yt/S

Input Data Set-Up Time tsu 0.5 —
/iS

Input Data Hold Time tH 0.5 —
Clock Frequency fQL — 448

kHz
Data Frequency fp - 224

-tCE'

V

5V

-*i * PLH [«•

|

»*
I

3U H p

V

50 V

h~*"
9̂ZCM-34434

Fig. 6 - Segment-latch driver (CA3208E) timing waveforms.
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CA3207E, CA3208E
Circuit Descriptions

Sequencer-Driver (CA3207E)
The CA3207E circuit consists of a 7-stage Johnson counter,

which is reset by the positive transition of the sync pulse

and which is clocked on the positive transitions of the clock

pulse. The outputs of the counter are decoded to turn on

one output driver at a time in sequence, for the period of

one clock pulse (normally 70 /js). The 14 output drivers are

each capable of sourcing 40 mA of current and in a typical

application will be connected to the grids of a vacuum
fluorescent display, thereby performing a digit select

function on a display of up to 14 characters. All outputs are

set to zero by the application of a positive "1
" level to either

of the gate terminals, 5 and 6. The action of the 7-stage

counter is unaffected by the presence of inhibit levels on

the gate terminals. The gate terminals can be used for a

controlled power down or for chopping where display

dimmer is desired. The only difference between the two

terminals is that gate 1, pin 5, has a delayed falling edge,

which delays the release of the output drivers for a time

determined by the value of the resistor connected between

pin 7 and Vqd-

Segment-Latch Driver (CA3208E)
This circuit consists of a 14-bit shift register accepting

serial data at pin 9 at a typical rate of 224 kHz and being

clocked on the rising edge of the 448-kHz clock signal.

The leading edge of a 14-kHz strobe signal generates an

internal strobe pulse through the one shot, which shifts the

data, in parallel, from the shift register to the output latches,

which in turn set the output drivers to the corresponding

state. There are 14 output drivers, each capable of driving

7.5-mA at 55 volts, simultaneously. The drivers are normally

connected to the anodes or segments of the vacuum
fluorescent display. In a multi-character display, all corres-

ponding segments in each character would be linked

together. Activation of a particular character is made by the

CA3207E Sequencer-Driver turning on the appropriate

output and raising the grid of the display to a positive value.

Clock Enable (CE) and Clock Enable Not (CE) pins are

available for use in system applications. The first enables

the chip with a logic level "1" and the second with a logic

level"0".

clock ,4 hHz jijijijnjnjijnjnJiJiJnjxn_rL
SYNC I kHz f~l

OUTPUT I |
|

OUTPUT 2
|

I

OUTPUT 14 r~L_

92CS-344 3 5

Fig. 7 - Sequencer driver (CA3207E) timing waveforms.

t O vcc

inQ "Output terminals must not be shorted

to ground because the resultant short-

circuit current may cause damage to

the device.

92CS-34436

Fig. 8 - Sequencer driver (CA3207E) output circuit.
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CA3207E, CA3208E
CLOCK 488kHz

DATA IN 224 kHz

STROBE 14 kHz _J [ _r

92CS- 34437

Fig. 9 - Segment-latch driver (CA3208E) timing waveforms.

-O vcc

fcL,•-AAA/ i Oout*

92CS-34438

"Output terminals must not be shorted
to ground because the resultant short-

circuit current may cause damage to

the device.

Fig. 10 - Segment latch-driver (CA3208E) output circuit.

SYNC-fr-
IkHz

SEQUENCER

OUTPUT DRIVERS

-4— CLK
14kHz

-«— GATE I

DISPLAY
GRID

tt
7^ *

DISPLAY ANODE
(SEGMENT)
14 PER CHARACTER

OUTPUT DRIVERS

SHIFT REGISTER

CECE

ONE
SHOT

STROBE
14 kHz

CLK
448 kHz

NOTE: 2 DISPLAYS CAN BE OPERATED SIMULTANEOUSLY USING ONLY I

SEQUENCER AND 2 SEGMENT- LATCH-DRIVERS
92CM-3443S

Fig. 11 - Typical systems application of the CA3207E
and CA3208E display circuits.
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CA3207E, CA3208E

(SEGMENT)
14 PER CHARACTER

FROM SYSTEM
CLOCK /STROBE

92CM- 34440

Fig. 12 - Typical systems application of the CA3207E and 2 CA3208E circuits for a total 28-character display.

20 40 60 80 I00 I20

20 40 60 80 I00 I20 I40

(2235-2438)

4-I0
(0I02-O254)

I38-I46
(3.505-3.708)

Dimensions and pad layout for the CA3207H.

(2.972-3.I75)

92CM- 34442

Dimensions and pad layout for the CA3208H.

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 indicated. Grid graduations are in

mils (10~3 inch).
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Arrays
Technical Data

Amplifier/

Diode Page
Amplifier

CA3026 354

CA3035 362

CA3048 365

CA3049 372

CA3052 377

CA3054 354

CA3060 See Page 224

CA3102 372

Diode
CA3019 384

CA3039 386

CA3141 390

Transistor Page
CA1724 393

CA1725 393

CA3018 396

CA3036 402

CA3045 404

CA3046 404

CA3050 410

CA3051 410

CA3081 332

CA3082 332

CA3083 418

CA3084 422

CA3086 427

CA3093 432

CA3096 438

CA3097 448

CA3118 459

CA3127 466

CA3128 471

CA3138 473

CA3146 459

CA3183 459

CA3227 476

CA3246 476

CA3600A 479

ACMOS types
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CA3026, CA3054

CA3026

Hi

i
i

1

H-1463

12-Lead TO-5 CA3054

14-Lead Dual-ln-Llne

Plastic Package

Transistor Array - Dual Independent
Differential Amplifiers

For Low Power Applications

at Frequencies from DC to 120 MHz

Features

Two differential amplifiers on a common substrate

Independently accessible inputs and outputs

Maximum input offset voltage - ±5 mV
Full military temperature-range capability -

-55°Cto+125°C
Limited temperature range -0°Cto 85° C for CA3054

The CA3026 and CA3054 each consists of two independent
differential amplifiers with associated constant-current

transistors on a common monolithic substrate. The six n-p-

n transistors which comprise the amplifiers are general-

purpose devices which exhibit low 1/f noise and a value of

fj in excess of 300 MHz. These features make the CA3026
and CA3054 useful from dc to 120 MHz. Bias and load

resistors have been omitted to provide maximum application

flexibility.

The monolithic construction of the CA3026 and CA3054
provides close electrical and thermal matching of the

amplifiers. This feature makes these devices particularly

useful in dual-channel applications where matched per-

formance of the two channels is required.

The CA3026 is supplied in a hermetic 12-lead TO-5-style

package and is rated for full military operating-temperature

range of -55° C to +125°C.

The CA3054 is supplied in a 14-lead plastic dual-in-line

package with a limited temperature range. The availability

of extra terminals allows the introduction of an independent
substrate connection for maximum flexibility.

Applications

Dual sense amplifiers

Dual Schmitt triggers

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

Synchronous detectors

Pairs of balanced mixers

Synthesizer mixers
Balanced (push-pull) cascode amplifiers

92CS-I5345

Fig. la - Schematic Diagram for CA3026.

SUBSTRATE

Fig. lb - Schematic Diagram for CA3054.

CAUTION: Substrate MUST be maintained negative with

respect to all collector terminals of this device. See Maxi-

mum Voltage Ratings chart.
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CA3026, CA3054
MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT TA = 25°C

Power Dissipation, P: CA3026 CA3054
Any one transistor 300 .... 300 mW
Total package 600 .... 750 mW
For TA > 55°C .... Derate at 5 ... . 6.67 mW/°C

Temperature Range:

Operating -55 to + 125 ... -40to +85 °C

Storage -65 to + 150 ... -65 to +150 °C

The following ratings apply for each transistor in the device:

Collector-to-Emitter Voltage, VCEO 15

Collector-to-Base Voltage, VCBQ 20

Collector-to-Substrate Voltage, VCIO * 20

Emitter-to-Base Voltage, VEBO 5

Collector Current, I— 50

V
V

V

V

mA

LEAD TEMPERATURE (During Soldering)

At distance 1/16 ± 1/32 inch (I.5 1
) ± 0.79mm)

from case for 10 seconds max +265 UC

* The collector of each transistor of the CA3026 and CA3054 is for normal transistor action. The substrate should be maintained at
isolated from the substrate by an integral diode. The substrate must signal (AC) ground by means of a suitable grounding capacitor, to avoid
be connected to a voltage which is more negative than any collector undesired coupling between transistors,

voltage in order to maintain isolation between transistors and provide

Maximum Voltage Ratings

The following chart gives the range of voltages which can be applied to the terminals

listed vertically with respect to the terminals listed horizontally. For example, the

voltage range between vertical terminal 1 T and horizontal terminal 3' is +15 to -5

volts.

f For CA3026; corresponding terminals for CA3054 are vertical
terminal 2 and horizontal terminal 4.

CA3054 —».

TERMINAL No. 13 14 1 2 3 4 6 7 8 9 11 12 5

1

CA3026-*-
TERMINAL
No. ,

10 11 12 1 2 3 4 5 6 7 8

Note 1

9

Note 1

9

13
\

10 -20
*

+5
-5

* +15
•5

* * * * * * *

14 11 * * * +20 * * * * *
+20

1 12

+20
*

+20
* * * * * *

+ 20

2 1
*

+15
-5

* * * * * * *

3 2
+1

-5
* * * * * * *

4 3 * * * * * * *

6 4 -20
*

+5

-5
*

+15
-5

*

7 5
* * * *

+20

8 6
+20

* *
+20

9 7
*

+15
-5

*

11 8
+ 1

-5
*

12 9
*

5 9

Ref
Sub-

strate

* 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.

Note 1: In the CA3026 terminal No.9 is connected to the emitter

of Q4, the reference substrate, and the case
;
therefore,the case

should not be grounded. Two terminal 9 columns (CA3026)
appear in the voltage rating chart because it is a composite

chart for both the CA3026 and the CA3054. Wherever an asterisk

is shown in one column 9 and a rating is shown in the other

column 9, the asterisk should be ignored.

Maximum
Current Ratings

CA3054
TERMINAL
No.«

CA3026
TERMINAL
No.

•in

mA
'out
mA

13 10 5 0.1

14 11 50 0.1

1 12 50 0.1

2 1 5 0.1

3 2 5 0.1

4 3 0.1 -50

6 4 5 0.1

7 5 50 0.1

8 6 50 0.1

9 7 5 0.1

11 8 5 0.1

12 9 0.1 50

• Terminal No. 10 of CA3054 is not used
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CA3026, CA3054
ELECTRICAL CHARACTERISTICS at TA = 25°C

CHARACTERISTICS SYMBOLS TEST CONDITIONS

TEST

CIR-

CUIT

CA3026

CA3054

LIMITS

UNITS

TYPICAL

CHARAC-

TERISTICS

CURVES

FIG. MIN. TYP. MAX. FIG.

STATIC CHARACTERISTICS

For Each Differential Amplifier

Input Offset Voltage v,n

VCB
= 3V

I
E(Q3)

=I
E(Q4)

rr
2 mA

- 0.45 5 mV 6

Input Offset Current
'IO - 0.3 • 2 MA 7

Input Bias Current
'I

- 10 24 ma 3

Quiescent Operating

Current Ratio

*C(Ql)
o[

'C(Q5)

f

C(Q2) 'C(Q6)

- 0.98 to

1.02

-
3

Temperature Coefficient

Magnitude of Input-Offset Voltage

l

Av
iol

AT
- 1.1 MV/°C 5

For Each Transistor

DC Forward Base-to-

Emitter Voltage
% VrB 3 V

] ] mA
10

\ 3 mA
'

10 mA

-

0.630

0.715

0.750

0.800

0.700

0.800

0.850

0.900

V 6

Temperature Coefficient of Base-

to-Emitter Voltage

AV BE

AT
VCB ' 3 V

' 'C
=

l mA -1.9 juV/°C 4

Collector-Cutoff Current 'CBO vCB
- 10 V. I E

- - 0.002 100 nA 2

Collector-to-Emitter

Breakdown Voltage
V(BR)CE0 l c

- l m A, l B
- 15 24 V

Collector-to-Base

Breakdown Voltage
V

( BR)CBO lc
= 10mA, l E = - 20 60 V

Collector-to-Substrate

Breakdown Voltage
V(BR)CI0

l c
= 10juA, l C)

= - 20 60 V

Emitter-to-Base Breakdown Voltage V(BR1EB0 l E
= 10/iA, l c

= -
5 7 V

DYNAMIC CHARACTERISTICS

Common-Mode Rejection Ratio

For Each Amplifier
CMR

vcc
= i2v

V EE
—6V

V
x

- -3.3 V

f - 1 kHz

8a 100 dB 8b

AGC Range, One Stage AGC 9a 75 dB 9b

Voltage Gam, Single Stage

Double-Ended Output
A 9a 32 dB 9b

AGC Range, Two Stage AGC 10a 105 dB 10b

Voltage Gain, Two Stage

Double-Ended Output
A 10a 60 - dB 10b

Low-Frequency, Small-Signal

Equivalent-Circuit Characteristics:

(For Single Transistor)

Forward Current-Transfer Ratio h
fe

f = 1 kHz. VCE
= 3 V,

\q = 1 mA

- 110 11

Short-Circuit Input Impedance h
ie

- 3.5 kQ 11

Open-Circuit Output Impedance h
oe

- 15.6 jumho 11

Open-Circuit Reverse Voltage-

Transfer Ratio

h
re

- 1.8xl0" 4 11
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Arrays

CA3026, CA3054

DYNAMIC CHARACTERISTICS CONT'D.
1

1/f Noise Figure

(For Single Transistor)

NF f = 1 kHz, VCE
= 3 V - - 3.25 - dB

Gain-Bandwidth Product

(For Single Transistor)

fT VCE
= 3 V, l

c
= 3 mA - - 550 - MHz 12

Admittance Characteristics;

Differential Circuit Configuration:

(For Each Amplifier)

Forward Transfer Admittance
y?i

VCB = 3V
Each Collector

l

c ^ 1.25 mA

f = 1 MHz

- - -20+jO - mmho 13a

Input Admittance yii
- - 0.22+jO.l - mmho 13b

Output Admittance y22
- - 0.01+jO - mmho 13c

Reverse Transfer Admittance yi?
- - -0.003 +j0 - mmho 13d

Admittance Characteristics;

Cascode Circuit Configuration:

(For Each Amplifier)

Forward Transfer Admittance V21 VCB = 3V
Total Stage

lfj% 2.5 mA

f = 1 MHz

- - 68-jO - mmho 14a

Input Admittance Vll
- - 0.55+jO - mmho 14b

Output Admittance hi
- - O+jO.02 - mmho . 14c

Reverse Transfer Admittance n?
- -

0.004-J0.005
- yumho 14d

Noise Figure NF f = 100 MHz - - 8 - dB -

TYPICAL STATIC CHARACTERISTICS

I02 8
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2

-EMITTER CURRENT (I E

1 *
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— 8
1- 6

5 4

£ 2
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4/j
u- 8
u- 6

£ 4

(£ _
2

jS^S/A/A&///
r&y/

a 1

J 4

oO 2

^<X^
8
6
4

2

icr4

25 50 75 100

AMBIENT TEMPERATURE (TA >—°C

* For CA3054: use data from 0°C to 85°C only

125

92CS-I5I95

Fig.2 - Collector-to-base cutoff current vs ambient temper-

ature for each transistor.
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o
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10 6
<
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H
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a
z_

2

1

COLLECTOR MILLIAMPERES (Ic )

92CS-I5258RI

Fig.3 - Input bias current characteristic vs collector

current for each transistor.
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Linear Integrated Circuits

CA3026, CA3054
TYPICAL STATIC CHARACTERISTICS

_ _ j^
z ±
ZZ ±
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0.4

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA )
—*C * 92CS-I5I86RI

'ig.4 -Base-to-emitter voltage characteristic for each

transistor vs ambient temperature.

* For CA3054: use data from 0°C to 85°C only
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Fig. 5 - Offset voltage characteristic vs ambient temper-

ature for differential pairs.

0.8

w 0.7
m
>
(/>

t-
_i

- o
>

5 0.6

i-
K
s

o

<
CD

0.4

COLLECTOR -TO-BASE VOLIS(Vc8)=3
AMBIENT TEMPERATURE (TA)»25°C

>
E

1

* H

CJ
o
o
z
<

2 °
o
<

o
>
(-

1 »
Li.

U.
O
r-

a.

5

-\&
/

)

1

f

1

JNPLIT OFTSrr von AGF = w ft£ \

A&
\/

O.C)l
i t

i

£ 3 e » i 6
i D

10 8

6

_ 4
OH
a 2
to
111

-AMBIENT TEMPERATURE (TA)=25°C

SC 8

5 «

2 4
o

; •

UJ

fc
o.i-

O 8

I- 6

0. 4
Z
H

2

0.01

EMITTER MILLIAMPERES(Ie)

4 6 8
0|

2 4 6 8
|

COLLECTOR MILLIAMPERES (I c )

** ° °I0

92CS-I52I6RI

Fig. 6 - Static base-to-emitter voltage characteristic and Fig.7 - Input offset current for matched differential

input offset voltage for differential pairs vs emitter pairs vs collector current.

current.

TYPICAL DYNAMIC CHARACTERISTICS

COMMON MODE REJECTION RATIO

Terminal Numbers in Circles are vx Vqq-+\2V

for CA3026

Terminal Numbers in Square Boxes
are for CA3054

V|N £ 0.3v(rms)

J

SIGNAL

SOURCE

92CS-I5246RI

0VF

(a) Test setup

VEE =-6V VCC = +I2V

NEGATIVE DC SUPPLY VOLTS (V^e) s "6

i

. _ ___ __

^ -_

Z „«"
o

|00 r tZ

z 90 -w« -

o

: so _

Fig.8
DC BIAS VOLTS ON TERMINAL © QT] (V>) 92CS-I5253RI

(b) Characteristic
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Arrays

CA3026, CA3054
TYPICAL DYNAMIC CHARACTERISTICS (cont'd)

SINGLE-STAGE VOLTAGE GAIN

Terminal Numbers in Circles are

for CA3026

Terminal Numbers in Square Boxes
are for CA3054

Vx VCc»l2V

V|N=IOmV(rms)

V£E=-6V Vcc =+l2V

92CS-I5247RI

"OSITIVE DC SUPPLY VOLTS (VCC) +'Z ffffff

NEGATIVE DC SUPPLY VOLTS (VEE ) -6 HHS
FREQUENCY (t) » 1 kHz fflffi
SIGNAL INPUT MILLIVOLTS ' 10 (rmt)

ffttff

|| ||

IIIIIIH

o

A *m&
z pHSfir
< EH35
u> ||

1 1 1 1| 1

m 25|
[ | [ [ 1

1

o ESiEEEE

o
<

3 -25§g§$i
z

-5oSfffFF

92CS-I5254RI

(a) Test setup

Terminal Numbers in Circles are

for CA3026

Terminal Numbers in Square Boxes
are for CA3054

Fig.

9

TVfO-STAGE VOLTAGE GAIN

-I -2 -3 -4 -5 -6

DC BIAS VOLTS ON TERMINAL© QT](Vx)

(b) Characteristic

VCC=<-I2V

92CS-I5248RI

75

:

\ \\

\

1
1

1
[ 1 1 r ___.-

|| || NEGATIVE DC SUPPLY VOLTS (VEE ) » -6 ||l|||||||||

. FREOUENCY (f) • 1 kHz llil 111111
ittmraQ SIGNAL INPUT MILLIVOLTS > 1 (rtns) HHBHHH

a>

1 =

5 50^
z
<

o 25
2
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UI o

-25

-50

(a) Test setup Fig. 10

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR

-I -2 -3 -4 -5 -6

DC BIAS VOLTS ON TERMINALS© [3] AND©|Tj] (Vx)

(b) Characteristic
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Fig. J J - Forward current-transfer ratio (hfe ), short-circuit

input impedance (h-
e ), open-circuit output impedance

(h ), and open-circuit reverse voltage-transfer ratio

(h ) vs collector current for each transistor.

23456789 10

COLLECTOR MILLIAMPERES (Ic)
92CS-I5I96RI

Fig. 12 - Gain-bandwidth product (fj) vs collector

current.
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Linear Integrated Circuits

CA3026, CA3054
TYPICAL DYNAMIC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER
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TYPICAL DYNAMIC CHARACTERISTICS FOR EACH CASCODE AMPLIFIER
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Arrays

CA3026, CA3054
TYPICAL CHARACTERISTICS FOR EACH CASCODE AMPLIFIER (cont'd)
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Linear Integrated Circuits

CA3035, CA3035V1

10-Lead TO-5

Ultra-High-Gain

Wide-Band Amplifier Array

Features:

Three separate amplifiers - gain
and bandwidth for each amplifier

can be adjusted with suitable exter-

nal circuitry

m Amplifiers operable independently
or in cascade

m Exceptionally high cascade voltage

gain - 129 dB typ. at 40 kHz
Low noise performance

u Wide-band response
All amplifiers single-endpd - only
one power supply required

m Wide operating temperature range -

-55°Cto+125°C

m Built-in temperature compensation
Hermetically sealed, all-welded 10-

lead TO-5 style metal package with

straight or formed leads

Applications:

Three individual general-purpose
amplifiers

m Ideal for service in remote-control
amplifiers - e.g., TV receivers

m Available in two electrically identi-

cal versions: CA3035 with straight

leads; CA3035V1 with formed leads

92CS-I4626

Fig. 1 — Schematic Diagram for CA3035 and CA3035V1

CONTROL FUNCTIONS

Fig. 2 — Typical Remote Control System
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Arrays

CA3035, CA3035V1
ABSOLUTE-MAXIMUM RATINGS:

Operating Temperature Range -55°C to +125°C

Storage Temperature Range -65°C to +200°C

Device Dissipation 300 mW
Input Voltage 1 V p-p

Supply Voltage + 15V

ELECTRICAL CHARACTERISTICS AT TA = 25°C

CHARACTERISTICS SYMBOLS
SPECIAL TEST
CONDITIONS

TEST
CIRCUITS

AND
CHARAC-
TERISTICS
CURVES

LIMITS

UNITSCA3035, CA3035VI

Mi n. Typ. Max.

STATIC CHARACTERISTICS

Quiescent Operating
Vo 1 tage

V3

V5

V7
VCC = +9V Fig. 3 -

2

1 .9

4.9

-
V

V

V

Total Current Drain Id
V C C = + 9V,

RL3 = 5KO
Fig.3 3.5 5 7.5 mA

DYNAMIC CHARACTERISTICS

Vo 1 tage Gai n

:

Amplifier No.l
Amp 1 i f i e r No.

2

Amp 1 i f i e r No.

3

A|

A2

A 3 .

f = 40 kHz,

VCC = +9V

40

40

38

44

46

4?

-
dB
dB

dB

Output Voltage Swing Vout
V |out

V2out
V 3out

RLI = JOKQ

RL2 = iokq

RL3 = 5Kf)

S i nuso i da 1

Out put
,

VCC = +9V

-

2

2.6

8

-
Vp-p

Vp-P
Vp-p

Input Resistance:

Amp 1 i f i e r No. 1

Amplifier No.

2

Amp 1 i f i er No.

3

R 1

i n

R2 i n

R3in

f = 40 kHz

- 50K
2K

670

-
n
a
n

Output Resistance R|out
R20ut
R30ut

f = 40 kHz
:

270
170

I00K

-
n
n
n

Bandwidth at

-3dB point:

Amp 1 i f i e r No. 1

Amp 1 i f i er No.

2

Amp 1 i f ie r No.

3

BW|

BW2

BW3

VCC = +9V

"

Fig. 5

Fig. 6

Fig. 7

- 500

2.5

2.5

- kHz

MHz
MHz

No i se F i gure

Amp 1 if i e r No.l NF| f =
1 kHz,

R S = 1 Kfi

Fig. 4 - 6 7 dB

Sens i t i v i ty

Vcc = + 13 V

Relay (K| )

Cu r rent = 7.5 mA

Fig. 2 - 100 150 ^v



Linear Integrated Circuits

CA3035, CA3035V1

STATIC CHARACTERISTICS

TEST CIRCUIT

VCC = +9 V

IOmF

Fig.3

NOISE FIGURE TEST CIRCUIT

QUAN TECH

LABORATORIES
MODEL No. 3II

NOISE ANALYZER

(SEE NOTE)

NOTE: SET ALL INTERNAL POWER SUPPLIES ON QUAN TECH
NOISE ANALYZER TO ZERO VOLTS.

Fig.4

TYPICAL lst-AMPLIFIER RESPONSE

COMMON-EMITTER CIRCUIT

(FOLLOWED BY EMITTER FOLLOWER)
NO FEEDBACK

AMBIENT TEMPERATURE (TA)=25°C
COLLECTOR- SUPPLY VOLTS (Vcc ) = + 9

FREQUENCY (f)- KHz

Fig.5

TYPICAL 2nd-AMPLIFIER RESPONSE

50
00

J,
40

5
o
m 30o
<
_j
o
> 20

10

1

(FOLLOWED BY EMITTER FOLLOWER)
NO FEEDBACK

AMBIENT TEMPERATURE (TA)=25°C

1

COLLECTOR-SUPPLY VOLTS (VCc)= + 9

V3 dB DOWN

\

I

2 4 6 8 2 4 6
in* 2 4 6 8

ir>3
2 4 6 t ir>« 2 4

I05

FREQUENCY (f)— KHz

92CS-I4636

Fig.6

TYPICAL 3rd-AMPLIFIER RESPONSE
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§ 30

p
20
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NO FEEDBACK

AMBIENT TEMPERATURE (TA) = 25°C
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i
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<
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2 4 i 8

n<
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Fig.7
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16-Lead Dual-in-Line

Plastic Package

CA3048

Four Independent

AC Amplifiers

For Low-Noise and General AC Applications

In Industrial Service

FEATURES

• Four AC amplifiers on a common substrate

• Independently accessible inputs and outputs

• Operates from single-ended supply

EACH AMPLIFIER

• Noise figure at 1 kHz 2 dB typ.

• High voltage gain 53 dB min.

Arrays

CA3048

The RCA CA3048 is a silicon monolithic integrated

circuit consisting of four independent identical AC
amplifiers which can operate from a single-ended power

supply..

The amplifiers include internal DC bias and feedback

to provide temperature-stabilized operation.- They may

he used in a wide variety of AC applications in which

operational amplifiers have previously been used.

Each high gain amplifier has a high impedance non-

inverting input, and a lower impedance inverting input

for the application of feedback. Two power-supply

terminals and two ground terminals are provided to re-

duce internal and external coupling between amplifiers.

The C.-V504H is supplied in a KJ-load dual-in-line

plastic package.

• High input resistance 90 kQ typ.

• Undistorted output voltage 2 V rms min.

• Output Impedance 1 kOtyp.

• Open-loop bandwidth 300 kHz typ.

APPLICATIONS

• Multi-channel or cascade operation

• Low-level preamplifiers

• Equalizers

• Linear signal mixers

• Tone generators

• Multivibrators

• AC integrators

Ll
GND ry-
no. l

'

—

{£-

en4

LU-

LL-^

LL-.

' NO. 1

1]

' NO. 2

]D

-3

92CS-I5470R2

Fig. 1 - Block diagram for CA3048.
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Linear Integrated Circuits

CA3048
ABSOLUTE-MAXIMUM RATINGS at TA = 25°C:

DISSIPATION:

At TA = 55°C 750 mW
Above TA = 55°C Derate linearly at 7.7 mW/°C

TEMPERATURE RANGE:
Operating 40

oc to +85oc
Storage -65°C to +150°C

POWER SUPPLY VOLTAGE +16 V
AC INPUT VOLTAGE 0.5 V rms

MAXIMUM VOLTAGE RATINGS

The following chart gives the range of voltages which Ian 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 +2 to -3.6 volts.

TERM-
INAL
No.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1
+ 16 * * * * * * * * * * * *

-16
*

2 * +2
-3.6

* * + 2

-3.6
-3.6 * * + 16 + 2

-3.6
* + 16

-16

3
+ 5

-5
* * * * * * * * * * * *

4 +3.6
-2

* * * * * * * * * * *

5
-16

* +2
-3.6

+ 2

-3.6
*

-16
+ 16 + 2

-3.6
* + 16 *

6 * * * * * *
-16

* * *

7 + 5
-5

* * * * * * * *

8 * * * * * * * *

9 +5
-5

* * * * * *

10 * * * * * *

11 * * * * *

12
-16

* * *

13 +5
-5

* *

14 * *

15 + 16

16

Voltages are not normally applied between these terminals.
Voltages appearing between these terminals will be safe if the
specified limits between all other terminals are not exceeded.
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Arrays

CA3048

ELECTRICAL CHARACTERISTICS at Ta = 25°C

CHARACTERISTICS SYMBOLS TEST CONDITIONS

TEST
CIR-

CUIT

LIMITS

CA3048 UNITS

TYPICAL
CHARAC-
TERISTICS

CURVES

FIG. MIN. TYP. MAX. FIG.

STATIC

Current drain per amplifier pair Il2 or I15 Vcc = +12V 3 9.5 13.5 17.5 mA 4,5

DC Voltage
at Output Terminals

VI, V6,
VII. V16

V CC = +12V 3 6.1 6.9 8.1 V -

DC Voltage
at Feedback Terminals

V3, V7.
VlO, V14 Vcc =+ 12V 3 1.7 2.0 2.3 V -

DC Voltage
at Input Terminals

V4, V8,
Vg, V13 VCC = +12V 3 2.2 2.5 2.8 V -

DYNAMIC (Characteristics given are for each amplifier with no AC feedback)

Open-Loop Gain AOL
Vcc = +12V
E|N = 2mV

f = 10kHz
6 53 58 - dB 7,8

Output Voltage Swing Vo(rms)
VC C = +12V

f = IkHz
THD = 5%

6 2.0 2.4 - V -

Open-Loop -3dB Bandwidth BW Vcc = +12V
E|N =2mV 6 250 300 - kHz 9

Total Harmonic Distortion THD VCC = + 12V, f = lkHz
EoUT = 2V rms

6 - 0.65 - % 10

Input Resistance RlN

OPEN LOOP
Terminals 3, 7, 10,

and 14 are by-
passed to ground

f = IkHz

- - 90 - kfi -

Input Capacitance C|N f = 1MHz - - 9 - PF -

Output Resistance ROUT
Terminals 3, 7, 10

and 14 are by-
passed to ground

- - 1 - kfi -

Output Capacitance COUT f = 1MHz - - 18 - PF

Feedback Capacitance
(Output to non-
inverting Input)

Cfb
VCC = +12V

f = 1MHz
- - <0.1 - P F -

Broad-Band Output
Noise Voltage

EN

VCC =+ 12V
RS = lOkfi
A =40dB

Equivalent
Noise BW = 50kHz

11 - 0.3 1 mV -

Output Noise Voltage
"Weighted" EN(WT) 12 - 0.5 2.2 mV -

Noise Figure
NF

<Rs
= 5k£2)

f =

10 Hz - - 10 - dB

-
100 Hz - - 5.8 - dB

IkHz - - 2 - dB

10kHz - - 1.1 - dB

100 kHz - - 0.6 - dB

Inter-Amplifier Audio
Separation "Cross Talk"

VcC = +12V
f = IkHz

OdB =0.78V
13 - <-45 - dB -

Inter-Amplifier Capacitance
(Any amplifier output to

any other amplifier input)
C

VcC = +12V
f = 1MHz

- - <0.02 - PF
1

"

I
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CA3048

Note: All resistor values are in ohms

Fig. 2 - Schematic diagram for CA3048.

47fl 0.05mF

'—VVV—):'

immm^immni

470 005" F

92CS-I5473

• CONNECT TO APPROPRIATE TERMINAL TO READ VOLTAGE

AMBIEN1r teMPE WTURE (V = 25°

[lij -J-

J
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(/>u
o:

s;
is

z
4
_l

z io

a.
a.

« 5
u
o

it*

SJ

xCi
rHr

III

itffi p.:t
nH ^*? mr-n

^SMINlllllllllllIlP'
tH- b i.~:

TT"

r::r :. ^s?
imii

1 ill Hi H -

J-UJ 111 | ijl I-

So- |S3H
:f}E rrt+ -R-

:::s 'trn 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1

1

W
10 12 14 16

DC SUPPLY VOLTS (Vcc )

Fig. 3 - Test circuit for measurement of collector

supply voltage and currents.

Fig. 4 - Typical DC supply current vs supply voltage.
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50 100 150

AMBIENT TEMPERATURE (Ta)— *C
92CS-I5458

Fig.5 - Typical DC supply current vs ambient

temperature.

Arrays

CA3048
444+ input signal voltage

Till" operating freouenc

60 AMBIENT TEMPERATUF

_^T II

i

^fer'ti^Jg:_
-j \- 4-

q_4I

Jr\
o ± + ?xt 1 I'M _...t:~._~~"
< -U- S X^X~ -h— S t-H-t -t- -t-U -U-h- __.i:
z ± j ir _f

2 40 / -^--j-

J
- /-J t ..

1o , , ,

UJ 1

,.~t ±
5 10 15 20

Fig.7

DC SUPPLY VOLTS (Vcc ) ,

92CS-I546I

Typical amplifier gain vs DC supply voltage.

OUTPUT" TO VTVM HP400D OR EQUIVALENT

WNlAJNNNHLiI
f4= 1—" — «»' p

> 15000, 5* > T
92CS-I5472

vcc

* Sig Gen should be a low distortion type (0.2% THD or less)

HP206A or equivalent.

• Adjustment of Eg to 2 volts will make Es =2mV.

Test Circuit shows Amplifier #1 under test, to test Amplifiers 2, 3,

or 4; Connect terminals as shown in Table.

AMPLIFIER
TERMINALS

OUTPUT INPUT BYPASS

1

2

3

4

1

6

11

16

4

8

9

13

3

7

10

14

Fig.6 - Test circuit for measurement of distortion, open-

loop gain and bandwidth characteristics.

RMS INPUT SIGNAL MILLIVOLTS (E|n) = 1 _ _

OPERATING FREQUENCY (0 = HHi "
. _

_ ~

i „,«e 5a **»jj
_i ~
9 ,.h

HI 1 III

^TTflTlillll 111

-25 25 50 75 100

AMBIENT TEMPERATURE (TA)-»C 92CS -I5467RI

Fig.8 - Typical open-loop gain vs ambient temperature.

COLLECTOR SUPPLY VOLTS (Vcc ) = 12

AMBIENT TEMPERATURE |T A ) = 25°C
-- -

!
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\
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i
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I *
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°
1

1
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i
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FREQUENCY (0-kHz
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92CS-I5468

Fig.9 - Typical open-loop gain vs frequency.
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CA3048

25 50 75 100

AMBIENT TEMPERATURE (TaI^C

Fig. 10 - Typical total harmonic distortion

vs ambient temperature.

92CS -154 62

10 K* 05'xF

rA/VV )|

AAA/ )h—1)(-

00068

"OUTPUT" TO VTV.M

HP 400

D

OR
EQUIVALENT

h ei ft ik m

)

0.05MF

(—AAV-

0_H

HHHyHHHH
005^ " ' ions„F

t-o.os

r F

TVcc _L

0.0 5M F

47fl

RESISTORS ARE METALFILM TYPE,I%
92CS-I5465

To test Amplifiers 1, 2, 3, or 4, connect terminals as shown in
Table.

AMPLIFIER TERMINALS
OUTPUT INPUT BYPASS

1

2

3

4

1

6

11

16

4

8

9

13

3

7

10

14

Fig. 11 - Test circuit for measurement of broadband
noise characteristic.

f -AAAr

OR EQUIVALENT
V.T.V.M. HP 400 o[ "OUTPUT"]?? /

2

WWElIWtn^E
0.05M F

0.05_|_

9ZCSI5466

• Li -2.5 millihenry inductor, dc resistance 0.3 ohms or less.

* Resistors metal film type, 1%. To test amplifiers, connect
terminals as shown in Table.

AMPLIFIER TERMINALS

OUTPUT INPUT BYPASS
1

2

3

4

1

6

11

16

4

8

9

13

3

7

10

14

Fig. 12 - Test circuit for measurement of "weighted"
output noise voltage characteristic.
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SIGNAL GENERATOR
HP650 OR
EQUIVALENT

"^ 33°i -L>L J-oo
M 1+ T* F

92CS-I547I

* V.T.V.M. - Hewlett-Packard Model 400D or equivalent.

Procedure:

1. Adjust Signal Generator for dB output at reference 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.

Arrays

CA3048

OPERATING CONSIDERATIONS

Economical Gain Control

The CA3048 is designed to permit flexibility in the

methods by which amplifier gain can be controlled.

Fig. 14 shows a curve of the gain of an amplifier when

the internal resistive feedback of the device is used in

conjunction with an external resistor. Although meas-

ured gain of various amplifiers will not be uniform,

because of tolerances of internal resistances, this

method is very economical and easy to apply.

Stability

The CA3048, as in other devices having high gain-band-

width product, requires some attention to circuit layout,

design, and construction to achieve stability.

Should the CA3048 be left unterminated, socket capaci-

tance alone will provide sufficient feedback to cause

high frequency oscillations; therefore, all test circuits

in this data bulletin include loading networks that pro-

vide stability under all conditions.

COLLECTOR SUPPLY VOLTS (Vcc ) = 1 12

OPERATING FREQUENCY (0 = 1 kHz

AMBIENT TEMPERATURE (TA) = 25° C
0.05 U F

"r—)r-@h{+\

1 11

1-

SIGNAI

GEN
f = Ik

r®>-/ 1

L ^k 200 V.T.V.M.

-1 uF HP TYPE
Hi > 400 D

H /5RFB <

0REQUIV)

1000 10,000 100,000

RESISTANCE IN FEEDBACK CIRCUIT (RFB) - OHMS

92CS-I5469

Fig. 14 Typical amplifier gain vs feedback resistance.
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CA3049T, CA3102E

14- Lead DIP

CA3102E

12 Lead TO-5

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

• Full military-temperature-range capability- (-55°C to + 125°C)
for the CA3102E and for the CA3049T

RCA-CA3049T and CA3102E* consist of two independent
differential amplifiers with associated constant-current tran-

sistors on a common monolithic substrate. The six transistors

which comprise the amplifiers are general-purpose devices
which exhibit low l/f noise and a value of fj in excess of 1

GHz. These features make the CA3049T and CA3102E use-
ful from dc to 500 MHz. Bias and load resistors have been
omitted to provide maximum application flexibility.

The monolithic construction of the CA3049T and CA3102E
provides close electrical and thermal matching of the ampli-
fiers. This feature makes these devices particularly useful in

dual-channel applications where matched performance of the
two channels is required.

The CA3102E is like the CA3049T except that it has a
separate substrate connection for greater design flexibility.

The CA3049T is supplied in the 12-lead TO-5 package; the
CA3102E, in the 14-lead plastic dual-in-line package.

•Formerly Developmental No. TA6228.

Q © ® ®

SUBSTRATE (9
AND CASE

92CS-I5245

Applications

• VHF amplifiers

• VHF mixers

• Multifunction combinations - RF/Mixer/Oscillator;

Converter/I F

• IF amplifiers (differential and/or cascode)

• Product detectors

• Doubly balanced modulators and demodulators

• Balanced quadrature detectors

• Cascade limiters

• Synchronous detectors

• Balanced mixers

• Synthesizers

• Balanced (push-pull) cascode amplifiers

• Sense amplifiers

0®@©@©(7)(6)(n)

© [03

SUBSTRATE

33 <k)

® [04

Schematic Diagram for CA3049T Schematic Diagram for CA3102E
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MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES,

ATTA =2?C

Power Dissipation, P:

Any one transistor

Total package

For T/\ > 55°C Derate at:

Temperature Range:

CA3049T CA3102E

300

600

5

Operating -55 to + 125

Storage -65 to + 1 50

300 mW
750 mW
6.67 mW/°C

-55 to +125 °C

-65 to + 150 °C

Arrays

CA3049T, CA3102E

The following ratings apply for each transistor in the devices

Collector-to-Emitter Voltage, Vceo 1 ^ ^

Collector-to-Base Voltage, VCB0 20 v

Collector-to-Substrate Voltage, VC)0
* 20 V

Emitter-to-Base Voltage, VEB0 5 V

Collector Current, \q 50 mA

•The collector of each transistor of the CA3049T and CA3102E is

isolated from the substrate by an integral diode. The substrate

(terminal 9) must be connected to the most negative point in the

external circuit to maintain isolation between transistors and to

provide for normal transistor action.

ELECTRICAL CHARACTERISTICS at Ta = 25°C

CHARACTERISTICS SYMBOLS TESTCONDIT IONS

TEST
CIR-
CUIT

CA3102E LIMITS CA3049T LIMITS

TYPICAL
CHARAC-
TERISTICS
CURVES

FIG. MIN.
|

TYP. | MAX. MIN.
|

TYP. | MAX. UNITS FIG.

STATIC CHARACTERISTICS
For Each Differential Amplifier

Input Offset Voltage Vio 1 0.25 5 0.25 mV .4

Input Offset Current ho 1 3 =
1
9 = 2 mA 1 0.3 3 0.3 uA

Input Bias Current •IB
1 13.5 33

Temperature Coefficient Mag-

nitude of Input-Offset Voltage

IAV| I

AT
1 1.1 1.1 )lV/°C 4

For Each Transistor

DC Forward Base-to-

Emitter Voltage
VflE

VCE = 6 v
Iq = 1 mA

674 774 874 774 mV 6

Temperature Coefficient of

Base-to-Emitter Voltage

AVBE
AT

VCE = 6 v
. >C

= 1 mA -0.9 -0.9

0.0013 100

mV/°C 6

7
Collector-Cutoff Current

Collector-to-Emitter

'CBO

v(BR)CEO lc - 1 mA, l B - 15 24 15 24 V

Collector-to-Bese v(BR)CBO l c = lOuA. I E - 20 60 20 60 V ...

Collector-to-Substrate v(BR)CIO l c = 10mA, l B = 0, l E
= 20 60 20 60 V

Emitter-to-Base Breakdown v(BR)EBO l E = 10uA, l c - 5 7 5 7 V

DYNAMIC

1/f Noise Figure (For NF
f - 100KHz,P<s = 50on
lc = 1 mA

1.5 1.5 dB 12

Gain-Bandwidth Product
*T VCE = 6 V, l c = 5mA 1.35 1.35 GH Z 11

Collector-Base Capacitance CcB lc -0 VCB = 5V "
0.28

0.15 0.28 pF
pF

8

8
Collector-Substrate Capacitance

For Each Differentiel

Amplifier

CC I

CMR l 3
- lg - 2 mA 100 100 dB

AGC Range. One Stage

Voltage Gain, Single-Ended

Output

AGC

A

Bias Voltage = -

Bias Voltage -

f = 10 MHz
f - 200 MHz

6V
4.2V

Cascode

2

2

3

18

75

22

23

22

23

dB

dB

9, 10

Noise Figure

Input Admittance

NF

Y 11

VCC = 12V

For Cascode
Configuration

l 3
= lg - 2 mA

For Diff.

Amplifier
Configuration

l 3
= lg = 4mA

(each

collector

IC s 2mA)

Cascode

Cescode

3 4.6

1.5 + j 2.45

4.6

1.5 + j 2.45
mmho

14, 16. 18

Oiff.Amp. 0.878+ j 1.3 0.878 + j 1.3 1 5, 1 7, 1

9

Reverse Transfer Admittance *12
Cascode -

i
0.008 - j 0.008 mmho

Diff.Amp. 0- j 0.013 0-j 0.013

Forward Transfer Admittance Y 21
Cascode 17.9 -j 30.7 17.9 -

j 30.7 mmho 26, 28, 30

Diff. Amp - 10.5 + j 13 - 10.5 + j 13 27, 29, 31

20, 22. 24

Output Admittance Y 22 Diff.Amp. 0.071 + j 0.62 0.071 + j 0.62 21, 23, 25

•Terminal. 1 & 14, or 7 & 8. (CA3102E) 1 8. 12 or 6 8. 7 (CA3049T)

•Terminals 13 81 4. or 6 8. 11. (CA3102E) 10 8. 11 or 4 8. 5 (CA3049T)
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CA3049T, CA3102E

Fig. 1 -Static characteristics test circuit for CA3102E.

+6V(

-OVquT

IO/iF

Vino—|f

92CS-20794

Fig.2-AGC range and voltage gain test circuit for CA3102E.

HALF OF THE CAJOWT 0* UHOtl

DIMM*! REFER TO CA504»T '
*

L-|, L2 - Approx. 1/2 Turn #18 Tinned Copper Wire, 5/8" Dia.

C 1# C2 - 15 pF Variable Capacitors (Hammarlund, MAC-15; or

Equivalent)

All Capacitors in juF Unless Otherwise Indicated

All Resistors in Ohms Unless Otherwise Indicated

Fig.3—200 MHz cascode power gain and noise figure test circuit.

Typical Characteristics for CA3049T and CA3102E

6.3 AMBIENT TEMPERATURI "i> 15'C
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EMITTER CURRENT (Ij,I,)-mA 92CS-207W

Fig. 4-lnput offset voltage vs. emitter current

EMITTER CURR£NTUj,I9)-mA

Fig. 5-lnput bias current vs. emitter current
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Fig. 6—Base-to-emitter voltage vs. collector current. Fig. 7—Collector-cutoff current vs. temperature.
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CA3049T, CA3102E

Typical Characteristics for CA3049T and CA3102E (cont'd)

AMBIENT TEMPERATURE <T4 ).25-C AMBIENT TEMPERATURE (Ta ].25'C

DC SUPPLY VOLTAGE (V*' = *6V

NEGATIVE DC SUPPLY VOLTAGE (V") = -6V

FREQUENCY <n = !kHi

Fig. 8-Capacitance vs. dc bias voltage. Fig 9- Voltage gain vs. dc bias voltage.

I
30

10

AMBIENT TEMPERATURE (T
6
)>25°C

Ml |

I

—(

0. ii O.I
6 8

I

8
K> ' 6 "lOO

FREQUENCY(f)-MHi

Fig. 10-Voltagegainvs. frequency.

01 234567S9IO
COLLECTOR CURRENT U cl- mA KCS

Fig. 1 1 -Gain-bandwidth product vs.

collector current.

«

| 20

1 ,0

AMBIENT TEMPERATURE (TA)-25'C

"source Kaa 1 ,

i $^
A
U^

*A

COLLECTOR CURRENT (I
c
)-mA 92CS-208C

Fig. 12- 1/f noise figure vs. collector current.

COLLECJOR CURRENT (Ic )—mA

Fig. 13— 1/f noise figure vs. collector current.

Typical Input Admittance Characteristics for CA3049T and CA3102

3
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CASCOOE AMPLIFIER
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Fig. 14-lnput admittance (Y
f f

) vs. frequency. Fig. 15-lnput admittance (Yu) vs. frequency.

COLLECTOR SUPPLY VOLTAGE (Vcc l

Fig. 16—Input admittance (Yjj) vs.

collector supply voltage.
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11117"
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COLLECTOR SUPPLY VOLTAGE (Vcc)-V

Fig. 17-Input admittance (Y^) vs.

collector supply voltage.

EMITTER CURRENT ([ 3 ,[ 9)-mA

Fig. 18-input admittance (Yjj) vs.

emitter current.

EMITTER CURRENT (I3, IgJ-mA

Fig. 19—Input admittance (Y
j f)

vs.

emitter current.
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CA3049T, CA3102E
Typical Output Admittance Characteristics for CA3049T and CA3102E
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Fig. 20-Output admittance (Y2^ vs. frequency. Fig. 21-Output admittance (Y22) vs- frequency. Fig. 22-0utput admittance (Y22) vs-

collector supply voltage.
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Fig. 23—Output admittance (Yyo) vs.

collector supply voltage.

Fig. 24—Output admittance (Y2^ vs.

emitter current.

EMITTER CURRENT II 3 ,I 9 )-mA

Fig. 25—Output admittance (Y22) vs-

emitter current.

Typical Forward Transfer Characteristics for CA3049T and CA3102E
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Fig. 26—Forward transfer admittance (Y21)

vs. frequency.

Fig. 27—Forward transfer admittance (Y2 j) Fig. 28—Forward transfer admittance (Y2 j)

vs. frequency. vs. collector supply voltage.

Fig. 29—Forward transfer admittance (Y'2j)
vs. collector supply voltage.
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vs. emitter current.
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1
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Fig. 31—Forward transfer admittance (Y21)

vs. emitter current.
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CA3052

H-1622

16-Lead Dual- In-Line

Plastic Package I

Four Independent AC Amplifiers

Special-Function Sub-System for Stereo Preamplifiers,

Magnetic Pickups, Tape Heads, etc.

Features:

Four AC amplifiers on a common
substrate

m Independently accessible inputs

and outputs

m Operates from single-ended supply

EACH AMPLIFIER
High voltage gain - 53 dB min.

High input resistance - 90 kCl typ.

Undistorted output voltage - 2 V
rms min.

m Output impedance - 1 kQ typ.

Open-loop bandwidth - 300 kHz
typ.

Applications:

Full-function stereo preamplifiers

Tape recorder and playback
preamplifiers

m Tone generators

The RCA-CA3052 is a silicon monolithic integrated circuit

designed specifically for stereo preamplifier service. The

circuit consists of four independent ac amplifiers which can

operate from a single-ended supply.

The CA3052 can operate as an equalizer amplifier in tape

recorders, magnetic cartridge phonograph applications,

and tone control amplifiers. It can provide all of the amplifi-

cation 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 theCA3048
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 RlAA test methods for equivalent input noise using

one test method for amplifiers 1 and 4, and an appropri-

ately different method for amplifiers 2 and 3.

ABSOLUTE-MAXIMUM RATING at 7a = 25° C:

DISSIPATION:

,
, . T ,,„ ~ 750 mW
Up to TA = 55° C

Above TA = 55°C Derate linearly at 7.7 mW/°C

TEMPERATURE RANGE:

Operating
-40°Cto+85°C

Storage
-€5°C to +150°C

LEAD TEMPERATURE (During Soldering):

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm)

from case for 10 seconds max 265

POWER SUPPLY VOLTAGE +16 V

AC INPUT VOLTAGE 05 V rms
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CA3052
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 +2 to -3.6 volts.

TERM
INAL
No.

1 I

T

3 4 5 6 7 8 9 10 n 12 13 14 15 16

1
+ 16 * * • * * 4 * • * • •

-16
•

2 * +2
-3.6

* * +2
-3.6

+ 2
-3.6

* * + 16 + 2
-3.6

* + 16

-16

3 +5
-5

* * * * * * * • * *

4 +3.6
-2

* * * * * * * * * *

5
-16

* + 2
-3.6

+ 2
-3.6

*
-16

+ 16 + 2
-3.6

* + 16

6 * * * * * *
-16

* *

7 + 5
-5

* • * • * * *

8 * * * * * * *

9 + 5
-5

* * * * *

10 * * ' * *

11 * . * * *
•

12
-16

* *

13 + 5
-5

*

14 *

15 + 16

16

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.

RPimn &

MMblbiUT
.I2.TION TOME AND

VOLUME CONTROL

Fig. 1 — Block diagram of stereo preamplifier

using CA3052.

AMBIENT TEMPERATURE <TA >"25*C .

: ''-

_ !!:: m
8

;•::

:::• ::
:

:
::::

:::.
i;

!

i

::::
1*1

r«*iT ::::' :.
:

i
:::

:

:

1
:::

'•'

DC SUPPLY VOLTS I

Fig. 2 — Typical DC supply current vs supply

voltage.
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CA3052

ELECTRICAL CHARACTERISTICS at TA = 25°

C

CHARACTERISTICS SYMBOLS TEST CONDITIONS

LIMITS

CA3052 UNITS

MIN. TYP. MAX.

STATir. _
,

Current drain per amplifier pair >12 or '15 VCC = +12V 9.5 13.5 17.5 mA

DC Voltage

at Output Terminals

VL v6.

V
ll-

V 16
VCC = +12V 6.1 6.9 8.1 V

DC Voltage

at Feedback Terminals

v
3 , v

7 ,

v
10.

V14
VCC = +12V 1.7 2.0 2.3 V

DC Voltage

at Input Terminals

v4- v8.
V
9- V 13

VCC = + 12V 2.2 2.5 2.8 V

DYNAMIC each amplifier with no AC feedback unless otherwise noted-terminals 3, 7, 10, & 14 bypassed to ground

Open-Loop Gain AOL

Vcc = + 12 V

E
|N

=2mV
f =10 kHz

53 58 - dB

Open-Loop

Output Voltage Swing
V (rms)

VCC = +12V
f = 1kHz

THD =5%
2.0 2.4 - V

Open-Loop -3dB Bandwidth BW
Vcc = + 12 V
E
|N

=2mV
- 300 - kHz

Open-Loop

Total Harmonic Distortion
THD Vcc = +12V, f = 1kHz

E0UT = 2Vrms
- 0.65 - %

Input Resistance R
l

Vcc = +12V, f = lkHz - 90 - kfi

Input Capacitance C| VCC = +12V, f = 1MHz - 9 - PF

Output Resistance R VCC = +12V, f = lkHz - 1
- kfl

Feedback Capacitance

(Output to non-

inverting Input)

CFB
Vcc = + 12 V

f = 1MHz
- <0.1 - PF

Equivalent Input

Noise Voltage

(Amplifiers 1 & 4),'

"C" Filter at Output*

EN I*

vcc = + iov

Rs = 5kH
A = 45 dB

- 1.7 6.4 /xV

Equivalent Input

Noise Voltage

(Amplifiers 2 & 3)

RIAA Compensated*

EN2*

vcc = + iov
R
s

= 5kQ
A=64dB(lkHz)

- 4 15.0 [XV

Inter-Amplifier Audio

Separation "Cross Talk
11

Vcc
= + 12V

f = 1kHz

OdB =0.78V

- <-45 - dB

Inter-Amplifier Capacitance

(Any amplifier output to

any other amplifier input)

C
Vcc = + 12 V

f =lMHz
- <0.02 - PF

*Per IHF Standard Methods of Measurement for Audio Amplifiers IHF-A-201, 1966

t ac feedback included in test circuit
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CA3052

NOTE : ALL RESISTOR VALUES ARE IN OHMS

Fig. 3 — Schematic diagram for CA3052.

'- ,W\<

—

)\-

h^RRftirtinn

• CONNECT TO ATMOniiTE TtR.INAl TO MAO VOLTAGE

Fig. 4 — Test circuit for measurement of collector

supply voltage and currents.

COLLtCTOP, SUPPLY VOLTS [V
c(

.)-»li U-t '. a ILj ^4|44
j
j-t-j-U-i-

AMilENT TEMPEP4TUHE (T»l—*C

Fig. S — Typical DC supply current vs ambient

temperature.
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OUTPUT TO VTV« HP<MDOH!OUIV«L!Nt

SlSOOfl.S'.

WWIilWHljJLilli]

pi 1 " 4s '"-'

470 > OOS.P

• Slg Gen should be a low distortion type (0.2* THD or less)

HP206A or equivalent.

• Adjustment of Eg to 2 volts will make Ei = 2mV.

Test Circuit showa Amplifier #1 under teat, to test Amplifiers 2, 3,

or 4; Connect termlnala as shown In Table.

AMPLIFIER
TERMINALS

OUTPUT INPUT BYPASS

1 1 4 3

2 6 8 7

3 11 9 10

4 16 13 14

Fig. 6 - Test circuit for measurement of

distortion, open-loop gain, and

bandwidth characteristics.

x supply VOLTSIVec l

Fig. 7 - Typical amplifier gain vs DC supply

voltage.

« «

!

»

1

1
"

s »

20

CollMToH supply voLtl(vCC ) . • n
>S WPUT SIGN4L WLIIVOLTS (E|N I ' 1

! : :

:

t •

•'

i:
'•>

!:::
:::: ! I!

:

1 i

"

I

!
'

'

!

TTtl
j;;

itS tt*T *|::

It ill

- :-iH
i!

:

'

rjii

t
'

•
•

it: !

'5 SO 75 100

AMBIENT TEMPERATURE <T A > - °C

1

COU.eCTO« SUPPLY VOLTS (Vcc l . . 11

MBIOIT TMPEPATUPE (T A ) • !S*C —
-|

""""

!

" 1--
1

!
i

FREQUENCY (f) -

Fig. 9 — Typical open-loop gain vs frequency.

Fig. 10 — Typical total harmonic distortion vs

ambient temperature.

Fig. 8 — Typical open -loop gain vs ambient

temperature.

Resistors are lo precision (1%) Metal Film type.

Fig. 11 — Test circuit for equivalent input noise

voltage measurement, RIAA
compensated.
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CA3052

100 > "OUTPUT""n m m m m rji n irT

3= '

f ' io.OS

•Resistors are low noise precision, (1%) Metal Film type.

Resistor values are in ohms; capacitance values are

in microfarads, unless otherwise specified.

Fig. 12— Test circuit for measurement of equivalent

input noise voltage of amplifiers 1 and 4.

•V.T.V.M. • Hewlett-Packard Model 400D or equivalent.

Procedure:

1. Adjust Signal Generator for OdB output at reference 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.

Ry '50,000 OHMS
TAPPED AT
12,000 OHMS

Perfor Data

47 dB

11.5 dB

11.5 dB

10 dB

9 dB

Gain at 1-kHz reference

Boost at 100 Hz
Boost at 10 kHz

Cut at 100 Hz
Cut at 10 kHz

Noise:

At maximum volume (input shorted) > 70 dB below 1 volt

At minimum volume > 80 dB below 1 volt

Total harmonic distortion (at 1-kHz reference

and an output of 1 volt) < 0.3 per cent

92CM-29305

Fig. 14 - Schematic of one channel of a complete
stereo preamplifier.
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OPERATING CONSIDERATIONS

Economical Gain Control

The CA3052 is designed to permit flexibility

in the methods by which amplifier gain can

be controlled. Fig. 15 shows a curve of the

gain of an amplifier when the internal re-

sistive feedback of the device is used in con-

junction with an external resistor. Although

measured gain of various amplifiers will not

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 stabijity.

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.

COLLECTOR SUPPLY VOLTS (vcc ) = . 12

OPERATING FREQUENCY «) = 1 kH.

AMBIENT TEI»PERATURE (T A 1 = ?S°C

RESISTANCE IN FEED3ACK

Fig. 15 — Typical amplifier gain vs feedback

resistance.
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CA3019

10-Laad TO-5

Ultra-Fast Low-Capacitance

Matched Diodes

For Applications in Communications
and Switching Systems

Features:

Excellent diode match
m Low leakage current

Low pedestal voltage when gating

Companion Application Note,

ICAN-5299: "Application of the

RCA-CA3019 Integrated-Circuit

Diode Array"

Applications:

Modulator
Mixer
Balanced modulator

m Analog switch

Diode gate for chopper-modulator
applications

The RCA-CA301 9 consists of six ultra-fast, low capacitance
diodes on a common monolithic substrate. Integrated cir-

cuit construction assures excellent static and dynamic
matching of the diodes, making the array extremely useful

for a wide variety of applications in communication and
switching systems.

Four of the diodes are internally connected as a "quad" and
two are independently accessible. The substrate is inter-

nally connected to the 10-lead TO-5-style case.

For applications such as balanced modulators or ring mod-
ulators 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.

92CS-I4294

Connect to most negative circuit potential.

Fig. 1 — Schematic Diagram.

-SO -25

AMBIENT TEMPERATURE (TaI- WCS-I42SJ

Fig. 2 - DC forward voltage drop (any diode) as

a function of temperature.

o -"-"-"i:::i::::::::_::::
-75-50-25 25 50 75 100 125

AMBIENT TEMPERATURE <T4>— 'Z

92C5-W25I

Fig. 3 - Reverse (leakage) current (any diode)
as a function of temperature.

AMBIENT TEMPERATURE (

T

A i ' 25"C . i
'•

I i
'. '.

'.

. . . i ! 1 . .

DC REVERSE VOLTS (Vp) ACROSS DIODE 92CS-M2S2

Fig. 4 — Diode capacitance (any diode) as a function
of reverse voltage.

384



Absolute-Maximum Ratings:

DISSIPATION:

Any one diode unit ... 20 max. mW
Total for device .... 120 max. mW

TEMPERATURE RANGE:
Storage -65 to +200 °C

Operating -55 to +125 C

DC Forward Current, I p 25 mA
Peak Recurrent Forward

Current, l

f
100 mA

Peak Forward Surge

Current, l

f
(surge) . . . 100 mA

VOLTAGE: See Table

Absolute-Maximum Voltage Limits:

TERM.
VOLTAGE
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

7 -18
1,2,

3,6,

8

8 -3 +12 7 -6

9 -3 +12 7 -6

10 NO CONNECTION

CASE
INTERNALLY CONNECTED

TO TERMINAL 7

DO NOT GROUND

Arrays

CA3019

ELECTRICAL CHARACTERISTICS, at TA = 25°C

Characteristics Apply for Each Diode Unit, Unless Otherwise Specified

CHARACTERISTICS SPECIAL TEST CONDITIONS

LIMITS

Units

TYPE CA3019

Min. Typ. Max.

DC Forward Voltage Drop DC Forward Current (I p) = 1 mA - 0.73 0.78 V

DC Reverse Breakdown Voltage DC Reverse Current (I r)
= — 10jliA 4 6 - V

DC Reverse Breakdown Voltage

Between any Diode Unit and

Substrate

DC Reverse Current (Ir)= -10/iA 25 80 - V

DC Reverse (Leakage) Current DC Reverse Voltage (V R )
=-4 V - 0.0055 10 ma

DC Reverse (Leakage) Current

Between any Diode Unit and

Substrate

DC Reverse Voltage (V R ) = -4 V - 0.010 10 '/uA

Magnitude of Diode Offset

Voltage (Difference in DC
Forward Voltage Drops of

any Two Diode Units)

DC Forward Current (I p)= 1 mA - 1 5 mV

Single Diode Capacitance Frequency (f) = 1 MHz
DC Reverse Voltage (V R )

= -2V
- 1.8 - PF

Diode Quad-to-Substrate

Capacitance

Frequency (f) = 1 MHz
DC Reverse Voltage (Vp)

between Terminal 2,5,6, or 8 of

Diode Quad and Terminal 7

(Substrate) = -2 V

Terminal 2 or 6 to Terminal 7 - 4.4 - PF

Terminal 5 or 8 to Terminal 7 - 2.7 - PF

Series Gate Switching

Pedestal Voltage

- 10 - mV

385



Linear Integrated Circuits

CA3039

Diode Array

Six Matched Diodes on a Common Substrate

Ultra-Fast Low-Capacitance Matched Diodes

For Applications in Communications
and Switching Systems

Features:

Excellent reverse recovery time -

1 ns typ.

m Matched monolithic construction -

VF matched within 5 mV
Low diode capacitance - CD = 0.65

pF typical at V* = -2V

The RCA-CA3039 consists of six ultra-fast, low capacitance
diodes on a common monolithic substrate. Integrated cir-

cuit construction assures excellent static and dynamic
matching of the diodes, making the array extremely useful
for a wide variety of applications in communication and
switching systems.

Five of the diodes are independently accessible, the sixth
shares a common terminal with the substrate.

For applications such as balanced modulators or ring mod-
ulators 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.

Applications

Balanced modulators or

demodulators
Ring modulators

m High speed diode gates

m Analog switches

UJUJUJ
SUBSTRATE
AND CASE

Fig. 1 — Schematic Diagram for CA3039.
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ABSOLUTE MAXIMUM RATINGS at TA = 25 °C

Dissipation:

Any one diode unit 100 mW

Total for device 600 mW

For Ta > 55 °C derate linearly 5.7 mW/°C

Temperature Range:

Operating -55 to +125 °C

Storage -65 to +150°C

Peak Inverse Voltage, PIV for: Dj - D5 . .

J6

Arrays

CA3039

5V

0.5 V

Peak Diode-to-Substrate Voltage, Vpj

for Dj-Ds (term. 1,4,5,8 or 12 to term. 10) +20, - 1 V

DC Forward Current, Ip 25

Peak Recurrent Forward Current, If 100

Peak Forward Surge Current, If (surge) . . . 100

mA

mA

mA

LEAD TEMPERATURE (During Soldering)

At distance 1/16 ± 1/32 inch ( 1 .59 ± 0.79mm)

from case for 10 seconds max + 265 °C

ELECTRICAL CHARACTERISTICS, at TA = 25° C

Characteristics apply for each diode unit, unless otherwise specified.

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS

LIMITS

UNITS

CHARAC-
TERISTIC
CURVES

MIN. "TYP. MAX. FIG.

DC Forward Voltage Drop VF

l F = 50/xA - 0.65 0.69 V

2
1mA - 0.73 0.78 V

3 mA - 0.76 0.80 V

10 mA - 0.81 0.90 V

DC Reverse Breakdown Voltage V(BR)R l R
= -10/u.A 5 7 - V -

DC Reverse Breakdown Voltage

Between any Diode Unit and Substrate
V(BR)R lR=-10/LiA 20 - - V -

DC Reverse (Leakage) Current |R VR = -4V - 0.016 100 nA 3

DC Reverse (Leakage) Current

Between any Diode Unit and Substrate |R VR = -10 V - 0.022 100 nA 4

Magnitude of Diode Offset Voltage

(Difference in DC Forward Voltage

Drops of any Two Diode Units)
|

VFl- VF
2

|

l F
= lmA - 0.5 5 mV 2

Temperature Coefficient of |Vp. - Vp„ I

A|v
Fl
-v F2

|

l F = lmA -
1

- ^V/°C 5

AT

Temperature Coefficient of Forward Drop

AVF

AT
lF

= lmA - -1.9 - mV/°C 6

DC Forward Voltage Drop for

Anode-to- Substrate Diode (D$)
vF l F

= lmA - 0.65 - V -

Reverse Recovery Time trr lp = 10 mA, Ir = 10 mA - 1 - ns -

Diode Resistance Rd f = 1 kHz, l F
- 1 mA 25 30 45 n 7

Diode Capacitance cd VR = -2V,I F
= - 0.65 - PF 8

Diode-to-Substrate Capacitance C DI VD ,
= +4V, l F

= - 3.2 - PF 9
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CA3039
TYPICAL CHARACTERISTICS

6 8
0|

2 4 6 8,

DC FORWARD MILLIAMPERES (I F)

Fig. 2 - DC forward voltage drop (any diode) and diode

offset voltage vs DC forward current

l0
8
6
4

2
It

°
' 8

UJ 6

£ 4
a.

< 2

o
5 Al

* 6

> 2
UJ

^ 0.01-
o 8
Q 6

4

2

0.001

-25 25 50 75

AMBIENT TEMPERATURE (TA )— "C

92CS-15266

Fig. 3 - DC reverse (leakage) current (diodes 1,2,3,4,5)

vs temperature

100
6
4

2

H
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CO 4
Ui

UJ c

S l 3

o 6
Z 4
<
2 2

^ 1
> 4
UJ
°= 2
o

I
4

2

0.001

-50 -25 25 50

AMBIENT TEMPERATURE (TA)-

92CS-I5265

Fig- 4 - DC reverse (leakage) current between diodes

(1,2,3,4,5) and substrate vs temperature
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AMBIENT TEMPERATURE (TA )— °C

92CS- 15269

Fig. 5 - Diode offset voltage (any diode) vs temperature

0.9

> 0.8

to
i-

§ 0.7

o
K
% 0.6
or
o
u.

o 0.5o

J.

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA )— *C

92CS-IS26I

Fig. 6 - DC forward voltage drop (any diode) vs

temperature

iooo
8
6

4

1 2
O

i 100-
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U 4
z
<t

& 2
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£ 10

UJ 8

8 6

O 4

2

1

AMBIENT TEMPERATURE Ua) = 25"C
FREQUENCY (f)=l kHz

2 4 6 8 Q1 2 4 6 8

DC FORWARD MILLIAMPERES Up)
92CS-I526

Fig. 7 - Diode resistance (any diode) vs DC
forward current
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TYPICAL CHARACTERISTICS

1 ~ '

o . ~ _ __

g 3 .. -_ - --

£ 2
- ~ ; .

12 3 4

DC REVERSE VOLTS (Vr) ACROSS DIODE

92CS-I5263

Fig. 8 - Diode capacifance (diodes 1 ,2,3,4,5) vs

reverse voltage

DC FORWARD CURRENT (lp)»0

a. * s _

Eh ""^^i;; ~ ~:~ ~

—

5^q - : : i

2z ~ -
< -

So . __ _ _2< - - -
OO. ------

<->
i ;_ .

-

DC REVERSE VOLTS (Vr) BETWEEN TERMINALS I,

AND SUBSTRATE (TERMINAL 10)

5, 8.0R 12

92CS-I5264

Fig. 9 • Diode-to-substrate capacitance vs

reverse voltage
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CA3141E

16-Lead Dual-in-Line
Plastic Package

(E suffix)

H-1622

High-Voltage Diode Array
For Commercial, Industrial, and Military Applications

Features:

Matched monolithic construction -

VF for each diode pair matched to

within 0.55 mV (typ.) at lf = 1 mA
m Low diode capacitance - 0.3 pF

(typ.) atVn = 2V
High diode-to-substrate breakdown
voltage - 30 V (min.)

m Low reverse (leakage) current -

100 nA (max.)

Applications:

Balanced modulators or

demodulators
Analog switches

m High-voltage diode gates
m Current ratio detectors

The RCA-CA3141E High-Voltage Diode Array 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 circuit 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.

The CA3141 is supplied in the 16-lead dual-in-line plastic
package (E suffix), and in chip form (H suffix).

92CS-27I73

Fig. 1 — Terminal assignment.

MAXIMUM RATINGS, Absolute-Maximum Values:

PEAK INVERSE VOLTAGE (PIV)
30 v

PEAK DIODE-TO-SUBSTRATE VOLTAGE
30 v

PEAK FORWARD SURGE CURRENT [l F (SURGE)] 100 m

A

DC FORWARD CURRENT (l F ) 25 mA
DISSIPATION:

Any one diode unit cr, ...
50 mW

Total Package:

Upto55°C _„ ...
650 mW

For TA > 55° C
Derate Mnear | y at 6 67 mW/0 c

AMBIENT TEMPERATURE RANGE:

°Perating
'-- -55to+125°C

St0r39e
-65to+150°C

LEAD TEMPERATURE (During Soldering):

At distance 1/16 ± 1/32 inch (1.59 + 0.79 mm) from case for 10s max +265°C
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ELECTRICAL CHARACTERISTICS at TA = 25°C

CHARACTERISTIC
TEST

CONDITIONS

LIMITS
UNIT

Min. Typ. Max.

DC Forward Voltage Drop, Vp
lp (Anode) 100 pA - 0.7 0.9

V1 mA - 0.78 1

10 mA - 0.93 1.2

DC Reverse Breakdown

Voltage, V (BR)R l F
= -lOjuA 30 50 _ V

DC Breakdown Voltage Between

Any Diode and Substrate,

V (BR)DI

l D ,

= 10juA 30 50 - V

DC Reverse (Leakage) Current,! R V F
= -20 V - - 100 nA

DC Reverse (Leakage) Current

Between Any Diode and

Substrate, Iqj

VD |

= 20 V - - 100 nA

Magnitude of Diode Offset

Voltage Between Diode Pairs

V D ,

= 20 V
lpA = 1 mA

- 0.55 - mV

Temperature Coefficient of

Forward Voltage Drop,

AV F/AT
lp= 1 mA - -1.5 - mV/°C

Reverse Recovery Time, t
rr

lp = 2 mA, l R = 2 mA - 50 - ns

Diode Capacitance, Cq See Fig. 5 pF

Diode Anode-to-Substrate

Capacitance, CqA |

See Fig. 6 pF

Diode Cathode-to-Substrate

Capacitance, Cqqj
See Fig. 7 pF

Magnitude of Cathode-to-Anode

Current Ratio, H FC^' FA'
l FA

=
1 mA, V DS = 10 V 0.9 0.96 -
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14-Lead Dual-ln-Llne

Plastic Package

(E Suffix)

H-1517

Arrays

CA1724, CA1725 Types

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:

CA1725 = 80 V dc min. V(BR)CES
@IC = 10 MA

V
'

CA1724 = 70 V dc min. V(VR)CES
@IC = 10 mA

V

'

The RCA-CA1724 and -CA1725 are

high-current n-p-n transistor arrays each

containing 4 individual sealed-junction

high-current n-p-n transistors. They are in-

tended for high-current driver applica-

tions.

These devices are alike except for

breakdown voltage ratings.

TheCA1724 and CA1725 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.

I Silicon Nitride Passivated

I Platinum Silicide Ohmic Contacts

i Electrically similar and pin compatible
with industry types MPQ3724,
MPQ3725; FPQ3724, FPQ3725; DH3724,
DH3725; SP3724, SP3725 in similar

packages

Applications

High-Current LED Driver

High-Voltage Switching

Relay and Solenoid Driver

Lamp Driver

Comparison of High Current N-P-N Arrays

CHARACTERISTIC CA1725 CA3725 CA3138A

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

VCEO(sus) 50 58 — 50 — - 15 20 -

V(BR)CBO 80 94 — 80 — — 25 60 —

V(BR)EBO 6 6.9 — 6 — — 5 7.2 —

hpE @ 1A 20 25 — 20 — — 40 170 —

hpE @ 500 mA 30 35 — 30 — — 95 170 —

hFE @ 100 mA 35 40 — 35 — — 80 160 450

VcE(SAT)® 500 mA — 0.38 0.5 — — 0.5 — 0.26 0.4

tQN @ 500 mA — 38 — — — 40 — 31 —

toFF @ 500 mA — 185 — — — 60 — 105 —

CEB — 100 — — 95 — — 77 —

CCB — 12.5
|
-

...

12 - — 18 -
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CA1724, CA1725 Types

ELECTRICAL CHARACTERISTICS at Ta 25°C

Characteristic Test Conditions

LIMITS U
n
i

t

s

CA1724 CA1725

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

Col lector-to-Emitter

Sustaining Volt- IC = 10mA, Ib = 40 45 — 50 58 — V
age- VcEO(sus)*

Collector-to-Emitter

Breakdown Volt- IC = 10mA, Ib = 70 75 — 80 94 — V
age, V(BR)CES

Collector-to-Base

Breakdown Volt- IC = 10 MA, Ie = 70 75 — 80 94 — V

age, V(BR)CBO

Emitter-to-Base

Breakdown Volt- IE = 10mA,Ic = 6 6.9 — 6 6.9 — V
age, V(BR)EBO

Base-to-Emitter

Saturation Voltage

VBE(sat)*

IC = 500 mA,

lB = 50mA
0.75 0.89 1.0 0.75 0.9 1.0 V

Collector-to-Emitter

Saturation Voltage IC = 500 mA,
- 0.36 0.5 - 0.38 0.5 V

VcE(sat) lB = 50mA

Collector-Cutoff VCB = 40V,
0.3 1.7 0.3 1.7 ^A

Current, IcBO i E =o
IC = 100 mA

Static Forward- VCE=10V 35 40 — 35 40 —
Current Transfer IC = 500 mA, 30 35 — 30 35 —
Ratio (Beta), hpE VcE=10

V

IC = A,Vce = 10 V

20 25 — 20 25 —

Turn-On Time (See

(Test Ckt.Fig.6), ton

IC = 500 mA,

lBi=50mA
- 38 - - 38 - ns

Turn-Off Time (See

Test Ckt.Fig.6), t ff

IC = 500mA, Ib-| =

lB2
= 50mA

- 185 - — 185 - ns

Emitter-to-Base

Capacitance, Ceb

ic = o

Veb = 0.5 V
- 102 - - 100 — pF

Collector-to-Base

Capacitance, CCb

lE = 0,

VCB = 10V
- 14 —

.
- 12.5 — PF

* Pulse Conditions: width = 300 ^s; duty cycle = 1%.

92CS - 24?99

Fig. 1— Terminal diagram (top view).
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Arrays

CA1724, CA1725 Types

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-EMITTER VOLTAGE VqeO
With Base Open

COLLECTOR-TO-BASE VOLTAGE VCBO
EMITTER-TO-BASE VOLTAGE VEB

With Collector Open

COLLECTOR CURRENT >C

POWER DISSIPATION: Pd
For Each Transistor

Total Package

At Ta above 25°C derate linearly (Total Package)

AMBIENT TEMPERATURE RANGE:

Operating

Storage

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/32" (3.17 mm) from seating

plane for 10 s max

COLLECTOR CURRENT (I c )-mA 92CS-J250!

Fig. 2—Static forward current transfer ratio as

a function of collector current.

REVERSE VOLTAGE (VR )-V 92 cs-3J5ll

Fig. 4—Capacitance as a function of reverse

voltage.

CA1724 CA1725

40 50 V

70 80 V

V

.1.0

1 n w
?.n w
?0 mwl'C

—55 to +125 °C

„^_ —65 to +150 °C

300

ICOO

92CS-325IO

6 8 2 468 2 466
I 10 100

BASE CURRENT (X B)-mA

Fig. 3—Collector-to-emitter voltage as a

function of base current.
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CA3018, CA3018A

General-Purpose Transistor Arrays

Two Isolated Transistors and
a Darlington-Connected Transistor Pair

For Low-Power Applications at Frequencies
from DC Through the VHF Range

Features:

Matched monolithic general
purpose transistors

m Hfe matched ± 10%
m Vbe matched ± 2 mV CA3018A
(± 5m V CA3018)

m Operation from DC to 120 MHz
m Wide operating current range
CA3018A performance characteris-

tics controlled from 10 /jA to 10 mA
m Low noise figure - 3.2 dB typical at

1KHz
u Full military temperature range ca-

pability (-55 to +125° C)

Applications

General use in signal processing
systems in DC through VHF range
Custom designed differential

amplifiers

m Temperature compensated
amplifiers

See RCA Application Note,
ICAN-5296 "Application of the

RCA CA3018 Integrated-Circuit

Transistor Array" for suggested
applications.

The CA3018 and CA3018A consist of four general purpose
silicon n-p-n transistors on a common monolithic
substrate.

Two of the four transistors are connected in the Darlington
configuration. The substrate is connected to a separate
terminal for maximum flexibility.

The transistors of the CA3018 and the CA3018A are well
suited to a wide variety of applications in low-power sys-

tems 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 applications requiring
premium performance.

QI2

<

y
SUBSTRATE

07 OlO &A 92CS-I4244RI

-o

Fig. 1 — Schematic Diagram for CA3018 and CA3018A
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Arrays

" ~ CA3018, CA3018A

Maximum Ratings, A'osolute-Maximum Values, at TA«25<>C The following ratings apply for each transistor in thence:

Power Dissipation, P:

Any one transistor .

Total package

CA3018

300

450

CA3018A

300

450

mW
mW

15 V
30 V
40 V
5 V
50 mA

Derate at 5 mW/°C for TA > 85°C

Temperature Range:

Operating -55 to + 125 -55 to + 125°C

Storage -65 to + 150 -65 to + 150°C

Collector-to-Emitter Voltage,vCeo ' 15

Collector-to-Base Voltage, VCBO .. 20

Collector-to-Substrate Voltage, VCIO
* 20

Emitter-to-Base Voltage, VEBQ ... 5

Collector Current, Ic
50

*The collector of each transistor of the CA3018 and CA3018A

is isolated from the substrate by an integral diode. The

substrate (terminal 10) must be connected to the most neg-

ative point in the external circuit to maintain isolation be-

tween transistors and to provide for normal transistor action.

LEAD TEMPERATURE (During Soldering)

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

from case for 10 seconds max +- (l5 ^

ELECTRICAL
CHARACTERISTICS

ot TA » 25°C
SYMBOLS SPECIAL TEST CONDITIONS

CA3018

LIMITS

CA3018A

LIMITS
Units

CHARAC-

TERISTICS

CURVES

Min.l Typ. ]
Max. Min. | Typ. | Max. Fig.

STATIC CHARACTERISTICS , , —

r

Collector-Cutoff Current CBO
vCB=iov.i E =o

- 0.002 100 - 0.002 40 nA 2

Collector-Cutoff Current 'ceo
vCE= iov,i B

=o
- See Curve 5 - See Curve 0.5 MA 3

Collector-Cutoff Current

Darlington Pair
'CEOD

vCE
=iov,i

B
--o

- - - - - 5 /"A -

Collector-to-Emitter

Breakdown Voltage

v
(BR)CE0

I

C
=1«A.I

B
=0 15 24 - 15 24 - V -

Collector-to-Base

Breakdown Voltage

v(BR)CB0
I

c=1QuA.Ie
=0 20 60 - 30 60 - V -

Emitter-to-Base

Breakdown Voltage

V(BR)EB0
l

E
=lQciA.tc

=0 5 7
- 5 7

- V -

Collector-to-Substrate

Breakdown Voltage

v
(BR)CI0

l

c
=lQuA.iC l=°

20 60 - 40 60 - V -

Collector-to-Emitter

Saturation Voltage

VCES
l

B
= 1mA, Iq= 10mA

- 0.23 - - 0.23 0.5 V -

Static Forward Current

Tansfer Ratio

hFE

( l

c
=10mA

VCE
=3V, \

\c 1mA

( IC=1M
30

100

100

54

200

50

60

30

100

100

54

200

-
4

Magnitude of Static-Beta Ratio

(Isolated Transistors Q j
and Q2

)

v
CE=

3v
-
lcr'c2=

lmA 0.9 0.97 - 0.9 0.97
- - 4

Static Forward Current Transfer

Ratio Darlington Pail

(Q3&Q4)

hFED
VrF=3V i 'C=

lmA
CE \ l

c=10QuA

1500 5400

--

2000

1000

5400

2800 - - 5

Base-to-Emitter Voltage
VBE

Vnr-3V 'E
=lmA

VCE-
JV

i^iOmA

- 0.715

0.800
-

0.600 0.715

0.800

0.800

0.900
V 6

Input Offset Voltage

V
BE,

•V
BE

2

VCE
=3V,l

E
=lmA - 0.48 5

- 0.48 2 mV 6,8

Temperature Coefficient:

Base-to-Emitter Voltage

Q-1.Q2

KeI
AT

VCE
=3V,lE

=lmA
- -1.9 - - -1.9 - mV/

/o
c

7

Base (QjHo-Enitter (Q4 )

Voltage-Darlington Pair

VBED
(V

9.,)

VCE=3V
\V l™

Lt
l

E
= 1mA

- 1.46

1.32
- 1.10

1.46

1.32

1.60

1.50
V 9

Temperature Coefficient:

Base-to-Emitter Voltage

Darlington Pair-Q.3,0.4

KedI
AT

VCE
=3V,l E

=lmA - 4.4 - - 4.4
- mV/

/o
c

10

Temperature Coefficient:

Magnitude of Input-Offset Voltage

fBEfVf^ 1
VCC-6V,VEE,6V, _ 10

- - 10
- *%.

-

AT
'
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CA3018, CA3018A
ELECTRICAL CHARACTERISTICS, (CONT'D)

DYNAMIC CHARACTERISTICS

Low Frequency Noise Figure
NF f=l KHz,Vce=3V,Ic=100mA

Source resistances Kfi
- 3.25 - - 3.25 - dB 1Kb)

Low-Frequency,Small-Signal

Equivalent-Circuit

Characteristics:

Forward Current-Transfer Ratio h
fe

- 110 - - 110 - - 12

Short-Circuit Input Impedance h
ie

- 3.5 - - 3.5 - KO 12

Open-Circuit Output Impedance h
oe

f=lkHz,V
CE =3V,l

c
=lmA - 15.6 - - 15.6 - /xmho 12

Open-Circuit Reverse

Voltage-Transfer Ratio

h
re - 1.8x10-* - - 1.8x10-4 - -

12

Admittance Characteristics:

Forward Transfer Admittance Yfe -
31-J1.5

- -
31-J1.5

- mmho 13

Input Admittance Yie -
0.3+J0.04

- -
0.3+J0.04

- mmho 14

Output Admittance Y
oe

f=lMHz,VCE=3V,i
c=imA

I

- O.OOHjO.03 - - O.OOl+jO.03 - mmho 15

Reverse Transfer Admittance Yre See Curve See Curve mmho 16

Gain-Bandwidth Product f
T VCE=3V,lc

=3mA 300 500 - 300 500 - MHz 17

Emitter-to-Base Capacitance C EB V EB=3V,I
E
=0 - 0.6

- - 0.6 - PF -

Collector-to-Base Capacitance CCB VCB=3V,I
C
=0 - 0.58 - - 0.58 - pF -

Collector-to-Substrate Capacitance
I — C

CI
vc y=3v,i

c
=o - 2.8 - - 2.8 " PF ~

STATIC CHARACTERISTICS

io2 e

4

2

-EMITTER CURRENT (I E

< 8
f

6

8 2
u ^vs$y

—
£Y<

(- 6

5 «

6 z

" IO--L

*

\<*//y
j»V//

<&
u. 8
H- 6

O 2

g 10 L

/$&/&Y7
&///

oO 2

8rX^o^'
6
4^>^

10-4

c) 2 5 5 3 7 3 IOO 125

io3 e

6

4

2

IO
2

8
< 6

1 «

yy.

/

£y /
£(/*>

CtYSH '°8
r~ 6

Z "

a.
i

13

-*/ /
&//&/

,<9V
It 1
O 4
1-

3 2

Q IO
H

,<v

&'//

*3l/

-J 4
-J

S 2

IO
-2

rV/ /

'°
8
6
4

IO'
3

J*****'^
-~~^^

c 2 5 5C-> ?•) IOO 125

AMBIENT TEMPERATURE (TA )—"C
92CS-I5I95

AMBIENT TEMPERATURE <TA )— °C
92CS- 15194

Fig. 2 - Typical Collector-To-Base Cutoff Current vs

Ambient Temperature for Each Transistor.

Fig.3 - Typical Collector-To-Emmiter Cutoff Current vs

Ambient Temperature for Each Transistor,

398



120

L£ 110
UJ
u.
CO
2
2 100
h-

££90
35
Oh fln

<r

p
"- 70
o

g
"> 60

50

C0LUECT0R-T0-EMITTERV0LTS(VCE>=3
AMBIENT TEMPERATURE <TA ) = 25°C

N

i

i.i

i

o
<
GC

<
0.9 t

CD

0.8

i?

"AMZ\ L 1

hFE2
|

1
IF 12 ri 1FEI 1

EMITTER V iAMPERES(Ie)

Fig.4 - Typical Stafic Forward Current-Transfer

Ratio and Beta Ratio for Transistors Q,

and Q2 vs Emitter Current.

0.8

w 0.7
OD
>
to

>

£ °-6
t-

. »-

z
111

1

1 0.5

in
<m

0.4

COLLECTOR-TO-EMITTER V0LTS(VCE)*3

AMBIENT TEMPERATURE (TA)«25«C
>
E

1

"0

3 ?

z
<

2 °"

<

O
>
1-

1 UJm
u.
u.
O
t-

0.
Z

^ /

1^
)

/
/

JNPLIT OF"Ff F"r von AGF- \Vft£\^
y

0(ii
Z 1 5 »0

1

> 9 S 8
1

z t 5 u
EMITTER MILLIAMPERES(l£)

F/g.6 - Typical Static Base-to-Emitter Voltage

Characteristic and Input Offset Voltage for

Or and Qy vs Emitter Current.

-25 25 50

AMBIENT TEMPERATURE (TA)-

Arrays

CA3018, CA3018A
8000

„. 7000
S
U. UJ
to u.

<- 6000
cccc

z z 5000
u)o
£>-

u? 4000
oce
£«*<o
Jcr 3000
ac or

00
U.U.

55
HOC
10

1000

COLLECTOR-TO-EMITTER VOLTS (VCE>
AMBIENT TEMPERATURE (TA ) = 25«C

= 3

468| 2 468 10

EMITTER MILLIAMPERES(IE )

Fig. 5 - Typical Static Forward Current Transfer Ratio

for Darlington-connected Transisters Qj
and O4 vs Emitter Current.

-50 -25 25 50 75 100

AMBIENT TEMPERATURE (TA )
—°C

92CS-I5I86

Fig. 7 - Typical Base-To-Emitter Voltage Characteristic

for Each Transistor vs Ambient Temperature

Fig.8 - Typical Offset Voltage Characteristic vs

Ambient Temperature

0.1
= .«.<.( ' « - 10

EMITTER MILLIAMPERES(Ie)
92CS- 15183

Fig. 9 - Typical Static Input Voltage Characteristic for

Darlington Pair (Qj and Qj) vs

Emitter Current

399



Linear Integrated Circuits

CA3018, CA3018A
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Arrays

CA3018, CA3018A

TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR

COMMON-EMITTER CIRCUIT, BASE INPUT
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Linear Integrated Circuits

CA3036

M;i

10-LeadTO-5

Dual Darlington Array
Features

Two independent low-noise wide-band
amplifier channels
Particularly useful for preamplifier and low-level
amplifier applications in single-channel
and stereo systems
Wide application in low-noise industrial
instrumentation amplifiers

Applications

Stem phonograph preamplifiers
Low-level stereo and single-channel
amplifier stages
Low-noise, emitter-follower differential amplifiers
Operational amplifier drivers

92CS- 14624

Fig. 1 - Schematic diagram for CA3036. Fig. 2 - Block diagram of stereo system using
CA3036 as phono preamplifier.

MAXIMUM RATINGS, Absolute-Maximum Values-
POWER DISSIPATION, P:

ANY ONE TRANSISTOR
TOTAL FOR ARRAY .

. 300 max
'
mW

TEMPERATURE RANGE: 300 max mW
OPERATING
STORAGE '.'.'.'.'.'.'.'.'.'.'. ~55 to +125°C

THE FOLLOWING RATINGS APPLY FOR EACH TRANSISTOR IN THE ARRAY-
65

'°
+2°°° C

COLLECTOR-TO-EMITTER VOLTAGE, VCeo ... iC
COLLECTOR-TO-BASE VOLTAGE, VCBO on

m3X '

EMITTER-TO-BASE VOLTAGE VE80
maX V

.
COLLECTOR CURRENT lc

5 m3X
'

V
50 max. mA

4= 560 pF TO
OUAN-TECH
MODEL No. 3II

OR
EQUIVALENT
TESTER

92CS-I4628

Fig.3 - Noise Voltage Test Circuit for CA3036.
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Arrays

CA3036

ELECTRICAL CHARACTERISTICS, at TA = 25°C

SYMBOLS
TEST

CONDITIONS

LIMITS

UNITS
CHARACTERISTICS

TYPE CA3036

Min. Typ. Max.

For Each

Transistor

(Ql, Q2, Q3- Q4)

Collector-Cutoff Current ICBO VCB=5V, IE =0 - - 0.5 /LiA
.

Collector-Cutoff Current ICEO VCE=10V, IB -0 - - 5 /xA

Collector-to-Emitter Breakdown Voltage V(BR)CEO IC=lmA, Ib -0 15 20
-- V

Col lector-to-Base Breakdown Voltage V(BR)CBO IC = 10/xA,Ie=0 30 44 - V

Emitter-to-Base Breakdown Voltage V(BR)EBO IE = 10/LtA, lc=0 5 6 -- V

For Either Input

Transistor (Qi or Q3)
Static Forward Current-Transfer Ratio hFE Id or Ic3 = 1 mA 30 82

-- -

For Either

Darlington Pair

(Ql,Q2orQ3, Q4)

Emitter-to-Base Breadkown Voltage V(BR)EBO(D) lr£2or lE4
= 10/iA 10 12.6

- V

Static Forward Current-Transfer Ratio hFE(D) or > ~
1 mA

«C3
+ 'C4 )

1000 4540 - -

For Each

Input Transistor

(Ql or Q3)

Short-Circuit Forward Current-Transfer Ratio hfe

f =1 kHz

'CI or IC3
=

1 mA

-- 82 - -

Short-Circuit Input Impedance hie
- 2.6K - n

Open-Circuit Output Admittance hoe
~ 7

- fimbo

Open-Circuit Reverse Voltage-Transfer Ratio hre
- 9.8 x 10-5 - -

For Either

Darlington Pair

(Ql, Q2 or Q3l Q4)

Short-Circuit Forward Current-Transfer Ratio hfe(D)

f =1 kHz

ICl + 'C2
|

or >
r: lmA

IC3+ 'C4;

- 1300 - -

Short-Circuit Input Impedance hie(D)
- 82K - Q.

Open-Circuit Output Admittance hoe(D)
- 108 ~ /umho

Open-Circuit Reverse Voltage-Transfer Ratio hre(D)
- 2.7 x 10-3 -- --

Voltage Gain A(D)
-- 26 - dB

Power Gain Gp(D)
- 47 -- dB

Noise Voltage

See Fig.3 for Test Circuit

EN

f = 100 Hz - 0.2 3
/zV(rms)

f
= 1 kHz - 0.05 0.3

\/m
f
= 10 kHz - 0.012 0.1

For Either

Input Transistor

(Ql or Q3)

Forward Transfer Admittance yfe

f=50MHz

- 0.68 + j 7.9 ~ mmho

Input Admittance (Output Short-Circuited) Vie
-- 4.14 + j 5.95 - mmho

Output Admittance (Input Short-Circuited) Yoe
l cl orlc3=2mA

- 1.94 + j 2.64 - mmho

Reverse Transfer Admittance

(Input Short-Circuited)
Yre

-- Negligible - mmho

For either

Darlington Pair

(Ql, Q2 or Q3, Q4)

Input Admittance (Output Short-Circuited) yie(D) f =50 MHz

'CI + IC2

)

or Y 2 mA

>C3
+ 'C4 j

~ 1.71 +j 2.8
- mmho

Output Admittance (Input Short-Circuited) yoe(D)
- 3.96 +j 2.6 ~ mmho

Gain-Bandwidth Product fT(D) 150 200 ~ MHz
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Linear Integrated Circuits

CA3045, CA3046 Types

14-Lead Dual-ln-Line Ceramic

14-Lead Dual-ln-Line Plastic

~
}

f H-1517

14-Lead Dual-ln-Line Frit-Seal

Hermetic
Package

General-Purpose Transistor Arrays

THREE ISOLATED TRANSISTORS

AND ONE DIFFERENTIALLY-CONNECTED TRANSISTOR PAIR

For Low-Power Applications at Frequencies

from DC through the YHF Range

Features

• Two matched pairs of transistors

V(je matched ± 5 mV
Input offset current 2 fiA max. at lc = 1 mA

• 5 general purpose monolithic transistors

The CA3045 and CA3046 each consist of five general-purpose

silicon n-p-n transistors on a common monolithic substrate.

Two of the transistors are internally connected to form a

differentially-connected pair.

The transistors of the CA3045 and CA3046 are well suited to
a wide variety of applications in low power systems in the DC
through VHF range. They may be used as discrete transistors

in conventional circuits. However, in addition, they provide
the very significant inherent integrated circuit advantages of
close electrical and thermal matching.

The CA3045 is supplied in a 14-lead dual-in-line hermetic
(welded-seal) ceramic package and the CA3045F in a 14-lead

dual-in-line hermetic (frit-seal) ceramic package.

The CA3046 is electrically identical to the CA3045 but is

supplied in a dual-in-line plastic package for applications

requiring only a limited temperature range.

• Operation from DC to 120 MHz

• Wide operating current range

• Low noise figure - - 3.2 dB typ. at 1 kHz

• Full military temperature range for CA3045

-55 to +125°C

Applications

• General use in all types of signal processing systems
operating anywhere in the frequency range from

DC to VHF

• Custom designed differential amplifiers

• Temperature compensated amplifiers

• See RCA Application Note, ICAN-5296 "Application
of the RCA-CA3018 Integrated-Circuit Transistor

Array" for suggested applications.

The CA3045 and CA3046 are available in the packages shown below

Package Suffix Letter CA3045 CA3046

14-Lead Dual-ln-

Line Plastic E s/

14-Lead Dual-ln-

Line Ceramic D sj

14-Line Dual-ln-

Line Frit-Seal

Ceramic
F >/

Beam Lead L >/

Chip H v/

6 6 6 6 _
7 9 IO 12 IJ

SUB-
STRATE

92CS-I5J06

Fig. J - Schematic diagram.
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ABSOLUTE MAXIMUM RATINGS AT TA = 25°C CA3045

Each Total

Transistor Package

Arrays

CA3045, CA3046 Types

CA3046, CA3045F

Each Total

Transistor Package

Power Dissipation:

TA up to 55°C

TA > 55°C

TA up to 75°C

TA > 75°C

Collector-to-Emitter Voltage, VqeO

Collector-to-Base Voltage, VcbO
*

Collector-to-Substrate Voltage, Vrjio

Emitter-to-Base Voltage, VebO

Collector Current

Temperature Range:

Operating

Storage

Lead Temperature (During Soldering):

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 13) must be connected

ELECTRICAL CHARACTERISTICS, at TA = 25°C

300 750

Derate at 8

15

20

20

5

50

-55 to +125

-65 to +150

+265

300 750 mW

Derate at 6.67 mW/°C

- - mW
- - mW/°C

15 V

20 V

20 V

5 V

50 mA

-55 to +125 °C

-65 to +150 °c

+265 °C

to the most negative point in the external

maintain isolation between transistors and

for normal transistor action.

circuit to

to provide

CHARACTERISTICS • SYMBOLS SPECIAL TEST CONDITIONS

LIMITS

UNITS

CHARAC-

TERISTIC

CURVES

Type CA3045

Type CA3046

MIN. TYP. MAX. FIG.

STATIC CHARACTERISTICS

Collector-to-Base Breakdown Voltage v(BR)CB0 l n
- 10/xA, 20 60 V -

Collector-to-Emitter Breakdown Voltage v (BR)CE0 l c
= 1mA, l

B
= 15 24 V

Collector-to-Substrate Breakdown Voltage v(BR)CI0
lc

= 10/JV, l

C)
= 20 60 V

Emitter-to-Base Breakdown Voltage V(BR)EB0
l E

= 10/iA, l c
=0 5 7 V -

Collector-Cutoff Current 'CBO
VnR = 10V,l F

=0 0.002 40 nA 2

Collector-Cutoff Current 'ceo
VnF = 10V,l B

= See curve 0.5 t* 3

Static Forward Current-Transfer Ratio

(Static Beta)
h FE

l l

c
= 10 mA

VCE
= 3v'l c

= lmA

1 If. = 10 /jA

40

100

100

54

4

Input Offset Current for Matched Pair

Q
1
andQ

2
. Il^-I^l

VCE
= 3 V, l c

= 1 mA 0.3 2 /-* 5

Base-to- Emitter Voltage VBE VrF = 3v/'E
= lmA

CE
\I

F
= 10 mA

0.715

0.800

V 6

Magnitude of Input Offset Voltage for Differ-

ential Pair |v
BEi

- v BE2 l

VCE
= 3 V, l c

- 1 mA 0.45 5 mV 6,8

Magnitude of Input Offset Voltage for Iso-

lated Transistors Vbe
3

- v beJ'
!
V BE 4

- V BE 5
I. IVBE5-VBE3I

VCE
= 3 V, l

c
= 1 mA 0.45 5 mV 6,8

Temperature Coefficient of

Base-to-Emitter Voltage

AV BE

AT
VCE

= 3V,I C
= 1 mA -1.9 mV,°C 7

Collector-to-Emitter Saturation Voltage V CES l B
= 1 mA, Iq = 10 mA 0.23 V

Temperature Coefficient:

Magnitude of Input-Offset Voltage

|AV|
|

. AT
V CE

r 3 V, l c
- 1 mA 1.1 MV/°C 8



Linear Integrated Circuits

CA3045, CA3046 Types
ELECTRICAL CHARACTERISTICS (Cont'd.)

DYNAMIC CHARACTERISTICS

Low-Frequency Noise Figure NF f = 1 kHz, VCE = 3 V, l

c -100/J\

Source Resistance = 1 kO.
3.25 dB 9(b)

Low-Frequency, Small-Signal

Equivalent-Circuit Characteristics:

Forward Current-Transfer Ratio h
fe 110

10

Short-Circuit Input Impedance h
ie 3.5 kQ

Open-Circuit Output Impedance h
oe

f = 1 kHz, VCE =3V, l

c
= 1mA

15.6 /imho

Open-Circuit Reverse

Voltage-Transfer Ratio
h
re 1.8xl0"

4

Admittance Characteristics:
.

Forward Transfer Admittance Yfe

f
- 1 MH7 l/^r

31-J1.5 11

Input Admittance Y,e 0.3+J0.04 12

Output Admittance v
'oe

1

0.001 +J0.03 .
13

Reverse Transfer Admittance Y
rfi See curve 14

Gain-Bandwidth Product f
T V CE

= 3 V, l

c
= 3 mA 300 550 15

Emitter-to-Base Capacitance C EB VEB = 3 V, l

E
= 0.6 PF

Collector-to-Base Capacitance CCB VCB
= 3 V, t

c
= 0.58 PF .

Collector-to-Substrate Capacitance C
CI

V
CS

= 3V,I
C
=0 2.8 PF

STATIC CHARACTERISTICS

75 100

AMBIENT TEMPERATURE (TA )—*C
92CS-I5I95

Fig. 2 - Typical collector-to-base cutoff current vs
ambient temperature for each transistor.

25 75 100
AMBIENT TEMPERATURE <TA )— °C

92CS- 15194

Fig. 3 - Typical collector-to-emitter cutoff current vs

ambient temperature for each transistor.

"ife
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Arrays

CA3045, CA3046 Types

STATIC CHARACTERISTICS

COLLECTOR-TO-EMITTER VOLTS (Vce) = 3

AMBIENT TEMPERATURE (TA ) = 25°C

"6 8^ 2 4 6 8

EMITTER MILLIAMPERES (Ie)
92CS-I5I82

Fig.4 - Typical static forward current-transfer ratio and

beta ratio for transistors Oj and Q2 vs emitter current.
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F/g.6 - Typical static base-to-emitter voltage character-

istic and input offset voltage for differential pair and

paired isolated transistors vs emitter current.

h '

' aupFRES llELi-r-*" rmiTTfR MU LlAMP _.*.r-rT

§ X._2 ? _ _

=! J'- X X
a - X- X

It - - -- -r-
" X-4 V_-«

j -- --------------- u " X ISii"

9 ...
.

" 4+ X...
-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA)—*C 92CS- 15218

Fig. 8 Typical input offset voltage characteristics for

differential pair and paired isolated transistors

vs ambient temperature.
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Fig. 5 - Typical input offset current for matched

transistor pair O7O2 vs collector current.
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Fig.7 - Typical base-to-emitter voltage characteristic

vs ambient temperature for each transistor.
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Fig.9(a) - Typical noise figure vs collector current.
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Linear Integrated Circuits

CA3045, CA3046 Types

DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR
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Fig.9(b) - Typical noise figure vs collector current.
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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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Fig.12 - Typical input admittance vs frequency.

100

92CS-I4259H1

COLLECTOR MILLIAMPERES (I c )
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408



Arrays

CA3045, CA3046 Types

DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR

COMMON- EMITTER CIRCUIT.BASE INPUT.

AMBIENT TEMPERATURE (TA ) = 25°C
COLLECTOR-TO-EMITTER VOLTS (VCE> = 3
COI I ECTOR MILLIAMPERES(IC) = I
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Fig.l
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4 - Typical reverse transfer admittance vs frequency.
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Fig.l 5 Typical gain-bandwidth product vs

collector current.
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Linear Integrated Circuits

CA3050, CA3051

CA3050

t t I *

D Suffix

14-Lead Dual-ln-Llne
Ceramic Package

CA3051
H-1553

E Suffix

14-Lead Dual-ln-Llne
Plastic Package

H-1517

Dual Differential Amplifiers

Two Darlington-Connected Differential

Amplifiers with Diode Bias String

For Low-Power Applications at

Frequencies from DC to 20 MHz

Features:

Input offset current - 70 nA max.
m Input bias current - 500 nA max.
m Input offset voltage - 5 mV max.
m Input impedance - 460 kii typ.

m Independently accessible inputs
and outputs

Applications

Matched dual amplifiers
m Dual sense amplifiers

Dual Schmitt triggers

Dual multivibrators

Doubly balanced detectors and
modulators
Balanced quadrature detectors
Synthesizer mixers

m Product detectors

The CA3050 and CA3051 each consists of two differential
amplifiers with associated constant current transistors on a
common substrate. Each amplifier is driven by Darlington-
connected emitter follower inputs to provide high input
impedance, low bias current, and low offset current. A
string of diodes is included to provide temperature-
compensated bias to the constant current transistors and a
low impedance bias point for the inputs to the differential
amplifiers when a single power supply is used.
The CA3050 is supplied in an hermetic 14-lead Dual-ln-Line
ceramic package rated for operation over the full military
temperature range of -55° C to +125°C.
The CA3051 is supplied in a Dual-ln-Line plastic package
for applications requiring only a limited temperature ranqe
of-25°C to+85°C. I 6 I4(^SUBSTRATE I30 92CS-I542I

Fig. 1 — Schematic diagram.
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Arrays

CA3050, CA3051

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT TA = 25°C

CA3051

150

900

150

750

6.67

mW
mW

mW/°C

CA3050

Power Dissipation, P:

Any one transistor ....

Total package

For TA
> 55°C, Derate at

Temperature Range:

Operating "55 to +125 -40 to +85 °C

Storage "65 to +150 -65 to +150 °C

LEAD TEMPERATURE (During Soldering)

At distance 1/16 ± 1/32 inch (1. 5') ± 0.79mm)
^

from case for 10 seconds max +-<15 C

* The collector of each transistor of the CA3050 and CA3051

is isolated from the substrate by an integral diode. The

substrate (terminal 14) must be more negative than all col-

MAXIMUM VOLTAGE RATINGS

The following chart gives the range of voltages which can be applied to the terminals

listed vertically with respect to the terminals listed horizontally. For example, the

voltage range between vertical terminal 2 and horizontal terminal 3 is +5 to -2 volts.

The following ratings apply for each transistor in the device:

Collector-to-Emitter Voltage, VCEO 15 V

Collector-to-Base Voltage, VCBO 20 V

CoIlector-to-Substrate Voltage, VCIO 20 V

Emitter-to-Base Voltage, VEBO
Collector Current, I^,

5 V
50 mA

lectors to maintain isolation between transistors and to

provide for normal transistor action.

MAXIMUM
CURRENT RATINGS

TERM-
INAL
No.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1
- * . * • * * • - + 1

2
+ 5
•2

* * - -
+ 1

1

3
* * * *

-3
-1

4

+ 14

-2.5

Note 3

+ 14
-2 5

Note 4

+ 20
-1

5

+ 2.5
-14

Note 1

+ 2 5

14
Note 1

+ 10

-10

+ 1

-20
- + 16

6

+ 14
-2 5

Note 2

' - + 20
1

7

+ 14
-2.5

Note 2

* * * - + 2C
1

8

+ 1

20

- - + 16

9

+ 20
1

+ 20
1

* * + 20
-1

10

+ 10

10

+ 2 5
-14

Note 3

+ 16

11

+ 2.5
-14

Note 4

* + 16

12

+ 20
-1

13

+ 1

-5

14

Ref.

Sub-

strate

TERM-
INAL
No.

'in

mA
'out
mA

1 5 1

2 50 50

3 50 1

4 50 1

5 5 1

6 50 1

7 50 1

8 5 1

9 50 1

10 5 1

11 5 0.1

12 50 1

13 5 1

14 100 5

Note 1: This rating is important only when terminal 5 is more
positive than terminal 8.

Note 2: This rating is important only when terminal 8 is more
positive than terminal 5.

Note 3: This rating is important only when terminal 10 is more
positive than terminal 11.

Note 4: This rating is important only when terminal 11 is more
positive than terminal 10.

* Voltages are not normally applied between these terminals.

Voltages appearing between these terminals will be safe if

the specified limits between all other terminals are not

exceeded.
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Linear Integrated Circuits

CA3050, CA3051
ELECTRICAL CHARACTERISTICS at TA = 25°C

CHARACTERISTICS SYMBOLS TEST CONDITIONS

TEST

CIR-

CUIT

LIMITS

CA3050/CA3051 UNITS

TYPICAL

CHARAC-

TERISTICS

CURVES

FIG. MIN. TYP. MAX. FIG.

STATIC

Amplifier Characteristics

Input Offset Voltage VlO - -
1.5 5 mV 2a,b

Input Offset Current ho - - 7 70 nA 3a,b

Input Bias Current i|
- - 200 500 nA 4a,b

Quiescent Operating Current Ratio (I4+112)

or

d6+ "7)

"3

Vcc = + 6 V, I3 = 2 mA

0.9 1.00 1.13 5a,b

DC Forward Base-to-Emitter Voltage VBE

(>C = 50mA

VCE = 3v) lmA
tE

) 3 mA

( 10 mA

- -

0.645

0.725

0.760

0.805

0.700

0.800

0.850

0.900

V 6

Temperature Coefficient of Base-to-

Emitter Voltage

AV
BE

AT
VCE = 3V, lc

= 1mA - - -1.9 - mV/°C 7

Transistor Characteristics

Collector-Cutoff Current 'CBO VCB = 10 V, Ie = - - 0.002 100 nA 8

Collector-to-Emitter Breakdown Voltage V(BR)CEO lc
= 1 mA, lB

= - 15 24 - V -

Collector-to-Base Breakdown Voltage V(BR)CB0 lc
= 10 /JV, lE

= - 20'
60 - V -

Collector-to-Substrate Breakdown Voltage V
(BR)CI0 ic = ioaici = o - 20 60 - V -

Emitter-to-Base Breakdown Voltage V
(BR)EB0 lE

= 10//A, lc = - 5 7 - V -

DYNAMIC

Transistor Characteristics

Emitter-to-Base Capacitance CEB VEB = 3 V, lE
= - - 0.78 - PF 9

Collector-to-Base Capacitance CCB VCB = 3V,IC = - - 0.47 - PF 9

Collector-to-Substrate Capacitance C
CI

VCS =3V,IC = - - 1.92 - PF 9

Amplifier Characteristics

Gain-Bandwidth Product

(For Single Transistor)
'T VCE = 5 V, lc = 3 mA - - 600 - MHz 10

Forward Transadmittance

(With single-ended input and output)
y2 i

Vcc = 10V,l
3
= 2mA

f = 1 MHz
11 7 9 11 mmho 11

Bandwidth at -3 dB Point BW Vcc = 10 V, l3
= 2 mA 11 - 4.3 - MHz 11

Input Impedance Z
IN

Vcc = 10 V, l

3
= 2 mA

f = 1 KHz
12 - 460 -

kfi 12

Output Impedance ZOUT l

3
= 2 mA, f = 1 KHz 13 - 170 -

kfi 13

Common-Mode Rejection Ratio CMR l

3
= 2 mA, f = 1 KHz - - 65 - dB -

AGC Range AGC l

3
= 2 mA, f = 1 KHz

Terminal No.3 Grounded
11 - 60 - dB

-
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CA3050, CA3051

TYPICAL STATIC CHARACTERISTICS
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Linear Integrated Circuits

CA3050, CA3051

STATIC CHARACTERISTICS
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Fig.4(a) - Typical quiescent bias current vs

input bias current.

-50 -25 O 25 50

AMBIENT TEMPERATURE (TA)

—

-C

KX> 125

92CS-154B
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CA3050, CA3051

STATIC CHARACTERISTICS
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Linear Integrated Circuits

CA3050, CA3051
DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR
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-3 dB bandwidth, and AGC range.
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Fig. 12(a) - Test circuit for input impedance.

Fig. 12(b) - Typical input impedance vs frequency
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CA3050, CA3051

DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR
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Fig. J 3(a) - Test circuit for output impedance.
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Fig. 13(b) - Typical output impedance vs frequency

with input short-circuited.
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Linear Integrated Circuits

CA3083

•#*
16-Lead Dual-ln-Line

Frit-Seat (Hermetic)

Package

16-Lead Dual-ln-Line

Plastic Package

General-Purpose High-Current

N-P-N Transistor Array

Features:

High lc: 100 mA max.

m Low VcEsat {at 50 mA): 0.7V max.

m Matched pair (07 and Q2) -

V\o (I/be matched): ± 5 mV max.

/io (at 1 mA): 2.5 /jA max.

m 5 independent transistors plus

separate substrate connection

Applications:

Signal processing and switching
systems operating from DC to VHF

m Lamp and relay driver

m Differential amplifier

m Temperature-compensated amplifier
m Thyristor firing

See RCA Application Note, ICAN-
5296 "Application of the RCA-
CA3018 Circuit Transistor Array"
for suggested applications

RCA-CA3083 is a versatile array of five high-current (to

100mA) n-p-n transistors on a common monolithic sub-
strate. In addition, two of these transistors (Q1 and Q2) are
matched at low currents (i.e. 1 mA) for applications in which
offset parameters are of special importance.

Independent connections for each transistor plus a sepa-
rate terminal for the substrate permit maximum flexibility in

circuit design. The CA3083 is supplied in a 16-lead dual-in-
line frit-seal ceramic package. The CA3083 is also available
in chip form.

0©®©®©©s
vi

3
3 ^

l_'Q 2 03

b

©©©©©©
92CS-I7762

Fig. 1 — Functional diagram of the CA3083.

418



Arrays

CA3083

mW
mW

mW/°C

°C

°c

265

MAXIMUM RATINGS, Absolute-Maximum Values at T"A = 25°C

Power Dissipation:

Any one transistor 500

Total package 750

Above 55°C Derate linearly 6.67

Ambient Temperature Range:

Operating -55 to +125

Storage -65 to + 1 50

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 (Vq^q)

Col lector-to- Base Voltage (V^BO'

Collector-to-Substrate Voltage (VC |q)

Emitter-to-Base Voltage (V
EgQ>

Collector Current (Iq)

Base Current (lg)

The collector of each transistor of the CA3083 is isolated from the substrate by an integral diode. The substrate

must bs connected to a voltage which is more negative than any collector voltage in order to maintain isolation

between transistors and provide normal transistor action. To avoid undesired coupling between transistors, the

substrate terminal (5) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can

be used to establish a signal ground.

ELECTRICAL CHARACTERISTICS at TA = 25°C
For Equipment Design

15 V

20 V

20 V

5 V

100 mA

20 mA

TEST CONDITIONS LIMITS

CHARACTERISTICS SYMBOL
Typ.

Char.

Curve

Fig. No.

Min. Typ. Max.
UNITS

For Each Transistor:

Collector-to-Base

Breakdown Voltage
V (BR)CBO I c

= 100liA, l

E
= 20 60 V

Collector-to-Emitter

Breakdown Voltage
V (BR)CEO l c

= 1mA, lg = - 15 24 V

Collector-to-Substrate

Breakdown Voltage
V(BR)CIO

l

C!
= IOOjuA, lg = 0,

l E
=

20 60 V

Emitter-to-Base

Breakdown Voltage
V (BR)EBO l

E
= 500^A, l c

= 5 6.9 V

Collector-Cutoff-Current ! CEO vCE =iov,i
B
=o - - - 10 HA

Col lector-Cutoff-Current 'CBO
vCB =iov,i

E
=o - - - 1 MA

DC Forward-Current

Transfer Ratio
h FE

l r = 10mA
Vrp =3V

u
2ut

l c
= 50mA

40

40

76

75

Base-to-Emitter Voltage VBE VCE =3V, l c
= 10mA 3 0.65 0.74 0.85 V

Collector-to-Emitter

Saturation Voltage
V
CEsat

l c
= 50mA, lg= 5mA 4 - 0.40 0.70 V

Gain-Bandwidth

Product *T
VCE = 3 V
l c =10mA

- 450 - MHz

For Transistors Q1 and Q 2 (As a Differential Amplifier):

Absolute Input Offset

Voltage
hoi 7

VCE = 3V, l c
= 1mA

- 1.2 5 mV

Absolute Input Offset

Current I'ioI
8 - 0.7 2.5 MA
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Linear Integrated Circuits

CA3083

TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR
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TYPICAL STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER
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CA3084

i0

14-Lead Dual-ln-Line

Plastic Package

General-Purpose P-N-P

Transistor Array

FEA TURES

Matched transistor pair (Q1 and Q2)

V.q (Vpp matched): ± 6mV max.

I

|0
(at 100 juA): ± 0.6 pA

Wide operating current range

Low noise figure - - 3.2 dB typ. at 1 kHz

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.

* Formerly developmental type TA5799A.

APPLICATIONS

General use in signal processing systems having low-power

and low-frequency requirements

Differential amplifiers

Temperature compensated amplifiers

Active loads for differential amplifiers using

n-p-n transistors

Complementary uses with RCA n-p-n transistor arrays

SUBSTRATE

© © ©
92CS-I7965

Fig. 1 - Functional diagram of the CA3084.
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Arrays

CA3084

ELECTRICAL CHARACTERISTICS at TA = 25°C

For Equipment Design

TEST CONDITIONS

CHARACTERISTICS SYMBOL

Typ.
Charac-

teristics

LIMITS UNITS

Curve Min. Typ. Max.

Fig. No.

For Each Transistor:

Collector-Cutoff Current 'CBO VCB
= -10V, l

E
= 2 - -0.055 -100 nA

Collector-Cutoff Current 'CEO VCE = -10V, l

B
= 3 -

i —0.12 -100 nA

Collector-to-Emitter Breakdown Voltage V(BR)CEO l CE
= -^OOfiA, i b

= - -40 -70 - V

Collector-to-Base Breakdown Voltage ^(BR)CBO l CB
= -lOO^A, l E

= - -40 -80 - V

Emitter-to-Base Breakdown Voltage ^(BR)EBO l EB = -100/jA, ic
=

' - -40 -100 - V

Emitter-to-Substrate Breakdown Voltage V(br)EIO l

E ,

= 100/iA -40 -100 !

- V

Collector-to-Emitter Saturation Voltage ^cEsat l

E
= 1mA, l B

= 100/nA 4 - -0.125 -0.25 V

Base-to-Emitter Voltage VBE

DC Forward-Current Transfer Ratio hp E

5

l

E
= 100mA,Vce

= -10V
-0.50

15

-0.59

40

-0.68 V

For Transistors Q1 and Q2 ( As a Differential Amplifier)

:

Magnitude of Input Offset Voltage ^10 l

E
= 100/uA, VCE = -10V 8 - 0.422 6 mV

Input Offset Current Ijq - -0.6 0.6 juA

For Transistors Q3 and Q4 (Current-Mirror Configuration):

Collector Current \q vCE
= _iov,vcio =-iov, 10 0.85 1.00 1.15 ma

Magnitude of Collector Current Ratio | l c(Q3)/l c (Q4)
j

Term. 13 = Gnd. , ,

l

5
= -100mA,

0.90 1.00 1.10

For Transistors Q5 and Q6 (Darlington Configuration):

Collector-Cutoff Current 'CEO vce = -iov,i b
= -

:

- -1.0 ma

Base-to-Emitter Voltage VBE

DC Forward-Current Transfer Ratio hp E

13

l

E
= 100/iA, vCE = -iov

0.92

100

1.07
\

1230

1.20 V

ELECTRICAL CHARACTERISTICS at TA = 25°C

Typical Values Intended Only For Design Guidance

Magnitude of Temperature Coefficient:

VBE (for each transistor) |AVBE/AT| l

E
= lOOjuA, 6 -1.78 mV/°C

V|q (as a differential amplifier) |AV
|0

/AT| vCE
= -10V 9 0.54 jUV/°C

Vg E
(Darlington configuration) |AVBE/AT| 14 -3.7 mV/°C

For Each Transistor:

Input Resistan e R
l

f = .1kHz, VCE = -10V, 19 9 kfZ

Output Resistance R Ic =-100mA 20 - 600 - kf2

Forward Transconductance
I

9m , 22 - 3 mmho

Collector-to-Base Capacitance
|

CCBO 'CB = ° 23 3.3 pF

Collector-to-Emitter Capacitance CCEO 'CE=° 23 2.5 pF

Base-to-Substrate Capacitance CBIO 'cio
=0 23 4.5 pF
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Linear Integrated Circuits

CA3084

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

Dissipation:

Any one transistor 200 mW

Total package 750 mW

Above TA = 55°C derate Iinearly6.67 mW/°C

Ambient Temperature Range:

Operating .-, -40 to +85 °C

Storage -55 to +1 50 °C

The following ratings apply for each transistor in the device:

Collector-to-Emitter Voltage (VCEQ ) -40 V

Collector-to-Base Voltage (VCB0 ) -40 V

Base-to-Substrate Voltage (VB)0
)* -40 V

Emitter-to-Base Voltage (VEBQ ) -40 V

Collector Current (Iq) -10 mA

'The base of each transistor of the CA3084 is isolated from the substrate by an integral diode. The substrate must be connected to a voltage
* which is more negative than any base voltage in order to maintain isolation between transistors and provide normal transistor action. To avoid
undesired coupling between transistors, the substrate terminal (4) should be maintained at either DC or signal (AC) ground. A suitable bypass
capacitor can be used to establish a signal ground.

STATIC CHARACTERISTICS FOR EACH TRANSISTOR
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STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER

Arrays

CA3084
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STATIC CHARACTERISTICS FOR CURRENT-MIRROR CONFIGURATION
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STATIC CHARACTERISTICS FOR DARLINGTON CONFIGURATION
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DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR
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CA3086

14-Lead Dual-ln-Line

Frit-Seal (Hermetic) Package

14- Lead Dual-ln-Line

Plastic Package

^^

General-Purpose N-P-N

Transistor Array

Three Isolated Transistors and One Differentially-

Connected Transistor Pair

For Low-Power Applications from DC to 120MHz

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.

RCA-CA3086 consists of five general -purpose silicon n-p-n

transistors on a common monolithic substrate. Two of the

transistors are internally connected to form a

differentially-connected pair.

The transistors of the CA3086 are well suited to a wide

variety of applications in low-power systems at frequencies

from DC to 120 MHz. They may be used as discrete

transistors in conventional circuits. However, they also

provide the very significant inherent adyantages unique to

integrated circuits, such as compactness, ease of physical

handling and thermal matching.

The CA3086 is supplied in a 14-lead dual-in line plastic

package. The CA3086F is supplied in a 14-lead dual-in-line

hermetic (frit-seal) ceramic package.

MAXIMUM RATINGS, Absolute-Maximum Values at TA
=

Dissipation:

Any one transistor

Total package up to TA = 55°C

Above TA = 55°C

Ambient Temperature Range:

Operating

Storage

Lead Temperature (During Soldering)

:

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79mm)

From case for 10 seconds max

The following ratings apply for each transistor in the device:

Collector-to-Emitter Voltage, VCEQ
Collector-to-Base Voltage, V

'ran
Collector-to-Substrate Voltage, vq|q»

Emitter-to-Base Voltage, VEBQ
Collector Current, l„

Fig. 1 — Functional diagram of the CA3086.

300 mW
750 mW

derate linearly 6.67 mW°C

-55 to + 125 °C

-65 to + 150 °C

+ 265

15

20

20

5

50

V

V

V

V

mA

"The collector of each transistor in the CA3086 is isolated from the substrate by an integral diode. The substrate (terminal 13) must be connected

to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor action. To avoid

undesirable coupling between transistors, the substrate (terminal 131 should be maintained at either DC or signal (ACI ground. A suitable bypass

capacitor can be used to establish a signal ground.
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Linear Integrated Circuits

CA3086
ELECTRICAL CHARACTERISTICS at T

;
For Equipment Design

25°C

SYMBOLS

TEST CONDITIONS

UNITSCHARACTERISTICS

Typ.

Charac-

teristic

Curves

Fig. No.

LIMITS

Min. Typ. Max.

Collector-to-Base Breakdown Voltage V(BR)CBO lc
= 10juA. I E

= - 20 60 - V

Collector-to-Emitter Breakdown Voltage V(BR)CEO IC= 1niA.I B
= - 15 24 - V

Collector-to-Substrate Breakdown Voltage V(BR)CIO lc
= 10juA, l

C(
= - 20 60 - V

Emitter-to-Base Breakdown Voltage V(BR)EBO l

E
= 10/xA, lc

= - 5 7 - V

Collector-Cutoff Current
'CBO vCB = 10V, i

E
= 2 - 0.002 100 nA

Collector-Cutoff Current
'CEO vCE

= 10V, i

B
= 3 — See

Curve 5 MA
DC Forward-Current Transfer Ratio hFE VCE= 3V

>'C
= 1mA 4 40 100

TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR
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CA3086

ELECTRICAL CHARACTERISTICS at TA = 25°C

Typical Values Intended Only for Design Guidance

CHARACTERISTICS SYMBOL

TEST CONDITIONS

TYPICAL
VALUES UNITS

Typ.

Chara-

teristics

Curves

Fig. No.

DC Forward-Current

Transfer Ratio
hFE

VCE =3V
l c

= 10mA 4 100

lc
= 10mA 4 54

Base-to- Emitter Voltage
VBE VCE = 3 V l

E
= 1mA 5 0.715 V

l E
= 10mA 5 0.800 V

Vgp Temperature Coefficient AVBE/AT Vc£
= 3V, lc

= 1mA 6 -1.9 mV/°C

Collector-to-Emitter

Saturation Voltage
V
CEsat

l

B
= 1mA, lc

= 10mA - 0.23 V

Noise Figure (low frequency) NF
f= 1kHz, VCE

= 3 V,

l c
= 100mA, R

s
= 1k n

- 3.25 dB

Low-Frequency, Small-Signal

Equivalent-Circuit Characteristics:

Forward Current-Transfer Ratio h
fe

f = 1kHz, VCE
= 3V, l c

= 1mA

7 100

Short-Circuit Input Impedance h
ie

7 3.5 kft

Open-Circuit Output Impedance hoe
7 15.6 /urnho

Open-Circuit Reverse-Voltage

Transfer Ratio
h
re

7 1.8 X 10~4 —

Admittance Characteristics:

Forward Transfer Admittance Vfe

f = 1MHz, VCE
= 3V, lc

= 1mA

8 31 -J1.5 mmho

Input Admittance Vie 9 0.3 + jO.04 mmho

Output Admittance voe 10 0.001 + jO.03 mmho

Reverse Transfer Admittance Vre 11 See Curve -

Gain-Bandwidth Product fT VCE
= 3V

' 'C
= 3mA 12 550 MHz

Emitter-to-Base Capacitance CEBO VEB
= 3V,I E

=0 - 0.6 pF

Collector-to-Base Capacitance CCBO VCB^V-'C^ - 0.58 pF

Collector-to-Substrate Capacitance CCIO VC,= 3V,I C
= — 2.8 pF
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CA3086
TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR
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CA3093E

00^

16-Lead Dual-ln-Une

Plastic Package

General-Purpose High-Current N-P-N
Transistor- Zener Diode -Diode Array
Applications

Signal processing and switching systems operating from

DCtoVHF
Lamp and relay driver

Differential amplifier

Temperature-compensated amplifier

Thyristor firing

Temperature-compensated shunt regulator

Temperature-compensated series regulator

Level shifting

Voltage-level clamping

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 (Qi and Q2) 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.

Independent connections for each transistor and diode plus

a separate terminal for the substrate permit maximum flexi-

bility in circuit design.

•Formerly developmental type TA61 19

#Z^,Z2and D1 are transistors internally connected as shown below.

92CS-I9679

Fig. 1 - Functional diagram of the CA3093E (bottom view)

Current regulator

Voltage clamping

Simple off-line regulated supply

See RCA Application Note, ICAN-5296 "Application of

the RCA-CA301 8 Circuit Transistor Array" for applications

in addition to those given on pages 5 & 6 of this bulletin.

Features:

6 independent devices plus separate substrate connection

Compensating temperature coefficients — Vqe and Vq-j

VS.VZ

Transistors

High \q (100mA max)

Matched pair (Q1 & Q2)

Vin = ± 5mV max
l x , , .

,

,w
) at lc = 1mA

l|0 = 2.5 juA max I

AV| /AT = 5 juV/°C typ

hpE = 40 min @ lc= 10mA
or 50mA

Low VCEsat o.7V max @ 50mA

Zener Diodes

Two 1/4W Zeners

VZ = 7V ± 10%
zz = 15ft typ

Diode

Close forward voltage match to Vg^'s of Q-| and 0-2

Vpjy = 5.5V min.
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CA3093E

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

Power Dissipation:

Any one transistor 500 mW
Any one Zener Diode . . 250 mW
Total package 750 mW
Above 25°C Derate linearly 6.67 mW/°C

Ambient Temperature Range:

Operating -40 to +85 °C

Storage -55to+150 °C
.

The following maximum ratings apply for each transistor

Collector-to-Emitter Voltage (Vceo* 15 V

Col lector-to- Base Voltage (Vcbo) 20 V

Collector-to-Substrate Voltage (Vrjio)* 20 V

Emitter-to-Base Voltage (VebO> 55 V

Collector Current (Iq) 10° mA _
Base Current Ob) 35 mA I

The following maximum ratings apply for each Zener Diode or Diode

Zener Diode dc Current Oz) 35 mA
Zener Diode-to-Substrate Voltage (Vzifj)* 20 V

Diode (D1) Forward Current (Iqf) 50 mA
Diode <D1) Reverse Voltage (Vqr) 5 - 5 v

Diode (DD-to-Substrate Voltage (Vqio)* 20 V

*The collector of each transistcr, the cathode of each Zener diode, maintain isolation between devices and provide normal transistor

and the anode of the diode are isolated from the substrate by an action. To avoid undesired coupling between devices, the substrate

internal diode. The substrate rrust be connected to a voltage which terminal (5) should be maintained at either dc or signal (ac) ground,

is more negative than any of these isolated terminals in order to A suitable bypass capacitor can be used to establish a signal ground.
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CA3093E

ELECTRICAL CHARACTERISTICS at TA = 25°C
For Equipment Design

CHARACTERISTICS SYMBOL

TEST CONDITIONS LIMITS

Typ.

Char.

Curve
Min. Typ. Max.

UNITS

Fig. No.

For Each Transistor:

Collector-to-Base

Breakdown Voltage

v (BR)CBO IC = 100mA, Ie = - 20 60 - V

Collector-to-Emitter

Breakdown Voltage

v(BR)CEO IC = 1mA, Ib = - 15 24 - V

Collector-to-Substrate

Breakdown Voltage

v(BR)CIO lC |
= 100mA, IB = 0,

l E =

- 20 60 - V

Emitter-to-Base

Breakdown Voltage

V(BR)EBO IE = 500/iA, lC = - 5.5 6.9 - V

Collector-Cutoff-Current 'ceo VC E = 10V, l B = - - - 10 MA

Collector-Cutoff-Current 'CBO VCB = 10V, l E = - - -
1 ma

DC Forward Current

Transfer Ratio "FE VCE = 3V
lc = 10mA

2

40 76 -

lc = 50mA 40 75 -

Forward Base-to-Emitter Voltage V B E VCE = 3V, lc = 10mA 3 0.65 0.74 0.85 V

Collector-to-Emitter

Saturation Voltage

vCEsat \q = 50mA, I g = 5mA 4 - 0.40 0.70 V

Forward Base-to-Emitter

Temp. Coefficient

AVBE/AT l E = 10mA - -1.9 - mV/°C

For Transistors Q1 and Q2 (As a Diffe rential Amplifier):

Absolute Input Offset Voltage lv, l

Vce = 3V, lc = 1mA
7 - 1.2 5 mV

Absolute Input Offset Current
'ioI 8 - 0.7 2.5 MA

Temp. Coefficient of Offset Voltage Iav)0/atI - - - 5 - MV/°C

For Each Zener Diode

Zener Voltage vz IZ = 10mA 9 6.3 7 7.7 V

Zener Impedance zz IZ = 10mA, f = 1 kHz 10 - 15 25 n
Zener Reverse Current 'ZR VZ = +5V - - -

1 ma
Zener Voltage Temp. Coefficient AVZ/AT IZ = 10mA 9

i.e.

+3.6

+.05

- mV/°C
%/°C

Zener-to-Substrate Breakdown
Voltage

v (BR)ZIO IZ = 100mA
(Terminals 7 & 9)

- 20 60 - V

Dissipation Refer to Example in

Application "a"

- - 250 mW

For Diode (D1)

Diode Forward Voltage VDF lc = 10mA, VCE = 3V 3 0.65 0.74 0.85 V

Diode Forward Current
'DF - - - 50 mA

Diode Reverse-Breakdown Voltage V(BR)DR lDR = 500juA - 5.5 6.9 - V

Diode-to-Substrate

Breakdown Voltage

V (BR)DIO 'Diode = 10°MA
(Terminal 10)

- 20 60 - V

Diode Forward-Voltage

Temp. Coefficient

AVDF/AT IqP = 5mA 3 - -1.9 - mV/°C
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TYPICAL STATIC CHARACTERISTICS

COLLECTOR MILLIAMPERES (

I

c ) 92CS _ I7763R

Fig. 2 - hf£ vs Ic

oT~ i
,0

TRANSISTOR COLLECTOR OR DIODE MILLIAMPERES (lc or l D1 )

Fig. 3 - Vqe vs Ic and Vq 1VsIq1

6 8

COLLECTOR MILLIAMPERES (Ic)

Fig. 4 - VcEsat vs lC at 25
°
c
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Fig. 7 - V/o vs Ic (transistors Q 1 and Q2 as a

differential amplifier)
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CA3093E
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Fig. 8 - Ijq vs Iq (transistors Q 1 and Q2 as a

differential amplifier)
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Fig. 9 — Typical Zener breakdown voltage vs current

Fig. 10- Typical Zener impedance

vs current

I5 20 25

TYPICAL APPLICATIONS ZENER M,LLlAMP"ES (Iz >

92CS-I9682

a) ±7V Regulator supplying CA3093E Transistors plus an external b) 14V Regulator for Q1 0.2 Q3
load.

+VUNREG O WV-

F

" VUNREG O VW-

CA3093E
TRANS/DIODE

LOAD

EXTERNAL
LOAD

Sample Computation for Determining Permissible Zener Dissipation
at +25°C.

CA3093E Ratings at TA = +25°C
Total Diss. Max = 750 mW (Derate @ 6.67 mW/°C above 25° C)
Each Zener Diss. Max = 250 mW
Max. Zener Current = 35 mA

Assume CA3093E Transistor/Diode Load Dissipation = 350 mW then
max. total Zener Diss. (PZ1 + PZ2 ) = 750 . 350 = 400 mW
(i_ . , i 400 mW
"Z1 + 'Z2> ma x = yy~ = 57 mA
(Note: Max. current rating on each Zener is 35 mA)

r\

PART OF CA3093E-

Typical Load Regulation

for l L = to 25 mA

AE L/E L x 100* -6%
(no load to full load)

92CS-I9684

Typical Line Regulation

(AE L/E L ) x 100

AE unreg.
± 0.9%/V

Typical Temperature Characteristic

AE L/E L

AT x 100 = +0.05%/°C
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c) 8.6V Temp.-Compensated Shunt Regulator d) Temp.-Compensated Series Voltage Regulator

92CS-I9685

Typical Temperature Characteristic @ R|_ = 330fl

AE L/E L x 100 = + 0.007%/°C

AT

Typical Load Regulation l|_ = to 40 mA
(AE|_/E[_) x 100=-3% (no load to full load)

Typical Line Regulation at R(_ = 330ft

AE L/E L

AE unreg.
x 100 = ±0.55%/V

e) Off-Line 7V Regulator

OFF-LINE 7V REGULATOR

PART
OF

200V R| R 2 CA3093E
RECT IK/2W 620A/IW p —

~\

-O M W\» » WV-

e EAC
1 20V

• IOOjiF

•50V

|IL
=0 '

EL >"L

I I

rioTrn -PART OF CA3093E

E UNREG=I8V

92CS-I9686

Typical Temperature Characteristic @ E^_ = 12V

AE L/E L

AT
•x 100 = + 0.009%/° C

Typical Load Regulation @ C\_ = 12V

I L = to 40 mA

x 100 = ± 0.4% (no load to full load)

Typical Line Regulation @ E L = 12V

(AE L/E L ) x 100

AE unreg.
± 0.45%/V

Typical E|_ Ripple Voltage = 70 mVp.p

AE L
Typical Load Regulation = -=— x 100 = -8.5% (no load to full load)

I L = to 30 mA

(AE L/E|_> x 100
Typical Line Regulation = — = ± .075%/V

AEAC
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CA3096, CA3096A, CA3096C

N-P-N/P-N-P Transistor Array
Five-Independent Transistors: Three n-p-n
and Two p-n-p

(E SUFFIX)

16-Lead Dual-ln-Llne
Plastic Package

H-1622

Applications:

Differential Amplifiers
DC Amplifiers

Sense Amplifiers

Level Shifters

Timers
Lamp and Relay Drivers
Thyristor Firing Circuits

Temperature-Compensated Amplifiers
Operational Amplifiers

RCA-CA3096CE, CA3096E, and CA3096AE are general-
purpose high-voltage silicon transistor arrays. Each array
consists of five independent transistors (two p-n-p and
three n-p-n types) on a common substrate, which has a
separate connection. Independent connections for each
transistor permit maximum flexibility in circuit design.

Types CA3096AE, CA3096E. and CA3096CE are identical
except that the CA3096AE specifications include parameter
matching and greater stringency in Icbo, Iceo, and Vce(SAT)
The CA3096CE is a relaxed version of the CA3096E.
The CA3096CE, CA3096E, and CA3096AE are supplied in

i*™ .

duaWn "line plastic Packages. (E-suffix). The
OA3096 is also available in chip form. (H suffix).

® © ® © @

G> Qi G>°2 Q3 0rQ4
G>r

Q

CA3096AE, CA3096E. CA3096CE
ESSENTIAL DIFFERENCES

(J6J SUBSTRATE

92CS-20308

CHARACTERISTIC CA3096AE CA3096E CA3096CE
V(BR)CEO (v >

... n-p-n 35 35 24

p-n-p -40 -40 -24

V(BR)CBO (v >

n-p-n 45 45 30

p-n-p -40 -40 -24

hp E <s> 1 mA
n-p-n 150-500 150-500 100-670

p-n-p 20-150 20-150 15-200

h FE @ 100 /jA

p-n-p 40-200 40-200 30-300

n-p-n 40 100 100

p-n-p -40 -100 -100

'CEO 'nA '

m n'pn 100 1000 1000

p-n-p -100 -1000 -1000

VCE (SAT) (V)

Max. p-n-p 0.5 0.7 0.7

IV| | (mV)

m npn
Max.

5 _ _

p-n-p 5 - -

HioMkA)

m npn
Wax.

0.6 _ _

.

p-n-p
|

0.25
J

- -
1

Schematic Diagram
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MAXIMUM RATINGS, Absolute-Maximum Values:

EACH
N-P-N

EACH
P-N-P

COLLECTOR-TO-EMITTER VOLTAGE, VCEQ :

CA3096AE, CA3096E 35

CA3096CE 24

COLLECTOR-TO-BASE VOLTAGE, VCB0 :

CA3096AE, CA3096E 45

CA3096CE 30

COLLECTOR-TO-SUBSTRATE VOLTAGE, Vc ,

:

CA3096AE.CA3096E 45

CA3096CE 30

EMITTER-TO-SUBSTRATE VOLTAGE, V E |Q :

CA3096AE, CA3096E
CA3096CE ....

EMITTER-TO-BASE VOLTAGE, VEBQ :

CA3096E, CA3096E 6

CA3096CE 6

COLLECTOR CURRENT, l c (All Types) 50

POWER DISSIPATION, PD :

Up to TA = 55°C:

Device (Total)

Each Transistor
o

Above T^ = 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

750

200

6.67

-40

-24

-40

-24

-40

-24

-40

-24

-10

V
V

mA

mW
mW

mW/°C

-55 to +125 C
-65 to+150°C

265 C

STATIC ELECTRICAL CHARACTERISTICS at TA =

For Equipment Design

25°C

CHARAC-
TERISTIC

TEST
CONDITIONS

LIMITS

UNITSCA3096AE CA3096E CA3096CE

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

For Each n-p-n Transistor

'CBO VCB = 10V,

l E =

— 0.001 40 — 0.001 100 0.001 100 nA

'CEO VCE =10V,

l B =

- 0.006 100 - 0.006 1000 — 0.006 1000 nA

v(BR)CEO l c =1mA,
l B =

35 50 - 35 50 - 24 35 - V

v(BR)CBO Ic =10mA,
l E =

45 100 - 45 100 - 30 80 — V

v(BR)CIO l C l

= 10 MA,

i b = i e = o

45 100 - 45 100 — 30 80 — V

v(BR)EBO I E =10mA,
i c = o

6 8 - 6 8 - 6 8 - V

vz l z = 10mA 6 7.9 9.8 6 7.9 9.8 6 7.9 9.8 V"

VCE(SAT) l c = 10mA,

lg = 1 mA
- 0.24 0.5 - 0.24 0.7 - 0.24 0.7 V

vB e Iq= 1 mA,

VCE =5V

0.6 0.69 0.78 0.6 0.69 0.78 0.6 0.69 0.78 V

h F E 150 390 500 150 390 500 100 390 670

|AVBE /AT| l c = 1 mA,

VCE =5V
- 1.9 - - 1.9 - - 1.9 - mV/°C
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CA3096, CA3096A, CA3096C
STATIC ELECTRICAL CHARACTERISTICS at
For Equipment Design

TA = 25°C Cont'd)

CHARAC-
TERISTIC

TEST
CONDITIONS

LIMITS

UNITSCA3096AE CA3096E CA3096CE

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

For Each p-n-p Transistor

'CBO vCB = -iov,
l E =

- -o.ooe -40 - -0.06 -100 - -0.06 -100 nA

'ceo vCE = -iov,

l B =

- -0.12 -100 - -0.12 -1000 - -0.12 -100C nA

v(BR)CEO l c = -100
y
uA,

l B =

-40 -75 - -40 -75 - -24 -30 - V

V(BR)CBO l C = -10yuA,

l E =

-40 -80 - -40 -80 - -24 -60 - V

V(BR)EBO l E = -10/iA,

i c = o

-40 -100 - -40 -100 - -24 -80 - V

V(BR)EIO l E)
= 10mA

i b = i c = o

-40 -100 - -40 -100 - -24 -80 - V

VCE(SAT) lc = — 1 mA,
l B = -100^A

- -0.16 -0.4 - -0.16 -0.4 - -0.16 -0.4 V

VBE l c = -100/uA,

VCE = -5V
-0.5 -0.6 -0.7 -0.5 -0.6 -0.7 -0.5 -0.6 -0.7 V

hFE

lc =-100juA,

VCE = -5V
40 85 250 40 85 250 30 85 300

lc = -1 mA,

VCE =-5V
20 47 200 20 47 200 15 47 200

|AVBE /AT| Ic = -100mA,
VCE =-5V

- 2.2 - - 2.2 - - 2.2 - mV/°C

Icso Collector-Cutoff Current

'CEO Collector-Cutoff Current

V(BR)CE0 Collector-to-Emitter Breakdown
Voltage

V(BR)CBO Collector-to-Base Breakdown
Voltage

V(BR)CIO Collector-to-Substrate Break-

down Voltage

V(BR)EBO Emitter-to-Base Breakdown

Voltage

V^ Emitter-to-Base Zener Voltage

VCE(SAT) Collector-to-Emitter Saturation

Voltage

VBE Base-to-Emitter Voltage

hp E DC Forward-Current Transfer

Ratio

IAVBE/AT| Magnitude of Temperature

Coefficient: (for each transistor)
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CA3096, CA3096A, CA3096C

STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C (CA3096AE Only)

For Equipment Design

CHARACTERISTIC
TEST

CONDITIONS

LIMITS

UNITSCA3096AE

Min. Typ. Max.

For Transistors Q1 and Q2 (as a Differential Amplifier)

Absolute Input Offset Voltage, |V|
I

VCE = 5V, lc =1mA

- 0.3 5 mV

Absolute Input Offset Current, |I|qI - 0.07 0.6 HA

Absolute Input Offset Voltage IAV )0 I

Temperature Coefficient, AT _ 1.1 _ MV/°C

For Transistors Q4 and Q5 (As a Differential Amplifier)

Absolute Input Offset Voltage, |V|
I

VCE = ~5 V
' 'C

= - 10°^A
RS =

- 0.15 5 mV

Absolute Input Offset Current I'iqI
- 2 250 nA

Absolute Input Offset Voltage |AV|
I

Temperature Coefficient, AT - 0.54 - juV/°C

•
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Fig. 1 — Base-to-emitter zener characteristic

(n-p-n).

o 1

s

l
,o

V
^ A

" 2

a i

jy/

"

&*
/?/.

&/A
/?//-

D 4

S 2

i
4

o 2
10''

j>j£f—

'~s*
*y%4

c&/?

-100 -75 -50
TEMPERATURE— *C

92CS-203I0

Fig. 2 - Collector cut-off current (Iq^q) as a

function of temperature (n-p-n).

0»|
< 4

1 /
2 M

i

"y/lOV"
A>

=«&
8 1
M 4

v-M
*///

^^4K I

t 2

S'!
S *

ou
,o*

2

&rtp

t*/t
<?*-/?

&SSS

500

~ 400
o

<t

£ 300

z
<x

z 200

5 ioo

£ o

**j2
vulL tJ5 2£

•r

jg£
^

-40 "C

"

*

TEMPERATURE - COLLECTOR CURREN

F/p. 3 — Collector cut-off current (Iran) as a

function of temperature (n-p-n).

Fig. 4 — Transistor (n-p-n) hpgas a function of

collector current.

441



Linear Integrated Circuits

CA3096, CA3096A, CA3096C
DYNAMIC

ELECTRICAL CHARACTERISTICS at TA = 25°C

Typical Values Intended Only for Design Guidance

CHARACTERISTICS TEST CONDITIONS
TYPICAL
VALUES

UNITS

For Each n-p-n Transistor

Noise Figure (low frequency), NF
f= 1 kHz, VCE = 5V,

l c = 1 mA, Rs =1 kn
2.2 dB

Low-Frequency, Input Resistance, Rj f= 1.0 kHz, VCE = 5V,

Iq = 1 mA
10 k£l

Low-Frequency Output Resistance, RQ 80 kn

Admittance Characteristics:

Forward Transfer Admittance, gfe

Vfe b
fe

f= 1 MHz, VCE = 5V,
Iq= 1 mA

7.5 mmho
-J13

9ie

Input Admittance, ...

Vie b .u
ie

2.2

mmhoJ3.1

Output Admittance,
oe

Voe
~
boe

0.76
mmho

J2.4

Gain-Bandwidth Product, fj
VCE = 5V,I C = 1.0mA 280 MHz
VCE = 5V, l c =5mA 335

Emitter-to-Base Capacitance, C E g VEB = 3V 0.75 pF

Collector-to-Base Capacitance, Cqq VCB = 3V 0.46 pF

Collector-to-Substrate Capacitance, Cq| VC,=3V 3.2 pF

For Each p-n-p Transistor

Noise Figure (lowfrequency), NF
f = 1 kHz,

l c
= 100mA, Rs = 1 kJ2

3 dB

Low-Frequency Input Resistance, Rj f=1 kHz, VCE = 5 V,

l c = 100 nA

27 kn

Low-Frequency Output Resistance, R Q 680 kn

Gain-Bandwidth Product, fj VCE = 5V, l c = 100mA 6.8 MHz

Emitter-to-Base Capacitance, CEB V EB = -3V 0.85 pF

CollectOi -lo Base Capacitance, CqB VCB = -3 V 2.25 pF

Base-to-Substrate Capacitance, Cg| Vg,=3V 3.05 PF

0.9

I 08

§ 0.7

[; 0.6

S

i 0.5

04

COLL :ctor- T0- Eh n TEH V0LTA0 E iv :e 5V

COLLECTOR CURRENT (I r

Fig. 5 - VBE (n-p-n) as a function of collector

current.

TEMPERATURE 'C 92CS-20JM

Fig. 6 - VB£ (n-p-n) as a function of tempera-

ture.
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CA3096, CA3096A, CA3096C
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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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Fea ft/res:

1. Can be operated with either dual

supply or single supply.

2. Wide-input common-mode range

+5 Vto-5 V.

3. Low bias current: < 1 nA.

Fig. 39 - Cascade of differential amplifiers using CA3096AE.
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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).

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.
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CA3097E

Terminal
16

16-Lead Dual-ln-Line
Plastic Package

Thyristor/Transistor Array

For Military, Commercial, and Industrial Applications

Includes:

Uncommitted n-p-n transistor

u Sensitive-gate silicon controlled

rectifier

Programmable unijunction transis-

tor (PUT)
m p-n-p/n-p-n transistor pair

u Zener diode
m Separate substrate connection

Features:

Complete isolation between
elements
n-p-n transistor - Vceo = 30 V (min.)

/c = 100 mA (max.)

m p-n-p/n-p-n transistor pair - beta
> 8000 (typ.) @ /c = 10 mA,
individual p-n-p, n-p-n, or transistor

pair operation

m Programmable unijunction transis-

tor [PUT] - peak-point current
= 75 nA (typ.) at RG = 1 MCI; l/AK
= ±30 V

m (PUT) Extremely long RC time con-
stants with low value of external

capacitor

m Sensitive-gate silicon controlled

rectifier (SCR) - 150 mA forward
current (max.)

Zener-diode impedance (Zz )
= 150.

( typ.) at 10 mA

Applications:

Timers
Light dimmers/motor controls

m Oscillators

u "One-shot" multivibrators

m Voltage regulators

Comparators, Schmitt triggers

m Constant-current sources
m Amplifiers

m Logic circuits

* SCR triggering

m Pulse circuits

RCA-CA3097E* Thyristor/Transistor Array is a monolithic
integrated circuit that enables circuit designers to further
integrate control systems. The CA3097E consists of five

independent and completely isolated elements on one chip:
an n-p-n transistor, a p-n-p/n-p-n transistor pair, a zener
diode, a programmable unijunction transistor (PUT), and a
sensitive-gate silicon controlled rectifier (SCR).

The CA3097 is supplied in either the 16-lead dual-in-line
plastic package ("E" suffix) or the chip version ("H" suffix),

and operates over the full military-temperature range of -55
to +125° C.

•Formerly Dev. No. TA6281.

© ®©@ © ©© ©
92CS-2I935

Fig. 1 — Schematic diagram of CA3097E.
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MAXIMUM RATI NGS, Absolute-Maximum Values at TA = 25°C

Isolation Voltage, any terminal to substrate* +50 V
Dissipation, Total Package:

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

Ambient Temperature Range:

Operating -55 to +1 25°C
Storage -65 to +1 50°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
Each n-p-n Transistor (Q3,Q5)

The following ratings apply with terminals 6 & 9 connected together.

Collector-to-Emitter Voltage (VCE0 ) 30 V
Collector-to-Base Voltage (VqBo) 50 V
Emitter-to-Base Voltage (VEB0 ) 5 V
Collector Current (Iq) 100 mA
Base Current (I g) 20 mA
Dissipation (Pq) 500 mW

p-n-p Transistor (Q4)

The following ratings apply with terminals 7 & 8 connected together.

Collector-to-Emitter Voltage (Vceo' -40 V
Collector-to-Base Voltage (Vcgo) —50 V
Emitter-to-Base Voltage (V E go) -40 V
Collector Current (Iq) _10 mA
Base Current (I g) -3 mA
Dissipation (PD ) 200 mW

p-n-p/n-p-n Transistor Pair (Q3,Q4)

Dissipation (PD ) 500 mW
Programmable Unijunction Transistor, PUT (Q1)

Gate-to-Cathode Positive Voltage (Vq«) 30 V
Gate-to-Cathode Negative Voltage (Vqkr) 5 V
Gate-to-Anode Negative Voltage (VqA ) 30 V
Anode-to-Cathode Voltage (

V

A «) ±30 V
DC Anode Current

1 50 mA
Peak Anode Non-Recurrent Forward (On-State) Current (10 /xs pulse) 2 A
Total Average Dissipation 300 mW

Silicon Controlled Rectifier, SCR (Q2)

Repetitive Peak Reverse Voltage (VRRXM ), RGK = 1 Kft 30 V
Repetitive Peak Off-State Voltage (VDRXM ), RGK = 1 kft 30 V
DC On-State Current (Ijdc) 150 mA
Peak Surge (Non-Repetitive) On-State Current (10 lis pulse) 2 A
Forward Peak Gate Current (Iqfm' 20 mA
Peak Gate-to-Cathode Reverse Voltage (Vqpj^) 5 V
Total Average Dissipation 300 mW

Zener Diode, (Z1)

DC Current (l£) 25 mA
Dissipation (PD ) 250 mW

One or more of the terminals of each element of the CA3097E is isolated from the substrate by a junction diode. In order to

maintain electrical isolation between elements, the substrate terminal must be connected to a voltage which is no more posi-

tive than that of any other terminal. To avoid undesirable coupling between elements, the substrate terminal (terminal 10)

should be maintained at either dc or signal (ac) ground.
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CA3097E
ELECTRICAL CHARACTERISTICS

CHARACTERISTIC SYMBOL TEST CONDITIONS
Ambient Temperature

(TA ) - 25°C

Unless Otherwise Specified

FIG.

NO.

LIMITS UNITS

Min. Typ. Max.

n-p-n TRANSISTORS Q3.Q5 (TERMINALS 6 and 9 CONNECTED)

COLLECTOR CUTOFF CURRENT 'CBO VCB = 10 V, l E = - -
1 /LlA

COLLECTOR CUTOFF CURRENT 'ceo VCE = 10V, l B
= - - 10 MA

COLLECTOR-TO-EMITTER
BREAKDOWN VOLTAGE V (BR)CEO lc

= IOOjuA, l B = 30 - - V

COLLECTOR-TO-BASE
BREAKDOWN VOLTAGE

V (BR)CBO l c
= 100/uA, l E = 50 - - V

COLLECTOR-TO-SUBSTRATE
BREAKDOWN VOLTAGE V(BR)CIO l C l

- 100/L/A, l B = 0, l E = 50 - - V

EMITTER-TO-BASE
BREAKDOWN VOLTAGE V (BR) EBO l E

= IOOjuA, l c = 5 7.5 10 V

COLLECTOR-TO-EMITTER
SATURATION VOLTAGE VCE (SAT)

l c = 50mA, l B = 5mA
5

- - 0.65
V

lc = 10mA, l B = 1 mA - 0.10 -

BASE-TO-EMITTER
SATURATION VOLTAGE VBE (SAT) lc

= 10mA, l B = 1mA 2 - 0.76 - V

BASE-TO-EMITTER
VOLTAGE V BE VCE = 3V, lc

= 10mA 3 0.65 0.73 0.85 V

DC FORWARD-CURRENT
TRANSFER RATIO hFE

VCE = 3V, l c
= 10mA 4 100 130 -

VCE = 3V, l c = 50mA 80 120 -

p-n-p TRANSISTOR Q4 (TERMINALS 7 and 8 CONNECTED)

COLLECTOR CUTOFF CURRENT 'CBO VCB =-10 V, l E = - - -1 juA

COLLECTOR CUTOFF CURRENT 'CEO VCE =-10 V, l B = - - -10 jitA

COLLECTOR-TO-EMITTER
BREAKDOWN VOLTAGE V (BR)CEO l c =-100a<A, l B = -40 - - V

COLLECTOR-TO-BASE
BREAKDOWN VOLTAGE V (BR)CBO lc =-10juA, i e = o -50 - - V

EMITTER-TO-SUBSTRATE
BREAKDOWN VOLTAGE V (BR) EIO l E)

= 10mA, I b = 0, l E = -50 - - V

EMITTER-TO-BASE

BREAKDOWN VOLTAGE
V (BR) EBO l E = -10a/A, l c = -40 - - V

COLLECTOR-TO-EMITTER
SATURATION VOLTAGE VCE (SAT) lc =-1mA, l B = -100/nA 6 - - -0.33 V

BASE-TO-EMITTER
SATURATION VOLTAGE VBE (SAT) lc =-1mA, l B = -100/L/A 7 - -0.7 - V

BASE-TO-EMITTER
VOLTAGE V B E VCE =-3 V, l c = -100/uA 8 -0.5 -0.6 -0.7 V

DC FORWARD-CURRENT
TRANSFER RATIO hFE

VCE = -3 V, l c
= -100juA

VCE = -3 V, l C =-1 mA 9
30

40

60 -

n-p-n/p-n-p TRANSISTOR PAIR Q3.Q4

DC FORWARD-CURRENT
TRANSFER RATIO hFE

VCE (n-p-n) = 3V, lc - 10mA 10 - 8000 —
VCE (n-p-n) = 3V, l c = 50mA 10 - 6500 -
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CA3097E
ELECTRICAL CHARACTERISTICS (Cont'd.)

CHARACTERISTIC SYMBOL TEST CONDITIONS

Ambient Temperature

(TA ) = 25°C

Unless Otherwise Specified

FIG.

NO.

LIMITS UNITS

Min. Typ. Max.

PROGRAMMABLE UNIJUNCTION TRANSISTOR (PUT), Q1

OFFSET VOLTAGE vT
*

Vs = 10V, R G
= 10kH

1 1 ,22
a

0.2 - 0.7
V

Vs = 10V, RG = IMft 0.2 - 0.7

ANODE-TO-CATHODE

ON-STATE VOLTAGE
v F

lp = 50mA
12

- 0.90 1.5
V

l F
= 100mA -

1
-

PEAK OUTPUT VOLTAGE vOM
C = 0.22/xF

Anode Supply Voltage = 20V
13,23 - 10 - V

PEAK-POINT CURRENT IP

Vs = 10V, RG = 10kf2 14,22a - 0.55 1

i"A
Vs = 10V, RG = 1Mfi - - 0.015 0.15

VALLEY-POINT CURRENT 'V

Vs = 10V, RG = 10kft 17,15 4 40 -
MA

V s
= 10V, RG

= 1MH 16 - - 25

GATE REVERSE CURRENT 'gao Vs = 30V 22c - 0.02 - nA

GATE REVERSE CURRENT 'gks Anode-To-Cathode Short, Vc,
= 30V

22d - 0.2 - nA

OUTPUT PULSE RISETIME
»r

Anode-Supply Voltage = 20V

C = 0.22juF
23 - 60 - ns

SILICON CONTROLLED RECTIFIER (SCR), Q2

PEAK OFF-STATE CURRENT:

FORWARD 'dxm V DRXM = 30V, RGK =1kS2 24 2
jjlA

REVERSE 'rxm V R RXM = 30V, RGK =1kfi 24 - - 2

FORWARD DC VOLTAGE DROP vT l T
= 50mA 18 - 0.90 1.5 V

GATE-TO-SOURCE

TRIGGER CURRENT 'gs

TA = 25°C 26 - 33 100
A/A

TA = ~55°C 26 - 50 -

DC GATE-TRIGGER VOLTAGE v Gt V L
= 10V, R L

= 100ft 19 - 0.55 0.75 V

HOLDING CURRENT 'ho R GK =1kft 20,24 - 1.2 - mA

CRITICAL RATE-OF-RISE

OF OFF-STATE VOLTAGE
dv/dt

EXPONENTIAL RISE,

RGK =1kft,VDRXM = 30V
25 - 150 - V//1S

GATE-CONTROLLED

TURN-ON TIME V See Fig. 33 33 - 50 - ns

CIRCUIT-COMMUTATED

TURN-OFF TIME
*q See Fig. 33 33 - 10 - Ms

ZENER DIODE, Z1

ZENER VOLTAGE vz l z = 10mA 21 7.2 8 8.8 V

ZENER IMPEDANCE zZ l z
= 10mA, f = 1kHz -- 15 25 n

ZENER VOLTAGE

TEMPERATURE COEFFICIENT

(AVZ/VZ)/AT l z
= 10mA - +O.05 - %/°c

AVZ/AT - +4 - mV/°C

ZENER-TO-SUBSTRATE

BREAKDOWN VOLTAGE
V (B R)ZIO

l z
= 100/iA

TERM. 5 TO SUBSTRATE 50 80 - V

*Vj= Vp- Vs (Fig. 22)
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TYPICAL CHARACTERISTICS (CONT'D)

: AMBIENT TEMPERATURE (T
fi
)'25'C

EQUIVALENT GATE RESISTANCE (RQ )*IQKfl

: EQUIVALENT GATE VOLTAGE (Vjt'lO V

EQUIVALENT GATE RESISTANCE (Rs 1 * 101

EQUIVALENT GATE-SOURCE VOLTAGE (Vs
>-
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Linear Integrated Circuits

CA3097E
OPERATING CONSIDERATIONS FOR CA3097E

1. Composite p-n-p/n-p-n Transistors Q3, Q4 (See Fig. 3)

To use Q3 as an individual n-p-n transistor, join terminals

no. 6 and no. 9 to disable p-n-p transistor Q4.

The appropriate terminal connections are then:

Collector terminal 9

Base terminal 7

Emitter terminal 8

To use Q4 as an individual p-n-p transistor, join terminals

no. 7 and no. 8 to disable n-p-n transistor Q3.

The appropriate terminal connections are then:

Collector terminal 7

Base terminal 6

Emitter terminal 9

To use Q3 and Q4 as a composite use terminals 6, 7, 8, and

9 as required.

2. Programmable Unijunction Transistor Q1 (PUT)

The programmable unijunction transistor is essentially an

anode-gate SCR. The volt-ampere characteristic of the de-

vice is shown in Fig. 22. When an equivalent Thevenin source

(Vs. RG). as shown in Fig. 22, is applied to the gate terminal

the device will be "off" if the anode-voltage is negative with

respect to the gate voltage. Under this condition, any current

flow is exclusively leakage current. When the anode voltage be-

comes more positive than the gate voltage by an increment

equal to the threshold voltage (Vj = 0.4 V typ.), the device

can turn "on" only if the current available at the anode termi-

nal is greater than the specified peak-point current. The PUT
will then switch through its negative-resistance region to the

"on" state (low anode-to-gate voltage). It should be noted

that lp is not the maximum current allowed through the

device, but is the current required at the peak of the V-I

curve, lp 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 (\y). If \/\<\y, the PUT will switch

back to its high-impedance "off" state. Thus, the PUT can be

made to "latch" or recover, depending on \y. Since ly is a

function of the "on"-state gate current (which depends on

Rq and Vs) a choice of Rq and/or V§ will determine the

operating mode, i.e., "off" state-*"on" state or "off" state

-> "on" state -* "off" state. The value of \y increases di-

rectly as a function of Vq and inversely with Rq. The PUT
in the CA3097E has a low lp lp = 15 nA at Vs = 10 V,

Rq = 1 MD,. This low value of lp indicates that an extremely

large-value of anode-supply resistor, e.g. 60 M £2 (typ.), can be

used in timing circuits requiring long RC time constants. This

becomes important when considering the size of the external

Vp.Ip I Kit Ql EQUIVALENT
CIRCUIT

vGK =vs ^
WHEN VA = Vp

Fig. 22 — General anode characteristics for Qt (PUT).

92CS-2I925

Fig. 23 — Output pulse characteristics for Q1 (PUT).

Id)

92CM-2I922
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Arrays

CA3097E
OPERATING CONSIDERATIONS (CONT'D)

timing capacitor to be used. Consequently, the use of the PUT
in the CA3097E is advantageous since it has a lower lp 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 (Z1 connected as

forward-biased diode) considerably reduces the effect of tem-

perature on the switching point.

Bypassing Anode Current

If the PUT gate equivalent source is such that Ia>'V> the

PUT will remain "on". A method for turning the PUT off is

by shunting current away from the anode until I a< '
V An

example of this technique is the oscillator circuit of Fig. 29.

Q3 transistor is turned "on" after the PUTfires and shunts cur-

rent away from the anode, thereby forcing Ia<'V- The PUT
then turns "off" allowing Cj to recharge through Rj, to re-

peat the cycle.

Protecting The PUT Against Discharge Current Of The Capacitor

A current-limiting resistor in series with the PUT is normally

required to dissipate capacitive discharge energy (see Figs. 23

and 29).

Silicon Controlled Rectifier, Q2 (SCR)

The SCR should be used with a 1 k£2 (or less) resistor con-

nected between the cathode and gate terminals if the SCR is

to be subjected to its maximum forward and reverse voltage

ratings (VqxM and Vrxm)- Selecting a value for Rgk of

1 k£2 (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 Rqk at

which the SCR will fire with a Vqk*0-55 V. With a value of

500O for RQK. the trigger source must be capable of sup-

plying 1.1 mA. Rgk should be non-inductive within the

frequency band of the noise transients normally encountered

in a particular application.

02 EQUIVALENT
CIRCUIT

92CS-2I924

Fig. 24 — Principle voltage-current characteristics

for Q2 (SCR).

APPLIED
EXPONENTIAL-
VOLTAGE '^"^-dv/dt (CRITICAL) = O.I

92CS- 2I925

Fig. 25 — Definition of critical rate of rise of

off-state voltage for Q2 (SCR).

WITH SWI CLOSED, INCREASE Vs UNTIL SCR FIRES ( VTVM DROPS
FROM I0V TO APPROXIMATELY IV ). rGS (TRIGGER) IS MEASURED
JUST PRIOR TO THIS TRIGGERING POINT. NOTE THAT Igs MAY
DECREASE AS Vs IS INCREASED DUE TO CURRENT DRAWN OUT
OF THE CATE TERMINAL OF THE SCR AS IT TURNS ON . TO UNLATCH
THE SCR OPEN SWI.

-*

V
s
SHOULD BE CAPABLE OF SUPPLYING MILLIVOLT INCREMENTS

NEAR THE TRIGGER POINT

92CS- 2 I 926

Fig. 26 — Test circuit for determining

lGS in Q2 (SCR).
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Linear Integrated Circuits

APPLICATIONS CIRCUITS

Q—aa/v—HI
120 n ' t

SUBSTRATE
TIMING PERIOD w 200 SEC. WITH I M& POT CENTERED
TIMING CYCLE BEGINS WHEN AC IS APPLIED

> SPRAGUE TYPE 4308, 5 MF AT 50 V
SPRAGUE TYPE 6308, 5^F AT 50 V
OR EQUIVALENT 92CS-2I927

Fig. 27 — AC line-operated one-shot timer.

Lii_
TYPICAL TEMPERATURE CHARACTERISTIC
~ „AV /Vn 92CS- 21921

(5) R L =330n -^—°x IOO = ±O.OI %/"C
TYP- LOAD REGULATION @ IL = TO 40 mA, (A Vo/V )x 100 =

-3% (NO LOAD TO FULL LOAD)

TYP. LINE REGULATION @ R L =330fl, a°
V°

x 100=^0.55%/

V

AVUNREG.

Fig. 28 — Temperature-compensated shunt regulator.

PULSE RATE ADJUSTED BY VARYING R T OR C T
OUTPUT PULSE WIDTH ADJUSTED BY R| C|
DIFFERENTIATING TIME CONSTANT

TYPICAL OPERATION FOR:

V*"" 15 V, CfOI^F, Ry43Kil
C|=82pF, R

;
«60Kfi

Fig. 29 — Pulse generator.

92CM- 2 1929
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CA3097E

$

—

<$—

\

Q
/~®

APPLICATIONS CIRCUITS

-O

TYPICAL LOAO REGULATION (5> V - 13 V, I L «0 TO 40 mA
Av
„ xl00-t04%(N0 LOAD TO FULL LOAD)
v

TYPICAL LINE REGULATION @ V «I2V
AVn /V,.

-—— KI00-+045 %/V
AvUNREG. 92CS-2I950

Fig. 30 — Series voltage regulator.

vUNREGULATED = IO- 13 V

o

f-rO vo

TYPICAL LOAD REGULATION @ Vo^V.Tl'O TO 40 mA
A V
., x 100- -I.I %
V° ~TYPICAL LINE REGULATION @ V »7V, lL'20mA
Av
VO

Av,
tO 85% /VOLT

UNREGULATED

Fig. 31 — 5 to 7.5 V shunt regulator.

-®

R4 < -L * da33Kn> x D2 v?
v

A OPTIONAL SPEED-UP CAPACITOR
* REQUIRED IF Vi SWINGS BELOW GROUND

TYPICAL OPERATING CONDITIONS'-

FREQUENCY IN = 0-10 KHz

SUPPLY VOLTAGE (V + )=I5V
RI,R2,R H = 5 I Kft

R3 = 6-2 Kll,Rs= 300fl
C| = 820pF
VTH U=7.5 V. VTH L=5V
HYSTERESIS VOLTAGE =2 5V
UPPER THRESHOLD VOLTAGE ( VTH U ) « V

+-^-R2

LOWER THRESHOLD VOLTAGE (V

/R2_RH\

HYSTERESIS VOLTAGE = V TH U-VTH L
92CM-2I932

Fig. 32 — Schmitt trigger.
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CA3097E
APPLICATIONS CIRCUITS (CONT'D)

R(_ (13012 TYP)

VC 9.5 V -3*

V 20 V

HZb^!__TZL

— 'DELAYSr DELAY*)

-T

V=

MONOSTABLE DELAY TIME SET BY ADJUSTMENT OF T D ( VARY R D ) OR
BY CD .I D MUST BE GREATER THAN Iv OF Ql (PUT) FOR MONOSTABLE
OPERATION.

02 tSCR) SWITCHING TIMES :

GATE- CONTROLLED TURN-ON TIME (tg| )«50ni(TYR)
CIRCUIT-COMMUTATED TURN-OFF TIME ( t )« 10 u«( TYP)

92CM-2I933

Fig. 33 — Monostable multivibrator with variable delay.

Q V + (BATTERY,TYP. 10

T0FF = TIMING PERIOD (NO LOAD CURRENT)
PUT FIRES WHEN Vr !!ev

rc (Toff)VC
=

cT
-

'
! C ~ *T (Q3

-
05 MATCHED)

IT SET BY ADJUSTING Rt,It~"
Rt

T0N = CAPACIT0R DISCHARGE TIME THROUGH LOAD. LOAD TURNS
OFF WHEN SCR ANODE CURRENT FALLS BELOW HOLDING
CURRENT (IHO). TYPICAL X H0 = I. 2mA

EXAMPLE : FOR TIMING PERIOD 0F8 3 MIN
C T = lOOO^F, I T = I6 M A

V*-07
;

.

R T= -J (FOR V
T
=I6V, R T =;

| Mil)

Fig.34 — Low-current-drain battery-operated
long interval astable timer.

NOTE .'SHORT TERMINAL 15 TO 14 WHEN USING 05 AS A DIODE
92CS-22I78

Fig.35 — Phase control circuit.
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Arrays

12-Lead TO-5

^0 14-Lead DIP Package

16-Lead DIP Package

CA3118, CA3146, CA3183 Types

High-Voltage Transistor Arrays

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)

Features

Matched general-purpose transistors

Vbe matched ±_5mV max.

Operation from DC to 120 MHz (CA3118AT, T; CA3146AE, E)

Low-noise figure: 3.2dB typ. at 1kHz (CA31 18AT, T; CA3146AE, E)

High lc : 75mA max. (CA3183AE, E)

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 CA3118ATand CA3118T consist of four transistors

with two of the transistors connected in a Darlington con-

figuration. These types are well suited for a wide variety of

applications in low-power systems in the DC through VHF
range. Both types are supplied in a hermetically sealed 12-

lead TO-5 type package and operate over the full military

temperature range. (CA3118AT and CA3118T are high-

voltage versions of the popular predecessor type CA3018.

Types CA3146AE and CA3146E consist of five transistors

with two of the transistors connected to form a di ferentially-

connected pair. These types are recommended for low-power

applications in the DC through VHF range. Both types are

supplied in a 14-lead dual-in-line plastic package and operate

over the ambient temperature range of -40°C to +85°C.

(CA3146AE and CA3146E are high-voltage versions of the

popular predecessor type CA3G46.)

Types CA3183AE and CA3183E consist of five high-current

transistors with independent connections for each transistor.

In addition two of these transistors (Q1 and Q2) are matched

at low-current (i.e. 1mA) for applications where offset para-

meters are of special importance. A special substrate terminal

is also included for greater flexibility in circuit design. Both

types are supplied in a 16-lead dual-in-line plastic package

and operate over the ambient temperature range of -40°C

to +85°C. (CA3183AE and CA3183E are high-voltage ver-

sions of the popular predecessor type CA3083.)

The types with an "A" suffix are premium versions of their

non-"A" counterparts and feature tighter control of break-

down voltages making them more suitable for higher voltage

applications.

For detailed application information, see companion Appli-

cation Note, ICAN-5296 "Application of the RCA CA3018

Integrated Circuit Transistor Array."

Formerly Developmental Types Nos.

CA3118AT - TA6091 CA3146E - TA6181
CA3118T - TA6182 CA3183AE - TA6094
CA3146AE - TA6084 CA3183E - TA6183

TYPE

Pt*

max.

mW

c

max.

mA

vCEO

max.

V

vCBO

max.

V

VCE sat.

at 1 mA
typ.

V

r-FE

at 1 mA,

&VCE=5V
typ.

VlO >IO T/\ Range

(Operating)

°C

Diff. Pair at 1 mA
max.

mV
max.

VALUES APPLY FOR EACH TRANSISTOR

CA3118AT
CA3118T
CA3146AE
CA3146E

CA3183AE

CA3183E

300

300

300

300

500

500

50

50

50

50

75

75

40

30

40

30

40

30

50

40

50

40

50

40

0.33

0.33

0.33

0.33

0.16

0.16

95

95

95

95

75

75

±5
+ 5

±5
±5

±5
+ 5

2

2

2

2

2.5

2.5

-55- +125

-55- +125

-40 - +85

-40 - +85

-40- +85

-40- +85

Caution on Total Package Power Dissipation: The maximum total package dissipation rating for the CA31 18 Series circuits is 450 mWat

temperatures up to +85°C, then derate linearly at 5 mW°C. The maximum total package dissipation rating for the CA3146 and CA318.3

Series circuits is 750 mWat temperatures up to +55°C, then derate linearly at 6.67 mW°C.
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CA3118, CA3146, CA3183 Types

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

Any one transistor — .

CA3118AT, CA3118T, CA3146AE, CA3146E
CA3183AE, CA3183E

Total package —

Up to 85°C (CA31 18AT, CA31 18T)
Upto55°C (CA3146AE, CA3146E, CA3183AE, CA3183E)
Above 85°C (CA3118AT, CA3118T) derate
Above 55°C(CA3146AE, CA3146E,CA3183AE, CA3183E) . .'.... derate

Ambient Temperature Range:

Operating —

CA31 18AT, CA31 18T _5
CA3146AE, CA3146E, CA3183AE, CA3183E -40 to +85

Storage (all types)

The following ratings apply for each transistor in the device:

Collector-to-Emitter Voltage (Vceo ,:

CA31 18AT, CA3146AE, CA3183AE
CA3118T, CA3146E, CA3183E

Collector-to-Base Voltage (Vcbo' :

CA3118AT, CA3146AE, CA3183AE
CA3118T, CA3146E, CA3183E

Collector-to-Substrate Voltage (Vrjio):

CA3118AT, CA3146AE, CA3183AE
CA3118T, CA3146E, CA3183E

Emitter-to-Base Voltage (VgBO* a " tVPes
Collector Current —

CA3118AT, CA3118T, CA3146AE, CA3146E
CA3183AE, CA3183E

Base Current (l B ) - CA3183AE, CA3183E

300 mW
500 mW

450 mW
750 mW
linearly 5 mW/°C
linearly 6.67 mW/°C

5 to +125 °C
to +85 °C

5 to + 1 50 °C

40 V
30 V

50 V
40 V

50 V
40 V
5 V

50 mA
75 mA
20 mA

i 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

maintain isolation between tran-

sistors and provide normal tran-

sistor action. To avoid undesired

coupling between transistors, the

substrate terminal should be

maintained at either DC or sig-

nal (AC) ground. A suitable by-

pass capacitor can be used to

establish a signal ground.

6' ok) 6' CA3146AE, CA314E

6 6 6 66 66 66
I6 IS 3 4 6 8 I0 II IS

SUBSTRATE O 92CS-

CA3183AE, CA3183E

CA3118AT, CA3118T

Fig. 1 - Schematic diagrams of high-voltage arrays.

COMPARISON OF RELATED PREDECESSOR TYPE WITH TYPES IN THl'S DATA BULLETIN
DATA
FILE

NO.

vCEO
min.

vCBO
min.

VCE sat.

typ. V
VB E

typ. V c
max. mA

CCB
typ. pF

CC I

typ. pF

CEB
typ. pFIC=10mA IC=1 mA

CA3018

CA3018A

CA3118AT

CA3118T

338

338

15

15

40

30

20

20

50

40

0.23

0.23

0.33

0.33

0.715

0.715

0.730

0.730

50

50

50

50

0.58

0.58

0.37

0.37

2.8

2.8

2.2

2.2

0.6

0.6

0.7

0.7

CA 3046

CA3146AE

CA3146E

341 15

40

30

20

50

40

IC=10mA IC=1 mA
50

50

50

0.58

0.37

0.37

2.8

2.2

2.2

0.6

0.7

0.7

0.23

0.33

0.33

0.715

0.730

0.730

CA 3083

CA3183AE

CA3183E

481 15

40

30

20

50

40

IC=50mA IC^IOmA
100

75

75

-

-

,_

0.4

1.7

1.7

0.74

0.75

0.75

NOTE: Related predecessor types are shown in shaded areas.
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STATIC ELECTRICAL CHARACTERISTICS - CA3118 and CA3146 Series

^ Arrays

CA3118, CA3146, CA3183 Types

TEST CONDITIONS LIMITS

UNITSCHARACTERISTICS SYMBOL
TA = 250C

Typ.

Char.

Curve

Fig. No.

CA3118AT, CA3146AE CA3118T, CA3146E

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

For Each Transistor

:

Collector-to-Base

Breakdown Voltage
v(BR)CBO l c = 10MA. Ie =0 - 50 72 - 40 72 - V

Collector-to-Emitter

Breakdown Voltage v(BR)CEO lc= 1mA, l B = - 40 56 - 30 56 - V

Collector-to-Substrate

Breakdown Voltage
v (BR)CIO

ICI = 10/iA, l B =

l E -0
- 50 72 - 40 72 - V

Emitter-to-Base

Breakdown Voltage
v(BR)EBO l E = 10AIA, lc = - 5 7 - 5 7 - V

Collector-Cutoff Current 'CEO Vce = 10V, l B = 2 - see

curve
5 - see

curve
5 MA

Collector-Cutoff Current 'CBO VCB = 10V, l E =0 3 - 0.002 100 - 0.002 100 nA

DC Forward-Current

Transfer Ratio
hFE VCE=5V

l c=10mA 4 - 85 - - 85 -

-
l c=1mA 4 30 100 - 30 100 -

IC=10A(A 4 - 90 - - 90 -

Base-to-Emitter Voltage VBE VCE = 3V
- 'C

=
1 mA 5 0.63 0.73 0.83 0.63 0.73 0.83 V

Collector-to-E mitter

Saturation Voltage
VCEsat IC = 10mA, l B = 1mA 6 - 0.33 - - 0.33 - V

For transistors Q3 and Q4 (Darlington Configeration):

Collector-Cutoff

Current

nt

CA3118AT

and

CA3118T

only

'CE VCE = 10V, l B = - - - 5 - - - MA

DC Forward-Curre

Transfer Ratio
"FE VCE = 5V, lc = 1 mA 7 1500 9000 - 1500 9000 - -

Base-to-Emitter

(Q3toQ4)
VBE VCE=5V

l E = 10mA 8 - 1.46 - - 1.46 -
V

l E = 1mA 8,9 - 1.32 - - 1.32 -

Magnitude of Base-to-

Emitter Temperature

Coefficient

AVBE

AT
VCE =5V, l E = 1mA - - 4.4 - - 4.4 - mV/°C

For transistors Q1 and Q2 (AS a Differential Amplifier)

:

Magnitude of Input

Offset Voltage

|VBE1 = VBE2|

|v,
|

Vce =5V/
. 'e

= 1mA 10,11 - 0.48 5 - 0.48 5 mV

Magnitude of I CA31 18AT and

hfE Ratio
J

CA3118Tonly

vCe = 5V,

I C 1 = Ic2 = 1mA
- 0.9 1.0 1.1 0.9 1.0 1.1 -

Magnitude of Base-to-

Emitter Temperature

Coefficient

AVBE vCe = 5V,

l E = 1mA
- - 1.9 - - 1.9 - mV/°C

AT

Magnitude of V|Q

(VBE1 - VBE2> Temp-

erature Coefficient

AV|0 vCe = 5v,

•CI = 'C2
= 1mA

- - 1.1 - - 1.1 - jUV/QC

AT

Magnitude of

Input Offset

Current

|

l IOi l l02

CA3146AE

and

CA3146E

only

•10

I

vCe = sv,

l Cl =IC2 =1 mA
12 - 0.3 2

I

- 0.3 2 MA
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CA3118, CA3146, CA3183 Types
DYNAMIC ELECTRICAL CHARACTERISTICS - CA3118 and CA3146 Series

CHARACTERISTICS SYM-
BOL

TEST CONDITIONS

UNITSTA = 25©C
Typ.

Char.

Curve

Fig.No

CA3118AT

CA3146AE

CA3118T

CA3146E
Min. Typ. Max. Min. Typ. Max.

Low Frequency Noise Figure NF

f = 1kHz, VCE =5V,

lc = 100 /UA, Source

resistance = 1 kfl

14 - 3.25 - - 3.25 - dB

Low-Frequency, Small-Signal

Equivalent-Circuit

Characteristics:

Foward-Current Transfer
Ratio

hfe

f = 1kHz, VCE = 5V,

lc - 1mA

16 100 100

Short-Circuit Input
Impedance hie 16 - 2.7 " - 3.5 - kn

Open-Circuit Output
Impedance

h e 16 - 15.6 - - 15.6 - /imho

Open-Circuit Reverse -

Voltage Transfer Ratio
"re 16 - 1.8x10 4 - - 1.8x10-" - -

Admittance Characteristics:

Foward Transfer Admittance Yfe

f = 1MHz, VCE = 5V,

lc = 1mA

17 31-J1.5 31 -J1.5 mmho
Input Admittance Y ie 18 -

0.35+J0.04 - -
0.3+J0.04 - mmho

Output Admittance ^oe 19 - 0.001+J0.03 - -
0.001+J0.03 - mmho

Reverse Transfer Admittance Yre 20 See curve See curve mmho

Gain-Bandwidth Product 'T VCE = 5V, lc = 3mA 21 300 500 - 300 500 - MHz

Emitter-to-Base Capacitance ceb VEB = 5V, l E = 22 - 0.70 - - 0.70 - pF

Collector to-Base Capacitance CCB VCB = 5V, IC = 22 - 0.37 - - 0.37 - pF

Collector-to-Substrate

Capacitance
CCI VCI=5V, IC = 22 - 2.2 " - 2.2 - PF

STATIC ELECTRICAL CHARACTERISTICS - CA3183 Series

CHARACTERISTICS SYMBOL

TEST CONDITIONS LIMITS

UNITSTA = 25°C

Typ.

Char

Curve

Fig. No

CA3183AE CA3183E

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

For Each Transistor:

Collector-to-Base

Breakdown Voltage
V (BR)CBO IC=100/iA, l E =0 - 50 - - 40 - - V

Collector-to-Emitter

Breakdown Voltage
V(BR)CEO IC=1mA, l B =0 - 40 - - 30 - - V

Collector-to-Substrate

Breakdown Voltage
v(BR)CIO

l C l

= 100ZiA, l B =0,

l E =
- 50 - - 40 - - V

Emitter-to-Base

Breakdown Voltage
V (BR)EBO l£ = 500pA, lc = - 5 - - 5 - - V

Collector-Cutoff Current !CEO VCE = 10V, l B = 23 - - 10 - - 10 MA
Collector-Cutoff Current 'CBO VCB = 10V, l E = 24 - -

i
,
- -

1 A(A

DC Forward-Current

Transfer Ratio
"FE

VCE= 3 V, IC = 10mA 25,26 40 - - 40 - -
-

VCE = 5V, lc = 50mA - 40 -
•

- 40 - -

Base-to-E miner Voltage VBE VCE = 3V, lc = 10mA 27 0.65 0.75 0.85 0.65 0.75 0.85 V

Collector-to-Emitter

Saturation Voltage
* vCEsat IC = 50mA, l B = 5mA 28 " 1.7 3.0 - 1.7 3.0 V

For Transistors Q1 and Q2 (As a D ifferential Amplifier):

Absolute Input Offset

Voltage l

v io|

VCE =3V, lc = 1mA

29 " 0.47 5 - 0.47 5 mV

Absolute Input Offset

Current l'io| 30 " 0.78 2.5 - 0.78 2.5 MA

A maximum dissipation of 5 transistors x 1 50mW = 750mW is possible for
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Arrays

CA3118, CA3146, CA3183 Types
TYPICAL STATIC CHARACTERISTICS CURVES - CA3118 and CA3146 SERIES
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CA3118, CA3146, CA3183 Types
TYPICAL DYNAMIC CHARACTERISTICS CURVES (FOR ANY TRANSISTOR) - CA3118, CA3146 SERIES
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CA3118, CA3146, CA3183 Types
TYPICAL STATIC CHARACTERISTICS CURVES - CA3183 SERIES
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CA3127E

16-Lead Dual-ln-Line
Plastic Package

High-Frequency N-P-N
Transistor Array

For Low-Power Applications at Frequencies up to 500 MHz

Features:

Gain-bandwidth product (fT )

> 1 GHz
m Power gain = 30 dB (typ.) at

100 MHz
Noise figure - 3.5 dB (typ.) at

100 MHz
Five independent transistors on a

common substrate

Applications:

VHF amplifiers

Multifunction combinations
RF/mixer/oscillator

Sense amplifiers

Synchronous detectors
m VHF mixers
m IF converter

IF amplifiers

m Synthesizers
Cascade amplifiers

® ©

92CS-222I4

Fig. 1 — Schematic diagram of CA3127E.

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 fT in excess, of 1 GHz, making the CA3127E
useful from dc to 500 MHz. Access is provided to each of the
terminals for the individual transistors and a separate sub-
strate connection has been provided for maximum applica-
tion flexibility. The monolithic construction of the CA3127E
provides close electrical and thermal matching of the five

transistors.

The CA3127E is supplied in a 16-lead dual-in-line plastic
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, PD :

Any one transistor
85 mW

Total Package:

For TA up to 75°C 425 mW
For TA > 75° C Derate Linearly at 6 67 mw/o c

AMBIENT TEMPERATURE RANGE:

0peratin9 -55to+125°C
Stora9e -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, VCEo 15 v
Collector-to-Base Voltage, VCB0 20 V
Collector-to-Substrate Voltage, VC i

*

20 V
Collector Current, lc 20 mA

•The collector of each transistor of the CA3127E is isolated from the substrate by an integral diode. The substrate (terminal 5) must beconnected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor
3Ction.
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CA3127E
STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C •

CHARACTERISTICS TEST CONDITIONS
LIMITS UNITS

Min. Typ. Max.

For Each Transistor:

Collector-to-Base

Breakdown Voltage
lc = 10/iA, l E = 20 32 - V

Collector-to-Emitter

Breakdown Voltage
l c = 1 mA, l B = 15 24 - V

CoNector-to-Substrate

Breakdown Voltage
I C1

= 10/iA, l B = 0, l E = 20 60 - V

Emitter-to-Base

Breakdown Voltage*
l E

= 10/iA, lc = 4 5.7 - V

Col lector-Cutoff-Current VCE = 10V, i B = o - - 0.5 /iA

Col lector-Cutoff-Current Vcb = 10 v - IE = - - 40 nA

DC Forward-Current

Transfer Ratio
VCE = 6 V

IC = 5 mA 35 88 -

IC= 1 mA 40 90 -

lC = 0.1 mA 35 85 -

Base-to-Emitter Voltage VCE = 6 V

IC = 5 mA 0.71 0.81 0.91

VlC = 1 mA 0.66 0.76 0.86

lC = 0.1 mA 0.60 0.70 0.80

Collector-to-Emitter

Saturation Voltage
IC = 10 mA, Ib = 1 mA - 0.26 0.50 V

Magnitude of Difference

in Vbe
0-1 & 0-2 Matched - 0.5 5 mV

Magnitude of Difference

in Ib
VCE = 6V, lC = 1 mA - 0.2 3 MA

*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.

DYNAMIC CHARACTERISTICS at TA = 25"C

CHARACTERISTICS

l/F Noise Figure

Gain-Bandwidth Product

Collector-to-Base

Capacitance

Collector-to-Substrate

Capacitance

Emitter-to-Base

Capacitance

TEST CONDITIONS

f = 100 kHz, Rs = 500fi, lc= 1 mA

VcE = 6V, lc = 5mA

VcB = 6 V, f = 1 MHz

VC)
= 6V,f = 1 MHz

Vbe = 4 V, f = 1 MHz

LIMITS

Min. Typ.

1.8

Voltage Gain

Power Gain

Noise Figure

Input Resistance

Output Resistance

Input Capacitance

Output Capacitance

Magnitude of Forward

Transadmittance

VcE = 6V, f = 10 MHz
R|_= 1 kft, lc= 1 mA

Cascode Configuration

f = 100 MHz, V+= 12 V

IC= 1 mA

Common-Emitter

Configuration

VCE = 6 V

lC = 1 mA

f = 200 MHz

27

1.15

See

Fig.

5

Max.
UNITS

dB

GHz

pF

pF

28

pF

30

3.5

400

4.6

3.7

24

dB

dB

dB

n
kft

pF

pF

mmho
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CA3127E
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Capacities IpF)

CCB CCE CEB Cci

Pk,. Total Pkg. Total Pk,. Total Pk,. Total

Bias

Voltaga
- 6 V " 6V " 4 V - 6 V

01 0.025 0.190 0090 0.125 0.365 0.610 0.475 1.66

Q2 0.015 0.170 0.225 0.266 0.130 0360 0.086 1.35

Q3 0.040 0.200 0.215 0240 0.360 0.625 0.210 1.40

04 0.040 0.190 0.225 0.270 0.365 0.610 0.085 1.25

Q5 0.010 0.166 0.095 0.116 0.140 ] 0.365 0.090 1 35

Fig. 6(b) — Typical capacitance values at f'= 1 MHz.
Three terminal measurement. Guard
all terminals except those under test.
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CA3127E
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CA3127E
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Fig. 17 — Reverse transadmittance (Yj2) as a

function of frequency.

BIAS-CURRENT

Fig. 18 — Voltage-gain test circuit using current-

mirror biasing for Q2.

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
cascode circuit in no way implies that the tran-
sistors cannot be used individually.

Fig. 19 — 100-MHz power-gain and noise-figure test circuit.
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Fig. 20 — Block diagrams ofpower-gain and noise-figure test set-ups.
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16-lead Quad-in-line palstic package

Arrays

CA3128Q

TV Chroma Processor for PAL Systems

Features:

Phase-locked subcarrier regenera-

tion utilizes sample-and-hold tech-

niques in the automatic frequency

phase control [AFPC] servo loop

Automatic chrominance control

[ACC]/killer detector employs
sample-and-hold techniques

m Supplementary ACC with an over-

load detector to prevent oversatura-

tion of the picture tube

m Sinusoidal subcarrier output

Keyed chroma output

Emitter-follower buffered outputs

for low output impedance
Linear dc saturation control

PAL indentification 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

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

CA31 28Q 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 T* = 25° C

DC SUPPLY VOLTAGE (Between Terms. 12 and 15)
13 -2 v

DC VOLTAGE (Term. 9):

Positive Value
+3 V

Negative Value

DEVICE DISSIPATION:

UptoTA = 55°C .,
750mW

Above TA = 55°C derate linearlV at 79 mW/° C

AMBIENT TEMPERATURE RANGE:

Operating
^0to+85°C

Storage :
^35 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):

At a distance not less than 1/32" (0.79 mm) from case for 10 seconds max +265° C

TYPICAL STATIC CHARACTERISTICS at TA = 25°C:

DC Supply Current (M with V, 2 = 11.2 V dc 25 mA

TYPICAL DYNAMIC CHARACTERISTICS at T A = 25°C with a Burst-to-Chroma Ratio of 46.5%:

100% Chroma Output Voltage at Vi(B
-p ,

= 0.5 V 3 -5 vp-p

Oscillator-Level Output Voltage 1 Vp-p

Killer Threshold Input Voltage 0018 v»-p

Pull-in Frequency 500 Hz

PAL Identification Output Voltage
1 vp-»
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CA3128Q
AFPC
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F/0. 1 - Block diagram of CA3128Q TV Chroma Processor.
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14- Lead Dual-ln-Line

Plastic Package

^^_ Arrays

CA3138E, CA3138AE

High-Current, High-Beta

N-P-N Transistor Arrays

For Industrial, Commercial, and Military Applications

Four Isolated Discrete Sealed-Junction High-Current

N-P-N Transistors

Features:

High Current -1 A
High Beta - 95 min. at lc = 500 mA, VCE = 5 V
Low VCE (SAT) -0.4 V max. at lc = 500 mA, l B = 12.5 mA

Silicon Nitride Passivated

Platinum Silicide Ohmic Contacts

The RCA-CA31 38 and CA31 38A 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 CA3138A has all the features and

characteristics of the CA3138 but is in-

tended for applications requiring premium

grade specifications — higher rating for

VfjgQ of 25 volts and limits established for

'CEO 'EBO anc
'
n FE at ^ u mA-

The CA3138 and CA3138A 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.

92CS-24299

Fig. 1 - Terminal diagram (top view).

Applications:

High-Current LED Driver

Relay and Solenoid Driver

Lamp Driver

MAXIMUM RATINGS, Absolute-Maximum

Values

:

COLLECTOR-TO-EMITTER
VOLTAGE 15 V

With Base Open (VCE q)

COLLECTOR-TO-BASE
VOLTAGE
With Emitter Open (VCBO )

CA3138 20 V
CA3138A 25 V

EMITTER-TO-BASE
VOLTAGE 5 V

With Collector Open (V EBO >

COLLECTOR CURRENT (l c ) 1 A
POWER DISSIPATION <PD >:

At TA up to 25°C:

For Each Transistor .... 1 W
Total Package 2 W

At TA above 25 C derate

linearly 20 mW/°C
AMBIENT TEMPERATURE
RANGE.
Operating —55 to +125 C

Storage -65 to +150 °C

LEAD TEMPERATURE
(DURING SOLDERING):
At distance 1/16 ± 1/32 inch

( 1 .59 ± 0.79 mm) from case
o

for 10 seconds max 265 C
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CA3138E, CA3138AE
ELECTRICAL CHARACTERISTICS at TA = 25°C

Test Conditions

LIMITS

UnitsCharacteristic CA3138 CA3138A

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

Collector-to-Emitter Sustaining

Voltage, Vceo' sus '*
lc = 1 mA, l B = 15 20 - 15 20 - V

Collector-to-Emitter Breakdown

Voltage, V(BR)CES
l c = 10/iA 20 55 - 25 60 - V

Collector-to-Base Breakdown

Voltage, V(BR)CB0
lc = 10mA, l E

= 20 55 - 25 60 - V

Emitter-to-Base Breakdown

Voltage, V(BR)EB0
l E

= 10juA, l c = 5 7.2 - 5 7.2 - V

Base-to-Emitter Saturation

Voltage, V BE (sat)*
lc = 500mA l B = 12.5mA 0.7 0.81 1.1 0.7 0.81 1.1 V

Collector-to-Emitter Saturation

Voltage, VQ E (sat)*
lc=500mA,l B = 12.5 mA - 0.26 0.4 - 0.26 0.4 V

Collector-Cutoff
Current

'CBO VCB =15V - 0.03 1
- 0.02 0.1

ma'CEO vCE = 10 V - 0.5 - - 0.3 1.0

'ebo V EB = 4V - 0.01 - - 0.01 0.1

Static Forward-Current Transfer

Ratio (Beta), h FE
*

l c=10mA, VCE = 5 V - - -- 35 140 -

l c = 100mA,VCE = 5v 80 160 450 80 160 450

l c = 500mA, VCE = 5V 95 170 500 95 170 500

l c = 1 A, VCE = 5 V 40 170 - 40 170 -

Small-Signal Forward Current

Transfer Ratio, hfe

l c =50mA, VCE = 10 V,

f = 100 MHz 2 - - 2 - -

Collector-to-Base

Capacitance, Cq B
vC8 = 10 V, l E

= - 18 -- - 18 - pF

Emitter-to-Base

Capacitance, CEB
VEB = 0.5 V, l c = - 77 - - 77 - pF

Rise Time (See Test Ckt.

Fig. 6)
;
t
r

l c = 570 mA

l B1 = 30 mA

l B2 =0

- 6 - - 6 - ns

Fall Time (See Test Ckt.

Fig- 6),t
f

- 100 _. _ 100 _ ns

Delay Time (See Test Ckt.

Fig- 6), td - 7.5 - - 7.5 _ ns

Storage Time (See Test Ckt.

Fig.6).t
s

- 850 - - 850 - ns

*Pulse Conditions: width = 300 jus; duty cycle = 1 %.
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Arrays

CA3138E, CA3138AE

AMBIENT TEMPERATURE (Ta )'25'C

Fig. 2 - VCE(sat) vs lg

6 8 r 2 4 6 8

10 IOO
COLLECTOR CURRENT (I 1-mA

Fig. 3 - Vsat vs lc

92CS- 28482

COLLECTOR CURRENT (I c )-mA

Fig. 4 - hp£ vs l c

REVERSE VOLTAGE I V R )-V

92CS-26464

Fig. 5 - CCB, CCE vs VR

f6V i—, n |60ilJ l_ o-^Hwv
60 Ms ON

40 M s OFF

OUTPUT

92CS-26926R

Fig. 6 — Switching time test circuit and waveforms.
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CA3227E, CA3246E

CA3227E

16-Lead Dual-ln-Unt Plastic Package

CA3246E

^P ....

14-Lead Dual-ln-Una Plastic Package

High-Frequency N-P-N
Transistor Arrays
For Low-Power Applications at Frequencies up to 1.5 GHz
Features:

Gain-bandwidth product (fj) > 3 GHz
Five transistors on a common substrate

Applications:

VHF amplifiers

VHF mixers
Multifunction combinations - RF/mixer/oscillator
IF converter

IF amplifiers

Sense amplifiers Synchronous detectors

Synthesizers Cascade amplifiers

The RCA-CA3227E and CA3246E* consist of five general-
purpose silicon n-p-n transistors on a common monolithic
substrate. Each of the transistors exhibits a value of fy in

excess of 3 GHz, making them useful from dc to 1.5 GHz.
The monolithic construction of these devices provides
close electrical and thermal matching of the five transistors.

The CA3227E is supplied in a 16-lead dual-in-line plastic

package and the CA3246E is supplied in a 14-lead dual-in-

line plastic package.

•Formerly RCA Developmental Nos. TA10854 and TA10855,
respectively.

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

POWER DISSIPATION, Pq:

Any one transistor 85 mW
Total Package:

For Ta up to 75°C 425 mW
For Ta > 75°C Derate Linearly at 6.67 mW/°C

AMBIENT TEMPERATURE RANGE:

Operating , -55 to +125°C

Storage -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):

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

The following ratings apply for each transistor in the device.

Collector-to-Emitter Voltage, Vceo • 8 V

Collector-to-Base Voltage, Vqbo 12 V

Collector-to-Substrate Voltage, Vcio§ 20 V

Collector Current, lc 20 mA

'The collector of each transistor of these devices is isolated from the substrate by an integral diode. The substrate (terminal 5/CA3227E and

terminal 1 3/CA3246E) must be connected to the most negative point in the external circuit to maintain isolation between transistors and to

provide for normal transistor action.

476



Arrays

CA3227E, CA3246E
STATIC ELECTRICAL CHARACTERISTICS at TA=25°C

CHARACTERISTIC SYMBOL
LIMITS

UNITSTEST COnui i ions
Mln. Typ. Max.

For Each Translator

Collector-to-Base

Breakdown Voltage
v(BR)CBO IC=10//A, Ie=0 12 20 - ' V

Collector-to-Emitter

Breakdown Voltage
v(BR)CEO IC=1 mA, Ib=0 8 10 - V

Collector-to-Substrate

Breakdown Voltage
V(BR)CIO

lC1=10>aA, Ib=0.

I E=0
20 - - V

Emitter-Cutoff-Current* lEBO V£B=4.5 V, lc=0 — — 10 //A

Collector-Cutoff-Current 'CEO VcE=5 V, Ib=0 - - —
1 „A

Collector-Cutoff-Current ICBO VcB=8 V, l£=0 — — 100 nA

DC Forward-Current

Transfer Ratio
hFE VCE=6V

IC=10 mA — 110 —
IC=i mA 40 150 —
IC=0.1 mA — 150 —

Base-to-Emitter Voltage VBE VCE=6 V IC=1 mA 0.62 0.71 0.82 V

Collector-to-Emitter

Saturation Voltage
VCE(sat) IC=10 mA, Ib=1 mA - 0.13 0.50 V

Base-to-Emitter

Saturation Voltage
VBE(sat) IC=10 mA, Ib=1 mA 0.74 - 0.94 V

*On small-geometry, high-frequency transistors, it is very good practice never to take the Emitter Base Junction into reverse breakdown. To

do so may permanently degrade the hpE- Hence, the use of IebO rather than V(BR) EBO- These devices are also susceptible to damage by

electrostatic discharge and transients in the circuits in which they are used. Moreover, CMOS handling procedures should be employed.

SUBSTRATE(5>-

®HJ
<8>

®

"W

Y^

-©
-®Q4

TOP VIEW

-©

<B)

92CS-30424

d>

-^y

Ql T^Q2

<1Q3j

i*

*

TOP VIEW

<8>

-@SUBSTRATE

<8>

92CS- 30420

Fig. 1 - Schematic diagram of CA3227E. Fig. 2 - Schematic diagram of CA3246E.
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CA3227E, CA3246E
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=
Typical Values Intended Only for Design Guidance

25° C, 200 MHz, Common Emitter

CHARACTERISTIC TEST CONDITIONS
TYPICAL

VALUES
UNITS

For Each Transistor

Input Admittance, Yn
911

IC=1 rnA.

Vqe=5 V

4
mmho

0.75

Output Admittance, v b22
Y22

922

2.7
mmho

0.13

Forward Transfer Admittance, v Y21
Y21

^7
29.3 mmho
-33 degrees

Reverse Transfer Admittance, v12 ^ 0.38 mmho
-97 degrees

Input Admittance,
911

IC=10 mA,

Vce=5 V

4.8

mmho
2.85

Output Admittance, v b22
Y22

922

2.75

0.9

Forward Transfer Admittance, v Y21
Y21 —

—

c?21

95 mmho
-62 degrees

Reverse Transfer Admittance, v Y12
Y12 -7-

e-\2

0.39 mmho
-97 degrees

Small-Signal Forward Current Transfer Ratio h2i

IC=1 mA,

VCE=5 V
7.1

IC=10 mA,

VCE=5 V
17

Typical Capacities @ 1 MHz, Three-Terminal Measurement

Collector-to-Base Capacitance, Ccb VCB=6 V 0.3 pF

Collector-to-Substrate Capacitance, Cci Vci=6 V 1.6 pF

Collector-to-Emitter Capacitance, CrjE VCE=6 V 0.4 pF

Emitter-to-Base Capacitance, Ceb VEB=3 V 0.75 pF

OPERATING AND HANDLING CONSIDERATIONS

1. Handling
Recommended handling practices for CMOS devices

are described in ICAN-6525 "Guide to Better Handling
and Operation of CMOS Integrated Circuits."

2. Operating
Operating Voltage

During operation near the maximum supply voltage

limit, care should be taken to avoid or suppress power
supply turn-on and turn-off transients, power supply

ripple, or ground noise; any of these conditions must
not cause Vcc—Vee to exceed the absolute maximum
rating.
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CA3600E

14- Lead

dual-in-line

plastic

package

COS/MOS Transistor Array

For Linear Circuit Applications

Applications:

High input impedance, general-purpose amplifiers

Preamplifiers

Differential amplifiers

Op-amps and comparators

Constant-current sources and current mirrors

Micropower amplifiers and oscillators

Control of lamps, LED's, relays, and thyristors

Timers

Choppers

Mixers

RCA-CA3600E is an array of COmplementary-Symmetry MPS
Field-Effect Transistors* on a monolithic silicon substrate. It is

comprised of three n-channel and three p-channel enhancement-

type MOS transistors arrayed as shown in Fig. 1 , and specified

and tested for linear circuit operation. These transistors are

uniquely suitable for service in complementary-symmetry

circuits at supply voltages in the range of 3 to 15 volts and are

useful at frequencies up to 5 MHz (untuned). Each transistor

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

.

CD—

»

'—

©

P3.N3
(PAIR No 3)

92CS-2I455

Features:

High input resistance 100Gf2(typ.)

Low gate-terminal current .... 10 pA (typ.)

Matched p-channel pair:

Gate-voltage differential (lp = -100 juA) ±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). . . up to 53 dB (typ.)

per COS/MOS stage

Individual MOS transistors have square-law characteristics,

superior cross-modulation performance, and greater

dynamic range than bipolar transistors

1. Drain terminal, p-channel of pair no. 2

2. Source terminal, p-channel of pair no. 2

3. Common gate terminal of pair no. 2

4. Source terminal, n-channel of pair no. 2

5. Drain terminal, n-channel of pair no. 2

6. Common gate terminal of pair no. 1

7. Source terminal, n-channel of pair no. 1

and substrate connection for

all n-channel transistors - - - V55 terminal

8. Drain terminal, n-channel of pair no. 1

9. Source terminal, n-channel of pair no. 3

10. Common gate terminal of pair no. 3

1 1

.

Source terminal, p-channel of pair no. 3

12. Common drain terminal of pair no. 3

13. Drain terminal, p-channel of pair no. 1

14. Source terminal, p-channel of pair no. 1

and substrate connection for

all p-channel transistors - - - Vqq terminal

Fig. 1 - Schematic diagram for CA3600E COS/MOS transistor array.

(See Fig.34 for internal gate-and-channel-protection circuits) Terminal Identification for Fig. 1.
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CA3600E
MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25°C

DISSIPATION:

Any one transistor at TA up to 55°C . 150 mW
Total package at TA up to 55°C 750 mW
Above TA = 55°C derate linearly 6.67 mW/oc

AMBIENT TEMPERATURE RANGE:
Operating -55to+125°C
Storage -65to+150°C

LEAD TEMPERATURE (During Soldering)

At distance not less than 1/16" ± 1/32" (1.59 ±0.79 mm)
from case for 10 s max 265°C

The Following Ratings Apply for Each Transistor in the Device:

DRAIN-TO-SOURCE VOLTAGE, V DS :

n-channel +15 V
p-channel —15 V

DRAIN-TO-GATE VOLTAGE, VDG :

n-channel +15 v
p-channel _15 v

SOURCE-TO-SUBSTRATE VOLTAGE, VSB :

n-channel +15 V
p-channel —15 V

GATE-TO-SOURCE VOLTAGE, VGS :

p-channel transistors (p-|, p2 , P3) V(min.),-VD (max.)

n-channel transistors (n-|, n 2 , n3 ) V(min.) +VD (max.)

COS/MOS transistor-pairs (prn
1

, p2 -n2 , P3-n3 ) V(min.),+VDD (max.)

DRAIN CURRENT, |l D |
10mA

GATE CURRENT, |l G |
100 mA

The Following Rating Applies for Each COS/MOS Transistor-Pair in the Device:

DC SUPPLY VOLTAGE (VDD - Vss ) +15V

Rules for Maintaining Electrical Isolation Between Transistors and Monolithic Substrate

Terminal No. 14 must be maintained at the most positive potential (or equally positive potential) with respect to any other

terminal in the CA3600E.

Terminal No. 7 must be maintained at the most negative potential (or equally negative potential) with respect to any other

•terminal in the CA3600E.

Violation of these rules will result in improper transistor operation, circuit "latching" and/or possible permanent damage
to the CA3600E.

Note: Users should observe the "Considerations in Handling CA3600E Devices", discussed on page 13.
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CA3600E

ELECTRICAL CHARACTERISTICS, At TA -=25°C

CHARACTERISTIC SYMBOL TEST CONDITIONS

TYPICAL
CURVE OR

LIMITS

UNIT
CIRCUIT
FIG. NO.

Min. Typ. Max.

For Each p-Channel MOS Transistor

Drain Current 'D V DS - 10V,V GS
-^ 3.6 V 2,3,4 0.5 -1.1 2.0 mA

Gate-to-Source Threshold Voltage V GS(th)
l D = - 10 iuA -1.75 - V

Gate-to-Source Voltage

Differential (p-, vs. Q^
i

V GS1'" V GS2| I d --100/jA,Vds
- 10 V 5 t4 ±20 mV

Forward Transconductance 9fs
l D

- -1 mA,f-1 kHz 6 920 - fimho

Low-Frequency Noise Voltage eN l D
---

1 mA,f-1 kHz,R
s

"-0 i> 7 0.03 nW jHz

Low-Frequency Noise Current N l D = -1 mA,f-1 kHz,R
s

--1 MSJ 7 0.2 pA |h7

Current-Mirror

Transfer Ratio (p-|/p2) 'mtr l^ 100 mA,v ds = 10 V 30 0.7 1.1 1.5 -

Gate-Terminal Current 'gt V DS
= -10V,VGS=-3.5V

-
.
±0.015 -40 nA

Input Capacitance c
l

- - 6.3 - PF

Output Capacitance co
- - 3 - pF

Input-to-Output Capacitance c l-0
- - 0.75 - pF

For Each n-Channel MOS Transistor

Drain Current >D V DS^10V,V GS = + 3.6V 2,3,4 0.4 0.9 1.6 mA

Gate-to-Source Threshold Voltage V GSIth) Iq'10 mA 1.5 - V

Gate-to-Source Voltage

Differential (n-| vs n2>
1

V GS1 "" v GS2l I d -100mA,V ds ^i0 V 5 ±30 mV

Forward Transconductance
9fs l D =1 mA,f=1 kHz 6 860 - (jmho

Low-Frequency Noise Voltage eN l D = 1 mA,f=1 kHz,R
s
=0 H 7 0.2 - Mv Jh7

Low-Frequency Noise Current
'N

l = 1 mA,f-1 kHz,R
s

--1 Win 7 0.3 - pA jHz

Current-Mirror

Transfer Ratio (n-|/n2) 'mtr 1,-100 mA,Vds = + 10 V 29 0.7 1.3 2.0 -

Gate-Terminal Current 'gt V DS = + 10V,VGS =+3.7V
- - ±0.01 +40 nA

Input Capacitance c
l

5.5 - pF.

Output Capacitance co
- 2.0 pF

Input-to-Output Capacitance c l-0
- 0.35 - pF

For Each COS/MOS Transistor Pair

Drain Current 'dd vDD
= + iov, 9,10 1.0 2.2 4.0 mA

Drain-to-Source Cutoff Current 'DD(off)
v DD-nov,vss=ov

Gate Voltage(V G )=+10 V or V 8 0.5 100 nA

DC Output Voltage V vDD
= + iov 10 4.2 5.0 5.8, V

Forward Transconductance 9fs
VDD -+10 V, f = 1 kHz 6 2300 - /imho

Slew Rate (Open-Loop) SR VDD
= + 15V 10 - 95 - V'/js

Amplifier Voltage Gain AOL VDD =+10V,f=1 kHz,R
b
= 22 Mil

R
s
=50 n 10,11 ._ 32 dB

Gate-Terminal Current 'GT VDD=+10V (0 - ±0.005 ±20 nA

Broadband Output Noise Voltage EON VDD =+10 V,R b
=22MS2,R

s
=10 kS2 10,1 1 500 jV

Input Capacitance C
l

- 11.8 pF

Output Capacitance co
- - 5.0 PF

Input-to-Output Capacitance C
l-0

1.1 pt
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CA3600E
TYPICAL CHARACTERISTICS CURVES
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Fig. 2— Drain current vs. gate-to-source voltage.
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Fig. 3— Drain current vs. drain-to-source voltage.
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Fig. 4- Drain current vs. ambient temperature.

10 " AMBIENT TEMPERATURE (TA ) = 25°C
"DRAIN -TO-SOURCE VOLTAGE (VDS ) = + I0 V

< /(-CHANNEL
6

1 /
' ^^n^CHANNEL

a '

- /
z /
tr (p, vs p2 ) /(n, VSn2 )

O
z

1

:

0.01

10 20 30 40 50 60 70

GATE - TO - SOURCE VOLTAGE DIFFERENTIAL
|
VGS( -

V

GS2 I
— mV

92CS-2I544

Fig. 5— Gate-to-source voltage differential vs. drain current.
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APPLICATIONS

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 technology^ 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.

^\7--rHH°H' V^
(vout>

'3 CA3600E _

-]— 3,4,6,79

Fig. 10— COS/MOS transistor pair biased tor linear-mode Operation.

A "True-Complementary" Linear Amplifier Using COS/MOS
Transistors

Fig. 10 shows the schematic diagram of a single-stage "true-

complementary" linear amplifier using one pair of the com-
plementary MOS transistors in the CA3600E, connected'in a

common-source circuit. Resistor R b is used to bias the

complementary pair for Class A operation, as described

subsequently, and R
s
represents the source resistance of the
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Fig. 3 - I ypicdl Vqq vs. Iqq characteristics for amplifier circuits

of Fig. 10 and Fig. 15.
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Fig. 11— Typical voltage gain vs. frequency characteristics for

amplifier circuit of Fig. 10.

signal source. This generic amplifier is suitable for operation

with a single or split voltage supply in the range of 3 to 15-

volts. Fig. 1 1 shows voltage gain as a function of operating

frequency at various supply voltages for the single-stage

amplifier. This amplifier is capable of producing very high

output-swing voltages (VQUt ); for example, its output voltages

can be swung to within several millivolts of either supply-voltage

"rail". Fig. 9 shows typical supply voltage (Vqq) vs. supply

current (Iqq) characteristics for the single-stage amplifier. The

curves in Fig. 12 show the normalized amplifier supply current

as a function of ambient temperature at various supply voltages.

When the amplifier is operating at Vqq = 3 V, the supply cur-

rent changes rapidly as a function of temperature because the

MOS transistors are operating in the proximity of their

individual gate-source threshold voltages.
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Fig. 12— Normalized amplifier supply current vs. ambient temperature

characteristics for amplifier circuit of Fig. 10.

linear operation, i.e., Class A amplifier service. When the

signal input-voltage level (Vj n ) becomes very large, the output

signal (Vout ) waveforms become distorted because the tran-

sistors are driven into the non-linear portions of their voltage-

transfer characteristics. If the positive-going input-signal is

sufficiently large, for example, the p-channel transistor can be

driven to cutoff and the amplifier supply current (Ipjo) ' s

reduced to essentially zero.

Fig. 14 shows typical voltage-transfer characteristics of each

COS/MOS pair in the CA3600E at several values of VDD . The

shape of these transfer characteristics is comparatively constant

despite temperature changes from —55 to +125°C.

The biasing arrangement used in the circuit of Fig. 10 provides

an easy method of establishing feedback for ac signals in

accordance with the R(-,/R
s

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.

Voltage-Transfer Characteristics

Fig. 13 illustrates a voltage-transfer characteristic curve of a

COS/MOS transistor pair connected in the amplifier circuit of

Fig. 10, with a biasing resistor (R b ) 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-

"I

INPUT VOLTAGE ( Vm )— V

92CS- 2 I 4 58

Fig. 13 — Representation of voltage-transfer characteristics for

COS/MOS transistor pair.

state condition such that terminal 12 is at mid-potential

between Vqq and ground. Thus, with negligibly small gate-

source leakage resistances, under zero-signal conditions, the

biasing resistor (R b ) establishes gate potential at the mid-point

between Vqq and ground, i.e., V
in

= 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 (Vj n ) swings in the positive direction,

there is a reduction in the instantaneous output voltage (V
0(Jt )

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
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Fig. 14— Voltage transfer characteristics for COS/MOS transistor-pair

amplifier in Fig. 10.
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Fig. 15— Alternate method of biasing COS/MOS transistor-pair for

linear-mode operation.
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Cascading Amplifier Stages of COS/MOS
Transistor Pairs

Ultra-high-gain amplifiers can be designed by cascading stages

of COS/MOS transistor pairs as shown in Fig. 16. The

biasing system used is similar to that described above in

connection with Fig. 10. The supply current for the three-

stage amplifier shown in Fig. 16 is typically three times the

values shown m Fig. 9. Gain and frequency-response charac-

teristics of the amplifier are shown in Fig. 17.

I Mil 22 Mil 22 Mfl

>2CS-2!534

Fig. 16— High-gain amplifier uses cascaded COS/MOS transistor-pair

in CA3600E.
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Fig. 17— Typical voltage gain vs. operating frequency characteristics

for three-stage COS/MOS transistor-pair amplifier in Fig. 16.

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 h.igh, 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

Arrays

CA3600E
a single COS/MOS transistor-pair is an added increment to the

100-dB gain in ihe 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//js. When compensated for the unity-

gain voltage-follower mode shown in Fig. 19, the slew rate is

about 1 V//L1S. 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/jUs. A slew rate of about 1 V//is 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.

—&

1/3 CA360OE

oX 7 o.l.gain;
FI 6v-

13130 dB

( -6 V) 92CS-2I508

Fig. 18- COS/MOS transistor-pair used as post-amplifier to op-amp in

open-loop circuit.

Y(+6V)

2 Kfl

-AAAr-

UNITY-GAIN
CONFIGURATION

Fig. 19— COS/MOS transistor-pair used as post-amplifier to op-amp

in unity-gain circuit.
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Fig. 20— COS/MOS transistor-pairs used as two-stage post-amplifier to

op-amp in open -loop circuit.

Fig. 21 - Unity -gain amplifier uses COS/MOS transistor-pairs as

two-stage post-amplifier to op-amp.

Multivibrators, Threshold Detectors, and Comparators

Descriptions of several circuits using COS/MOS transistor-

pairs in both monostable and astable multivibrators have been

published.4 '
5 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/\bc' supplied to terminal 5 of

the CA3080. The quiescent power consumption of the circuits

shown in Fig. 22 is typically 6 mW, but can be made to operate

in the micropower region by suitable modifications.

Fig, 22- Multistable circuits using COS/MOS transistor-pairs.

The schematic diagram of a programmable micropower com-

parator, shown in Fig. 23 employs the combination of an

op-amp (CA3080A) and COS/MOS transistor-pairs in the

CA3600E. Quiescent power consumption of the circuit is

about 10 ^W(typ.). When the comparator is strobed "ON",

transistor P1 is driven into conduction and the OTA becomes

active. Under these conditions, the circuit consumes 420 /uW

and responds to a differential-input signal in about 8 jus.

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 1 30 dB.
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F/p. 23— Programmable micropower comparator.

Operational Amplifiers

COS/MOS transistor-pairs can be used in conjunction with a

bipolar transistor-array IC to build an op-amp as shown in

Fig. 24. It is particularly suited for single-supply operation

(e.g., mobile and aircraft service). The op-amp is unique in

that it is responsive to small-signal ground-referenced inputs

and the output stage can easily be driven within 1 mV of
ground potential. Its open-loop gain characteristics are shown

in Fig. 25; the open-loop slew rate is approximately 30 V/jus.

OPERATING FREQUENCY (f)— Hz
92CS-2I502

Fig. 25- Open-loop gain characteristic for op-amp in Fig. 24.

This circuit is ideal for use as a unity -gain voltage-follower and

has been described for operation in connection with a 9-Bit

Single-Supply Digital-to-Analog Converter (DAC) using

COS/MOS transistors in the resistor-network switches."

The op-amp in Fig. 24 has three stages; its first stage is a

differential input circuit using two p-chahnel transistors

(P4.P5) in a CA3600E. The second stage is an n-p-n

l^U

2 -CA360OE PACKAGES
I -CA3046 PACKAGE

COMPENSATION
10 K

00 T)

OFFSET NULL

.. foL -GAIN! 75 dB
L " ' K

l^OL- BW: 60 KHz

Fig. 24— Operational amplifier using COS/MOS transistor-pairs.

92CM-2I507
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CA3600E
transistor (Q5) and the output stage is a COS/MOS tran-

sistor-pair (P3,N3) operating in the manner described above.

A constant current of about 400 /iA is established in the

differential input stage by the zener network in the upper-

left portion of Fig. 24. The zener network energizes a

current mirror comprised of two p-channel transistors

(P-|,P2) to establish constant-current flow in the differential

amplifier stage (P4,P5>. The drain load for the differential

amplifier consists of resistors R1R4 and a current mirror

(Q3 Q4) to optimize conditions for balanced operation of the

differential amplifier. The operating theory of current-mirror

circuits has been described in reference . Amplifier voltage-

offset is nulled with the 10-kilohm balance potentiometer.

The second-stage current is established by R5, and is selected

to approximate the first-stage current level (400 juA), to assure

similar positive and negative slew rates. The amplifier is

shown driving a 2-kilohm load, a typical value used with

monolithic op-amps. Voltage gain varies inversely with the

choice of load resistance.

The amplifier can be compensated with a single capacitor

(C^), connected as shown by the dotted lines. However,

optimum compensation for the unity-gain non-inverting mode

is provided by two capacitors: Miller Effect feedback through

a 39-pF capacitor C-j (connected as shown), and a 300-pF

capacitor connected between terminals 7 and 13 of the

CA3046 transistor array to shunt one-half the driving current.

Fig. 25 shows the open-loop gain characteristics with com-

pensation for unity-gain operation. When the amplifier is

operated as a voltage-follower, it is recommended that a

1-kilohm resistor, shunted with a 150-pF capacitor, be

connected between the amplifier output terminal and terminal 6

of P5 to avoid a potential latch situation involving the integral

gate-protection network. The circuit can also be latched if

either input terminal is driven more than about 0.7 volt

below ground potential. This latch situation can be avoided by

connecting a 1N914 diode from each input terminal to ground,

with the diode anode grounded.

Analog Timer

The CA3600E is useful in the design of analog timer circuits.

A typical circuit is shown in Fig. 26. For purposes of ex-

planation, let it be assumed that capacitor C-| initially is in a

completely discharged condition; terminal 10, therefore, is

initially at ground potential and transistor N3 is non-

conductive. The circuitry at the left of terminal 10 provides a

source of constant-current flow through P-j to charge capa-

citor C-| increasingly positive with respect to ground. After the

passage of time (T), capacitor C-| is charged sufficiently in the

positive direction so that transistor N3 is driven into con-

duction by its gate and the lamp is lighted to signify the end of

the time-delay period. The circuit is reset by momentarily

closing switch S-j to discharge capacitor C-| through R4.

Resistor-divider network R-|,R2 establishes the supply voltage

to a constant-current network comprised of resistor R3 and

the series-connected COS/MOS pair N2,P2, biased for linear

operation by resistor R^ as previously described. This com-

bination is connected to the gate terminal (No. 6) of

transistor P-| to form a current mirror, i.e., the current flowing

through P-| to charge C-j will be essentially equal to the

constant-current flow established through R3, N2, and P2-

A description of current-mirror operation with MOS tran-

sistors is given subsequently.

(RESET)

(TIME DELAY = 60 MINUTES, WITH CIRCUIT VALUES SHOWN)

92CS-^I547

Fig. 26— Analog timer using CA3600E.

Oscillator Circuits

Oscillator circuits using COS/MOS transistor-pairs have been

widely used for several years in clock and watch circuits

because of their low power consumption and good frequency

stability. Details of their operating theory and characteristics

have been published.^.'

The design of COS/MOS oscillator circuits, like the design of

any oscillator circuit, involves the provision of an amplifying

section to operate compatibly with an appropriate feedback

network. A single stage amplifier using a COS/MOS transistor-

pair has already been described. A suitable feedback network

to insure stable oscillator performance is easily added, as

illustrated in connection with the crystal oscillator circuit

shown in Fig. 27. The familiar pi-network has been connected

between the input and output terminals, points "D" and "G",

to provide the required 180° phase shift for stable oscillator

performance. The frequency-determining crystal is an integral

part of the pi-network feedback circuit. The resistors R-] and

R2 decrease the total power consumption of the oscillator at a

particular supply voltage and enhance the frequency stability.

Variable frequency oscillators can be built by replacing the

crystal with an appropriate inductance and tuning the pi-

network by conventional means.

Current Mirrors Using MOS Transistors

Monolithic linear IC's using bipolar transistors frequently

employ so-called "current-mirror" circuits. The theory and

practical applications of current mirrors using bipolar tran-

sistors have been described in the literature. ^ As shown in
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92CS-2i532

Fig. 27— Typical crystal-oscillator circuit using COS/MOS
transistor-pair (1/3 CA3600E).

Fig. 28, a rudimentary form of "current-mirror" consists of a

transistor Q-j with a second transistor Q2 connected as a diode.

When both transistors have identical characteristics, a

current i^ forced to flow through Q2 produces a current O2)

of equal magnitude to flow in the collector of Q-j (provided

there is sufficient collector potential for Q-|). In a common

form of application, a source of potential is used to force

' 12

V

' 1 « 01

r *i

92CS-2I462

Fig. 28— Current mirror using n-p-n bipolar transistors.

constant-current flow l-j, and thus to establish the flow of

constant current I2 through Q-|. Arrangements of this generic

current-mirror type are frequently used when Q-j 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 (Vgg) in N2 retains control of the drain

current as in normal transistor action, i.e., Iq = gfjVgg
where gf s

is the forward transconductance of the device. If a

current l-| is forced into the diode-connected transistor (N2),

the gate-to-source voltage will rise until equilibrium is reached.

Thus, a gate-to-source voltage is established in N2 such that N2

"sinks" the applied current I -j

.

Arrays
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92CS- 2I46J

Fig. 29— Current mirror using n-channel MOS transistors.

If the gate and source terminals of another transistor (N-|) are

connected in shunt with the gate and source terminals of N2,

as shown in Fig. 29, N-| is also able to "sink" a mirror current

approximately equal to that flowing in the drain lead of the

diode-connected transistor N2. It is assumed that both MOS
transistors have identical characteristics, a prerequisite that is

essentially established by the monolithic IC fabrication techno-

logy used in manufacturing the CA3600E COS/MOS transistor

array.

£ -r

R

®

©-

R

~f

s

H»JPI

-Cs)

f <-vDs>

H I' 92CS- 2 14 64

Fig. 30— Current mirror using p-channel MOS transistors in CA3600E.

Current mirrors can also be designed with p-channel MOS
transistors as illustrated by the arrangement in Fig. 30 using

transistors in the CA3600E. The characteristics of a current

mirror using the p-channe! transistors in the CA3600E are

superior to those which can be achieved with a current mirror

using the n-channel transistors because the characteristics of

the p-channel transistors are more nearly matched. The data
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Fig. 31— Characteristics of current mirror circuit of Fig. 30 using

p-channel transistors.
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contained in Fig. 31 show the high degree of tracking between

l-| and l 2 for several values of drain voltage Vrj. Fig. 32 also

illustrates the fact -that this high degree of tracking between

l-| and I2 can be maintained to within about one per-cent

despite wide variations in ambient temperature.
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Fig. 32- Normalized drain current ratio vs. ambient temperature for

typical current mirror using p-channel transistors (Fig. 30j.

The op-amp circuit in Fig. 24 contains an illustrative example
of a current-mirror circuit using two p-channel transistors in

the GA3600E. Transistor P2 serves as a constant-current source

(ss 400 ^A) for the differential amplifier, consisting of tran-

sistors P4 and P5 and their drain-load network/Transistor P2
is in a "mirrored" connection with transistor P-j. A stabilized

source of supply potential is developed across the zener diode

(terminals 1 1 and 12 of the CA3083) and drives about 400 |iA

of current through Rg and P-]

.

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. 33. Transistors P-| and N-j are series-connected and biased

for linear operation as previously described, so that there is a

current flow l D1 through P-j and N-| . 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 Iq2-P ec
l
ual to Iqv Likewise, the potential

developed between terminals 7 and 8 is applied as gate-source

(3,4) voltage for N 2 forcing "mirror" operation of N 2 to

produce a current-sink Id 2-N ec
l
ua ' t0 <D1

A variant of this complementary current mirror is used in the

analog timer circuit shown in Fig. 26. Transistors P2 and N 2
are series-connected together with a 60-megohm resistor tc

establish their drain current at 5 nA. The potential developed

across terminals 1 and 2 also appears as the gate-source voltage

for transistor P-|, thereby establishing a mirror-current source

of 5 nA at terminal 13 to charge capacitor C-j linearily. In this

circuit, the "mirrored" current-sink available at terminal 8

(transistor Nj) is unused. This type of current-mirror con-

figuration is exceptionally stable with temperature variations.

X D2-p

(CURRENT SOURCE)

(CURRENT -SINK)

(I D2-p '- lD2-n>

Fig. 33- Complementary current mirrors using COS/MOS
transistor-pairs in CA3600E.

I J
INTERNAL GATE - PROTECTION

CIRCUITRY PROVIDED
AT TERMINALS 6,3,10 D i' D 4' D 5~ PAR AS ITIC DIODES

"

rVcc (7Voo (7, 4,9)

92CS-2 1546

Fig. 34- Integral protection circuits used in CA3600E.
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Considerations in Handling CA3600E Devices

Failure of the gate-channel oxide was a persistent problem in

early MOS devices. The breakdown of the oxide is generally in

the order of 100 volts, and the dc resistance is in the order of

10^ ohms. Because of this extremely high resistance, even a

very-low-energy source (such as static charge) is capable of

developing sufficient voltage to cause damage. Furthermore,

the oxide can be punctured and damaged by a single voltage

excursion beyond the breakdown limit.

Fig. 34 shows a protection circuit 5 -^ which is incorporated at

each gate-lead of the CA3600E. A typical value of 1 to 3

kilohms is used for the input resistor R, which functions in

combination with the capacitance of the gate and the

associated protective diode to integrate and clamp input volt-

ages to a safe level. This circuit also shows the "substrate

diodes" (D3, D4, and D5) which provide protection to the MOS

channels at the output terminals.

Although the gate-protection system is very effective
.
in

guarding against damage due to static charges, it is prudent to

observe the following precautions: 5 '
9

1. The leads of devices should be in contact with a

conductive material, except when being tested or in

actual operation. A conductive material such as

"ECCOSORB LD26"*or equivalent is suggested for use

during storage and/or handling. Devices should not be

inserted in non-conductive containers such as con-

ventional plastic "snow" or trays.

2. Soldering-iron tips, metal parts of fixtures and tools, and

handling facilities should be grounded.

3. Devices should not be inserted into or removed from

circuits with the power on because transient voltages may

cause permanent damage.

4. Signals from low-impedance sources should not be

applied to the gate terminals while the power supply is

off. As a corollary, it follows that the power supply

Arrays

CA3600E
should not be turned off while a signal from a low-

impedance source is being applied to any gate terminal.

When the Vqq supply is off, the positive "back-bias"

voltage is removed from the cathode of diode D2 '

(see Fig. 34). Consequently, an input signal with positive-

going polarity can drive D2 into conduction. Under

these conditions a low-impedance signal source can

provide sufficient current to permanently damage Do
and/or melt aluminum interconnection paths. Therefore,

if, in any system design using the CA3600E, any gate

input excursion is expected to exceed +Vqq or fall

below —Vgg, the current through the input diodes

should be limited to 100 /iA.

All unused gate-input terminals should be connected to

V55 (ground). When source terminals (e.g., Nos. 2 and 1 1

)

of p-channel transistors are unused in circuitry, they

should be connected to terminal No. 14. Likewise, when

source terminals (e.g., Nos. 4 and 9) of n-channel

transistors are unused, they should be connected to

terminal No. 7.

After CA3600E units have been mounted on circuit

boards, proper handling precautions should still be

observed. Until these subassemblies are inserted into a

complete system, the board is no more than an extension

of the device leads mounted on the board. It is a good

practice to place conductive tape or jumpers on circuit-

board terminals to "ground" gate terminals.

In some applications of the CA3600E separate positive

and negative power supplies may be employed (e.g., see

Fig. 22). In such applications provisions must be made so

that the positive supply voltage is applied prior to the

application of negative supply voltage and vice versa on

shutdown. This precaution is necessary to avoid possible

damage due to "latching" involving the substrate and '

protective diode circuits.

Trade Mark: Emerson and Cumming, Inc.
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Power Control Circuits

Technical Data

Automotive
Ignition

Switch Page

CA3165 494

Power
Amplifiers

CA3105 See Page 46

CA3020 500

Programmable
Schmitt

Triggers

CA3098 See Page 278

CA3099 See Page 285

Solenoid &
Motor Driver

CA3169 508

CA3219..... 514

Universal

Controller Page
CA3228 517

Voltage

Regulators

CA723 520

CA1524 528

CA2524 528

CA3085 543

CA3524 528

Zero-Voltage

Switches
CA3058 550

CA3059 550

CA3079 550
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Linear Integrated Circuits

CA3165

Mini-DIP

(E Suffix)

14-Lead DIP

(El Suffix)

Electronic Switching Circuit

FEATURES:
Switching initiated by clamping of internal oscillator

m Proximity sensing of rotational motion
Repeatable timing of switching states

Five outputs — two complementary pairs and one non-inverting output
(CA3165E1)
Two outputs — one complementary pair (CA3165E)

The RCA CA3165 is a single-chip electronic switching
circuit intended primarily for ignition applications. It

includes an oscillator that is amplitude-modulated by the
rotor teeth of a distributor, a detector that develops the
positive-going modulation envelope, a Schmitt trigger that
eliminates switching uncertainties. Both types include two
complementary high-current switched outputs for driving
power transistors requiring up to 120 milliamperes. The

CA3165E also includes two complementary low-current
outputs that incorporate internal current limiting and a non-
inverting output amplifier with uncommitted input capable
of switching 27 milliamperes.

The CA3165 is supplied in the 8-lead dual-in-line plastic

package (Mini-DIP, E suffix) and in the 14-lead dual-in-line
plastic package (E1 suffix).

MAXIMUM RATINGS, Absolute-Maximum Values:

CA3165E1 CA3165E
DC Voltage (With reference to terminal 3):

Terminal 4,6,8 4,5 24 V
Terminal 5,7,12 7 18 V
Terminal 9 _ 15 y

CURRENT (At terminals indicated):

Terminal 4,6 4,5 120 mA
Terminal 5,7 — -0.1 to 0.1 mA
Terminal 8 — 30 mA

DEVICE DISSIPATION:
Up to TA = 55° C 600 mW
Above TA"=55°C derate linearly at 6.67 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 (1.5910.79 mm)
from case for 10 seconds max 265 °C
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Power Control Circuits

CA3165
DC SUPPLY 5-24 VOLTS.

FEEDBACK
RESISTOR

(6Kfl + 0.5%)

>220fl

3-5-I8 VOLTS

SCHMITT
TRIGGER

TO POWER
' TRANSISTORS

"O
i OOI

I i

L-IOO^H
Q*53

-i
1 R<REPRESENTS
I < ROTOR LOADING

T500 -i-

OUTPUT 8

AMP

OUTPUT
i-O

0047 M F

92CM- 290I2RI

Oscillator

Condition

Terminal

10

Terminal

4

Terminal

5

Terminal

6

Terminal

7

Terminal

8

Unloaded Low High High Low Low Low

Loaded High Low Low High High High

Fig. 1 - Functional block diagram for CA3165E1

DC SUPPLY 5-24 VOLTS

O.I M F_[~

r 8

FEEDBACK <

(

R
6
E
4
S
9K

T
ft
°)
R

f
OSCILLATOR

.220Q

3.5- 1 8 VOLTS

SCHMIDT
TRIGGER

L-IOO pH C *
0«53 fRo

"—I Rh*> REPRESENTS

_[_
> ROTOR LOADING

T
_. II500

TO POWER
TRANSISTORS

OUTPUT
SWITCHING

INVERTED
OUTPUT

92CM-32243RI

VALUES OF RoANDRb DETERMINED
BY CORRELATION.

Oscillator

Condition

Terminal

4

Terminal

5

Terminal

6

Unloaded High High Low

Loaded Low Low High

Fig. 2 - Functional block diagram for CA3165E
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Linear Integrated Circuits

CA3165

ALL RESISTANCES ARE IN KILOHMS

Fig. 3 - Schematic diagram for CA3165E1

ALL RESISTANCES ARE IN KILOHMS

Fig. 4 - Schematic diagram for CA3165E

•ZCL-3ZZ44
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Power Control Circuits

CA3165
ELECTRICAL CHARACTERISTICS

At TA = 25° C, V + = 13 V, Measured in the circuit of Fig. 5

(CA3165E1) or Fig. 6 (CA3165E)

CHARACTERISTIC

TEST

PERIOD

LIMITS

UNITS

CA3165E1 CA3165E

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

Input Current at Term.* A Dwell

Spark

— 18.4

17.5

— 18.4

17.5

— mA

Output Voltage at Term. 4 v4 Dwell

Spark

12.8

: 0.5

12.8

: 0.5

V

Output Voltage at Term. 7 v7 Dwell — — 1
— — — V

Output Voltage at Term. 8 V8

Dwell

Portion of

Spark 1.2

0.9

- - - V

Oscillator Voltage at

Term. 2 v2

Dwell

Spark —
4.4

0.6 — —
4.4

0.6 —
Vp-P

* A
CA3165E 7 l7

CA3165E1 12 I12

APPLICATION INFORMATION

Figs. 5 and 6 shows the application of the CA3165 in a typical ignition system.

TERMINAL DESCRIPTIONS

Terminal

FunctionCA3165E1 CA3165E

1

2

3

4

5

6

7

8

9

10

11

12

13

14

1

2

3

4

5

6

7

8

Oscillator feedback resistor, R (

220O protective resistor to tank circuit

Ground

Direct output — R7 load resistor 200 ohms ± 5%, and

R8 to power Darlington 15 ohms ± 10%

Direct output — low current — not connected

Inverted high current output

Inverted low current output through Ci (0.01 //F)

to D3 and R3 (100 K ohm)

Output amplifier output — through Re and Rs

(27 ohms and 820 ohms to supply)

Output amplifier input — through R4 (6800 ohms) to

D3 and C5 (0.0047 //F)

Detector output — C2 to ground (0.0022 /jF)

No connection

Circuit supply voltage through Ri (220 ohms

protective resistor) to automotive supply

Oscillator feedback resistor R« to terminal 1

No connection
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Linear Integrated Circuits

CA3165
AUTOMOTIVE SUPPLY 5-24V

METALLIC
TRIGGER WHEEL
ONE TOOTH PER
CYLINDER

LI SENSORCOIL INDUCTANCE
k lOO^h UNLOADED 0»53

KllOOn;
SET FOR 4 AMPERES IN RI3

92CM-290IIR2

Fig. 5 - Typical ignition system using the CA3165E1

LI SENSOR COIL,
"=" METALIC TRIGGER WHEEL, ALL RESISTORS I/2 W± 5%

INDUCTANCE » IOOM H,
0NE T00J » PER CYLINDER UNLESS OTHERWISE

UNLOADED Q »53 SPECIFIED
' 92CS-32242RI

Fig. 6 - Typical ignition system using the CA3165E

APPLICATION INFORMATION
Figs. 5 and 6 shows the application of the
CA3165 in a typical ignition system. The
oscillator on the chip operates at about 400
kHz as determined by the tuned circuit L1,
C3. The amplitude of the oscillation is de-
tected on the chip and applied to a Schmitt
trigger which sets the terminal voltage as
shown in the chart in Figs. 1 and 2 for the
unloaded condition of the oscillator. As a
metallic tooth in the rotor passes the coil L1
eddy-current losses occur which reduce
the Q of the resonant circuit and decrease
the amplitude of the oscillations to a level

below that of a reference in the detector
circuit. The output terminals are then
switched to states as shown in the chart in

Figs. 1 and 2 for the loaded condition of the
oscillator. The oscillation is maintained at

this lower amplitude by switching in addi-
tional feedback in the oscillator circuit. The
fact that the Oscillator continues to operate
at some minimum level during this dwell
period eliminates timing variations which
would occur if the oscillator had to be re-

started by random noise.
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Spark occurs as terminal 4 is switched from

high to low. The output amplifier clamps

terminal 4 low through the regulator during

the duration of the spark.

The Dwell period represents the time that

terminal 10 (CA3165E1) or terminal 6

(CA3165E) is high, terminal 4 is low, and the

coil is charged.

The value of the oscillator feedback, resis-

Power Control Circuits

CA3165

tor, R«, is selected to set the dwell period.

With a sintered-iron 8 f-tooth rotor, a typical

value of R ( is 6500 ohms for 28.5 degrees of

dwell out of a 45 degree cycle. For a star-

type rotor and a particular coil in a typical

distributor, the feedback resistor would be

larger (typically 8800 ohms) depending on

clearances, coil geometry and tooth shape.

Timing waveforms are shown in Fig. 7.

OSCILLATOR

OSC LOADED

TERM 4

LOW

I

92CS-290IO

Fig. 7 - Timing sequence
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Linear Integrated Circuits

CA3020, CA3020A

*<^'

12- Lead TO-5

Multipurpose Wide-Band
Power Amplifiers
For Military, Industrial,

and Commercial Equipment
at Frequencies up to 8 MHz

Features:

High power output - class B amplifier. .

CA3020 - 0.5 W typ. at Vcc = +9 V
CA3020A - 1 .0 W typ. at Vcc = +12 V
Wide frequency range. . .

Up to 8 MHz with resistive loads

High power gain. . .75 dB typ.

Single power supply for class B
operation with transformer. .

.

CA3020 - 3 to 9 V
CA3020A-3to 12 V
Built-in temperature-tracking voltage

regulator provides stable operation

over -55°C to +125°C temperature rani

The RCA-CA3020 and CA3020A are integrated-circuit, multi-

stage, multipurpose, wide-band power amplifiers on a single

monolithic silicon chip. They employ a highly versatile and
stable direct-coupled circuit configuration featuring wide fre-

quency range, high voltage and power gain, and high power
output. These features plus inherent stability over a wide
temperature range make the CA3020 and CA3020A extremely
useful for a wide variety of applications in military, industrial,

and commercial equipment.

SCHEMATIC DIAGRAM FOR CA3020 AND CA3020A

The CA3020 and CA3020A are particularly suited for service

as class B power amplifiers. The CA3020A can provide a

maximum power output of 1 watt from a 12-volt dc supply

with a typical power gain of 75 dB. The CA3020 provides

0.5-watt power output from a 9-volt supply with the same
power gain.

These types are supplied in hermetically sealed TO-5 style

12-lead packages.

Fig.l

The resistance values included on the schematic dia-
gram have been supplied as a convenience to assist
Equipment Manufacturers in optimizing the selection
of "outboard" components of equipment designs. The
values shown may vary as much as ± 30%.
RCA reserves the right to make any changes in the Re-
sistance Values provided such changes do not ad-
versely affect the published performance characteris-
tics of the device.

Applications:

AF power amplifiers for portable and fixed sound
and communications systems

Servo-control amplifiers

Wide-band linear mixers

Video power amplifiers

Transmission-line driver amplifiers (balanced and
unbalanced)

Fan-in and fan-out amplifiers for computer logic

circuits

Lamp-control amplifiers

Motor-control amplifiers

Power multivibrators

Power switches

Companion Application Note, ICAN-5766,

"Application of CA3020 and CA3020A
Integrated Circuit Multipurpose Wide-Band
Power Amplifiers"
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Power Control Circuits

CA3020, CA3020A

ABSOLUTE-MAXIMUM RATINGS:

DISSIPATION:
WITHOUT HEAT SINK

At TA = 25°C 1 w

Above T* = 25°C derate linearly 6.7 mW/'C

WITH HEAT SINK

At T f 25°C 2 W

At Tc = 25°C to Tc = 55°C 2 W

Above Tc = 55°C . . derate linearly 16.7 mW/°C

TEMPERATURE RANGE:
Operating "55°C to +125°C

Storage -°5°C to +150°C

MAXIMUM VOLTAGE RATINGS at TA = 25°C

The following chart gives the range of voltages which can be applied to the terminals

listed vertically with respect to the terminals listed horizontally. For example, the

voltage range of the vertical terminal 1 with respect to terminal 12 is to +10 volts.

TERM-
INAL
No.

1 2 3 4 5 6 7 8 9 10 11 12

1
* * * * * * *

*

-10/-12

+3

Notel
* +10

2
* * * * * * * * * +2

-2

3
* * * * * * * * +2

-2

4

4

+18/+25 * * * * * * +18/+25

5
* * * * * * +3

Note 2

6

4

-18/25
* * * * +3

Note 2

7
* * * *

4
+18/ +25

8
Note 3 * * Note 3

9
+10 Notel +10/+12

10
* +10

11
*

12

REF.
SUB-

STRATE

MAXIMUM
CURRENT RATINGS

TERM-
INAL
No.

'in
mA

JOUT
mA

1
- 20

2 - -

3 - -

4 300 -

5 - 300

6 - 300

7 300 -

8 - -

9 20 -

10 1 -

11 20 -

12 - •

Note 1: This voltage is established by the maximum current * Voltages are not normally applied between these terminals
nole i-

..
B Uoltaws annearine between these terminals will be safe if

rating

Note 2: The emitters of Qg and Q7 may be returned to a nega-

tive voltage supply through 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 if

the specified limits between all other terminals are not

exceeded.

4 Higher value is for CA3020A.
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Linear Integrated Circuits

CA3020, CA3020A

ELECTRICAL CHARACTERISTICS AT TA = 25°C

CHARACTERISTICS SYMBOLS

TEST CONDITIONS

UNITS
CIRCUIT

AND

PROCEDURE

DC

SUPPLY

VOLTAGE

LIMITS

CA3020

LIMITS

CA3020A

FIG. VCC1 VCC2 MIN. TYP. MAX. MIN. TYP. MAX.

Collector-to- Emitter

Breakdown Voltage, Qg & Q ?

at 10 mA

V(BR)CER

2
a

18 25 V

Collector-to-Emitter

Breakdown Voltage, Qj
at 0.1mA

V
(BR)CEO

- 10 10 V

Idle Currents, Qg & Q 7
l

4
IDLE

1

7
IDLE

8 9.0 2.0 5.5 5.5 mA

Peak Output Currents, l

4
PK

l

7
PK

8 9.0 2.0 140 180 mA

Cutoff Currents,

Q6 & Q7

l

4
CUTOFF

l

7
CUTOFF 8 9.0 2.0 1.0 1.0 mA

Differetial Amplifier

Current Drain icci 8 9.0 9.0 6.3 9.4 12.5 6.3 9.4 12.5 mA

Total Current Drain ICC1 +

ICC2
8 9.0 9.0 8.0 21.5 35.0 14.0 21.5 30.0 mA

Differential Amplifier

Input Terminal Voltages

V
2

V3 8 9.0 2.0 1.11 1.11 V.

Regulator Terminal Voltage Vll 8 9.0 2.0 2.35 2.35 V

Q, Cutoff (Leakage) Currents:

Collector-to-Emitter ICEO

-

10.0 _ _
100

. .
100

/A AEmitter-to-Base lEBO 3.0 - -
0.1

- -
0.1

Collector-to-Base 'CBO 3.0 - - 0.1 - -
0.1

Forward Current Transfer

Ratio, Qi at 3 mA nFEl
-

6.0 30 75 30 75

Bandwidth at -3 dB Point BW 9 6.0 6.0 8 8 MHz

Maximum Power Output pO(MAX) 10

6.0 6.0 200 300
a - 200 300

a

mW9.0 9.0 400 550
a - 400 550

3 -

9.0 12.0 • 800 1000b -

Sensitivity for P0UT
= 400 mW e

IN 10 9.0 9.0 35a 55 mV

Sensitivity for Pout
= 800 mW e

IN 10 9.0 12.0 50b 100 mV

Input Resistance—

Terminal 3 to Ground
R
IN3 11 6.0 6.0 1000 1000 n

Junction-to-Case

Thermal Resistance )-C
- - - 60 60 °C/W

RCc = 130 fi

200 fib Rr

502



Powe r Control Circuits

CA3020, CA3020A

vcci

»- vCC2

l^UL-i_

a. Collector-to-Emitter Breakdown Voltage

(Q6 and Q7 ) Circuit

b. Typical Audio Amplifier Circuit Utilizing the CA3020 or

CA3020A As An Audio Preamplifier and Class B Power

Amplifier

Fig.2

TYPICAL PERFORMANCE DATA*

An External Radiator is Recommended for High Ambient Temperature Operation

CHARACTERISTICS

Power Supply Voltage

Zero Signal Current
Diff. Ampl.

Output Ampl.

Maximum Signal Current
Diff. Ampl.

Output Ampl.

Maximum Power Output at THD = 10%

Sensitivity

Power Gain

Input Resistance

Efficiency

Signal-to-Noise Ratio

THD at 150 mW level

Test Signal Frequency from 600ft Generator

SYMBOLS

'CCi

'CC 2

'CCi

'CC2

'CCi

CA3020

9.0

9.0

15

24

16

'CC2

Po

125

<IN

S/N

550

35

75

55

45

70

Equivalent Collector-to-Collector Load Resistance <CC

3.1

1000

130

Refer to Figs.8 through 12 for Measurement and Symbol Information.

CA3020A

9.0

12.0

15

24

16.6

140

1000

45

75

55

55

66

3.3

1000

200

UNITS

mA

mA

mW

mV

(IB

kO

dB

Hz

n
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Linear Integrated Circuits

CA3020, CA3020A

TYPICAL TRANSFER CHARACTERISTICS

©-
~T~® CA3020

v23 CA3020A

a. Test Setup

X x~ _
: -. x ~~ -x -J-—

h ouu ~ T ±

s -W-"> i — ^*'45°C
5 ' ' s . -- xtAi*' 1

i 1< +25°C \ ^7^J< TIT

t +i?<5°r V ' v/ £ X2 iff is ^r S~ --'*> ^- +
3 s

s r V\ ~^3t^y * +I25°C

* N ttVi1 H 7

j s,- si >/c z
e - s Vi- ^<*/5 ^ x1 % Ct _4fjf ,<

. IKI i 1

Fig.

3

75 50
-25
25

25 50 75
-25

l4
M
0N"'^-(-» I7 "0N"

DIFFERENTIAL AMPLIFIER INPUT MILLIVOLTS (V23) 92CS-I5226

b. Characteristics with Riq shorted out

92CS-I5236

a. Test Setup

7^
H

1
1 1

|

UJ
a.

-45 °C
A5°c

l h- 1

§; 200- \&*:. + z5"c
,^Z r

&"
•ft 1- +25°Cu

"

3 *yfc"\i\3-\. -< J
l \i

,̂«*

' i

^h._
a. 4

T
P '

r

i ±
. 1

mti 1 ±_ _

75
-25 25 50 75

Fig.4

50 25

l4"0N""
I

» I7"0N"

DIFFERENTIAL AMPLIFIER INPUT MILLIVOLTS (V23) 92CS-I5225

b. Characteristics with R-in in circuit

"MINIMUM DRIVE" TYPICAL CURRENT-VOLTAGE SATURATION CURVE

V7
. „ (MAX. I7 CURRENT

A.""— T, WITH PIN 2

\P ' RETURN TO GND.
THROUGH lOkfl)

J2)(6)C5)@ 1

4

T •*—,. (MAX. I4 CURRENT
V- WITH PIN 3
* RETURN TO GND.

THROUH 10 kfl)

92CS-I52I0

M
£ 300
in

CEw
a.
2
<
_l

5200'

1-

a:
UJ

± 100
a.
s<
a:
UJ

a.

!
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Fig.5

POWER AMPLIFIER COLLECTOR VOLTS (V4 ,V7)

b. Characteristic



Power Control Circuits

CA3020, CA3020A

ZERO SIGNAL AMPLIFIER CURRENT vs DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE

AMBIENT TEMPERA
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c. Output Amplifier Characteristics

Fig.
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b. Differential Amplifier Characteristics

ZERO SIGNAL AMPLIFIER CURRENT

vs AMBIENT TEMPERATURE

a. Test Setup

-25 25 50 75 100

AMBIENT TEMPERATURE (Ta)— *C

b. Differential Amplifier Characteristics

150

92CS-I52I5

Fig.

7

50 100

AMBIENT TEMPERATURE (TA )— °C

c. Output Amplifier Characteristics
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Linear Integrated Circuits

CA3020, CA3020A

STATIC CURRENT AND VOLTAGE TEST CIRCUIT

CURRENTS OR
VOLTAGES SI S2

U-IDLE open open

'7-IDLE
open open

U-PEAK open close

'7-PEAK close open

U-CUTOFF close open

'7-CUTOFF open close

CURRENTS OR
VOLTAGES SI S2

'cci
open open

'CC2
open open

V
2

open open

V
3

open open

V
ll

open open

Fig.

8

SIGNAL

SOURCE

MEASUREMENT OF BANDWIDTH AT -3 dB POINTS

+ VCCI +VCC2

PROCEDURES:
1. Apply desired value of VCC and V_r
2. Apply 1 kHz input signal and adjust for e TXT =

5 mV (rms) IN

3. Record the resulting value of enn in dB
(reference value) u *

4. Vary input-signal frequency, keeping e™ constant at
5 mV, and record frequencies above anoVbelow 1 kHz
at which e Tjx decreases 3 dB below reference value.

5. Record bandwidth as frequency range between -3 dB
points.

92CS-I4328RI

Fig.9

I- kHz
SIGNAL
SOURCE

T

ufvmM.^IIIl / z ERO-SIGNAL DC CURRENT DRAIN, MAXIMUM-SIGNAL DC CURRENT DRAIN,MAXIMUM POWER OUTPUT, CIRCUIT EFFICIENCY, SENSITIVITY, AND TRANSDUCER POWER GAIN

Maximum-Signal DC Current Drain, Maximum Power
Output, Circuit Efficiency, Sensitivity, and Transducer
Power Gain

1. Apply desired value of Vcc and Vcc and adjust

e
IN to the value at which the Total Harmonic Distor-

tion in the output of the amplifier = 10%

2. Record resulting value of Icc and Icc in mA as

Maximum-Signal DC Current Drain 2

3. Determine resulting amplifier power output in watts
and record as Maximum Power Output (POIIT )

4. Calculate Circuit Efficiency (77) in % as follows:

77 = 100 OUT

»T Push-Pull Output Tronslormer; Load
Resistance (R L ) should be selected to

Load Impedance (Rcc )

PROCEDURES:

92CS-I434 6RI

CC, and V,

Zero-Signol DC Current Drain

1. Apply desired Value of V

,

e
IN t0 0V

2. Record resulting values of I

as Zero-Signal DC Current Drain. 1

and I

and reduce

„p in mA

vcc
1

Icc
1

+vcc
2

Icc
2

where POUT is in watts, Vcc and Vcc are in

volts, and Icc and Icc are in ampere2s.
5. Record value of eJN in m\T (rms) required in Step 1

as Sensitivity (e yi«j)

6. Calculate Transducer Power Gain (G ) in dB as

follows: p
n _ mi OUTGp - 101og10

-_
IN

where P^ (in mW)

Fig. 10

"IN

3000 + R.
VlO)
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Power Control Circuits

CA3020, CA3020A

MEASUREMENT OF INPUT RESISTANCE

1-kHz
SIGNAL
SOURCE

"1=

-^2)—

-<I^-

-O-

PROCEDURES:
Input Resistance Terminal 10 to Ground ( Riki )IN

10
set1. Apply desired value of V.

Position 1

and VCC, and set S in

92CS-I4347RI

2. Adjust 1 - kHz input for desired signal level of mea-
surement

3. Adjust R for e
2
= e . /

2

4. Record resulting value of R as R TTJ1IN
10

Input Resistance Terminal 3 to Ground (Rikj )

1. Apply desired value of V nr, and V,-,^ set S in

Position 2
cc

l ^2
2. Adjust 1 - kHz input for desired signal level of mea-

surement

3. Adjust R for e
2
= e./2

4. Record resulting value of R as R]N

Fig.ll

MEASUREMENT OF SIGNAL-TO-NOISE RATIO

AND TOTAL HARMONIC DISTORTION

+ VC Ci

*T: Push-Pull Output Tronsformer; Loud R

(R L ) should be selected to provide indicofed col-

lector-to-collector Lood Impedance (Rcc ) 92CM-I4329H!

PROCEDURES:
Signa l-to-No ise Ratio

1. Close S. and S,; open S 2

2. Apply desired values of V„c and Vcc
3. Adjust ej., for an amplifier output o? 150rnW and

record resulting value of Eq..— in dB as e otJ_
(reference value)

4. Open S« and record resulting value of e^-...—, in dB as

OUT.

5. Signal-to-Noise Ratio (S/N) = 201og
1()

.

OUT.

DISTORTION
ANALYZER
HEWLETT-
PACKARD

TYPE 302A
OR

EQUIVALENT

Total Harmonic Distortion

1. Close S. and S 2 ; open So

2. Apply desired values of Vrr and V
f

3. Adjust e,N for desired level amplifier output power

4. Record Total Harmonic Distortion (THD) in %

'CC,

Fig. 12
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Linear Integrated Circuits

CA3169

Vertical Mount

Horizontal Mount *^ »

*

VERSA-2L TO-220-Style

Plastic Packages h 1894

Solenoid and Motor Driver

(1/2 H Driver)

Features:

Chip encapsulated in a 5-lead
plastic TO-220-style package (VERSA-VQ
Output short-circuit protection
Thermal overload protection
Solenoid inductive "kick" protection
with internal-clamp diodes
Output sink and source capacity of
600-mA minimum overtemperature
Horizontal and vertical mounting
packages available

Separate sink circuit and source
circuit, each individually controlled

The RCA-CA3169 is a monolithic
integrated circuit capable of driving lamps
and other devices that can be changed
between two states (on or off). Transistors,
SCR's, and triacs are some of the solid-
state devices that can be controlled by the
CA3169. This device can also control
relays, solenoids (latching or non-
latching), motors (DC - forward and
reverse) and DC stepping motors.

The CA3169 contains a separate source-
driver circuit with internal current-limiting
protection and a separate sink-driver
circuit. The sink driver contains an energy-
absorbing diode to protect the device
against any inductive "kick" during state
changes. The CA3169 is protected against
overvoltage conditions on the output
drivers and overtemperature conditions
(thermal-shutdown protection).

The input operating levels are TTL
compatible. The source and sink outputs
are in their off condition (non-conducting)
when their respective inputs are in a HI
state, or open-circuited. The outputs are in

their on state (conducting) when their
respective inputs are LO. The VERSA-3H
package is available with two lead
configurations. The CA3169 has a vertical-
mount lead form, and the CA3169M has a
horizontal-mount lead form.

Inputs can be driven by TTL logic
levels and CMOS logic levels

Low VcE(sat)

Applications:

Latching solenoid driver (single and
multiple)

Non-latching solenoid driver

Relay driver

Lamp controller

Lamp driver

Motor controller (forward and reverse)
Stepper motor controller

• On-off logic controllers (TTL logic)

Intermediate power driver

Triac, SCR, and transistor drivers

SOURCE INPUT
SINK INPUT

SINK OUTPUT
SOURCE OUTPUT
VCC

92CS-336I8

TERMINAL ASSIGNMENT
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Power Control Circuits

CA3169
MAXIMUM RATINGS, Absolute-Maximum Values:

SUPPLY VOLTAGE (Pin 1 to GND) Positive
. . .41 V DC

Negative . . .1.4 V DC

SINK CURRENT 1 -9 A

SOURCE CURRENT Controlled by Internal

Current Limiting

INPUT VOLTAGE:

SINK INPUT (Pin 4 to GND) 17 v

SOURCE INPUT (Pin 5 to GND) 17 v

MAXIMUM FORWARD CURRENT— Diode D1 2.5 A

MAXIMUM FORWARD CURRENT— Diode D2 3 A

POWER DISSIPATION, PD at TA=90°C 15 w
THERMAL RESISTANCE, JUNCTION TO CASE 4°C/W

JUNCTION TEMPERATURE 150 ° C

OPERATING TEMPERATURE -40 ° t0 +85°C

STORAGE TEMPERATURE "55° to +150°C

LEAD TEMPERATURE (DURING SOLDERING):

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

from case for 10 s max 265° C

SUPPLY f,^ v
VOLTAGE Vj V<-C

si

kri> K

OVER
VOLTAGE
PR0TEC-

TION

®-

SOURCE
OUT

-©

02

THERMAL
PROTECTION

-©

I?"

.MOUNTING
) FLANGE
(GROUND)

92CS-33620

Fig. 1 - 1/2 H driver function diagram.

TRUTH TABLE FOR SOLENOID DRIVER

TTL Logic Conditions: < Vi_ < 0.8, 1.9 < Vh 5.5

INPUT A INPUT B OUTPUT A OUTPUT B

SOURCE IN SINK IN SOURCE OUT SINK OUT

VL VL HIGH (ON) LOW (ON)

vl vh HIGH (ON) (OFF)

vh vl (OFF) LOW (ON)

vh vh (OFF) (OFF) 92CS-336I9
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Linear Integrated Circuits

CA3169
ELECTRICAL CHARACTERISTICS at TA=25°C, Vcc=10.5 V to 18 V

Unless otherwise specified

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS

Min. Typ. Max.

Output Leakage Current,

Pin 2

See Fig. 6

Inputs Open

VcC=4 V to 18 V

Source and Sink

Loads=20 Q

-110 ±0.5 110

M
Output Leakage Current,

Pin 3

See Fig. 6

Inputs Open

VCC= 4 V to 18 V

Source and Sink

Loads=20 Q

-110 ±0.5 110

Thermal Resistance,

Junction to Case ffjQ

- 3 4 °C/W

Quiescent Current,

Pin 1

See Fig. 5

Device "ON"

Input Terminals

Shorted, Vcc= 14 V
- 70 100

mA
Quiescent Current,

Pin 1

See Fig. 4

Device "OFF"

Input Terminals

Open, Vcc= 14 V
- 17 40

Thermal Shutdown

Temperature
R|_=Short Circuit 128 140 162 °C

Overvoltage Shutdown-Circuit

Upper Trip Point,

Pin 1 Voltage See Fig. 8

R|_"-=20 n 20 25 27

V
Overvoltage Shutdown-Circuit

Lower Trip Point,

Pin 1 Voltage See Fig. 8

R|_=20 18 21.4 23

Input Logic Levels; Source Input - Pin 5, Sink Input - Pin 4

Input Low Threshold

Sink or Source V
j j_

VCC=14V

See Note 1

- 0.4 0.8

V
Input High Threshold

Sink or Source V|(-|

VCC= 14 V

See Note 2
1.9 2.4 -

Input Low Current

Sink or Source I|_l

V| N < 0.4 V -0.9 -0.3 - mA

Input High Current

Sink or Source I|h
V| N < 5.5 V -110 23 110 /"A

NOTE 1: ISOURCE or IsiNK ^ 600 mA, Vqs S 1.5 V, VsiNK ^ 0.75 V.

NOTE 2: SOURCE or l S |NK ^ 100 /jA, VSOURCE = GND, for VS |NK 20 Q to VCC .
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Power Control Circuits

ELECTRICAL CHARACTERISTICS (Cont'd)

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS

Min. Typ. Max.

Source Outputs

Output Voltage, Vos
Pin 2 See Note 3

See Fig. 7

Referenced to VrjC

with lsoURCE=
600 mA

-
1 1.6 V

Short-Circuit Current Limit.

Pin 2 to Ground
0.65 1.11 2.6 A

Turn-On Delay to Output-On,

Pin 2

C|_=100pF,

R|_=33
- 0.45 5.6

fjS
Turn-Off Delay to Output-Off

Pin 2

C|_=100 pF,

R|_=33
- 5 55

Sink Outputs

Output Saturation Voltage V3

See Note 3 See Fig. 10

ISINK=600mA,
V| N <0.4 V

- 0.3 0.85

V
Output Saturation Voltage V3

See Note 3 See Fig. 10 .

ISINK = 1000 mA
V| N < 0.4 V

- 0.8 1.65

Turn-On Delay to Output-On

Pin 3 (Ton)
*

Cl=100 pF,

R|_=33 Q to Vqc
- 0.45 5.6

/US
Turn-Off Delay to Output-Off

Pin 3 (TqfF)

Cl 100 pF,

RL -33 O to Vqc
- 0.95 25

CA3169

NOTE 3: Measured over temperature range of —40° C to 85° C.

x—

©

92CS-3362I

9ZCS- 33654

Fig. 2 - Detailed schematic of the input circuit

for CA3 169.

Fig. 3 - Detailed schematic of the output

circuit for CA3169.
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Linear Integrated Circuits

CA3169

r
-©—

TEST CIRCUITS

(VCC = V|N = PIN 1 VOLTAGE)

92CS-33622

Fig. 4 - Quiescent current device "OFF".

92CS-33624

Fig. 5 - Quiescent current device "ON"

V|N»4 TO I8V

OUTPUT /.
LEAKAGE /
CURRENTS

92CS-33623

Fig. 6 - Output leakage currents.

V| N =I8 v

L
100 fi< VI2_

"£

J_

92CS-33626

PROCEDURE
1. Measure V-|2

2. Increase Vcc until V-)2 > 2 V.

3. Measure Vcc; tnis voltage is the high trip

point. Pin 2 should be off; i.e., pin 3 should

be high.

4. Observe and measure the voltage at pin 3.

5. Decrease Vcc un,il pin 3 switches, i.e., < 18

V. The supply voltage will be the low trip

point voltage.

Fig. 8 - Overvoltage protection.

Fig. 7 - Output source voltage (referenced to

vcc)-

ia

2

3

6

5

4

50 W

N

/| N=I8V

92CS-3 3627

When Vcc is turned on, I im should be equal to or
greater than 1 A. Thermal shutdown will operate
properly if the input current drops below 0.5 A
(0.3 A typ.) in 10 to 15 seconds. Cover the unit

during this test in the event that the thermal
shutdown is not operating properly.

Fig. 9 - Thermal shutdown.

I|_ = 600 mA

92CS-33628

Fig. 10 - Output saturation voltage.
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Power Control Circuits

TYPICAL APPLICATIONS

92CS-33629

CA3169

92CS-33630

When input A goes low, lamp A will light.

When input B goes low, lamp B will light.

Input A and input B must both be low for the

solenoid to switch.

Fig. 11 - Lamp driver. Fig. 12 - Non-latching solenoid.

±r

2A IA

/ sourceVsink

(
'

A
N
JOaV

x

irm.

INPUT INPUT
2B IB

/sourcevsinkn

{ 'b

N

A'b )

Relay A will close when input Agoeslow. Relay B

will close when input B goes low. Both relays will

close when both inputs go low.

Fig. 13 - Relay driver.

9ZCS-3363I

When opposing inputs go low, the motor will

switch direction; if source input A and sink input

B both go low, current will flow from A to B. If

source input B and sink input A both go low,

current will flow from B to A.

Fig. 14 - Motor driver or latching solenoid

driver.
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Linear Integrated Circuits

CA3219E

16-Lead Dual-ln-Line

Webbed Plastic Package

("E" Suttix)

Quad-Power NAND Driver

For Interfacing Low-Level Logic

to High Current Loads

Features:

• Driven outputs capable of switching 600 mA load currents without
spurious changes in output state

m Inputs compatible with TTL or 5-volt CMOS logic

Suitable for resistive or inductive loads

The RCA CA321 9E* quad power NAND driver contains four

NAND gate switches for interfacing low-level logic to

inductive and resistive loads such as: relays, solenoids, AC
and DC motors, heaters, incandescent displays, and vacuum
fluorescent displays.

Diodes in the outputs protect the IC against voltage

transients due to switching inductive loads

To allow for maximum heat transfer from the chip, the two

•Formerly RCA Dev. Type No. TA10982

center leads are directly connected to the die substrate and
totheground bond pads. lnfreeair,junction-to-airthermai
resistance (0J-A) is 50°C/W* (typical).

The CA3219E is supplied in the 16-lead dual-in-line plastic
package with webbed-lead construction.

" This coefficient can be lowered to 40°C/W (typical) by
suitable design of the PC board to which the CA3219E is

soldered.

Fig-

92CS -34SI4

1 - Block diagram for the CA3219E.

TRUTH TABLE

ENABLE IN OUT
H

H

L

H

L

X

L

H

H
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__ Power Control Circuits

CA3219E
MAXIMUM RATINGS, Absolute-Maximum Values at Tfy = 25° C:

Logic Supply Voltage (Vqc) 7 V
Logic Input Voltage (V|n) 15 V
Output Voltage (VCEX ) 50 VDc
Output Sustaining Voltage (Vcc)sus 35 Vqc
Output Current (Iq) 1 ADC
Power Dissipation (Pq)

Up to 55° C 1 .5 W
Above 55°C derate linearly at 16.6 mW/°C
Up to 90° C with heat sink derate linearly at 25 mW/°C

Ambient Temperature Range:

Operating -40 to +85°C
Storage -55 to +150°C

Maximum Junction Temperature (T^j) +150°C
Maximum Thermal Resistance

Junction-to-Air (8j.fr) 60°C/W
Junction-to-Case (0j-c)

to pins 4, 5, 12, 13 at seat 12°C/W

ELECTRICAL CHARACTERISTICS at TA = 25° C, Vcc = 5 V

CHARACTERISTIC

LIMITS

UNITS

MIN. MAX.

Output Leakage Current (Icex)

VcE = 50 V V| N = 0.8 V
- 100 fjA

Output Sustaining Voltage Vce(sus)

Iq = 100 mA V|N = 0.8 V
25 - V

Collector Emitter Saturation Voltage VcE(sat)

IC = 100 mA V|N = 2.4 V 0.3 V

Iq = 400 mA V|N = 2.4 V — 0.5 V

IC = 600 mA V|N = 2.4 V — 0.7 V

Input Low Voltage V||_ — 0.8 V

Input Low Current l|(_

Vin = 0.8 V
- +10 //A

Input High Voltage Vm
Iq = 600 mA

2 - V

Input High Current l|H

IC = 700 mA; V|n =5.5 V
- 40 MA

Supply Current — All Outputs ON, lcc(ON)

IC = 700 mA; Vqc = V|H = 5.5 V
- 80 mA

Supply Current — All Outputs OFF, lcc(OFF ) — 5 mA
Clamp Diode Leakage Current Ir

Vr = 50 V
- 100 fiA

Clamp Diode Forward Voltage Vp

IF = 1 A 1.5 V

IF = 1.5 A — 2 V

Turn-On Delay tp|-j|_

Turn-Off Delay tpi_H
30 (JS

515



Linear Integrated Circuits

CA3219E

INPUT [l5]—

r

TO
[SUBSEQUENT
J
STAGES

92CS-345I5

Fig. 2 - Schematic of one input section.
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Power Control Circuits

24-Lead Dual-ln-Llne

Plastic Package

CA3228

Speed-Control System

Features

Low power dissipation

l
2
L control logic

Power-ON reset

On-chip oscillator for system time reference

Single line command
Amplitude encoded control signals

Transient compensated input commands
Controlled acceleration mode
Internal redundant brake and low speed disable

Braking disable

The RCA-CA3228 is a monolithic I L integrated circuit

designed as an automotive speed-control system.

The system monitors vehicle speed and compares it to a set

reference speed. Any deviation in vehicle speed causes a

servo mechanism to open or close the engine throttle as

required to eliminate the speed error. The reference speed
is set by the driver to hold the existing speed and stored in a

9-bit counter.

The reference speed can be altered by the ACCEL and
COAST driver commands. The ACCEL command causes

the vehicle to accelerate at a controlled rate while the

COAST command causes the servo to relax completely

forcing the vehicle to slow down. Application of the brake

causes the servo to relax immediately and places the

system into the standby mode while the RESUME command
returns the vehicle to the last stored speed.

Vehicle speed and driver commands are input into the

integrated circuit via external sensors. Actuators are needed
to convert the output signals into the mechanical action

necessary to control vehicle speed.

The CA3228 is supplied in a 24-lead plastic package (E

suffix).

GROUND 1 24 GROUND

N.C- 2 23 OUTPUT GATE

DRIVER COMMAND 3 22 VACUUM CONTROL

COMMAND DELAY 4 2 1
' VENT CONTROL

OSCILLATOR 5 20 CONTROL AMP H->

V MEMORY 6 19 CONTROL AMP OUTPUT

CURRENT SENSE 1 7 18 CONTROL AMP (-)

SENSOR INPUT S 17 ALIGN

F/V OUT 1 9 16 V ERROR

F/V FILTER 10 15 ACCELERATE CAPACITOR

vs II 14 ACCELERATE RESISTOR

BRAKE INPUT 12 13 VCC

TOP VIEW
92CS-35I86

TERMINAL ASSIGNMENT
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Linear Integrated Circuits

CA3228
MAXIMUM RATINGS, Absolute-Maximum Values at Ta=25°C
DC SUPPLY VOLTAGE RANGE (VDD ) 7.4 to 9 V
DC SUPPLY CURRENT RANGE (Idd) 7.5 to 25 mA
POWER DISSIPATION PER PACKAGE:
For Ta=-40°C to 55°C 125 mW
For TA=55°C to 70°C Derate linearly at 3.3 mW/°C

TEMPERATURE RANGE:
OPERATING -40 to +85°C
STORAGE -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max +265°C

SWITCHING CHARACTERISTICS, Ta=25°C, VdD=7-4 to 9 V

ACCEL Input Hold Time 50 ms
COAST Input Hold Time 50 ms
RESUME Input Hold Time 330 ms
ON Input Hold Time 50 ms
OFF Input Hold Time 50 ms
INTERNAL OSCILLATOR FREQUENCY:
C=0.005 /yF at Pin 5 10,000 Hz
Speed Input Frequency 32 to 222 Hz

SYSTEM PERFORMANCE, Ta=25°C, Vdd=8.2 V, fM=10 kHz, fs=2.22 Hz/mph

SPEED RESOLUTION 0.45 mph
MINIMUM OPERATING SPEED , 25 mph
MAXIMUM STORED SPEED 100 mph
REDUNDANT BRAKE SPEED 11 mph

®- vcc (p ®
I -£ 1

©-

©-

©-

©-

©-

®-

©-

©-

<£>

0"

COMMAND
DECODER

AND
DELAY

BRAKE
THRES
SENSOR

F/V

_^l CONVERTER

VS

I£ L

CONTROL
LOGIC

1 H SPEED
SENSOR

ANALOG TO
DIGITAL TO
ANALOG

CONVERTER

CURRENT
SENSE

<—

CONTROL AMP

REDUNDANT
BRAKE

VM

Fig. 1 - Block diagram for the CA3228.
92CL- J5I87

"@

-©

-(3)

"®

"®
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Power Control Circuits

CA3228

R3.35K
r~VW-
R4.6I0

R5, 180

ORIVER
COMMAND
SWITCHES

-VW—

BEAD CHAIN
TO THROTTLE

SPEED INPUT

SWITCH FUNCTION

ON
RESUME
ACCEL
COAST
OFF

92CM-35I85

Fig. 2 - Typical automotive speed-control application.
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Linear Integrated Circuits

CA723, CA723C Types

"T" Suffix

10-LeadTO-S

40. E" Suffix

14-Lead Dual-ln-Line

Plastic Package h - 1 5 1

7

Voltage Regulators

For Regulated Output Voltages Adjustable from 2 V to 37 V at

Output Currents up to 150 mA Without External Pass

Transistors

Features:

Up to 150 mA output current

m Positive and negative voltage

regulation

a Regulation in excess of 10A with

suitable pass transistors

a Input and output short-circuit

protection

a Load and line regulation: 0.03%
a Direct replacement for 723 and
723C industry types

a Adjustable output voltage: 2 to 37 V

Applications:

Series and shunt voltage regulator

a Floating regulator

a Switching voltage regulator

a High-current voltage regulator

a Temperature controller

RCA-CA723 and CA723C are silicon monolithic integrated

circuits designed for service as voltage regulators at output

voltages ranging from 2 to 37 volts at currents up to 150
milliamperes.

Each type includes a temperature-compensated reference

amplifier, an error amplifier, a power series pass transistor,

and a current-limiting circuit. They also provide indepen-
dently accessible inputs for adjustable current limiting and
remote shutdown and, in addition, feature low standby cur-

rent drain, low temperature drift, and high ripple rejection.

The CA723 and CA723C may be used with positive and
negative power supplies in a wide variety of series, shunt,

switching, and floating regulator applications. They can
provide regulation at load currents greater than 150 milli-

amperes and in excess of 10 amperes with the use of suit-

able n-p-n or p-n-p external pass transistors.

The CA723 and CA723C are supplied in the 10-lead TO-5-
style package (T suffix), and the 14-lead dual-in-line plastic

package (E suffix), and are direct replacements for industry

types 723, 723C, //A723, and//A723C in packages with sim-

ilar 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.

'EMPERATURE
COMPENSATED
ZENER

REGULATED
OUTPUT

CURRENT 6 OCURRENT
LIMIT SENSE

CURRENT

Fig. 1 — Functional diagram of the CA723 and CA723C.
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Power Control Circuits

CA723, CA723C Types

DEVICE DISSIPATION:

Up to TA = 25°C -

CA723T, CA723CT 800 mW
CA723E, CA723CE 1000 mW

Above TA = 25°C -

CA723T, CA723CT
Derate linearly 6.3 mW/ C

CA723E, CA723CE
Derate linearly 8.3 mW/ C

AMBIENT TEMPERATURE
RANGE (All Types):

Operating" -55 to +125 °C

Storage -65 to +150 °C

LEAD TEMPERATURE
(During Soldering):

At a distance 1/16" ± 1 /32"

(1 .59 ± 0.79 mm) from case for

10 seconds max +265 C

MAXIMUM RATINGS, Absolute-Maximum Values:

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

PULSE VOLTAGE FOR 50-ms

PULSE WIDTH
(Between V+ and V- Terminals) 50 V

DIFFERENTIAL INPUT-OUTPUT
VOLTAGE 40 V
DIFFERENTIAL INPUT
VOLTAGE:
Between Inverting and Non-

Inverting Inputs iS V
Between Non-Inverting

Input and V
-

8 V
CURRENT FROM ZENER DJODE
TERMINAL (Vz ) 25 mA
CURRENT FROM VOLTAGE
REFERENCE TERMINAL
(VREF ) 15 mA

^COMPENSATION

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

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

Fig. 4 — Equivalent schematic diagram of the CA 723 and CA723C.
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Linear Integrated Circuits

CA723, CA723C Types
ELECTRICAL CHARACTERISTICS at TA « 25 C, V+ = Vc = V, = 12 V, V~ = 0, VQ » 5 V,

l|_ = 1 mA, C-| = 100 pF, CpEp = 0, R$CP = 0» unle» otherwise specified. Divider

impedance R-| R2 at non-inverting input. Term. 5, = 10 kn (see Fig. 23).

R<l+R2

CHARACTERISTIC TEST
CONDITIONS

LIMITS

UNITSCA723 CA723C

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

Quiescent Regulator

Current, Iq V, = 30 V - 2.3 3.5 — 2.3 4 mA

Input Voltage

Range, V| 9.5 _ 40 9.5 40 V

Output Voltage

Range, Vq 2 37 2 37 V

Differential Input-

Output Voltage,

v,-v 3 38 3 38 V

Reference Voltage,

Vref 6.95 7.15 7.35 6.8 7.15 7.5 V

Line Regulation

(See Note 1

)

V, = 12

to 40 V 0.02 0.2
•_

0.1 0.5

%v

V, = 12

to 15 V _ 0.01 0.1 0.01 0.1

V, = 12

to 15 V,

TA = -55 to

+125°C 0.3

V, = 12

to 15 V,

TA = O to

70°C 0.3

Load Regulation

(See Note 1

)

l L = 1

to 50 mA - 0.03 0.15 _ 0.03 0.2

%v

l L
=1

to 50 mA,
TA = -55 to

+125°C 0.6

l L
=1

to 50 mA,
TA =

to 70°C 0.6

Output-Voltage

Temp. Coefficient,

AV

TA = -55

to+125°C 0.002 0.015
%/°C

TA =

to 70°C 0.003 0.015

Ripple Rejection

(See Note 2)

f = 50 Hz

to 10 kHz _ 74 74

dB
f = 50 Hz to

10kHz,

CREF = 5juF 86 86
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Power Control Circuits

CA723, CA723C Types

ELECTRICAL CHARACTERISTICS (Cont'd)

CHARACTERISTIC TEST
CONDITIONS

LIMITS

UNITSCA723 CA723C

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

Short-Circuit

Limiting Current,

'lim

RSCp = 10ft,

v = o - 65 - - 65 - mA

Equivalent Noise RMS
Output Voltage, V^
(See Note 2)

BW= 100 Hz

to 10 kHz,

Cref=o 20 20 _
mv

BW= 100 Hz

10 kHz,

C ref =5mF 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 Cp^p, see Fig. 23.

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723

DIFFERENTIAL INPUT-OUTPUT VOLTAGE IV,-V I-V
60 80 I00

OUTPUT CURRENT <I n )-mA

Fig. 5 — Max. load current vs differential input-

output voltage.
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Linear Integrated Circuits

CA723, CA723C Types
TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723 (Cont'd)

OUTPUT VOLTAGE IV 1 -REFERENCE I .;

VOLTAOE <VREF 1 _ :_ ; , !

|

2

8

;|if^l:E : i:ziH^?l; 'ijjj
» — . ,

^ jj

u; ,,«». ==;" T

._ ^
92CS-24I64

INPUT VOLTAOE (V.l-V

Fig. 9 — Current limiting characteristics. Fig 10 — Quiescent current vs. input voltage.

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723C

~fcz MAX. JUNCTION TEMP.

_T - THERMAL RESISTANC
(Tjl-150'C ;• '

j 1

EMSO'C/W — -'1 •
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I
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J
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V

92CS-2'

Fig. 1 1 — Max. load current vs differential input-

output voltage CA 723CT.
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Power Control Circuits

CA723, CA723C Types

TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C

OUTPUT VOLTAGE I Vp ) • 5

V

LOAD CURRENT (I u
)-.lmA

AMBIENT TEMPERATURE ;Ta i.JVC
DIFFERENTIAL INPUT VOLTAGE (aVjl'3V
short-circuit protection resistance

"»scp'-°

^^tt^tt

DIFFERENTIAL INPUT-OUTPU

ig. 17 - Load regulation vs. differential input-

output voltage.

25 35 45

DIFFERENTIAL "' T OUTPUT VOLTAGE I VrV ) —

V

92CS-24I73

Fig. 18 — Line regulation vs. differential input-

output voltage.

Fig. 19 - Line transient response.

JUNCTION TEMPERATURE IT, >-

Fig. 20 — Current limiting characteristics vs.

junction temperature.

lOa

I

INPUT VOLTAGE (Vr l = I2V

OUTPUT VOLTAGE (V )'5V

LOAD CURRENT (I L (-50mA
AMBIENT TEMPERATURE (TA )=25*C
SHORT-CIRCUIT PROTECTION
RESISTANCE IR SCP'"

I

,0/

** r i

<

~<?"-*4 -"i..r-»

fJ I

S^y

o 4

00I
2 2 6 8

hnv

TIME ( I ) — ji»

Fig. 21 - Load transient response.

FREQUENCY Hi— Hi , ?cs

Fig. 22 — Output impedance vs. frequency.

TYPICAL APPLICATION CIRCUITS

I "SCP
r>AAA/*-»- REGULATEDr^"' OUTPUT

* COMP

CIRCUIT PERFORMANCE DATA:

REGULATED OUTPUT VOLTAGE .

LINE REGULATION (AV|- 3 VI . .

LOAD REGULATION (aIl • 60 mAI.

_. HI R2 .

Fig. 23 — Low-voltage regulator circuit {Vq'2
to 7 volts).

i C0MP
100 pF

CIRCUIT PERFORMANCE DATA:

REGULATED OUTPUT VOLTAGE . 15

LINE REGULATION IAV|- 3 V) .... 1.6 mV
LOAD REGULATION (AIL- 60 mAI . . 4.5 mV

R1_R2

*RHR2Npn 1 temperature drift

tempereture drift R3 may be eliminated for minimum component count. 92CS-2

Fig. 24 - High-voltage regulator circuit (Vq = 7

to 37 volts).
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Power Control Circuits

CA723, CA723C Types
TYPICAL APPLICATION CIRCUITS (Cont'd)

CIRCUIT PERFORMANCE DATA:

REGULATED OUTPUT VOLTAGE . -15 V
LINE REGULATION (AVI « 3 V) .... 1 mV
LOAD REGULATION (AIL" 100 mAI 2 mV

Note: For applications employing the TO-5 style package

and where Vz is required, an external 6.2 volt

zener diode should be connected in series with

Vo (Terminal 61.
K""""

Fig. 25 — Negative-voltage regulator circuit.

NPUT

COMP

-r
I

I

500pF

CIRCUIT PERFORMANCE DATA:
REGULATED OUTPUT VOLTAGE ... 15 V
LINE REGULATION |AV| - 3 VI .... 1.5 mV
LOAD REGULATION |AI L - 1 Al . . . . 15 mV

92CS-24I8IRI

Fig. 26 — Positive-voltage-regulator circuit (with
external n-p-n pass transistor).

Y
Vl

T Q ooi ti f

CIRCUIT PERFORMANCE DATA:
REGULATED OUTPUT VOLTAGE ... 5 V
LINE REGULATION (AV|» 3 VI .... 0.5 mV
LOAD REGULATION (AIl - 1 Al . ... 5 mV

CIRCUIT PERFORMANCE DATA:
REGULATED OUTPUT VOLTAGE ... 5 V
LINE REGULATION (AV|» 3 VI . ... 0.5 mV
LOAD REGULATION (AI L - 10 mA). . . 1 mV
SHORT-CIRCUIT CURRENT 20 mA

Fig. 27 — Positive voltage-regulator circuit (with

external p-n-p pass transistor). Fig. 28 — Foldback current-limiting circuit.

k 1 f PUTcl 4=

i- Y COMP

Note: For applies

ternal 6.2-v

ions employing the TO-5 style

where Vz is required, an ex-

ilt zener diode should be con-

'ies with Vq (Terminal 61.

CIRCUIT PERFORMANCE DATA:

REGULATED OUTPUT VOLTAGE .

LINE REGULATION ( \V| - 20 V| .

LOADREGULATIONC.lL -50mAI.

r-t-VW-i"

CIRCUIT PERFORMANCE DATA:
REGULATED OUTPUT VOLTAGE ... -10
LINE REGULATION (AV| - 20 V) ... 3

LOAD REGULATION (Al|_- 100 mA) . . 2

Note: For applications employing the TO-5 style

package and where Vz is required, an ex-

ternal 6.2-volt zener diode should be con
nected in series with Vq (Terminal 6).

Fig. 29 — Positive-floating regulator circuit. Fig. 30 — Negative-floating regulator circuit.
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Power Control Circuits

CA723, CA723C Types

TYPICAL APPLICATION CIRCUITS (Cont'd)

CIRCUIT PERFORMANCE DATA:

REGULATED OUTPUT VOLTAGE . . . 5 V

LINE REGULATION (flV| - 3 V) .... 0.5 mV
LOAD REGULATION (AIL -50 mA), 15 mV

Note 1 : A current limiting transistor may be used lor

shutdown if current limiting is not required.

Note 2: Add e diode il VQ > 10 V.

CIRCUIT PERFORMANCE DATA:

REGULATED OUTPUT VOLTAGE . . . 5 V

LINE REGULATION (/.V| - 10 VI ... 0.5 mV
LOAD REGULATION IAIl' 100 mAI . . 1.5 mV

Note: For applicetions employing the TO-5 style package

and where Vz is required, an external 6.2-volt

zener diode should be connected in series with

Vo (Terminal 61.

Fig. 31 — Remote shutdown regulator circuit with

current limiting.

Fig. 32 — Shunt regulator circuit.
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Linear Integrated Circuits

CA1524, CA2524, CA3524 Types

Regulating Pulse Width
Modulator

16-Lead Dual-ln-Line

Plastic Package

Features:

Complete PWM power control circuitry

Separate outputs for Single-ended or push-pull

operation
m Line and load regulation of 0.2% typ.

m Internal reference supply with 1%max.
oscillator and reference voltage variation

over full temperature range
Standby current of less than 10 mA

a Frequency of operation beyond
100 kHz

The RCA-CA1524, CA2524, and CA3524
are silicon monolithic integrated circuits

designed to provide all the control circuitry

for use in a broad range of switching

regulator circuits.

The CA1524, CA2524, and CA3524 have all

the features of the industry types SG1524,
SG2524, and SG3524 respectively. A block

diagram of the CA1524 Series is shown in

Fig. 1 . The circuit includes a zener voltage

reference, transconductance error
amplifier, precision R-C oscillator, pulse-

width modulator, pulse-steering flip-flop,

dual alternating output switches, and
current-limiting and shutdown circuitry.

This device can be used for switching

regulators of either polarity, transformer-

coupled dc-dc converters, transformerless

voltage doublers, dc-ac power inverters,

highly efficient variable power supplies,

and polarity converters, as well as other

power-control applications.

The CA1524 is specified for the military

temperature range of -55°C to +125°C.

Variable output dead time of 0.5 to

5 ns
Low VQE(sat) over the temperature range

Applications:

Positive and negative regulated

supplies

Dual-output regulators

m Flyback converters

a DC-DC transformer-coupled regu-

lating converters

Single-ended DC-DC converters

Variable power supplies

The CA2524 and CA3524 are specified for

the commercial temperature range of 0°C
to70°C. All types operate over a supply

voltage range of 8 to 40 V, have a rated

operating temperature range of -55° C to

+125°C, and are supplied in 16-lead dual-

in-line plastic packages (E "suffix). The
CA3524 is available in chip form (H suffix).

MAXIMUM RATINGS, Absolute-Maximum Values:

INPUT VOLTAGE
(BETWEEN V|N ANDGROUNDTERMINALS) 40 V

OPERATING VOLTAGE RANGE (V|N TO GROUND) 8tO 40 V
OUTPUT CURRENT EACH OUTPUT: (TERMINALS 11, 12or 13,14) 100 mA
OUTPUT CURRENT (REFERENCE REGULATOR) 50 mA
OSCILLATOR CHARGING CURRENT 5mA
DEVICE DISSIPATION:

Up to TA = 25°C 1 W
Above Ta = 25°C Derate linearly 8 mW/°C

OPERATING TEMPERATURE RANGE —55to + 125°C

STORAGE TEMPERATURE RANGE —65to + 150°C
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Linear Integrated Circuits

CA1524, CA2524, CA3524 Types

CIRCUIT DESCRIPTION
Voltage Reference Section (see Fig. 3).

The CA1524 Series contains an internal
series voltage regulator employing a
zener reference to provide a nominal 5
volts output, which is used to bias all in-

ternal timing and control circuitry. The
output of this regulator is available at ter-

minal 16 and is capable of supplying up to

50 mA. output current. For higher cur-

rents, the circuit of Fig. 3 may be used
with an external p-n-p transistor and bias
resistor. The internal regulator may be
bypassed for operation from a fixed 5 volt

supply by connecting both terminals 15
and 16 to the input voltage, which must
not exceed 6 volts.

_ Ql
'

Fig. 3— Circuit for expanding the reference
current capability.

Fig. 4 shows the temperature variation of

the reference voltage with supply

AMBIENT TEMPERATURE-
92CS-32668

Fig. 4— Typical reference voltage as a

function of ambient temperature.

voltages of 8 to 40 volts and load currents
up to 20 mA. Load regulation and line

regulation curves are shown in Figs. 5 and
6, respectively.

Oscillator Section (see Fig. 3)

Transistors Q42, Q43 and Q44, in con-
junction with an external resistor Rj,
establishes a constant charging current
into an external capacitor Cj to provide a
linear ramp voltage at terminal 7. The
ramp voltage has a value that ranges from
0.6 to 3.5 volts and is used as the
reference for the comparator in the
device. The charging current is equal to (5

— 2Vbe)/Rt or approximately 3.6/Rj and
should be kept within the range of 30

iaA to 2 mA by varying R-r-. The discharge
time of Cj determines the pulse width of
the oscillator output pulse at terminal 3.

This pulse has a practical range of 0.5 ^s
to 5^s for a capacitor range of 0.001 to 0.1

jjF. The pulse has two internal uses: as a
dead-time control or blanking pulse to the
output stages to assure that both outputs
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Fig. 5— Typical reference voltage as a function
of reference output current.
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Fig. 6— Typical reference voltage as a function
of supply voltage.

cannot be on simultaneously and as a
trigger pulse to the internal flip-flop which
controls the switching, of the output be-
tween the two output channels. The out-
put dead-time relationship is shown in

Fig. 7. Pulse widths less than 0.5 ^s may
allow false triggering of one output by
removing the blanking pulse prior to a
stable state in the flip-flop.
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01

V+ = 8 TO 40 v

-

Fig. 7— Typical output stage dead time as a
function of timing capacitor value.
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Power Control Circuits

CA1524, CA2524, CA3524 Types

ELECTRICAL CHARACTERISTICS at Ta=~55 to -125°C for CA1524,

to +70° C for the CA2524 and CA3524; V+=20 V and f=20 kHz,

unless otherwise stated.

TEST CONDITIONS

LIMITS
|

CHARACTERISTIC CA1524, CA2524 CA3524 UNITS

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

Reference Section:

Output Voltage: 4.8 5.0 5.2 4.6 5.0 5.4 V

Line Regulation V + = 8 to 40 Volts — 10 20 — 10 30 mV

Load Regulation ll_ = Oto 20 mA — 20 50 — 20 50 mV

Ripple Rejection f = 120Hz, Ta = 25°C — 66 — — 66 — dB

Short Circuit

Current Limit
VREF = 0,TA = 25°C - 100 - - 100 - mA

Temperature

Stability

Over Operating

Temperature Range
- 0.3 1 - 0.3 1 %

Long Term Stability Ta = 25°C ~~ 20 — — 20 — mV/khr

Oscillator Section:

Maximum

Frequency

Cj = 0.001 pF

Ry = 2 KQ
- 300 - - 300 - kHz

Initial Accuracy Rj and Cj constant — 5 — — 5 — %

Voltage Stability
V + = 8 to 40 Volts,

Ta = 25°C
- - 1 - - 1 %

Temperature

Stability

Over Operating

Temperature Range
- - 2 - - 2 %

Output Amplitude Term.3, Ta = 25°C — 3.5 - — 3.5 — V

Output Pulse Width
Cj = 0.01 fiF

Ta= 25°C
— 0.5 - - 0.5 - MS

Error Amplifier Section:

Input Offset Voltage Vcm- 2.5 Volts — 0.5 5 - 2 10 mV

Input Bias Current VcM = 2.5 Volts — 1 10 — 1 10 MA

Open Loop

Voltage Gain
72 80 - 60 80 - dB

Common Mode

Voltage
Ta = 25°C 1.8 - 3.4 1.8 - 3.4 V

Common Mode

Rejection Ratio
Ta = 25°C - 70 - - 70 - dB

Small Signal

Bandwidth

Ay = OdB,

Ta = 25°C
- 3 - - 3 - MHz

Output Voltage TA = 25°C 0.5 — 3.8 0.5 — 3.8 V

If a small value of Cj must be used, the

pulse width can be further expanded by

the addition of a shunt capacitor in the

order of 100 pF but no greater then 1000

pF, from terminal 3 to ground. When the

oscillator output pulse is used as a sync

input to an oscilloscope, the cable and in-

put capacitances may increase the pulse

width slightly. A 2 kn resistor at terminal

3 will usually provide sufficient de-

coupling of the cable. The upper limit of

the pulse width is determined by the maxi-

mum duty cycle acceptable. To provide an

expansion of the dead time without

loading the oscillator, the circuit of Fig. 8

may be used.

-+*—

©

9ZCS-3267I

Fig. 8—Circuit for expansion of dead time.

The oscillator period is determined by Rt
and Cj, with an approximate value of

t = RtCt, where Rt is in ohms, Ct is in

nF, and t is in jis. Excess lead lengths,

whjch produce stray capacitances,

should be avoided in connecting Rj and
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Fig. 9-Schematic diagram {continued on next page).
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sense sense

(+)

Fig. 9-Schematic diagram (continued from previous page).
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ELECTRICAL CHARACTERISTICS at TA =-55 to +125° C for CA1524,
to +70° C for the CA2524 and CA3524; V+=20 V and f=20 kHz,

unless otherwise stated.

CHARACTERISTIC TEST CONDITIONS

LIMITS

UNITSCA1524, CA2524 CA3524

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

Comparator Section:

Duty Cycle % Each Output On — 45 — 45 %
Input Threshold Zero Duty Cycle —

1 — — 1 — V
Input Threshold Max. Duty Cycle — 3.5 — — 3.5 — V
Input Bias Current — 1 — — 1 — ma
Current Limiting Section:

Sense Voltage

Term. 9= 2 V with

Error Amplifier Set

for Max Out,

Ta = 25°C

190 200 210 180 200 220 mV

Sense Voltage T.C. — 0.2 — — 0.2 mV/°C
Common Mode

Voltage
-1 - + 1 -1 - + 1 V

Output Section: (Each Output)

Collector-Emitter

Voltage
40 - — 40 — — V

Collector Leakage

Current
VCe = 40 V - 0.1 50 - 0.1 50 mA

Saturation Voltage
V + = 40 V,

IC = 50 mA
- 0.8 2 - 0.8 2 V

Emitter Output

Voltage
V + = 20 V 17 18 - 17 18 - V

Rise Time Re = 2 KQ
Ta = 25°C

0.2 — — 0.2 — MS

Fall Time RC = 2 KQ

Ta = 25°C
- 0.1 - - 0.1 — MS

Total Standby

Current: *ls

V + = 40 V " 4 10 - 4 10 mA

Excluding oscillator charging current, error and current limit dividers, and with outputs open.

Or to their respective terminals. Fig. 10
provides curves for selecting these values
for a wide range of oscillator periods. For
series regulator applications, the two out-
puts can be connected in parallel for an
effective 0-90% duty cycle with the output
stage frequency the same as the
oscillator frequency. Since the outputs
are separate, push-pull and flyback ap-
plications are possible. The flip-flop
divides the frequency such that the duty
cycle of each output is 0-45% and the
overall frequency is half that of the
oscillator. Curves of the output duty cycle
as a function of the voltage at terminal 9
are shown" in Fig. 11. To synchronize two
or more CA1524's, one must be
designated as master, with RjCy set for
the correct period. Each of the remaining
units (slaves) must have a Cj of 1/2 the
value used in the master and approx-
imately a 10% longer RjCj period than
the master. Connecting terminal 3

together on all units assures that the
master output pulse, which occurs first

and has a wider pulse width, will reset the
slave units.

OSCILLATOR PERIOD (1) — M t

MCS- 52*75

Fig. 10-Typical oscillator period as a function

of Rj and Cj.
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COMPARATOR VOLTAGE -V
92CS-32674RI

Fig. 11- -Typical duty cycle as a function of

comparator voltage (at terminal 9).

Error Amplifier Section (see Fig. 9)

The error amplifier consists of a differen-

tial pair (Q56, Q57) with an active load

(Q61 and Q62) forming a differential

transconductance amplifier. Since Q61 is

driven by a constant current source, Q62,
the output impedance RoUt, terminal 9, is

very high (s5 MQ).
The gain is:

Ay = gmR = 8 lc R/2KT = 104
,

Rout RL
where R = —

, Ri_ = °°, Av = 104
Rout + R|_

Since R ut is extremely high, the gain can
be easily reduced from a nominal 104

(80 dB) by the addition of an external

shunt resistor from terminal 9 to ground
as shown in Fig. 12.

»2CS- S2S75

Fig. 12—Open-loop error amplifier response
characteristics.

The output amplifier terminal is also used
to compensate the system for ac stability.

The frequency response and phase shift

curves are shown in Fig. 12. The
uncompensated amplifier has a single

pole at approximately 250 Hz and a unity

gain cross-over at 3 MHz.

Since most output filter designs in-

troduce one or more additional poles at a
lower frequency, the best network to

stabilize the system is a series RC com-
bination at terminal 9 to ground. This net-

CA1524, CA2524, CA3524 Types

work should be designed to introduce a

zero to cancel out one of the output filter

poles. A good starting point to determine

the external poles is a 1000 pF capacitor

and a variable series 50 kQ potentiometer

from terminal 9 to ground. The compensa-
tion point is also a convenient place to in-

sert any programming signal to override

the error amplifier. Internal shutdown and

current limiting are also connected at ter-

minal 9. Any external circuit that can sink

200 yA can pull this point to ground and

shut off both output drivers.

While feedback is normally applied

around the entire regulator, the error

amplifier can be used with conventional

operational amplifier feedback and will be

stable in either the inverting or non-

inverting mode. Input common-mode
limits must be observed; if not, output

signal inversion may result. The internal

5-volt reference can be used for conven-

tional regulator applications if divided as

shown in Fig. 13. If the error amplifier is

connected as a unity gain amplifier, a

fixed duty cycle application results.

NEGATIVE—'WV-^-OUTPUT
R2 VOLTAGES

92CS-32676

Fig. 13— Error amplifier biasing circuits.

Current Limiting Section (see Fig. 9)

The current limiting section consists of

two transistors (Q64, Q66) connected to

the error amplifier output terminal. By
matching the base-to-emitter voltages of

Q64 and Q66 and assuming negligible

voltage drop across R51:

VTHRESHOLD = VBE(Q64) + l(Q65)

R53~VBE(Q66)

= l(Q65)R53 =200 mV

Although this circuit provides a small

threshold with a negligible temperature
coefficient, some limitations to its use
must be considered. The circuit has a ± 1

volt common mode range which requires

sensing in the ground line. The other fac-

tor to consider is that the frequency com-
pensation provided by R51C3 and Q64
produces a roll-off pole at approximately
300 Hz.
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Due to the low gain of this circuit, there is

a transition region as the current-limit

amplifier takes over pulse width control

from the error amplifier. For testing pur-

poses, the threshold is defined as the in-

put voltage to the current-limiting
amplifier to get 25% duty cycle with the
error amplifier signaling maximum duty
cycle.

In addition to constant current limiting,

terminals 4 and 5 may also be used in

transformer-coupled circuits to sense
primary current and shorten an output
pulse, should transformer saturation oc-
cur (see Fig. 23). Another application is to

ground terminal 5 and use terminal 4 as
an additional shutdown terminal: i.e. the
output will be off with terminal 4 open and
on when it is grounded. Finally, foldback
current limiting can be provided with the
network of Fig. 14. This circuit can reduce
the short-circuit current (Isc) to approx-
imately 1/3 the maximum available output
current (ImaX).

isc=

V TH » 200 mV

92CS-32677

Fig. 14—Foldback current limiting circuit used
to reduce power dissipation under
shorted output conditions.

Output Section (see Fig. 9)

TheCA1524 Series outputs are two iden-

tical n-p-n transistors with both collectors

and emitters uncommitted. Each output
transistor has antisaturation circuitry

that enables a fast transient response for

the wide range of oscillator frequencies.

Current limiting of the output section is

set at 100 mA for each output and 100 mA
total if both outputs are paralleled. Hav-
ing both emitters and collector available

provides the versatility to drive either

n-p-n or p-n-p external transistors. Curves
of the output saturation voltage as a func-

tion of temperature and output current

are shown in Figs. 15 and 16 respectively.

There are a number of output configura-

tions possible in the application of the

CA1524 to voltage regulator circuits

which fall into three basic classifications:

1. Capacitor-diode coupled voltage

multipliers

2. Inductor-capacitor single-ended
circuits

3. Transformer-coupled circuits

92CS-33240

Fig. 15— Typical output saturation voltage as
function of ambient temperature.

2
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92CS-JJ6«0

Fig. 16— Typical output saturation voltage as a

function of output current.

Examples of these configurations are
shown in Fig. 17, 18, and 19. In each case,
the switches can be either the output
transistors in the CA1524 or added ex-

ternal transistors, depending on the load
current requirements.

sA
-H-T-K + v

vo

v*—°^->H—K—
i

—

H T - vo

I I

==
l
v+l>|v

-

92CS-32687

Fig. 1

7

—Capacitor-diode coupled voltage
multiplier output stages. (Note: Diode
D1 is necessary to prevent reverse
emitter-base breakdown of

transistor switch S^).
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Sa/Sb

r l

+ v

sA /sB
•-v

__ |v+|<|-v
|

92CS-32S78

Fig. 18—Single-ended inductor circuits where

the two outputs of the 1524 are con-

nected in parallel.

TABLE I • Input vs. Output voltage,

and Feedback Resistor Values for

lL = 40 mA. (For capacitor-diode

output circuit in Fig. 20)

Vo R2 V+ (min.)

(V) (kg) (V)

-0.5

-2.5

-3

-4

-5

-6

-7

-8

-9

-10

-11

-12

-13

•14

-15

-16

-17

-18

-19

-20

+ I5 VO

6 8

10 9

11 10

13 11

15 12

17 13

19 14

21 15

23 16

25 17

27 18

29 19

31 20
33 21

35 22

37 23

39 24

41 25

43 26
45 27

T~^r?

FULL BRIDGE !«t.w-3rtsi

Fig. 19— Transformer-coupled outputs.

APPLICATIONS
Capacitor-Diode Output Circuit

A capacitor-diode output filter is used in

Fig. 20 to convert + 15 Vdc to —5 Vdc at

output currents up to 50 mA. Since the

output transistors have built-in current

limiting, no additional current limiting is

needed. Table I gives the required

minimum input voltage and feedback
resistor values, R2, for an output voltage

92CM-32682

Fig. 20—Capacitor-diode output circuit.
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range of -0.5 V to -20 V with an output
current of 40 mA.

Single-Ended Switching Regulator

The CA1524 in the circuit of Fig. 21 has
both output stages connected in parallel
to produce an effective 0-90% duty cycle.
Transistor Q1 is pulsed on and off by
these output stages. Regulation is achiev-
ed from the feedback provided by R1 and
R2 to the error amplifier which adjusts the
on-time of the output transistors accor-
ding to the load current being drawn.
Various output voltages can be obtained
by adjusting R1 and R2. The use of an out-
put inductor requires an R-C phase com-
pensation network to stabilize the
system. Current limiting is set at 1.9
amperes by the sense resistor R3.

Flyback Converter
Fig. 22 shows a flyback converter circuit
for generating a dual 15-volt output at 20
mA from a 5-volt regulated line. Reference
voltage is provided by the input and the in-

ternal reference generator is unused. Cur-
rent limiting in this circuit is accomplish-
ed by sensing current in the primary line
and resetting the soft-start circuit.

Push-Pull Converter
The output stages of the CA1524 pro-
vide the drive for transistors Q1 and Q2 in

the push-pull application of Fig. 23. Since
the internal flip-flop divides the oscillator
frequency by two, the oscillator must be
set at twice the output frequency. Current
limiting for this circuit is done in the
primary of transformer T1 so that the
pulse width will be reduced if transformer
saturation should occur.

/+

+ 28 VQ-

(fe)

-©-

OOOI M F

O-

500^F

A/W-1

O.lfl

Fig. 21-

92CM-32683

-Single-ended LC switching regulator

circuit.

+ 5V O

—

f

ska
4-AAA/

—

i-

INI34IB

) }_ 0+ I5V

>30on SiMn

©

—0-ii INI34IB

-©—r>rr-
X 4= T^

o.ooimf

—

*

i—

1

i

<2O0n L.fsoT
< «J

0.1 uF 20-H

1—1
-Q-I5V

CORE: FEROX CUBE
22I3P-A250-387
OR EQUIVALENT

9?CM-32684

Fig. 22— Flyback converter circuit.
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92CM-3268S

Fig. 23-Push-pull transformer-coupled converter.

Low-Frequency Pulse Generator
Fig. 24 shows the CA1524 being used as a

low-frequency pulse generator. Since all

components (error amplifier, oscillator,

oscillator reference regulator, output
transistor drivers) are on the IC, a regulated

5 V (or 2.5 V) pulse of 0%-45% (or 0%-90%)
on time is possible over a frequency range
of 150 to 500 Hz. Switch Si is used to go
from a5-V output pulse (Si closed) to a 2.5-

V output pulse (Si open) with a duty cycle

range of 0% to 45%. The output frequency
will be roughly half of the oscillator

frequency when the output transistors are

not connected in parallel (75 Hz to 250 Hz
respectively). Switch S2 will allow both
output stages to be paralleled for an
effective duty cycle of 0%-90% with the

output frequency range from 1 50 to 500 Hz.

The frequency is adjusted by R-|; the duty
cycle is controlled by R2.

Efficient Laboratory Power Supply
The CA1524 as a highly-efficient

laboratory supply is shown in Fig. 25. The
output voltage can range from 7 to 30 volts

for an input voltage range from 33 to 40
volts. Output current of up to 5 amperes is

possible. The circuit operates as follows:

The two output transistors of the CA1524
are connected in parallel to achieve a

maximum duty cycle of 90%. They drive the

2N6650 p-n-p Darlington transistor. The
error amplifier's input terminal, pin 1, isfirst

adjusted to 3.4 volts through divider R3, R4
and R5. R4 is provided so the maximum
output can be varied. For this application,

the maximum output voltage is 30 volts. The
internal reference level of the CA1524's
reference regulator is varied, via R7, over
the amplifier's input span. This in turn

varies the comparator voltage at pin 9 from
a level of 0.5 to 3.8 volts, thus moving the

-L
VREFERENCE

10k OUTY CYCLE
ADJUSTMENT

L

ir^l

I
O.I/iF

SILVER'
MICA

ir

> I
VI/2SI

-OUTPUT la

I/2S2

OUTPUT 2a

SWITCH
OUTPUT
PULSES

DUTY
CYCLE

SI -5V 0-45%

S2 - 0-90 %
92CM-33244

Fig. 24-Low-frequency pulse generator.
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output section's on time. Since the
reference level is varied, the feedback
voltage will track that level and cause the
output voltage to change respectively in

track with the reference's change at pin 2.

Digital Readout Scale

The CA1524 can be used as the driving

source for an electronic scale application.
The circuit shown in Figs. 26 and 27 uses
half (Q2) of the CA1524 output in a low-
voltage switching regulator (2.2 V)
application to drive the LED's displaying
the weight. The remaining output stage

(Q-l) is used as a driver for the sampling
plates PL1 and PL2. Since the CA1524
contains a 5-volt internal regulator and a
wide operating range of 8 to 40 volts, a
single 9-volt battery can power the total

system. The two plates, PL1 and PL2, are
driven with opposite phase signals
(frequency held constant but duty cycle
may change) from the pulse-width

modulator IC (1524). The sensor, S, is

located between the two plates. Plates PL1

,

S and PL2 form an effective capacitance
bridge-type divider network. As plate S is

moved according to the object's weight, a
change in capacitance is noted between

PL1, S and PL2. This change is reflected as
a voltage to the ac amplifier (CA3160). At
the null position the signals from PL1 and
PL2 as detected by S are equal in

amplitude, but opposite in phase. As S is

driven by the scale mechanism down
toward PL2, the signal at S becomes
greater. The CA3160ac amplifier provides a
buffer for the small signal change noted at

S. The output of the CA3160 is converted to
a dc voltage by a peak-to-peak detector. A
peak-to-peak detector is needed, since the
duty cycle of the sampled waveform is

subject to change. The detector output is

filtered further and displayed via the
CA3161E and CA3162E digital readout
system, indicating the weight on the scale.

36 vDC .

D5-RC47649 -17c

m:

noo

SILVER
MICA

t T—•
T C5
=!=25uF

T^W— NON-
POLAR

R9-I5k
C9-33O0 p-p
( osc -20kHz

92CM-33243

Fig. 25-The CA1524 used as a OA-5A, 7-30-V laboratory supply.
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niu
OSCILLATOR

ss 20 KHz

( PART OF
CAI524) m \CED

"LTLTL FULL SCALE

PEAK TO
PEAK

DETECTOR

DISPLAY
DRIVE

( PART OF
CAI524)

DIGITAL
METER
AND

DISPLAY

Fig. 26-Basic digital readout scale.

9IOk 9IOk

t l (
* T M I

V^-MMr|-
"1 f 6.2k Ti,F T " F T"'

JUfJ L_ 1 L—v\Hf

92CL-33243

Fig. 27-Schematic diagram of digital readout scale.
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73-

60-

40-

20-

92CS-33326

Dimensions and pad layout for CA3524H chip.

Dimensions in parentheses are in millimeters

and are derived from the basic inch dimensions

as indicated. Grid graduations are in mils (10-3

inch).

The layout represents 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. 1 7 mm) larger in

both dimensions.

r
FAIRCHILD FND507 0R EQUIVALENT

Fig. 27-Schematic diagram of digital readout scale.

542



Power Control Circuits

H-1787

8-Lead TO-5

DIL-CAN

8-Lead Dual-In

(MINI

Line Plastic

DIP)

CA3085, CA3085A, CA3085B Types

Positive Voltage Regulators

For Regulated Voltages from 1.7 V to 46V
at Currents up to 100mA

Features

Up to 100mA output current

Input and output short-circuit protection

Load and line regulation: 0.025%

Pin compatible with LM100 Series

Adjustable output voltage

Applications

Shunt voltage regulator

Current regulator

Switching voltage regulator

High-current voltage regulator

Combination positive and negative

voltage regulator

Dual tracking regulator

RCA-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.

A block diagram of the CA3085 Series is shown in Fig. 1.

The diagram shows the connecting terminals that provide

access to the regulator circuit components. The voltage re-

gulators provide important features such as: frequency

compensation, short-circuit protection, temperature-

compensated reference voltage, current limiting, and booster

input. These devices are useful in a wide range of applications

for regulating high-current, switching, shunt, and positive and

negative voltages. They are also applicable for current and

dual-tracking regulation.

The CA3085A and CA3085B have output current

capabilities up to 100 mA and the CA3085 up to 12 mA
without the use of external pass transistors. However, all the

devices can provide voltage regulation at load currents greater

than 100 mA with the use of suitable external pass

transistors. The CA3085 Series has an unregulated input

voltage ranging from 7.5 to 30 V (CA3085), 7.5 to 40 V

(CA3085A), and 7.5 to 50 V (CA3085B) and a minimum re-

gulated output voltage of 26 V (CA3085), 36 V (CA3085A),

and46V(CA3085B).

The CA3085A is unilaterally interchangeable with the

CA3055.

These types are supplied in the 8-lead TO-5 style package

(CA3085, CA3085A, CA3085B, and the 8-lead TO-5 with

dual-in-line formed leads ("Dl 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).

V|N VOUT Max Max. Load

Type Range Range 'OUT Regulation

V V mA . % VQUT

CA3085 7.5 to 30 1 8 to 26 12' 0.1

CA3085A 7.5 to 40 1.7 to 36 100 0.15

CA3085B 7.5 to 50 1.7 to 46 100 0.15

This value may be extended to 100mA; however,
regulation is not specified beyond 12mA.

COMPENSATION AND
EXTERNAL INHIBIT

-
E

vREfi(t)(t) !5?0T

REGULATED
" 'OUTPUT

CURRENT
LIMITING

Fig. 1-Block diagram of CA3085 Series.
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MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES at TA = 25°C

POWER DISSIPATION: WITHOUT HEAT SINK

uptoTA = 55°C

above TA

630 mW
55°C derate linearly @6.67 mW/°C

WITH HEAT SINK (TO-5 ONLY)

up to Tc = 55°C

above Tc = 55°C

TEMPERATURE RANGE:
Operating -55 to +125°C

Storage -65 to +1 50°C

UNREGULATED INPUT VOLTAGE:
CA3085 30 V

CA3085A 40 V

CA3085B 50 V

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 t 1/32 inch (1.59 i 0.79mm)
from case for 10 seconds max +265°C

, 1.6 W
. derate linearly at

16.7mW/°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 No. 7 and horizontal Terminal No. 1 is +3 to -10 volts.

MAXIMUM VOLTAGE RATINGS

TERM-
INAL
No.

5 6 7 8 1 2 3 4

"Voltages are not normally

applied between these

terminals; however, voltages

appearing between these

terminals are safe, if the

specified voltage limits

between all other terminals

are not exceeded.

J 30 V for CA3085

40 V for CA3085A
50 V for CA3085B

5 -
+5

-5
• • • •

+ 10

6 - - • • • • •

7 - - - +3

-10

+3

-10

• +t

8 - - - - +5

-1

•

1
+ 10 +i

2
+1

3

4 Substrate
& Case

MAXIMUM
CURRENT RATINGS

TERM
INAL
No.

<IN
mA

'OUT
mA

5 10 1.0

6 1.0 -0.1

7 1.0 -1.0

8 0.1 10

1 20 150

2 150 60

3 150 60

4 - -

V+IN®-

VREF
ALL RESISTANCE VALUES
ARE IN OHMS

V (4

SUBSTRATE'

INV CURRENT REGULATED
INPUT LIMITING OUTPUT

Fig.2-Schematic diagram of CA3085 Series.
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ELECTRICAL CHARACTERISTICS

CHARACTERISTICS SYMBOL

TEST CONDITIONS LIMITS

UNITS
Tett

Circuit

TA =25°C

[Unless indicated otherwise]

CA308S CA3085A CA3085B

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX.

Fig. No.

Reference Voltage VREF 4 V
+
|N = 15V 1.4 1.6 1.8 1.5 1.6 1.7 1.5 16 1.7 V

Quiescent Regulator

Current 'quiescent 4

V
+

| N = 30V - 3.3 4.5 - - - - - -

mAV+
IN

= 40V - - - - 3.65 5 - - -

V
+
|N = 50V " - " - - - - 4 05 7

Input Voltage Range V|(\|(range) - - 7.5 - 30 7 5 - 40 7.5 - 50 V

Maximum Output

Voltage
Vrjlmax ) 4

V
+
|N = 30,4U,50V#;R L = 365H;

Term. No. 6 to Gnd.
26 27 - 36 37 - 46 47 " V

Minimum Output

Voltage
Volmin.) 4 V

+
|N= 30V - 16 1.8 - 1.6 17 " 1.6 1.7 V

Input Output Voltage

Differential
V|N VOUT " " 4 ^ 28 4 - 38 35 - 48 V

Limiting Current 'LIM 7
V
+

| N = 16V, V +
0UT= 10V

rSCp-= en
^ 96 • 120 - 96 120 " 96 120 mA

Load Regulation -

-
l L = 1 to 100mA, RSCP = ° - - - - 0025 0.15 " 0025 0.15

%V0UT"
l(_ = 1 to 100mA, RSCP = °

TA = 0°C to +70°C
- - - - 0035 0.6 " 0.035 0.6

-
l L = 1 to 12mA, RSCP= ° - 0003 0.1 - - - " - "

Line Regulation -

-
l L = 1 mA, RSCP= - 0.025 0.1 - 0025 0.075 - 0.025 004

%/v
"

l L = 1mA, RsCP=

TA = 0°Cto+70°C
- 004 0.15 - 0.04 0.1 - 0.04 0.08

Equivalent Noise

Output Voltage
VNOISE 11 V

+
|N = 25V

CREF= o - 0.5 - - 05 - " 0.5 "

mVp-p
C RE F= 0.22pF - 0.3 - - 03 - - 0.3 -

Ripple Rejection - 12
V
+
|N = 25V

f = 1kHz

CREF= o - 50 - - 50 - 45 50 -
dB

CreF= 2uF - 56 - - 56 - 50 56 -

Output Resistance ro 12 V
+
|N = 25V, f = 1kHz - 0075 1.1 - 0075 0.3 - 0.075 0.3 n

Temperature Coef

ficient of Reference

and Output Voltages

AVref,
AV

-
| L = 0, Vref = 1.6V - 00035 - ~ 0.0036 ^ - 0.0035 - %/°c

Load Transient

Recovery Time:

Turn On tON
16

V
+
|N = 25V, +50mAStep 1 1 1 MS

Turn Off lOFF V
+
|N - 25V, -50mA Step - 3 - - 3 - - 3 - MS

Line Transient

Recovery Time:

Turn On 'ON 08 0.8 0.8 MS

Turn Off 'OFF - " 0.4 - - 0.4 1 - - 04 " MS

#30V (CA3085), 40VICA3085A), 50V(CA3085B)
* RSCP: Short-circuit protection resistance

• Load Regulation * Line Regulation = 'OUT'

' VOUT(.nitial|l
(AV

IN>

v0UT = 35v ,o20v (0 TO 90mA)

REGULATION = 2% (LINE AND LOAD)

RIPPLE < 0.5 mV AT FULL LOAD

Fig.3-Application of the CA3085 Series in a typical power

supply.
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TEST CIRCUITS AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES

'QUIESCENT

TEST

VREF.

'quiescent

Vqut (MAX.)

Vqut (MIN.)

*l V|N

CONNECT
TERM. NO. 6

00 U OPEN

00 40 OPEN

3650 40 GROUND

10 k 30 TERM. NO. t

100 pF

OPEN

OPEN

CLOSED

OPEN

t—

O

VOUT

92CS-I8094

Fig.4-Test circuit for VREFf /quiescent, VoUTf™*)-
VQUT(min)-

•V0UT = 1.6

"THE LIMITING CURRENT IS

INVERSELY PROPORTIONAL TO
RSCP (SHORT CIRCUIT PROTECTION RESISTANCE)

Fig.7— Test circuit for limiting current

10 20 30 40
INPUT VOLTS IV*)

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE" (TA )— • C
9ZCS-I8098

Fi9-5-lquiescent •*• W/V F'9-8-l(_IM vs. TA .

ou, j_.e--*""

o£ *" - ± :
SP - - „ i
n*t ..Z ... _ ~H"

"jfos f\

-55 -50 -25 ' 25 50 75 100 125
AMBIENT TEMPERATURE (TA )

— 'C

92CS- 18096

Fig.6-Normalized Iquiescent vs. Ta-

20 40 60 80 100
LOAD CURRENT <IL)— mA

92CS-I73SI

Fig.9—Load regulation characteristics.
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Fig. 10— Line regulation temperature characteristics.

92CS-I8099

Fig. 1 1—Test circuit for noise voltage.

92CS-I9000

TEST PROCEDURES FOR TEST CIRCUIT FOR
RIPPLE REJECTION AND OUTPUT RESISTANCE

Output Resistance

Conditions

1. V| N = +25 V, Cref = O. Short Ei

2. Set Eg2 at 1 kHz so that E2 = 4V rms

3. Read Vquj on 3 VTVM, such as a Hewlett-Packard.

HP400D or equivalent

4. Calculate R uT ,rom ROUT = vOUT ( R L/E2 )

Ripple Rejection — I

Conditions

1. V| N = + 25V, Cref = O. Short E2

2. Set E S i at 1 kHz so that E1 = 3V rms

3. Read Vqut ° n a VTVM. such as a Hewlett-Packard, HP400D
or equivalent

4. Calculate Ripple Reaction from 20 log (Ej/VoutI

Ripple Rejection - II

Conditions:

1 Repeat Ripple Reaction I with Cref - 2 jjF

Fig. 12- Test circuit for ripple rejection and output resistance.

FREQUENCY (»)— kHz

Fig. 13-r vs. f.
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; 'Ml
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Fig. 14—Normalized r vs. T/\.
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DCCtDCurr ir\ -r

'""

£j -- LOAD CURRENT (II) =0

> 1-0.3 1- zz.~A

i>
8 tWtWm^^

3 I

a2 ::::::::::: X ------

wd o.i
:

-,z-::::::::::::::::
o> - -- _ _ ^ ,

z 4

<r? ,* ' _ _

fig °:::::::::::::::~~ a -::::::::::::::::::::::::
£° : - -—.* c

^oil|j| UJfn llllllllllllllllH
ao ,2

i i.nj ,? --

<) <3 jt _

-Q-3 x- z::_::__: :::::::
-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE <TA )— *C

92CS-I7346

Fig. 15- Temperature coefficient of VftEF and vOUT

40 60 80 100

OUTPUT Ml LUAMPERES UOUT)
92CS-I9O02

Fig.)'?'-Dissipation limitation (Vin-VquT •*. IOUT}'

100 J/F

<^^

OVquT'ISV

'PULSE

t 1/zs/cm 92CS-I900I

Fig. 16— Turn-on and turn-off recovery time test circuit with

associated waveforms.
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TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES

&
(UNREGULATED
SUPPLY) &

1
*R) AND f»2 SELECTED FOR
DESIRED OUTPUT

92CS-I9003

Fig. 18-Typical high-current voltage regulator circuit.

R LIMIT

200»A*IL -2A

01 ANY N-P-N SILICON TRANSISTOR
THAT CAN HANDLE A 2A

LOAD CURRENT SUCH AS

RCA-2N3772 OR EQUIVALENT

92CS-I9004

Fig. 19- Typical current regulator circuit.

+^: 2/^(50 V)

_L ALL RESISTANCE VALUES
ARE IN OHMS 92CS-I9006

ALL RESISTANCE VALUES ARE IN OHMS

Ql RCA-2N2102 OR EQUIVALENT

Q2 ANY P-N-P SILICON TRANSISTOR
(RCA-2N5322 OR EQUIVALENT)

Q3 ANY N-P-N SILICON TRANSISTOR THAT CAN
HANDLE THE DESIRED LOAD CURRENT
(RCA 2N3772 OR EQUIVALENT)

*vOUT i^f)
•R$CP SHORT-CIRCUIT

PROTECTION RESISTANCE

Fig.21—Combination positive and negative voltage regulator

circuit.

Dl RCA-1N1763A OR EQUIVALENT
Ql RCA-2N5322 OR EQUIVALENT

•Rl = 0.7 l L (MAX.)

Fig.20— Typical switching regulator circuit.
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CA3058, CA3059, CA3079

CA3058

H-1553

14-Lead Dual-ln-Line

Ceramic Package

CA3059
CA3079

14-Lead Dual-ln-Line

Plastic Package

Zero-Voltage Switches

For 50/60 and 400 Hz Thyristor Control Applications

Applications:

Relay control

Valve control

Synchronous switching of flashing lights

On-off motor switching
Differential comparator with self-contained power supply for industrial
applications

Photosensitive control

Power one-shot control

Heater control

Lamp control

The RCA-CA3058, CA3059, and CA3079 zero-voltage
switches are monolithic silicon integrated circuits designed
to control a thyristor in a variety of AC power switching
applications for AC input voltages of 24 V, 1 20 V, 208/230 V,

and 277 V at 50/60 and 400 Hz. Each of the zero-voltage
switches incorporates 4 functional blocks (see Fig. 1) as
follows:

1. Limiter-Power Supply — Permits operation directly
from an AC line.

2. Differential On/Off Sensing Amplifier — Tests the
condition of external sensors or command signals.

Hysteresis or proportional-control capability may easily

be implemented in this section.
3. Zero-Crossing Detector — Synchronizes the output

pulses of the circuit at the time when the AC cycle is at

zero voltage point; thereby eliminating radio-frequency
interference (RFI) when used with resistive loads.

4. Triac Gating Circuit— Provides high-current pulses to

the gate of the power controlling thrysistor.

In addition, the CA3058 and CA3059 provide the following

important auxiliary functions (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 connected to Terminal 1.

3. High-power dc comparator operation is provided by
overriding the action of the zero-crossing detector.
This is accomplished by connecting Terminal 12 to

Terminal 7. Gate current to the thyristor is continuous
when Terminal 13 is positive with respect to Terminal 9.

For an explanation of these functions see Operating
Considerations, page 11. For detailed application
information, see companion Application Note, ICAN-6182,
"Features and Applications of RCA Integrated-Circuit
Zero-Voltage Switches (CA3058, CA3059, and CA3079)".

The CA3058 is supplied in a hermetic 14-lead dual-in-line

ceramic package. Types CA3059 and CA3079 are supplied
in 14-lead dual-in-line plastic packages. The CA3079 is also

available in chip form (H suffix).

Features

24V, 120V, 2081230V, 277V at 50 60, or 400 Hz operation

.

m Differential Input ,

Low Balance Input Current (max.) -/jA

Built-in Protection Circuit for

opened or shorted sensor ( Term. 14)

Sensor Range (Rx) - /cO.

DC Mode (Term 12)

External Trigger (Term 6)

External Inhibit ( Term 1)

DC Supply Volts (max.)

Operating Temperature Range - ° C

CA3058 CA3059 CA3079

V V V
V V V
1 1 2

V V
2 fo 100 2 to 100 2 to 50

V V
V V
V V
14 14

-55 to +125
10
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MAXIMUM RATINGS,
Absolute-Maximum Values at T^ = 25°C

DC SUPPLY VOLTAGE (BETWEEN TERMS. 2

AND 7):

CA3058, CA3059 1 4 v

CA3079 10 v

DC SUPPLY VOLTAGE (BETWEEN TERMS. 2

AND 8):

CA3058, CA3059 14 V

CA3079 10V

PEAK SUPPLY CURRENT (TERMS. 5 AND 7)

±50 mA
OUTPUT PULSE CURRENT (TERM. 4)

150 mA

POWER DISSIPATION:

Up to TA=75°C - CA3058 700 mW
Up to TA=55°C

- CA3059,CA3079 ... 700 mW
Above TA=75°C - CA3058

Derate Linearly 8 mW/°C

Above TA=55°C - CA3059,CA3079
Derate linearly 6.67 mW/°C

AMBIENT TEMPERATURE RANGE:

Operating -55 to +125°C

Storage -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):

Atadistance 1/16" ± 1/32" (1.59 ± 0.79 mm)

from case for 10 seconds max +265°C

MAXIMUM VOLTAGE RATINGS atTA = 25°C

MAXIMUM
CURRENT
RATINGS

TERM-
INAL

NO.

1

Mote
3

2 3 4 5
Note

1

6
Note
3

7 8 9 10 11 12
Note
3

13 14
Note
2,3

>IN

mA

'out

mA

1

Note 3

• • * *
15 10

-2

» * * * f * *
10 0.1

2
-15 -15

2

-14 -14

0*
-14

o*
-14 -14 -14 -14

*

-14 -14

150 10'

3
-15

• * * • * * * * * * *

4
*

2

-10

* * * * * * *
0.1 150

5
Note 1

*
7

-7

* * * * * * * 50 10

6
Note 3

14
* * * • * • * *

7
14

*
20 2.5

h2.5

14 6

-6

* *

8
10

* * * * * 0.1 2

9
* * * * * * *

10
* * * * * *

11
* * * * *

12
Note 3

*
50 50

13
* * *

14
Note 3

2 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.

AForCA3079 (0 to -10 V).

•Voltages are not normally applied between these terminals; however, voltages appearing

between these terminals are safe, if the specified voltage limits between all other terminals

are not exceeded.
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©«•

NEGATIVE TEMPERATURE COEFFICIENT

AC Input Voltage

(50/60 or 400 Hz)

VAC

Input Series

Resistor (Rg)

k n

Dissipation Rating

forRS

W

24

120

208/230

277

2

10

20

25

0.5

2

4

5

NOTE.

Circuitry, within snaded areas, not included in

CA3079

See chart

» IC = Internal Connection - - DO NOT USE
(Terminal Restriction applies only
to CA3079).

Fig. t-Functional block diagram of CA3058, CA3059, and CA3079.

Fig. 2-Schematic diagram of CA3058, CA3059, and CA3079.

ELECTRICAL CHARACTERISTICS *For al1 types, unless indicated otherwise)

All voltages are measured with respect to Terminal 7.

CHARACTERISTIC

TEST CONDITIONS
TA = 25°C

(Unless Indicated Otherwise) LIMITS UNITS

Min. Typ. Max.

For Operating at 120 V rms, 50-60 Hz (AC Line Voltage)*

DC Supply Voltage, Vg
Inhibit Mode
At 50/60 Hz Rs = 8kft, l L

= 6.1 6.5 7 V
At 400 Hz Rs = 10kft, l L = - 6.8 - V
At 50/60 Hz R s = 5kft, l L

= 2mA - 6.4 - V
Pulse Mode
At 50/60 Hz R s =8kft, l L = 6 6.4 7 V
At 400 Hz Rs = 10kft, l L = - 6.7 - V
At 50/60 Hz Rs = 5kJ2, l L = 2mA - 6.3 - V
At 50/60 Hz (CA3058)

See Fig. 3
Rs = 8kft, l L =

TA = -55to+125°C
5.5 - 7.5 V
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ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise)

All voltages are measured with respect to Terminal 7.

(Cont'd)

CHARACTERISTIC

TEST CONDITIONS
TA = 25°C

(Unless Indicated Otherwise) LIMITS UNITS

Min. Typ. Max.

For Operating at 120 V rms, 50-60 Hz (AC Line Voltage)*

Gate Trigger Current, IGt
See Figs. 4, 5(a)

Terms. 3 and 2 connected,

vGT = 1 V
- 105 - mA

Peak Output Current (Pulsed),

'OM
(4)

With Internal Power Supply

Term. 3 open, Gate Trigger

Voltage (VGT ) =
50 84 - mA

Terms. 3 and 2 connected,

Gate Trigger Voltage (VGy)=0
90 124 - mA

With External Power Supply

See Figs. 5, 6

Term. 3 open, V+=12 V, VGT=0 - 170 - mA
Terms. 3 and 2 connected,

V+=12 V, VGT = - 240 - mA

Inhibit Input Ratio, V9/V2
All Types Voltage Ratio of Term. 9 to 2 0.465 0.485 0.520
CA3058

See Fig. 7

TA = -55to+125°C 0.450 — 0.520 —

Total Gate Pulse Duration:*

For positive dv/dt, tp

50-60 Hz cEXT = o 70 100 140 lis

400 Hz CEXT = 0, R EXT = °° - 12 - MS
For negative dv/dt, t^

50-60 Hz CEXT = 70 100 140 MS
400 Hz

See Fig. 8
CEXT = 0, R EXT = ~ — 10 — MS

Pulse Duration After Zero

Crossing (50-60 Hz):

For positive dv/dt, tp^ CEXT=0
REXT = oo

50 US
For negative dv/dt, t|yj-j

See Fig. 8

— 60 — MS

Output Leakage Current, I4

Inhibit Mode:

All Types 0.001 10 ma
CA3058
See Fig. 9

TA = -55to+125°C — — 20 ma

Input Bias Current, l|

CA3058, CA3059 220 1000 nA
CA3079
See Fig. 10

— 220 2000 nA

Common-Mode Input

Voltage Range, Vqmr Terms. 9 and 13 connected _ 1.5 to 5 V
Sensitivity, AV^^
(Pulse Mode)

See Figs. 5(a), 12

Term. 12 open - 6 - mV

"Required voltage change at Term. 1 3 to either turn OFF the triac when ON or turn ON the triac when OFF.
*Puise duration in 50 Hz applications is approximately 15% longer than shown in Fig. 8(b).

*c
r

f

h
S4V

U
9nfl^ri

n
v/

the
H'S?™'

Charac*»rj «ti" Chart at ^O V also apply for operation at input voltagesof 24 V, 208/230 V, and 277 V, except for Pulse Duration. However, the series resistor (Ro) must ha7ethe indicated value, shown in the chart in Fig. 1 , for the specified input voltage.
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PULSE 4.6 k

t-o

*~o

Fig. 3(a)—DC supply voltage test circuit for

CA3058, CA30S9, and CA3079.

120 VRM
AMBIENT

S, 50/SO-H, OPERATION H |-f \"S"
:
"

:S :

TEMPERATURE (TA) . 25° C [ . _ _ J^t

4^*i"^ : :±tt±^tt -#; ;±:<

j^^.Mit:::^

j 43xt~
£ -+•+

x -i\-

*
A 5

~+++~~

-t±
3.5 -M" -T-

T T tl— 1— -*" -
1 !

EXTERNAL LOAD CURRENT (lL ) - mk 9>SS-<?5J

Fig. 3(c)—DC supply voltage vs. external load
current for CA3058, CA30S9, and CA3079.

OSCILLOSCOPE

- RESISTANCE VALUES ARE IN OHMS

Fig. 5(a)—Peak output (pulsed) and gate trigger current with

internal power supply test circuit for CA3058,
CA3059, and CA3079.

O—W—©-
120V RMS

60 Hi

o -©-

ALL RESISTANCE
VALUES ARE
IN OHMS

OSCILLOSCOPE
WITH
HIGH-GAIN
INPUT

Fig. 6(a)—Peak output current (pulsed) with external power
supply test circuit for CA3058 and CA3059.

I "XX
INPUT RESISTANCE (

R

s ) -10

NO EXTERNAL LOAD

> °°

5 675
O>

a. 6.50

sQ$

4-144- 1116 25

<

£6.00

5.75

nil PT
1 1 1 1 1 1 1 1 1 1 1 1

-75 -50 -25 50 75 100 125

AMBIENT TEMPERATURE (TA I—*C

Fig. 3(b)—DC supply voltage vs. ambient temperature

for CA3058, CA3059. and CA3079.

GATE TRIGGER VOLTS (VGT )

Fig. 4—Gate trigger current vs. gate trigger

voltage for CA3058, CA3059, and CA3079.

£ -)--4-t-T- := ==t--t4>. =-. ,ERW. 3 opff, \-4

= -| 4-*--h -+-—hfTTr""+ = ;:

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA I— "C

92CS-I8066

Fig. 5(b)—Peak output current (pulsed) vs.

ambient temperature for CA3058,
CA3059, and CA3079.

120 V RMS. 50/60-Hi

AMBIENT TEMPERA
-— GATE TRIGGER VO TAGE (VGT ) . V -J—U--ipX 1 W+

~
tr — ~ :i5r 1 L 1

* 4: ::^4±
S "T'T'jS"?S fitt ~=t ySt :rtt: :±± tHt

-f- -H--H-

. POWER SUPPLY VOLTS ('

Fig. 6(b)—Peak output current (pulsed) vs.

external power supply voltage

for CA3058 and CA3059.
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Fig. 6(c)—Peak output current (pulsed) vs. ambient
temperature for CA3058 and CA30S9.

Fig. 8(aj—Oaie puise duration test circuit with associated

waveform for CA30S8. CA3059, and CA3079.

EXTERNAL CAPACITANCE I C/EXT)'- " F <:;s-^:

Fig. 8(c)—Pulse duration after zero crossing vs.

external capacitance for CA3058,
CA3059, and CA3079.

ALL RESISTANCE VALUES
ARE IN OHMS

Fig. 7(a)—Input inhibit voltage ratio test circuit for

CA3058, CA3059, and CA3079.

-50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA )
— *C

92CS ISO«T

Fig. 7(b)—Input inhibit voltage ratio vs. ambient

temperature for CA3058, CA30S9,
and CA3079.

32 03 0.04 0"05 04 07 0.08 OM

PXTERNAL CAPACITANCE IOfxt\I -w P oors-ifto"

Fig. 8lb)-Total gate pulse duration vs. external

capacitance for CA3058, CA3059,
and CA3079.
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—Vi !
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'
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v \ 1 !
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! TnT^^!
" 'p (POS

1 i r^*^-
1 4

1

^^^^ TIVE d> di)
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«
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1 1

RESISTANCE JR(E XT)j -HI

Fig. 8(d)-Total gate pulse duration vs.. external

resistance for CA3058 and CA3059.
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I00 9

LJ 2

-120 V RMS 50
-INPUT RESISTANCE (R s )M00kfl

< 8

< 4

<

o 2

0.1

-80 -60 -40 -20 20 40 60 80 100 i20 140

AMBIENT TEMPERATURE (TA )— °C

'O—<»>

Fig. 9-Output leakage current (inhibit mode) vs.

ambient temperature for CA3058, CA3059,
and CA3079.

Fig. 10—Input bias current test circuit for CA30S8,
CA3059, and CA3079.
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1 20°

C

60 HiJ

1 tfORMEGATWE

i ^^_ ,
——-— __J.

"

I
' 00

(A/^**v^
-4 --

GOO

f

i= 400

w 200

220
INPU

J RMS.

r RESIS

50/60-H* OPERATION

TANCE lRs)=20kH

1

-

1

6 _

FREQUENCYCURVE

8

C

D

50

50
60

!J
tp(F0R POSl-

z"l iN (F0»NEi5A-

0. 32 004 006
EXTERNAL CAPACITANCE —

008

EXTERNAL CAPACITANCE— u

(a)

11

lo

600

400

2O0

220 V RMS, 50/60-Hi OPERATION
INPUT RESISTANCE lRs ) = IOkfl

,

t "0

1

CURVE FREQUENCY
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Fig. 1 1 —Relative pulse width and location of zero crossing for 220-volt operation for CA3058, CA3059,
and CA3079.
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a

3 20

<

-J TERMS. 7 AND 12 CONNECTED!;. J-Mj^JjaMJL

-75 -50 -25 75 KJO 125

92CS-IB072

Fig- 12—Sensitivity vs. ambient temperature
for CA30S8, CA3059, and CA3079.

1

1

5 !5sS

::i

-T 13/ OPERATION

1

1

"TTT

AMBIENT TEMPERATURE -°C

Fig. 13—Operating regions for built-in protection
circuit for CA3058 and CA30S9.
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Power Control Circuits

CA3058, CA3059, CA3079

- L K?>

ion "067 r, c,

R,(MAX VALUE ALLOWABLE). I Mil

Fig. 14—Line-operated one-shot timer.
Fig. 15—Line-operated thyristor control time

delay turn-on circuit.

Fig. 16—On/off temperature control circuit with

delayed turn-on.

T2300B
MAX L0AD = 2.5A

PULSE GENERATOR
CA3097E

THYRISTOR/TRANSISTOR
ARRAY

-0-H.

-0-H.

-@H'
TERMINAL 1 GOES HIGH

(LOGIC "I") AFTER 2048
PULSES ARE APPLIED
TO TERMINAL 10

FOR 8HR. DELAY:
Rl «I2 MO
CI » 2 M F

(7) <3) (») (8) (jo) 3) C,,=

I KQ.< " " '

~

R4
10 KQ

92CM-267I7

F/</. 17(a)—Line-operated IC timer for long time periods.
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Linear Integrated Circuits

CA3058, CA3059, CA3079

SENSOR
ILLUMINATION

COUNTER
RESET

-T
i

(TERM. NO.II^r
WF CD404(Vj

"DAY"

-a—

"CLOCK" /TERM. NO. 9 \ I PULSE PER/SEC.—!
PULSES V0FCA3097E^

COUNTER (TERM. NO. I \
OUTPUT V0FCD4040y

JTERM. NO. 6 OF CA3059 1

(TERM. NO. 5 OF CA3Q97E

)

fTERM. NO. 4 OF CA3059}

(POWER IN LOAD J

"NIGHT"

-e.g.,8HRS-

-»

Fig. 17(b)— Timing diagram for Fig. 17(a).

Fig. 18(a)—Programmable ultra-accurate line-operated timer.
(Programmable over the range from 0.5333
seconds to 2 minutes, 16 seconds in 0.5333-
second increments)
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Power Control Circuits

CA3058, CA3059, CA3079
Time Periods

(t = 0.5333 s)
1 t 2t 4t 8t 16t 32 t 64t 128 t to

Terminals

CD4020A a b c d e f g h

CD4048A A B C D E F G H

C NC NC NC NC NC NC NC 1

1

NC C NC NC NC NC NC NC 2t

C C NC NC NC NC NC NC 3t

NC NC C NC NC NC NC NC 4t

C NC C NC NC NC NC NC 5t

NC C C NC NC NC NC NC 6t

C C C NC NC NC NC NC 7t

NC NC NC C NC NC NC NC 8t

C NC NC C NC NC NC NC 9t

NC C NC C NC NC NC NC 10 t

C C NC C NC NC NC NC 11 t

NC NC C C NC NC NC NC 12 t

C NC C C NC NC NC NC 13 t

NC C C C NC NC NC NC 14 t

C C C C NC NC NC NC 15 t

C C C C NC C C NC 111 t

NC NC NC NC C C C NC 112 t

C NC NC NC C C C NC 113 t

255 t

Notes:

t = Total time delay = ni t + rt2 1 + . . . n n t.

C = Connect. For example, interconnect terminal a of the CD4020A and terminal A
of the CD4048A.

NC = No Connection. For example, terminal b of the CD4020A open and terminal B
of the CD4048A connected to +VDD bus.

Fig. 18lb)— "Programming" table for Fig. 18(a).

AC
SUPPLY
VOLTAGE

CA3059
OUTPUT
(PINS 4 AND 6)

CD4048A
OUTPUT

WWW\,
JUUULJlXfUUl^

#

v- WW^Ar-
92CS-25988

Fig. 18(c)— Timing diagram for Fig. 18(a).
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Linear Integrated Circuits

CA3058, CA3059, 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 a5 kfi

dropping resistor.

2. Set the value of Rp and sensor resistance

(Rx ) between 2 kft and 100 kfi.

3. The ratio of Rx to Rp, typically, should
be greater than 0.33 and less than 3. If

either of these ratios is not met with an
unmodified sensor over the entire antici-

pated temperature range, then either a

series or shunt resistor must be added to

avoid undesired activation of the circuit.

If operation of the protection circuit is de-

sired under conditions other than those

specified above, then apply the data given

in Fig. 13.

External Inhibit Function for the CA3058
and CA3059
A priority inhibit command may be applied

to Terminal 1 . The presence of at least +1 .2 V
at 10 juA will remove drive from the thyristor.

This required level is compatible with DTL
or T^L 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.

For a list of RCA thyristors, see RCA Thyristor

Data Bulletin, File No. 406, dated 5-75.

52-60
(I.32I-I.524)

92CS-3329I

Dimensions in parentheses are in millimeters and
are derived from the basic inch dimensions
as indicated. Grid gradations are in mils f10~3 inch).

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 and pad layout for CA3059H.
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Differential Amplifiers

Technical Data

Page

CA3000 562

CA3001 569

CA3004 575

CA3005 581

CA3006 581

CA3007 588

CA3026 See Page 354

CA3028 593

CA3040 604

CA3049 See Page 372

CA3050 See Page 410

CA3051 See Page 410

CA3053 593

CA3054 See Page 354

CA3102 See Page 372
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Linear Integrated Circuits

CA3000

10-LeadTO-5

DC Amplifier

Features:

Designed for use in Communica-
tion, Telemetry, Instrumentation,

and Data-Processing Equipment
m Balanced differential-amplifier con-

figuration with controlled constant-

current source to provide outstand-

ing versatility

Built-in temperature stability for

operation from -55° C to +125°

C

m Companion Application Note, ICAN
5030 "Applications of RCA CA3000
Integrated Circuit DC Amplifier"

covers characteristics of different

operating modes, frequency consid-

erations, 10 MHz narrow band
tuned amplifier design, crystal oscil-

lator design, and many other appli-

cation aids

i Input impedance - 195 kCl typ.

i Voltage gain - 37 dB typ.

i Common-mode rejection ratio -

98 dB typ.

i Input offset voltage - 1.4 mV typ:

i Push-pull input and output
i Frequency capability - DC to 30
MHz (with external C and Ft)

Wide AGC range - 90 dB typ.

Applications

Schmitt trigger

u RC-coupled feedback amplifier

m Mixer
u Comparator
m Modulator

Crystal oscillator

Sense amplifier

92CS-I2979

Fig. 1 — Schematic Diagram
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Differential Amplifiers

CA3000

ABSOLUTE-MAXIMUM VOLTAGE LIMITS, at TA = 25°C

Indicated voltage limits for each terminal can be used under

specified voltage conditions for other terminals

All voltages are with 'respect to ground (common terminal of Positive and Negative DC Supplies)

TERMINAL

VOLTAGE LIMITS CONDITIONS

NEGATIVE POSITIVE TERMINAL VOLTAGE

2

1
-2 +2

3

6

9

-6

+ 6

1

2 -8
3

6

-8

9' + 6

1

1

3 -10
2

6

9 +6

1

4 -8
2

6

9 +6

1

2

5 -6 3

6

9

-6

+ 6

TERMINAL

VOLTAGE LIMITS

NEGATIVE

CASE

POSITIVE

+2

CONDITIONS

TERMINAL VOLTAGE

-6

+6

NO CONNECTION

+ 6

+ 10

+ 6

-6

-6

-6

Internally Connected to Terminal

No. 3 (Substrate) DO NOT GROUND

OPERATING-TEMPERATURE RANGE

STORAGE-TEMPERATURE RANGE

LEAD TEMPERATURE (During Soldering!'.

At distance 1 / 1 d ± I -'2 inch ( 1
.^ l

> - 0.7 l>mtn)

from case for 10 seconds mas

MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE

MAXIMUM COMMON MODI INPUT SIGNAL \ GETAGE

MAXIMUM DEVICE DISSIPATION

From -55°C to S5°C

Above X5°C

-5?°Uto+i;S°C'

4^°C to +I5()
{\

->5 k C

l 4 V

4?L)

Delate * mW °C
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Linear Integrated Circuits

CA3000

ELECTRICAL CHARACTERISTICS, at TA 25°C, Vqc = +6V, Vee = -6V, unless otherwise specified

CHARACTERISTICS SYMBOLS

TEST

CIRCUITS

LIMITS TYPICAL
SPECIAL TEST CONDITIONS

Terminals No.4 & No.5 Not

Connected Unless Specified

TYPE

CA3000

CHARAC-

TERISTICS

CURVES

Fig. Min. Typ. Max. Units Fig.

STATIC CHARACTERISTICS

Input Offset Voltage vio . 1.

4

5 mV 2
Input Offset Current Ho _ 1.

2

10 MA 2
Input Bias Current IlB _ 23 36 mA 3

Quiescent Operating

Voltage

V8

or

VIO

TERMINALS

4 5

NC NC - 2.6 _ V 4
NC VEE - 1.2 _ V 4
VEE NC - -1.5 _ V 4
VEE VEE - 0.6 - V 4

Device Dissipation PD NC NC - 30 _ mW NOME
DYNAMIC CHARACTERISTICS

Differential Voltage Gain

Single-Ended Input
Adiff

Single-Ended Output f =
1 kHz 9 28 32 - dB 5

Double-Ended Output f =
1 kHz 9 - 38 - dB 5

Bandwidth at -3 dB Point BW V, = 10 mV, R
s

=
1 k£2 - 650 - kHz 7

Maximum Output Voltage

Swing vout(p-p) f =
I kHz 9 - 6.4 - V(P-P) NONE

Common-Mode Rejection

Ratio CMRR f =
I kHz 13 70 98 - dB 8

Single-Ended Input

Impedance
Z IN f =

I kHz 15 70K I95K - n 10

Single-Ended Output

Impedance ZOUT f = I kHz 17 5.5K 8K I0.5K n 12

Total Harmonic Distortion THD RS=lkn f = I kHz V =42Vp.
p

- 0.2 5 % 14

AGC Range (Maximum Voltage

Gain to Complete Cutoff)
AGC f =

I ikHz 20 80 90 - dB NONE

STATIC CHARACTERISTICS

INPUT OFFSET VOLTAGE AND CURRENT vs TEMPERATURE

POSITIVE DC SUPPLY VOLTS (Vcc ) - +6
NEGATIVE DC SUPPLY VOLTS (VEE ) -6

-50 -25 25 50 75 100

FREE- AIR TEMPERATURE (TFA )
— °C

92CS-I3299

Fig. 2

INPUT BIAS CURRENT vs TEMPERATURE

-50 -25 25 50 75 100

FREE-AIR TEMPERATURE (TFA )— "C

Fig.

3
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Differential Amplifiers

CA3000

STATIC CHARACTERISTICS

QUIESCENT OPERATING VOLTAGE vs TEMPERATURE

^ ._« .« NEGATIVE DC SUPPLY VOLTS (VEE ) » -6

1

4 :::::::::::::::::::^::::::"""--==::i::::::
g 9
5 8 3 -- - -

§"> ---... ---*».«.. i.

oP : ; : : ::" ":_: X """
2 ^ 2 _ . _ _
I- O * _

2 <* **.^ x
<!; (t 1 -*»* r -O § 1 S »N« |)

Ul 6 **»»-J
ot ° —** = = ;-

= 5 Xo XI l_ _

-50 -25 25 50 75 100 125

FREE-AIR TEMPERATURE (TFA )
— "C

92CS-I3394

Fig. 4

DYNAMIC CHARACTERISTICS AND TEST CIRCUIT FOR TYPE CA3000

DIFFERENTIAL VOLTAGE GAIN vs TEMPERATURE

FREQUENCY If) = 1 kc/s X X__
n 1

"f"H

X

,., _
i iTTi 'l"

E|yIED OutpiiiT^. X
%m

—=--= = a--. = =—

=

'.' " __ ±_ ___± -

5
_

SIN6LE-EIJI5Pn niiTr., ,

^£ X x'i"""""'" - ---

SJ _!__
"g " ~ - +

—

44- 4- -t-zo - - _LL_ L_ in
-75 -50 -25 25 50 75 100

FREE-AIR TEMPERATURE (TFA )— *C

92CS-I3594

DIFFERENTIAL VOLTAGE GAIN AND MAXIMUM OUTPUT

VOLTAGE SWING TEST CIRCUIT

tl "

inL

l-Kc/s S5I
SIGNAL Sfl
SOURCE

,,
|

IT^r

AOIFF. • 2° L0G I0

Fig. 5
Fig.

6

OSCILLOSCOPE
(TEKTRONIX

TYPE 502.502A,
OR

EQUIVALENT)

92CS-I3497
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Linear Integrated Circuits

CA3000

DYNAMIC CHARACTERISTICS AND TEST CIRCUIT

BANDWIDTH AT -3 dB POINT vs TEMPERATURE

4 6 8

0.001 001
4 6 6 2 4 6 8

01

FREQUENCY (f) — Mc/s

Fig. 7

POSITIVE OC SUPPLY VOLTS (VCC ) • +6
NEGATIVE OC SUPPLY VOLTS (VEE ) -6

10
m

1

5 °
z
<o
ui -10

Io

UJN
-1

X -30

oz

-40

FREE--AIR TEMPERATURE (Tfa)*- 55°C

\ia '

25

COMMON-MODE REJECTION RATIO vs TEMPERATURE

FREQU INCYIf) » Ikc/s 4—

o

m b
"

t

IN
(T 1

OS

fo
—

z
. t;\

-

Si
-50 -25 25 50 75 100

FREE- AIR TEMPERATURE (TFA )
— °C

9

Fig. 8

COMMON-MODE REJECTION RATIO TEST CIRCUIT

Vcc
+6V

i j,
* F T500'

.1

0.1 mP

l-Kc/s
GENERATOR

IT

Ed (RMS)

OSCILLOSCOPE
WITH

HIGH-GAIN
DIFFERENTIAL

INPUT
(TEKTRONIX TYPE
530, 540, OR 580

WITH TYPE PLUG-IN,
TEKTRONIX TYPE 502,

OR EQUIVALENT)

O.I MF

COMMON-MOOE REJECTION RATIOICMR)" 20 log

*A = SINGLE-ENDED VOLTAGE GAIN

Fig. 9

(A*)(2)(0.3)

Ed (RMS)

92CS-I2983RI
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Differential Amplifiers

CA3000

DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3000

SINGLE-ENDED INPUT IMPEDANCE vs TEMPERATURE SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT

350-- POSITIVE DC SUPPLY VOLTS (Vcc ) « +6 - ^

a II NEGATIVE DC SUPPLY VOLTS (VEE ) • -6 f— -^- 1
* -- FREOUENCYif ) = ikc/s r;y I--J-

=> 150—
4
f- - -- q^

~ +*
-F

Z ?*

j 50 —
1

z

_

-50 -25 25 50 '75 100

FREE-AIR TEMPERATURE (TFA )
— "C

92CS-I3498

Fig. II

Fig. 10

SINGLE-ENDED OUTPUT IMPEDANCE vs TEMPERATURE SINGLE-ENDED OUTPUT IMPEDANCE TEST CIRCUIT

a
T

1 9
o

o
z
<o
UJ

i
8

K
a.
t-
Z>
o
° 7
o
z
UJ

UJ
_i
<o
z
c/> 6

POSITIVE

NEGATIV
FREOUEN :y (f '

i kc/s .
"|

"M^J

:i{"~

I'
—(--

"f ;** ~ _.i _

SI
.:

itpjj
rt ^^ ' H - l!

~~

Hill!

-p~
!

j '" T ~ ~fc
» • • t "

'"
'

"
' " X' l

t
1 '

t

' " """
:-":T.. '--

*

i " + t ? +
-50 -25 25 50 75 I00 I25

FREE-AIR TEMPERATURE (TFA )
— "C

92CS-I330I

Fig. 12

V.T.V.M.

(BALLANTINE
TYPE 3I4

r
92CS-I3455

1. With Switch S open, record reference voltage VouT(rms).

2. Close Switch S, and adjust Ro until

Reference Voltage
VOUT =

2

3. Record value of Ro as ZOUT-

Fig. 13

567



Linear Integrated Circuits

CA3000

DYNAMIC CHARACTERISTICS AND TEST CIRCUIT

TOTAL HARMONIC DISTORTION vs TEMPERATURE

NEGATIVE OC SUPPLY VOLTS (VEE ) • -6 -

J __ __
-
(E

2 - - -

fc ,

< os * : _
P __"\_ ___ :±O i_

o """, ~....:: : :.
-75 -50 -25 25 50 75 100

free-Air temperature (tfai— *c

Fig. It

92CS-I3495

AGC RANGE TEST CIRCUIT

-XT
RF

V.T.V.M.

T

AGC Range = 20 Logjo

92CS-I3449

A with S in Position A

A with S in Position B

F i g. I 5
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Differential Amplifiers

CA3001

Video and Wide-band Amplifier

Features:

Designed for use in video systems

and communication equipment

m Balanced differential amplifier con-

figuration with controlled constant-

current source provides outstanding

versatility

m Built-in temperature stability for

operation from -55° C to +125°C
m Emitter follower input & output

m Companion Application Note

ICAN5038 "Application of the RCA-
CA3001 Integrated-Circuit Video

Amplifier", covers different operat-

ing modes, gain control, distortion,

swing capability, 3 stage amplifier

design, and a Schmitt trigger study.

Push-pull input & output
AGC range - 60 dB typ.

Bandwidth - 29 MHz
Input resistance - 150 kfl typ.

Output resistance - 45 CI typ.

Voltage gain - 19 dB typ.

Input offset voltage - 1.5 mV typ.

Applications

Schmitt trigger

m Mixer
Modulator

u DC, IF & video amplifier

® ©© ©
* Internal Connection - DO NOT USE

Fig. 1 — Schematic Diagram.
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Linear Integrated Circuits

CA3001
ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS at Ta 25°C

Indicated voltage or current limits for each terminal can be applied under the specified conditions for other terminals.
All Voltages are v/ith respect to ground (common terminal of Positive and Negative DC Supplies).

TERMINAL

VOLTAGE OR

CURRENT LIMITS CONDITIONS

NEGATIVE POSITIVE TERMINAL VOLTAGE

2,6

1 -2.5 +2.5 3, 10

9

-6

+6

1,6

2 -8.5 3, 10

9

-8.5

+6

1, 2,6

3 -10 9

10

+6

-6

1, 2,6

4 -8.5 9

10

+6

-6

1, 2,6

5 -6
3, 10

9

-6

+6

1, 2

6 -2.5 +2.5 3, 10 -6

1
•

9 +6

7
INTERNAL CONNECTION

DO NOT USE

TERMINAL

VOLTAGE OR

CURRENT LIMITS
CONDITIONS

NEGATIVE POSITIVE TERMINAL VOLTAGE

1, 2, 6, 10

3 -6

8 25 mA 9 •»6

200-O RESISTOR

CONNECTED BETWEEN

TERMINALSNo.8 & No. 10

9 +10
1, 2, 6, 10

3 -6

1, 2, 6

10 -10 3

9

-6

+6

1, 2,6, 10

3 -6

11 25 mA 9 +8

200-fi RESISTOR

CONNECTED BETWEEN

TERMINALS N0.IO&N0.II

INTERNAL CONNECTION
12 DO NOT USE

CASE
INTERNALLY CONNECTED TO TERMINAL No.3

(SUBSTRATE) DO NOT GROUND

OPERATING TEMPERATURE RANGE -55UC to +125°C

STORAGE TEMPERATURE RANGE -65°C to +150°C

LEAD TEMPERATURE (During Soldering):

At distance 1/16 ±1/32 inch (1.59 ± 0.79mm)
from case for 10 seconds max +265°C

MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE ±4V
MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE ± 2.5 V
MAXIMUM DEVICE DISSIPATION:

-55 to 85°C 450 mW
Above 85°C Derate linearly 5 mW/°C
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Differential Amplifiers

CA3001

ELECTRICAL CHARACTERISTICS, AT TA = 25°C, Vcc = +6V, V EE -6V

CHARACTERISTICS

(See Page 2 for

Definitions of Terms)

SYMBOLS

TEST

CIRCUITS

LIMITS TYPICAL

CHARAC-

TERISTICS

CURVES

Terminals No. 4 and No.5

Not Connected

Unless Specified

TYPE CA3001

Fig- Min. Typ. Max. Units Fig.

STATIC CHARACTERISTICS:

Input Offset Voltage V|0 4 1.5 mV 2

Input Offset Current HO 5 1 10 «A 2

Input Bias Current h 5 16 36 MA 3

Output Offset Voltage voo Rs =1kSl 54 300 mV 6

Quiescent Operating

Voltage

v
8

OR

Vll

T

MODE

ERMINA

4

LS

5

A NC NC 3.8 4.4 5 V 7

B NC VEE 4.8 V 7 .

C VEE NC 2.7 V 7

D VEE VEE 4 V 7

Device Dissipation PD

A NC NC 60 78 120 mW 8

B NC VEE 71 mW 8

C VEE NC 110 mW 8

D VEE VEE 86 mW 8

DYNAMIC CHARACTERISTICS:

Differential Voltage Gain

(Single-ended input and output)

ADIFF
f - 1.75 MHz

f -- 20 MHz

16

10

19

14

dB

dB

9 A, 9.B

9 B

Bandwidth at -3 dB Point BW Rs = 50ft 16 29 MHz NONE

Maximum Output Voltage Swing VOUT(P-P) RS = 50n f = 1.75 MHz 5 vp-p NONE

Noise Figure NF
f = 1.75 MHz, R$ = 1 Kil 14 5 8 dB 10

f - 11.7 MHz, Rs -1 Kft 14 7.7 dB 10

Common-Mode Rejection Ratio CMRR f - 1 KHz 16 70 88 dB 12

Input Impedance Components:

Parallel Input Resistance R|N f = 1.75 MHz 50 140 kO 14

Parallel Input Capacitance C IN f - 1.75 MHz 3.4 7 PF 14

Output Resistance ROUT f = 1.75 MHz 45 70 " NONE

AGC Range (Maximum voltage

gain to complete cutoff)

AGC f 1.75 MHz 19 55 60 dB NONE

TYPICAL STATIC CHARACTERISTICS
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Linear Integrated Circuits

CA3001
TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS

DIFFERENTIAL
VOLTMETER

(FLUKE TYPE 80I
OR

EQUIVALENT)

92CS-I3587

1. Adjust VE for Vqut(dc )
= ± 0.1 V 2. Measure Vg and record

input offset voltage (Vtq) in mV as Vg
Vl° =

iooo

Fig.4 - Input offset voltage test circuit.

Fig. 5 - Input offset current and input bias current

test circuit.

NEGATIVE DC SUPPLY VOLTS (Vee) = -6
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E
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ti. -+ -H

O --

2 40

o

.X

1 1 1

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA)—"C
92CS-I3290RI

Fig.6 - Output offset voltage vs. temperature.

5 --MODE B -- i
UJ
o MODE A =

=

1-
1 rrl II II II I H

o
HM0DE D ._ 4;

- -»

z-
|

1

—

--; = = «! I I I I I""

mode c r H-|
| I I | I l ||

u-n-
ur

im>
-1-

o~~

o
u l 1 1 '

1
'

1 1
' J

25 50 75 100 125

AMBIENT TEMPERATURE (TA )
— °C

92CS-I337IRI

130 — " — TI~

i- ""^slMODE C-

o *"" s a
*"" 5 5 rn im~

7A- __
"' s b^ --..- MODE A

'- -«,-----. n "-*-UJ 1 1 1

-«»; Tn
1—§2 :.— Tti 1 1 M

Fig.7 - Quiescent operating voltage vs. temperature.
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AMBIENT TEMPERATURE (TA )— *C
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Fig. 8 - Device dissipation vs. temperature.
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Differential Amplifiers

CA3001

TYPICAL DYNAMIC CHARACTERISTICS

NEGATIVE DC SUPPLY VOLT

FREQUENCY (f) = 1.75 MHz

S (Vcc) =+6

_L±±
87 :

m

| |

1
'

i
1< '

P '

1 1.2

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA )
— *C 92CS-13287

Fig.9a - Differential voltage gain vs. temperature.

POSITIVE DC SUPPLY VOLTS <Vcc>* + 6

NEGATIVE DC SUPPLY VOLTS (Vee' = -6
AMBIENT TEMPERATURE (TA ) = 25°C

20

<D 16

1

<

z 12

<

b
o
>

4

\
2 4 6 8 4 6 8

0.1 I 10

FREQUENCY (f ) — MHz

Fig.9 b - Differential voltage gain vs. frequency

4 6 8 2 4 6
100 1000

92CS-I3282RI

POSITIVE DC SUPPLY VOLTS (Vcc>**6
NEGATIVE DC SUPPLY VOLTS (Vee>*-6
AMBIENT TEMPERATURE (TA)»25*C

500 1000 1500 2000 2500 3000

SOURCE RESISTANCE (Rs)— fl

92CS-IJ284

Fig. 10- Noise figure vs. source resistance and frequency.
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Linear Integrated Circuits

CA3001

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS

TUNED
AMPLIFIER
Ai60dB
BW=30kHz AT

1.75 MHz
BW=IOOkHzAT

11.7 MHz

"X"

I VOLTMETER

* Separate tuned input circuits are used for 1.75 MHz and 11.7 MHz.
Source-resistance matching taps adjusted with circuit tuned to

resonance and with 50-ohm resistor connected to simulate
noise diode.

Fig.11 . "Noise figure test circuit.

|

NEGATIVE DC SUPPLY VOLTS <VEE ) = -6
FREQUENCY (f) =

1 kHz
I

85

z 80
o
1- oo

-a

UJ 1 75
UJ 1

a: ~-
a.

w5 ™oo 70

So
1

1-

5
s
o
° 60

S5
-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA)— °C 92CS-I3288

Fig.12 - Common-mode rejection ratio vs. temperature.

OSCILLOSCOPE
WITH HIGH-GAIN
DIFFERENTIAL

INPUT
(TEKTRONIX TYPE
530, 540, OR 580
WITH TYPED PLUG-IN

TEKTRONIX TYPE 502,
OR

EQUIVALENT)T
COMMON- MODE REJECTION RATIO

• CMR.20L0G, <A
'
)t2 >'°- 3)

E d(rms)

*A = SINGLE -ENDED VOLTAGE
GAIN

POSITIVE DC SUPPLY VOLTS (VCc> = + 6

NEGATIVE DC SUPPLY VOLTS (Vee>=-6
AMBIENT TEMPERATURE (TA ) = 25°C

120

G
"f IQO
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UJ
o

? 60
in

<n
Ul
<* 40
i-
=>
a.

? 20
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Fig.13 - Common-mode rejection ratio test circuit.

FREQUENCY (f) MHz

Fig. 14 - Input impedance components vs. frequency.

A WITH S IN POSITION Y

12CS-I3586

Fig. 75 - AGC range test circuit.
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Differential Amplifiers

12-LeadTO-S

RF Amplifier

Features:

Designed for use in communica-
tions equipment

m Balanced differential-amplifier con-
figuration with controlled constant-

current source provides unexcelled
versatility

u Built-in temperature stability for

operation from -55° C to +125° C

m Similar to RCA CA3005.and
CA3006, plus emitter-degeneration
resistors to provide more linear

CA3004

transfer characteristic and in-

creased input-signal handling
capability

Companion Application Note ICAN
5022 "Application of RCA CA3004,
CA3005, and CA3006 Integrated

Circuit RF Amplifiers", covers char-

acteristics of different operating
modes, noise performance, cross-

modulation, mixer, AGC, limiter,

detector, and amplifier design
considerations.

Applications:

Push-pull input and output
Wide and narrow-band amplifier

m AGC
m Detector

Operation from DC to 100 MHz

Mixer
Limiter

Modulator
RF, IF and video frequency
capability

® © (D
9JCS-IZ959dl

NOTE: Connect Terminal No. 10 to most
positive de supply voltage used for

circuit.

Fig. 1 — Schematic Diagram for CA3004
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Linear Integrated Circuits

CA3004
ABSOLUTE-MAXIMUM VOLTAGE LIMITS, at TFA 25 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)

TERMINAL
VOLTAGE LIMITS CONDITIONS

NEGATIVE POSITIVE TERMINAL VOLTAGE

1 NO CONNECTION

2 -9.5

6

12

3

9

10

11

-9.5

+6

+6

46

3 -12

2

6

9

10

11

12

+6

+6

+6

4 -12

2

6

9

10

11

12

+6

46

46

5 -6

2,6,12

3

9

10

11

-6

46

46

46

6 -3.5 +3.5

2

3

9

10

11

12

-6

46

46

46

TERMINAL
VOLTAGE LIMITS CONDITIONS

NEGATIVE POSITIVE TERMINAL VOLTAGE

7 NO CONNECTION

8 NO CONNECTION

9 4-12

2

3

6

10

11

12

-6

+6

+6

10 +12

2

3

6

9

11

12

-6

+6

+6

11 +12

2

3

6

10

1)

12

-6

46

46

12 -3.5 +3.5

2

3

6

9

10

11

-6

46

+6

46

CASE INTERNALLY CONNECTED TO TERMINAL
N0.3 (SUBSTRATE) DO NOT GROUND

OPERATING-TEMPERATURE RANGE -55°C to +I25°C

STORAGE-TEMPERATURE RANGE -65°C to +I50°C

LEAD TEMPERATURE (During Soldering)

At distance 1/16 ± 1/32 inch (1.5"- + 0.79mm)
from case for 10 seconds max +265°C

MAXIMUM SINGLE-ENDED INPUT-

SIGNAL VOLTAGE ±3.5 y

MAXIMUM COMMON-MODE INPUT-

SIGNAL VOLTAGE -2.5 V. +3.5 V

MAXIMUM DEVICE DISSIPATION ..300 mW
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Differential Amplifiers

CA3004
ELECTRICAL CHARACTERISTICS, at TFA = 25° C, VqC = W Vee = -6 V unless otherwise specified

CHARACTERISTICS SYMBOLS

TEST

CIRCUIT

LIMITS TYPICAL

CHARAC-

TERISTICS

CURVES

SPECIAL TEST CONDITIONS

Terminals No.4 and No.5 Open

Unless Otherwise Specified

TYPE
CA3004

Fig. Min. Typ. Max. Units Fig.

STATIC CHARACTERISTICS

Input Offset Voltage Vio Fig-4 - 1.7 5 mV Fig. 2

Input Offset Current iio Fig.5 - 0.125 5 yJK Fig.2

Input Bias Current II Fig.5 - 21 40 juA Fig.3

Quiescent
Operating
Current

J
9

or

111

TERMINALS

Fig.8

Fig.8

Fig.8

Fig.8

- 1

2.7

0.45

1.25

-

mA

mA

mA

mA

Fig.6

Fig.6

Fig.6

Fig.6

4

NC

vee

NC

Vee

5

NC

NC

vee

vee

Quiescent Operating
Current Ratio !g/ili Fig.8 - 1.1 - - Fig. 7

Device Dissipation Ft Fig.8 - 26 - mW NONE

DYNAMIC CHARACTERISTICS

Power Gain Gp f = 100 Mc/s Fig. 11 10 12 - dB Fig.9

Noise Figure NF f = 100 Mc/s Fig.ll - 6.3 9 dB Fig..l0

Common Mode
Rejection Ratio

CMR f = 1 Kc/s Fig. 13 - 98 - dB Fig. 12

AGC Range (Max. Voltage
Gain to Complete Cutoff) AGC f = 1.75 Mc/s Fig. 14 -60 _ _ dB NONE

DEFINITIONS

Input Offset Voltage

The difference in the dc voltages which must be applied to the input

terminals to obtain equal quiescent operating voltages (zero output
offset voltage) at the output terminals.

Input Offset Current

The difference in the currents at the two input terminals when the
quiescent operating voltages at the two output terminals are equal.

Input Bias Current

The average value (one-half the sum) of the currents at the two
input terminals when the quiescent operating voltages at the two
output terminals are equal.

Quiescent Operating Current

The average (dc) value of the current in either output terminal.

Quiescent Operating Current Ratio

The ratio of the Quiescent operating currents in the two output
terminals.

Device Dissipation

The total power drain of the device with no signal applied and no ex-
ternal load current.

OF TERMS

Power Gain

The ratio of the signal power developed at the output of the device
to the signal power applied to the input, expressed in dB.

Noise Figure

The ratio of the total noise power of the device and a resistive

signal source to the noise power of the signal source alone, the
signal source representing a generator of zero impedance in series
with the source resistance.

Common-Mode Rejection Ratio

The ratio of the full differential voltage gain to the common-mode
voltage gain.

Common-Mode Voltage Gain

The ratio of the signal voltages developed between the two output

terminals to the signal voltage applied to the two input terminals

connected in parallel for ac.

Differential Voltage Gain

The ratio of the change in output voltage at either output terminal

with respect to ground, to a change in input voltage at either input

terminal with respect to ground, with the other input terminal at

ac ground.

AGC Range

The total change in voltage gain (from maximum gain to complete
cutoff) which may be achieved by application of the specified range

of dc voltage to the AGC input terminal of the device.
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Linear Integrated Circuits

CA3004

TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3004

INPUT OFFSE^VOLTAGEMJD CURRENT |NpuJ B|A$ CURRENT vs TEMPERATURE
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Differential Amplifiers

TEST CIRCUIT FOR TYPE CA3004

CA3004

QUIESCENT OPERATING CURRENT, QUIESCENT
OPERATING CURRENT RATIO, AND DEVICE

DISSIPATION TEST CIRCUIT

f
(

r
)—(2)

f T 1*
-
!

-6 V
VEE

92CS-I3577

PT
= VCCd9 + IlO + Ill) + VEEl3

Fig.8

TYPICAL DYNAMIC CHARACTERISTICS FOR TYPE CA3004

POWER GAIN VS FREQUENCY NOISE FIGURE VS FREQUENCY

POSITIVE DC SUPPLY VOLTS (VqC' * + 6

NEGATIVE DC SUPPLY VOLTS (VEE ) • -6
FREE-AIR TEMPERATURE (TpA) » 25*C
SOURCE IMPEDANCE (R,) « 50
LOAD IMPEDANCE (R|J ' 50

2S

1

<f
15

I .
UJ
*O
o- 5

1 3
2 S » S <> 1 ) )

IC

FREQUENCY (f)— Mc/«

POSITIVE DC SUPPLY VOLTS (Vcc> * +6
NEGATIVE DC SUPPLY VOLTS (VEE ) « -6
FREE -AIR TEMPERATURE (TFa) * 25°C
SOURCE RESISTANCE (Rs ) - 50 U

7

1

X
UJ
9= 5.5

O
u.

ui 5
<n

Oz
4.5

4

1 D
S '» > < 1 1) <

IC

FREQUENCY (f)—Mc/3

Fig-9 Fig. 10
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Linear Integrated Circuits

CA3004

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3004

100 Mc/s POWER GAIN AND NOISE FIGURE TEST CIRCUIT

FOR POWER-GAIN TEST

VoR NOISE -FIGURE TEST

50 a
RF

VOLTMETER*
OR

NOISE
AMPLIFIER*

r

92CM-I3538

COMMON-MODE REJECTION RATIO VS TEMPERATURE

NEGATIVE DC SUPPLY VOLTS (VEE ) = -6
FREOUENCY (f) > 1 Kc/s

SI 3 r _ J
S' S r J

-25 25 50 75 100 125

FREE- AIR TEMPERATURE (TFA
)— °C

92CS-I33C

Fig. 12

Fig.ll

AGC RANGE TEST CIRCUIT

COMMON-MODE REJECTION RATIO TEST CIRCUIT

iooo a
+ i%

OSCILLOSCOPE
WITH HIGH-GAIN
DIFFERENTIAL

INPUTM
(TEKTRONIX TYPE
530, 540, OR 580

WITH TYPE PLUG-IN
TEKTRONIX TYPE 502,

(")—
' OR

EQUIVALENT)

iooo a
±i%

COMMON- MODE REJECTION RATIO
(A*H2H0.3)

3 E d(rms)
CMR-20L0G,, VEE

A 'SINGLE -ENDED VOLTAGE
GAIN

ATTENUATOR
Z»50Q

1.75 Mc/t
AMPLIFIER

GAIN:0T0 45dB

1.75 Mc/t
SIGNAL
SOURCE

Fig. 13

AGC RANGE • 20 LOG|Q

Fig. 14

-6V

A WITH S IN POSITION X

A WITH S IN POSITION Y

92CS -13585
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Differential Amplifiers

12-LeadTO-5

RF Amplifiers

Features:

Designed for use in communica-
tions equipment
Balanced differential amplifier con-

figuration with controlled constant-

current source to provide unexcelled

versatility

Built-in temperature stability for

operation from -55° C to +125° C
u Companion Application Note, ICAN
5022 "Application of RCA CA3004,

CA3005, CA3006

CA3005, and CA3006 Integrated

Circuit RF Amplifiers", covers char-

acteristics of different operating

modes, noise performance, cross-

modulation, mixer, AGC limiter,

detector, and amplifier design

considerations.

3 1 II 10 T

o o o o o

^&jJH!|-U&r~ t-w>*r~^

0| 02

SEE NOTE
O

6 2 9

(2C3H3J43

NOTE: Connect Terminal No.9 to most
positive de supply voltage used for
circuit.

Applications:

Push-pull input and output
m Wide and narrow band amplifier
m AGC

Detector
u RF, IF, and video frequency

capability

Operation from DC to 100 MHz
Mixer

m Limiter

Modulator
m Cascade Amplifier

Fig. 1 — Schematic Diagram for CA3005 and CA3006.
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Linear Integrated Circuits

CA3005, CA3006
ABSOLUTE-MAXIMUM VOLTAGE LIMITS, at TFA 25°C

Voltage limits shown for each terminal can be applied under the indicated voltage conditions for other terminals.

All voltages are with respect to GROUND (common terminal of Positive and Negative DC Supplies)

TERMINAL
VOLTAGE LIMITS CONDITIONS

NEGATIVE POSITIVE TERMINAL VOLTAGE

7

8 -6

1 -3.5 +3.5
9

10

11

12

+6

+ 6

+6

2 TEST POINT: DO NOT APPLY VOLTAGE FROM

EXTERNAL SOURCE

3 9.5

1

7

8

9
10

11

12

-9.5

+6
+6
+6

4 -6

1

7

8

9

10

11

12

-6
+6
+6
+6

1

7

5 -12
9

10

11

12

+ 6

+ 6

+ 6

1

7

6 -6
9

10

11

12

+6

+6

+6

-6

1

8 -6

7 -3.5 + 3.5

9

10

11

12

+6

+6

+6

TERMINAL
VOLTAGE LIMITS CONDITIONS

NEGATIVE POSITIVE TERMINAL VOLTAGE

8 -12

1

7

9

10

11

12

+6

+6

+6

9 +12

1

7

8

10

11

12

-6

+6

+6

10 +12

1

7

8

9

11

12

-6

+6

+6

11 +12

1

7

8

9

10

12

-6

+ 6

+6

12 -9.5

8

9

10

11

-9.5

+6

+6

+6

CASE Internally connected to Terminal No.8 (substrate)

DO NOT GROUND

OPERATING-TEMPERATURE RANGE -55°C to +125°C

STORAGE-TEMPERATURE RANGE -65°C to +I50°C

LEAD TEMPERATURE (During Soldering)

At distance 1/16 ± 1/32 inch (1.5'J ± 0.7 l)mm)
from case Cor 10 seconds max +2d5°C

MAXIMUM SINGLE-ENDED INPUT-

SIGNAL VOLTAGE ±3.5 V

MAXIMUM COMMON-MODE INPUT-

SIGNAL VOLTAGE -2.5 V. +3.5 V

MAXIMUM DEVICE DISSIPATION 300 mW

582



Differential Amplifiers

CA3005, CA3006

ELECTRICAL CHARACTERISTICS, at TA = 25° C, Vrc - +6V, VEE -6V

CHARACTERISTICS SYMBOLS

TEST

CIRCUITS

LIMITS TYPICAL

CHARAC-

TERISTICS

CURVES

SPECIAL TEST CONDITIONS

Terminals No. 3, 4, 5, and 6 Not

Connected Except Where Noted

TYPE
CA3005

TYPE
CA3006

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

STATIC CHARACTERISTICS

Input Offset Voltage VlO Fig.3 - 2.6 5 - 0.8 l mV Fig. 2

Input Offset Current iio Fig.4 - 1.4 - - 1.4 - >A Fig.2

Input Bias Current IlB Fig.4 - 19 40 - 19 40 ma Fig. 5

Quiescent
Operating
Current

ho
or

111

TERMINALS

4

NC

NC

-VEE

-vee

5

NC

-vee

NC

-vee

Fig.8 - 1 - - 1 - mA Fig.6

Fig.8 - 2.7 - — 2.7 - mA NONE

Fig.8 - 0.45 - - 0.45 - mA NONE
Fig.8 - 1.25 - - 1.25 - mA Fig.6

Quiescent Operating

Current Ratio

ho
in

Fig.8 - 1.05 - - 1.05 - - Fig.7

Device Dissipation pt Fig.8 - 26 - - 26 - mW NONE

DYNAMIC CHARACTERISTICS

Power Gain Gp
f =

100

MHz

Cascode Configuration Fig. 10 16 20 - 16 20 - dB IFig.9

Differential-Ampl.

Configuration Fig. 12 14 16 - 14 16 - dB Fig.ll

Noise Figure NF
f =

100

MHz

Cascode Configuration Fig. 10 - 7.8 9 - 7.8 9 dB Fig. 13

Differential Ampl.

Configuration
Fig.12 - 7.8 9 - 7.8 9 dB Fig. 14

Common-Mode
Rejection Ratio

CMR f = 1 kHz Fig. 16 - 101 - - 101 dB Fig. 15

AGC Range (Max. Voltage
Gain to Complete Cutoff)

AGC f = 1.75 MHz Fig. 17 -60 - - -60 - - dB NONE
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Linear Integrated Circuits

CA3005, CA3006
TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPES CA3005 AND CA3006

INPUT OFFSET VOLTAGE AND CURRENT

- - - - JJ-lJ**rtE&L . _ —
LWffiATi US

4 -_l __ _ , i iss^-r^cV-
Ei 5„ *t&r&rtcfi.--Z : -
i

_.? k __ _ _ , * * sxin: -txr
—

i- \ „' i.ic&l—UZ - -\ --,< -- j£l
" "

<ce 2 VJ -
;

-- -

^* c __ -_ **\
s
~ z

~"

§" -Z- i' z *
s z~ ~ ~- -

-

8)"- _ Z. _ _ _ 'h^tefc
u.u. ._ __ '^Ssp^r — ~

to _ "»&/ rTTT " "

o,_
i ^Ji-'fffirA^

. ^ ' . _ ;: "-2£a£
££ :::::::::::::::::::::::

"="

-75 -50 -25 25 50 75 100 125

INPUT OFFSET VOLTAGE TEST CIRCUIT

FREE-AIR TEMPERATURE (TFA>— *C

Fig.

2

INPUT BIAS CURRENT

NE6ATIVE DC SUPPLY VOLTS (VEE ) -6

t-

o
in

\-

1. ADJUST R, FOR V0UT '0±0.IV
2. RECORD VI0

Fig,3

DIFFERENTIAL

VOLTMETER

-50 -25 25 50 75 100

FREE-AIR TEMPERATURE (TFA)— *C

QUIESCENT OPERATING CURRENT

POSITIVE OC SUPPLY VOLTS (Vcc ) « +6 r

uj, ±:__:_:__:: ::~ ;: :::::_
o: _ __ _ _ : ;; :
cc —

po
----- --- _ --

i_i ~ ;_ ~ ~ _ ; : ;;°< _

uicc -- = >-.•*- -

0.5 ~r -^-

-50 -25 25 50 75 100

FREE-AIR TEMPERATURE (TFA )
— "C

Fig. 4 Fig.5

QUIESCENT OPERATING CURRENT RATIO

5
cc

i

z
ir-

Ir
c )

if rr

o c

T<—
Ul

3
O

-50 -25 O 25 50 75 100

FREE-AIR TEMPERATURE (TpA )
— *C

9;

Fig.6
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Differential Amplifiers

CA3005, CA3006

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPES CA3005 AND CA3006

POWER-GAIN (CASCODE CONFIGURATION)

CASCOOE CONFIGURATION
FREE-AIR TEMPERATURE (TFA ) > 25*C

40

55

m©

i
30

a
2 25
z
<
w 20
<r
ui

8 "
a.

10

5

^ ",

^Jk

s^

S i r 9 J

FREQUENCY It) — Mc/s

Fig.

7

100

92CS-I35I9

POWER-GAIN (DIFFERENTIAL AMPLIFIER
CONFIGURATION)

DIFFERENTIAL -AMPLIFIER CONFIGURATION
FREE-AIR TEMPERATURE (TFA ) « 25*C

30

(B

1

tt 20
2
z
<

15
ac

in

*
o
a

10

5

&-.1

*
>!'

yj^
•i

> 4 ( 7 ( »

FREQUENCY (f ) — Mc/s

Fig.9

100

92CS-I3520

NOISE FIGURE AND POWER GAIN TEST CIRCUIT
(CASCODE CONFIGURATION)

92CS -13529

f

Mc/s

Cl

pF

c 2

pF

Li L 2

30 14-150 5-40 0.3-0.6 0.8-1.4

100 5-40 5-40 0.07-0.12 0.15-0.3

* FOR POWER-GAIN TEST

FOR NOISE-FIGURE TEST

NOISE FIGURE AND POWER-GAIN TEST CIRCUIT
(DIFFERENTIAL AMPLIFIER CONFIGURATION)

NOISE
DIODE T

50-fl
RF

VOLTMETER *
OR

NOISE
AMPLIFIER fX

92CS-I3528

Me/s

Cl

pF

c 2

PF

Ll

/xH

L 2

30 5-40 1.5-20 1.2-2 1.2-2

100 1-12 1-12 0.4-0.7 0.25-0.5

* FOR POWER-GAIN TEST

FOR NOISE-FIGURE TEST

Fig. 8 Fig. 10
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Linear Integrated Circuits

CA3005, CA3006

TYPICAL DYNAMIC CHARACTERISTICS FOR TYPES CA3005 AND CA3006

100-Mc/s NOISE FIGURE VS. V £E (CASCODE
CONFIGURATION)

POS TIVE DC SUPPLY VOLTS (V^^l » +6

5:

±
;r
i^

1

<9

O2

5 :_; __:

100 Mc/s NOISE FIGURE VS. VEE (DIFFERENTIAL
AMPLIFIER CONFIGURATION)

POSITIVE DC SUPPLY VOLTS (Vcc ) = +6

« m

UJ

3O

Hi

5 _ _

-3 -4 -5 -6 -7 -8

NEGATIVE DC SUPPLY VOLTS (VEE )

Fig.ll

-2 -3 -4 -5 -6 -7

NEGATIVE DC SUPPLY VOLTS (VEE>

Fig-12

92CS- 13384

COMMON-MODE-REJECTION RATIO

r,
»

u;
a;
u
89
*5k>
2°:

2
O

3 _ - ^

-50 -25 25 50 75 100

FREE-AIR TEMPERATURE (TFA )— *C

s

Fig. 13
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Differential Amplifiers

CA3005, CA3006

TYPICAL DYNAMIC TEST CIRCUITS FOR TYPES CA3005 AND CA3006

COMMON-MODE REJECTION RATIO TEST CIRCUIT

vcc
+6 V

l-Kc/s
SIGNAL
SOURCE

"X"

vdi'ff
(RMS)

_i_

4=0 UF VCC""''' +6 V

OSCILLOSCOPE
WITH HIGH-GAIN
DIFFERENTIAL

INPUT
(TEKTRONIX TYPE
530, 540, OR 580

WITH TYPE PLUG-IN
TEKTRONIX TYPE 502,

OR
EQUIVALENT)

COMMON MODE REJECTION RATIO

.20L0G,Q
(A*" 2)(03)

V |FF ("MS)

*A«SINGLE-ENOED VOLTAGE GAIN

92CM-IS5J4

Fig.14

AGC RANGE TEST CIRCUIT

37-250
pf

ATTENUATOR
Z'50fl

O.OI^iF

1.75 Mc/t
AMPLIFIER

GAIN: TO 45 dB

RF
VOLTMETER

X

1.75 Mc/t
SIGNAL
SOURCE

A WITH S IN POSITION I

AGC RANGE • 20 LOG IO A W1TH S IN POSITION 2

92CS-IS97S

'Pig-15
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Linear Integrated Circuits

CA3007

12-LeadTO-5

AF Amplifier

Features:

Input impedance - 4 kd typ.

Output impedance - 60 typ.

Power gain - 22 dB typ.

Push-pull input & output
m Direct coupling to class B audio

output stage
m Designed for use in sound systems
and communication equipment
Balanced differential-amplifier con-
figuration with controlled constant-

current source provides for both
audio amplification and phase
inversion

Built-in temperature stability for

operation from -55° C to +125° C

Eliminates need for audio driver

transformer

Companion Application Note,
ICAN 5037 'Application of the

RCA-CA3007 Integrated Circuit

Audio Driver" covers design of a

dual supply audio driver in a direct-

coupled audio amplifier, and a

single supply audio driver in a

capacitor-coupled audio amplifier

Applications

Audio amplifier

m Audio driver

RI5 < < Rt6

°4 05

R9 £R| 7

SCHEMATIC DIAGRAM
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Differential Amplifiers

ABSOLUTE-MAXIMUM VOLTAGE LIMITS, at TA = 25° c

CA3007

Indicated voltage limits for each terminal can be applied under the specified operating conditions for other terminuls.

All voltages are with respect to ground <-VcC. + VtfE. or common terminal of Positive and Negative DC supplies).

TERMINAL
VOLTAGE LIMITS CONDITIONS

NEGATIVE POSITIVE TERMINAL VOLTAGE

1 -2.5 +2.5

11

-6

+5

2 -8

11

-8

+6

3 -10

11

+6

4 •8.5

11

+6

5 -2.5 +2.5

11

-6

+6

6 -3

11

-6

+5

7 -2.5 +2.5
3

5

6

9

-6

+5

TERMINAL
VOLTAGE LIMITS CONDITIONS

NEGATIVE POSITIVE TERMINAL VOLTAGE

8 -2

2

3

6

7

9

11

-6

+6

9 +10

2

3

6

7

11

-6

10 -2

2

3

6

7

9

11

-6

+6

11 -2.5 +2.5

1

2

3

6

7

9

-6

+6

12 -2

2

3

6

7

9

11

-6

+6

CASE INTERNALLY CONNECTED TO TERMINAL

No.3 (SUBSTRATE) DO NOT GROUND

OPERATING-TEMPERATURE RANGE -55°C to +125°C

STORAGE-TEMPERATURE RANGE -65°C to +150°C

LEAD TEMPERATURE (During Soldering)

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

from case for 10 seconds max +265 C

MAXIMUM SINGLE-ENDED INPUT-

SIGNAL VOLTAGE ±2.5 V

MAXIMUM COMMON-MODE INPUT-

SIGNAL VOLTAGE ±2.5 V

MAXIMUM DEVICE DISSIPATION ' 300 mW
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Linear Integrated Circuits

CA3007
ELECTRICAL CHARACTERISTICS, at TA 25°C,Vcc = + 6 V, VEE =-6 V,

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS
Pin 4 Not Connected Unless

Otherwise Noted

TEST

CIRCUITS

Fig.

LIMITS

TYPE
CA3007

TYPICAL

CHARAC-

TERISTICS

CURVES

Min. Typ. Max.

.

Units Fig.

STATIC CHARACTERISTICS

Input Unbalance Voltage V
IU 3 _ 0.57 5 mV 2

Input Unbalance Current iu 3 - 0.57 5 /J.A 2

Input Bias Current
ll 3 - 11 34 fjA 4

Quiescent Operating
Voltage Vs or Vio 3 0.87 V 5

Device Dissipation PT 3 _ 30 _ mW NONE
DYNAMIC CHARACTERISTICS

Power Gain GP f = 1 kHz 6 20 22 _ dB NONE
Total Harmonic
Distortion THD f = 1 kHz 6 0.28 % NONE

Input Impedance Z
IN f = 1 kHz 7 - 4K n NONE

Common-Mode
Rejection Ratio CMR f = 1 kHz

9(A)

9(B)
- 77 - dB 8

TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUIT FOR CA3007

INPUT UNBALANCE VOLTAGE AND CURRENT
vs TEMPERATURE

jgf--:-:
: J—

>< __ _ _ -^r

t* --
~Z)Z2 ._ . .__ ..

- -

2—0.8 X X 2 i
<w ~*~ - - - -

w w LMM 11 l>itt t, _t r_ r + 1 1 nTiiTT * IT TIT Tyy UilXLJXLDS^O/ >tXXt 1

§5 o.6 --N3sr!o,r- : - T = +-"- --- -H :::::~:::-"4::£* ,

-^,?ujy±:-^—» LXLLi^4J^l±XM L nTTni^XljTlT'rT

zzo.4 y

X""
_,
""X X"'" " ~X "^

-75 -50 -25 25 50 75 100 125

FREE-AIR TEMPERATURE (Tfa )— °C

Fig. 2

INPUT UNBALANCE VOLTAGE & CURRENT, INPUT BIAS
CURRENT, QUIESCENT OPERATING VOLTAGE, AND

DEVICE DISSIPATION TEST CIRCUIT

V.T.V.M.

(RCA WV-38A
OR

EQUIVALENT)

Rl and R 2 matched to + 1%.

pT = VCC l9 + VEE I3

Ig = Direct Current into Terminal No.9

I3 = Direct Current out of Terminal No.

3

Fig.

3
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Differential Amplifiers

CA3007

INPUT BIAS CURRENT vs TEMPERATURE QUIESCENT OPERATING VOLTAGE vs TEMPERATURE

i

: ;:

;
"

_

: SUPPLY VOLTS (VEE )- -6
Tzo

<
a.

1

t-
zu
(t
£E
Z>o
</>

£ '0

H
ID
a.
z

"lL' *
t "*

• - i

- + » tf ' *

\

1

1

-
1 1 M

.- + t I
* -4

5
S

.....

:::t.:{: : : j:::..^!..

1 -LI

_(_
-

j
... |

."

::::::""':"..:':
:"

s ' t
+ H

t
"

"

r "t
-75 -50 -25 25 50 75 100 125

FREE-AIR TEMPERATURE (TFA )— "C

92CS-I3375

Fig.

4

1 It POSITIVE DC

-j-44_ NEGATIVE DC

SUPPLY VOLTS (VCc) ' +6
j

SUPPLY VOLTS (VEE ) = -6 i- iilt
: :

.:t~"~TITTUP
; 'lit

<9 *»-

: UHEii :=;i4^>,.
13 no *

Z?
Q9 -- --TT- f==ii-:r~^ift^ ; ... t+ ...._

i—x4t
s
**:i;:t^:i^ ,

iLb^MTWi
^;:|H:t-° i: :::':'

I »r t -

mo ' ~~ T "Tit"Uz |-f--t4 (--» . +-t--

-
1

•- ; tt-- ; *-t
-

+

..i. f j .(.]....- .i

t|p:===iipfLp^iffzif.::::^-.^bo.5 +

-75 -50 -25 25 50 75 100 125

FREE-AIR TEMPERATURE (TFA )

— "C

92CS-I3372

Fig.

5

TYPICAL DYNAMIC TEST CIRCUITS FOR CA3007

POWER GAIN AND TOTAL HARMONIC DISTORTION

TEST CIRCUIT

VCC
+ 6 V

INPUT IMPEDANCE TEST CIRCUIT

Fig.

7

T (Output Transformer):

Primary Impedance = 2000 ft C.T.

Secondary Impedance = 16 ft

Efficiency =45%approx.

(STANCOR TYPE TA-10 OR EQUIVALENT)

Fig.

6
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Linear Integrated Circuits

CA3007

TYPICAL DYNAMIC CHARACTERISTIC AND TEST CIRCUITS FOR CA3007

COMMON-MODE REJECTION RATIO vs TEMPERATURE

NEGATIVE DC SUPPLY VOLTS (VEE ) - -6 -ifl- - ;:~--H^T-"i--~-
, '--~I

J4- - - - I..~TI
_

"""X-U- _ -_ .. .. JL... ^

-r- -+- --"
kS

<*s

So

x __ _. it ±r :£

50 -_ _.x_^. _i_ _i_^_ ' _L
_

" - ± ±
-75 -50 -25 25 50 75 100 125

FREE-AIR TEMPERATURE (TFA )— *C

_ 92CS-I3448
Fig.8

COMMON-MODE REJECTION-RATIO TEST CIRCUITS

a @©(3Mf—
1_ Y

-6 V
VEE

(A) Single-Ended Differential Voltage Gain

OSCILLOSCOPE
WITH

HIGH -GAIN
DIFFERENTIAL

INPUT

T

COMMON-MODE REJECTION RATIO ,,

A* (21(0.3)CMR * 20 LOGinU
Ed (rms)

*A = SINGLE -ENDED VOLTAGE GAIN

-6 V
VEE

92CS-I3599

Fig.

9

(B) Common-Mode Voltage Gain
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Differential Amplifiers

8-Lead

TO-5-Style

Package

H-1528

8-Lead TO-5-Style

"Dl L-CAN" Package

8-Lead Dual-ln-Line

Frit-Seal (Hermetic)

Package h-1805

CA3028A, CA3028B, CA3053 Types

DIFFERENTIAL/CASCODE

AMPLIFIERS

For Communications and

Industrial Equipment at

Frequencies from DC to 120 MHz

FEATURES
# Single- and Dual-Ended Operation

• Controlled for Input Offset Voltage, Input Offset Cur-
, ->«.,.

i i . 'n- r- * /<-» Aonoo c„:— „„i.,\ • Operation from DC to IzUMHz
rent, and Input Bias Current (CA3028 Series only) v

• Balanced Differential Amplifier Configuration with * Balanced-AGC Capability

Controlled Constant-Current Source • Wide Operating-Current Range

The CA3028A and CA3028B are differential/cascode ampli-

fiers designed for use in communications and industrial equip-

ment operating at frequencies from dc to 120 MHz.

The CA3028B is like the CA3028A but is capable of premium

performance particularly in critical dc 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.

The CA3028A, CA3028B, and CA3053 are supplied in a

hermetic 8-lead TO-5-style package. The "F" versions are

supplied in a frit-seal TO-5 package, and the "S" versions in

formed-lead (Dl L-CAN) packages.

APPL/CAT/ONS

• RF and IF Amplifiers (Differential or Cascode)

• DC, Audio, and Sense Amplifiers

• Converter in the Commercial FM Band

e Oscillator • Mixer • Limiter

• Companion Application Note, ICAN 5337 "Application

of the RCA CA3028 Integrated Circuit Amplifier in the

HF and VHF Ranges." This note covers characteris-

tics of different operating modes, noise performance,

mixer, limiter, and amplifier design considerations.

© ©

The CA3028A, CA3028B, and CA3053 are available in the packages

shown below. When ordering these devices, it is important to add the

appropriate suffix letter to the device.

Package

8-Lead TO-5
Suffix

Letter
CA3028A CA3028B CA3053

TO-5 T V V V
With Dual-ln-Line

Formed Leads

(Dl L-CAN)

S V V V

Frit-Seal Ceramic F V V V
Beam-Lead L V
Chip H V

SUBSTRATE S CASE

92CS-I44I7R2

Fig. 7 - Schematic diagram for CA3028A, CA3028B and

CA3053.
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Linear Integrated Circuits

CA3028A, CA3028B, CA3053 Types

ABSOLUTE MAXIMUM RATINGS AT TA = 25°C

DISSIPATION:

At TA up to 55°C

(CA3028AF, CA3028BF,

CA3053F) 750 mW
At TA > 55°C

(CA3028AF, CA3028BF,

CA3053F) . „ Derate linearly 6.67 mW/°C LEAD TEMPERATURE (During Soldering):

At distance 1/16 ± 1/32" (1.59 ±0.79 mm)
from case for 10 seconds max +265°C

At TA up to 85°C

(CA3028A, CA3028B, CA3053) 450 mW
At TA > 85°C

(CA3028A, CA3028B, CA3053) Derate linearly 5 mW/°C
AMBIENT-TEMPERATURE RANGE:

Operating -55°C to +1 25°C
Storage -65°C to +150°C

MAXIMUM VOLTAGE RATINGS at TA = 25°C MAXIMUM
CURRENT RATINGS

TERM-
INAL
No.

1 2 3 4 5 6 7 8
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 the horizontal

terminal 4 with respect to terminal

2 is -1 to »5 volts.

T Terminal a3 is connected to the sub-

strate and case.

* Voltages arenot normally applied be-

tween these terminals. Voltages
appearing between these terminals
will be safe, if the specified volt-
age limits between al! other termi-
nals are not exceeded.

Limit is -12V for CA3053
:

Limit is t15V for CA3053
*

Limit is +12V for CA3053

* Limit is ^24V for CA3028A and
+ 18V for CA3053

1 to

-15
A t0 A

-15 A
t0 A-15*

+ 5

to

-5

* *
+ 20'?

to

2

+5

to

-11

+ 5

to

-1

15*
to *

.15*

to *

3 +
+10

to

+ 15*

to

+ 30*
to

+15*
to

+30*
to

4
+15*
to * *

5
+ 2CH-

to * *

6 * *

7 *

8

TERM-
INAL
No.

[[N

m.A

•out
mA

1 0.6 0.1

2 4 0.1

3 0.1 23

4 20 0.1

5 O.S 0.1

6 20 0.1

7 4 0.1

8 20 0.1

ELECTRICAL CHARACTERISTICS at TA =25°C

CHARACTERISTIC SYMBOL

TEST
CIR-
CUIT

SPECIAL TEST

CONDITIONS

LIMITS

TYPE CA3028A

LIMITS

TYPE CA3028B

LIMITS

TYPE CA3053 UNITS

TYPICAL
CHARAC-
TERISTICS
CURVES

Fig. Min. Typ. JMax. Min.j Typ. Max. Min. |Typ.|Max. _ Fig.

STATIC CHARACTERISTICS

+VCC VEE

Input Offset Voltage VlO 2
6V
12V

6V
12V

0.98

0.89

5

5

-

mV 4

Input Offset Current IlO 3a
6V
12V

6V
12V

0.56

1.06

5

6
.A 4

Input Bias Current Tt

3a
6V
12V

6V
12V

16.6

36
70
106

16.6

36

40
80

„A

5a

3b
9V
12V

29
36

85

125
5b

Quiescent Operating
Current

16

or

18

3a
6V
12V

6V
12V

0.8

2

1.25

3.3

2

5

1

2.5

1.25

3.3

1.5

4
mA

6a

7

3b
9V
12V

1.2

2.0
2.2

3.3

3.5

5.0
6b

AGC Bias Current
(Into Constant-Current
Source Terminal No. 7)

17

8a
12V

12V

VAGC =+9

VAGC = f12

1.28

1.65

1.28

1.65

mA

8b

9V
12V

- 1.15

1.55 _

Input CurrentiTerminal
No. 7) h

6V
12V

6V
12V

0.5

1

0.85

1.65

1

2.1

0.5

1

0.85

1.65

1

2.1
mA

Device Dissipation PT

3a
6V
12V

6V
12V

24
120

36
175

54

260
24
120

36
175

42
220 .

mW
9

3b
9V

12V .

50
100

80
150 .
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Differential Amplifiers

CA3028A, CA3028B, CA3053 Types

ELECTRICAL CHARACTERISTICS at TA = 25°C (cont'd)

CHARACTERISTIC SYMBOL

TEST
SIR-
DUIT

SPECIAL TEST

CONDITIONS

LIMITS

TYPE CA3028A

LIMITS

TYPE CA3028B

LIMITS

TYPE CA3053 IJNITS

TYPICAL
CHARAC-
TERISTICS
CURVE

Fig.
F'g. Mm.

J

Typ. |Max. Mm] Typ. j Wax. Min.| Typ. | Max.

DYNAMIC CHARACTER

Power Gain G P -

10a f = 100 MHz

Vcc = +9V

Cascode 16 20 16 20 dB -
10b

11a,

d

Diff.-Ampi. 14 17 14 17 llb.e

10a = 10.7 MHz

vCc = ^v

Cascode 35 39 35 39 35 39
dB -

10b *

11a Diff.-Ampl. 28 32 28 32 28 32 lib »

Noise Figure NF
10a f = 100 MHz

VC C -- +9V

Cascode 7.2 S 7.2 9 dB .

10c

11a,

d

Diff.-Ampl. 6.7 S 6.7 9 llc.e

Input Admittance Yll

f =- 10.7 MHz

VCC = +9V

Cascode 0.6 + j 1.6

»-

mmho
12

Diff.-Ampl. 0.5 i-
j 0.5 13

Reverse Transfer

Admittance
Yl2

Cascode 0003 - JO mmho
14

Diff.-Ampl. 0.01 - jO.0002 15

Forward Transfer

Admittance
Y
21

Cascode 99 - jl8 mmho 15

Diff.-Ampl. -37 + J0.5 17

Output
Admittance

Y
22

Cascode 0. * jO.08 mmho
18

Diff.-Ampl. 0.04 +J0.23 19

Power Output
(Untuned)

P
o

20a f -- 10.7 MHz

Vcc
= +9V

Dift\-Ampl.

50 O Input-

Output

5.7 5.7 :J 20b

AGC Range
(Max. Power Gain AGC 21a Diff.-Ampl. S2 62 dB 21b

Voltage
Gain

at

f = 10.7 MHz

A

22a f 10.7 MHZ

vC c - +ov

R L
-- 1 k, ;

Cascode 40 40 40
dB

22b

22c Diff. Ampl. 30 30 30 22 d

Differential

at

f = 1 kHz
23

VCC := +6V.
VEE 6V

'

RL = 2 W.i.

VCC= +12V
<

V EE --12V

R
L

- 1.6 kw

35

40

38

42.5

42

45

dB

-

Max. Peak-to-Peak

Output Voltage

at f = 1 kHz
V (P-P» 23

Vcc - +6V, VEE
'- -6V,

R
L

= 2 kfi

VCC
i+12V

'
V EE 7l2V

R
L

= 1.6 k,2

7

15

11.5

23

Vp.p

Bandwidth
at -3 dB point

BW 23

Vcc
= + 6V. VEE = -6V.

R-L = 2 W i

VCC = +12V, V EE ^-12V

R
L

-•-- 1.6 kO

7.3

8
-

i

MHz

Common- Mode
Input-Voltage Range

VCMR 24

VCC
= ^V

'

V EE ~~
"6V

VCC ^12V. VE£ ^-12V

2.5

-5

(-3.2 4.5)

(-7 - 9)

4
j

i
-

V

Common-Mode
Rejection Ratio

CMR 24
VCC " "^'V' VEE "

~6V

VCC
. +12V. VEE = -12V

60

60

110

90

dB
i

(

Input Impedance

at f = 1 kHz
Z IN

Vcc
= +6V, VEE - -6V

V
CC = +12V

'

V EE
12V

5.5

3
k^;

'p-P

_l

Vcc = *9V

Vcc
- +12V

_l

f = 10.7 MHz

e m = 400 mV

Diff.-Ampl.

2 4 7 2.5 4 6 2
j

4 7

_ mA
Peak-to-

Output
Current

3eak
3.5 6 10 4.5 6 8 3.5 6 10

* Does not apply to CA3053
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Linear Integrated Circuits

CA3028A, CA3028B, CA3053 Types
DEFINITIONS OF TERMS

AGC Bias Current

The current drawn by the device from the AGC-voltage source at
maximum AGC voltage.

AGC Range

The total change in voltage gain (from maximum gain to complete
cutoff) which may be achieved by application of the specified range
of dc voltage to the AGC input terminal of the device.

Common-Mode Rejection Ratio
The ratio of the full differential voltage gain to the common-mode
voltage gam.

Device Dissipation

The total power- drain of the device with no signal applied and no
external load current.

Input Bias Current

The average value (one-half the sum) of the currents at the two
input terminals when the quiescent operating voltages at the two
output terminals are equal.

Input Offset Current

The difference in the currents at the two input terminals when the
quiescent operating voltages at the two output terminals are equal.

2 70
rA'VV-t—»

1

|

\z.7>
]

|27 I I
.-1-

OIFFERENTIAL
VOLTMETER

FLUKE TYPE 80

270 •! DC
V I0 |v.T.V.M

• Adjust Ri to, Vout ' O.i V
• Recoid input onset Voltage 92CS-I5027

Fig. 2 - Input offset voltage test circuit for CA3028B.

r
1

1

CA3053

i T
device Dissipation- vcc 13

92CS-I5647

rig.3b - Input bias current, device dissipation, and
quiescent operating current test circuit for CA3053.

Input Offset Voltage

The difference in the dc voltages which must be applied to the input
terminals to obtain equal quiescent operating voltages (zero output
offset voltage) at the output terminals.

Noise Figure

The ratio of the total noise power of the device and a resistive
signal source to the noise power of the signal source alone, the
signal source representing a generator of zero impedance in series
with the source resistance.

Power Gain

The ratio of the signal power developed at the output of the device
to the signal power applied to the input, expressed in dB.

Quiescent Operating Current

The average (dc) value of the current in either output terminal.

Voltage Gain

The ratio of the change in output voltage at either output terminal
with respect to ground, to a change in input voltage at either input
terminal with respect to ground, with the other input terminal at
ac ground.

DEVICE DISSIPATION =I3 VEE + (I6 + I8 ) Vcc

Fig. 3a - Input offset current, input bias current, device
dissipation, and quiescent operating current test circuit
for CA3028A and CA3028B.

POSITIVE DC SUPPLY VOLTS (VCC ) INPUT OFFSET CURRENT
NEGATIVE DC SUPPLY VOLTS (VEE ) ,NPUT 0FFSET VOLTAGE

Vcc =+l2V VEE =-|2v

-25 25 50 75 100 125

AMBIENT TEMPERATURE (TA )— °C 92CS-I5030

Fig. 4 - Input offset voltage and input offset current for

CA3028B.
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Differential Amplifiers

CA3028A, CA3028B, CA3053 Types

TYPICAL CHARACTERISTICS

-75 -50 -25 25 50

AMBIENT TEMPERATURE (Ta)— °C

100 125

92CS- 15031

Fig. 5a - Input bias current vs. ambient temperature for

CA3028A and CA3028B.

-50 -25 25 50

AMBIENT TEMPERATURE (Ta)— °C

92CS-I5034

Fig.6a - Quiescent operating current vs. ambient temper-

ature for CA3028A and CA3028B.

100 125

AMBIENT TEMPERATURE (TA) — °C 92CS - 15648

Fig.5b - Input bias current vs. ambient temperature for

CA3053.

-50 -25
AMBIENT TEMPERATURE (Ta)— °C

100 125

92CS- '">6<»9

Fig. 6b - Quiescent operating current vs. ambient temper-

ature for CA3053.

3.5 DC COLLECTOR SUPPLY VOLTS (Vcc)= 6
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~4 + v rti m
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2

1
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4444

4444"
I =4:1:44^4
z

- 4A+-f- -ti-H-
i

| 1

1-44^-^ -+-4- -4 +~—
J-

| __+ _£-444 1 !
;

1 )
-H-H-

!

! '

-+
r;

+
44"IT

4444:4444. 4444- -+-144- 4;
'

:

Q. '

' "C.__
T-f-4---|-+fj--+-H-4-w

0.5 -H-l

—

-Mraw 4+4+:

—rrr -;-K+-

4fi4

444t

~h++-
-44|4-
-Ul-+-l-

-5 -10

DC EMITTER SUPPLY VOLTS (VEE )

92CS-i5033

Fig.7 - Operating current vs. Vg£ voltage for CA3028A

and CA3028B.
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Linear Integrated Circuits

CA3028A, CA3028B, CA3053 Types
"~

TYPICAL CHARACTERISTICS AND TEST CIRCUITS

Wv—Vcc

Fig. 8a - AGC bias current test circuit (differential -

amplifier configuration) for CA3028A and CA3028B. 2 4 6 8 10
AGC BIAS VOLTS (VAGC> TERMINAL No.7

92CS-I4467

Fig.8b - AGC bias current vs. bias volts (terminal No.7)
for CA3028A and CA3028B.

25 50
AMBIENT TEMPERATURE (TA|— °C

100 125

92CS- 15032

* FOR POWER GAIN TEST
A FOR NOISE FIGURE TEST

Fig. 9 - Device dissipation vs. temperature for CA3028A
and CA3028B.

Fig. 10a - Power gain and noise figure test circuit (cascode
configuration) for CA3028A, CA3028B and CA3053*.

* 10.7 MHz Power Gain Test Only.

CASCODE CONFIGURATION
AMBIENT TEMPERATURE (TA ) = 2 5 ° C

45

40

a 35

I 30
a.

:_oLl

^^£<* ft

ki
^o,.

fttj
fc>

z
<
o 20
(r

10

5

^s cjg

1 2 3 4 5 € 7 H in

FREQUENCY (f) -MHz

92CS-I4492

Fig. 10b - Power gain vs. frequency (cascode configuration)

for CA3028A and CA3028B.

FREQUENCY (f) = 100 MHi

~ X
a ^ ~ —
JL Tc

u. 8

!? aB- «i.«««";;""
2 j

"""
~i

t rr

5

DC COLLECTOR SUPPLY VOLTS
(\fcc)

92CS-I4486

Fig.lOc - TOO MHz noise figure vs. collector supply
volts (cascode configuration) for CA3028A and CA3028B.
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Differential Amplifiers

CA3028A, CA3028B, CA3053 Types

TYPICAL NOISE FIGURE AND POWER GAIN TEST CIRCUITS AND CHARACTERISTICS

(

MHz
C|

P
F

C2

P
F wH

t-2

10.7 30-60 20-5O 3-6 3-6

100 2-15 2-15 0.2-0.5 0.2-0.5

FOR POWER GAIN TEST
FOR NOISE FIGURE TEST

Fig. 1 la - Power gain and noise figure test circuit (differ-

ential-amplifier configuration and terminal No. 7 connected

to Vcc ) for CA3028A, CA3028B and CA3053*.

* 10.7 MHz Power Gain Test Only.

sees -l 4496

DIFFERENTIAL- AMPLIFIER CONFIGURATION

AMBIENT TEMPERATURE (TA ) =25°C

-JO 2 3 4 5 6 7 8 9 100

FREQUENCY (f)-MHz

92CS-I4495

Fig. lib - Power gain vs. frequency (differential-

amplifier configuration) for CA3028A and CA3028B.

10 II 12
.

DC COLLECTOR SUPPLY VOLTS (Vccp
93CS-I448S

Fig.llc - 100 MHz noise figure vs. co//ecfor supply

voltage (differential-amplifier configuration) for CA3028A

and CA3028B.

f

MHz
C|

PF PF
L|

UH
L2
mH

10.7 30-60 20-50 3-6 3-6

100 2-15 2-15 0.2-0.5 0.2-0.5

VOLTMETER*
OR

NOISE
AMPLIFIER »

FOR POWER GAIN TEST
FOR NOISE FIGURE TEST

Fig. lid - Power gain and noise figure test circuit (differ-

ential-amplifier configuration for CA3028A and CA3028B.

9 8 7 6 5 4 3
POSITIVE DC BIAS VOLTS ON TERMINAL No.7

Fig.lle - 100 MHz noise figure and power gain vs. base-

to-emitter bias (terminal No.7) for CA3028A and CA3028B.
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Linear Integrated Circuits

CA3028A, CA3028B, CA3053 Types
TYPICAL ADMITTANCE PARAMETERS

CASCODE CONFIGURATION
AMBIENT TEMPERATURE (TA )=25°C
STAGE COLLECTOR VILLIAMPERES rIc(STAGE) 3 =4.5
COLLECTOR SUPPLY VOLTS (Vcc)=+9

7

<s>

(£? 6
O 5
— -J~-s 555
UJ '

S 4
< S. :
J-
O UJ ,DO ~>

O Z
z <
O Q. 2
_ w

IS i

b||/

^ll

""""

2 4 6 8 2 4 ( t 10

FREQUENCY (f) — MHz

92CS- 14491

Fig. 12 - Input admittance (Y]j) vs. frequency (cascode

configuration) for CA3028A, CA3028B and CA3053.

CASCODE CONFIGURATION
AMBIENT TEMPERATURE (TA ) = 25°C
COLLECTOR SUPPLY VOLTS =+9

r ,
STAGE COLLECTOR MILLIAMPERES UCISTAGFil =4 5
~ 20
<\j

ui S
£

1 1.0

§ ~ 5
o£
(to
u. <
z a. -5
<I UJ
a: o
t- w
UJ?" 10

o: <rwo -is

UJ

* -20

9|2

b
l2

FREQUENCY (f)-MHz

92CS-I4494

Fig. 14 - Reverse transadmittance (Y]2^ v$- frequency

(cascode configuration) for CA3028A, CA3028B and

CA3053.

CASCODE CONFIGURATION
AMBIENT TEMPERATURE (TA ) 25° C

STAGE COLLECTOR MILLIAMPERES [ I C(STAGE )] -4.5

1 100

r,o 80
o i
I* 60

z J.o _o £i 20
cc —
KS
S5
§£-20

§§-40

a. cc -60o o
-80

1

«2I

1

|

1

1

1

I

]

!

-

-

b
2|

i

1

- — -
l

4 5 6 7 8 9 |0

FREQUENCY (f )-MHz
3 4 5 6 7 8 9,00

Fig. 16 - Forward transadmittance (Y21) vs. frequency

(cascode configuration) for CA3028A, CA3028B and

CA3053.

DIFFERENTIAL-AMPLIFIER CONFIGURATION
AMBIENT TEMPERATURE (TA ) =25°C
COLLECTOR SUPPLY VOLTS (VC C>

= +9
COLLECTOR MILLIAMPERES (IC) OF EACH TRANSISTOR =2.2

3

<n
(E O
O I
5

*B 2

<-> J.z -
« a"

o"
§1 '

" a.

D °
Ise to

//

•
/

r

b
'>

«ll

4 6 8 10

FREQUENCY (f)— MHz

92CSH4493

Fig. 13 - lnputadmittance(Y]])vs.frequency(differential-

amplifier configuration) for CA3028A, CA3028B and CA3053.

DIFFERENTIAL- AMPLIFIER CONFIGURATION
AMBIENT TEMPERATURE (TA ) = 25 °C
COLLECTOR SUPPLY VOLTS (Vcc> =+9
COLLECTOR MILLIAMPERES (Ic) EACH TRANSISTOR = 2.2

"w 0.3
o>— (/>

UJOox 0.2

of 0.1

SI*
0: ~' O
U.S

11 -0.1

l-UJ

£">f>D

XE
UJO
* -0.3

9|2^

\b
l2

6 7 8 9 100

FREQUENCY (f)—MHz
92CS-I4490

Fig. 15 - Reverse transadmittance (Y]2) vs - frequency

(differential-amplifier configuration) for CA3028A, CA3028B

andCA3053.

8 10

FREQUENCY (f)-MHz

DIFFERENTIAL-AMPLIFIER CONFIGURATION
AMBIENT TEMPERATURE- <TA ) = 25°C
COLLECTOR SUPPLY VOLTS = +9
COLLECTOR MILLIAMPERES, EACH TRANSiSTOR (Ic ) =22
~- 30

S? 20

13
Si 10

p 1 „<> N
aS
UJ uj

|".-I0

£ a!

§«

-40

- '2'

^g2 .

92CS-I4502

Fig. 17 - Forward transadmittance (Y2]) vs. frequency

(differential-amplifier configuration) for CA3028A, CA3028B

andCA3053.
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Differential Amplifiers

CA3028A, CA3028B, CA3053 Types

TYPICAL ADMITTANCE PARAMETERS

CASCODE CONFIGURATION
AMBIENT TEMPERATURE tT^) = Z5'C
COLLECTOR SUPPLY VOLTS (Vrc)' + 9
STAGE COLLECTOR MILLIAMPERES UC(STAGE)] =4-5

CO
o

3 I
CO
O
X
5
_i
_l

S
jL

ff °
LU

^ -0.02

<
u-0.04

o
O-0.06o
i-

2-0.08
t-
3

S
1

b 22
C\Jn

— Z
o
z
<

«22

0.
UJ
o
3

1 !

1

o

2 5 4 5 ; 7 e 9,o 2 3 4 5 6 7 "inn

DIFFERENTIAL-AMPLIFIER CONFIGURATION

AMBIENT TEMPERATURE (TA )=25°C

COLLECTOR SUPPLY VOLTS (VCC ) = +9
COLLECTOR MILLIAMPERES.EACH TRANSISTOR dc) = 22

CO
o
I

to
o
I
s

? 06
"oj

-^05
UJ

2 0.4

o

15 $
T y

4" °z

"II c?

•o'ki

*£y o
CO

2 0.3

go 0.2

£ 0.1

3 o

1

—

0.
i-
3

2 4 3 8 10 2 4 6 i 100

FREQUENCY (f)-MHz
FREQUENCY (f)-MHz

92CS-I4505

Fig.18 - Output admittance (Y22) vs - frequency (cascode

configuration) for CA3028A, CA3028B and CA3053.

Fig. 19 - Output admittance (Y22) ys - frequency (differ-

ential-amplifier configuration) for CA3028A, CA3028B

and CA3053.

TYPICAL TEST CIRCUITS AND CHARACTERISTICS

0.01 /iF

Fig.20a - Output power test circuit for CA3028A and

CA3028B.

DIFFERENTIAL-AMPLIFIER CONFIGURATION

AMBIENT TEMPERATURE (T
fl
)=25°C CONSTANT POWER INPUT=2MW

l0
9

8

7

e

1 4

UJ

0-

t- 2

3
0.
(-

3

1

|

|

_Q>^
N**

I

\
j- i

!

'^
1

1<^>- -
L-Kftv x^

i\ 1 x
L*

1

1

2 5 5 y 00
92CS-I4509FREQUENCY (f) -MHz

Fig.20b - Output power vs. frequency — 50 Q inpol one/

50 Q ourpu/ (differential-amplifier configuration) for

CA3028A and CA3028B.

VOLTMETER

f

MHz
C|

pF
C2
pF

L|

MH
L2

1

M H

10 7 30-60 20-50 3-6 3-6

100 2-15 2-15 02-05 0.2-0.5
92CS- 14513

Fig.21a - AGC range test circuit (differential amplifier)

for CA3028A and CA3028B.

DC BIAS VOLTS ON TERMINAL No.7 92CS-I4506

Fig. 21b - AGC characteristics for CA3028A and CA3028B.
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Linear Integrated Circuits

CA3028A, CA3028B, CA3053 Types

TEST CIRCUITS AND TYPICAL CHARACTERISTICS

INPUT °-0l ** F

o

5

5 4
(0

>
3

i±t: CASCODE CONFIGURATION ±t
+fpAMBIENT TEMPERATURE (TA )-25*C#
iff : FREQUENCY (f)= 10.7 MHz 5

4--I- H 1 ; li ;
1 ;

1
! i i i i ; i mi Uj4

L.Y VOLTS iVcc|7*I2:

ffc^

K|k9:#g|tttt

° 2

1

s==

0.05 0.1

INPUT VOLTS (vjn )

92CS-I4508RI

Fig. 22a - Transfer characteristic (voltage gain) test F ig. 22b - Transfer characteristics (cascode configuration)

circuit (10.7 MHz) cascode configuration for CA3028A, for CA3028A, CA3028B and CA3053.

CA3028BandCA3053.

0.05

INPUT VOLTS (V|„)

Fig. 22c - Transfer characteristic (voltage gain) test Fig.22d - Transfer characteristics (differential-amplifier

circuit (10.7 MHz) differential-amplifier configuration configuration) for CA3028A, CA3028B and CA3053.
for CA3028A, CA3028B and CA3053.
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Differential Amplifiers

CA3028A, CA3028B, CA3053 Types

OSCILLOSCOPE
WITH HIGH-GAIN
DIFFERENTIAL

INPUT
(TEKTRONIX TYPE
530, 540, OR 580

WITH TYPE D PLUG-IN
TEKTRONIX TYPE 502,

OR
EQUIVALENT)

92CS-I5025

* For R - 1.6 kQ - (Vcc ~- 12V, Vee = -12V)

For R = 2 kQ - (Vcc = 6 V, VEE = -6V)

Fig. 23 - Differential voltage gain, maximum peak-to-peak

output voltage, and bandwidth test circuit for CA3028B.

OSCILLOSCOPE
WITH HIGH-GAIN

t INPUT
v DiFF (TEKTRONIX TYPE

(RMS) 530, 540, OR 580
WITH TYPE PLUG-IN
TEKTRONIX TYPE 502,

OR
EQUIVALENT)

RANGE OF
COMMON
MODE -=tr

REJECTION 92CS-I5026

For CMR test: Si to ground

For input common-mode voltage range test: S\ to Vx

(A*) (2) (0.3)Common mode rejection ratio = 20 logi
Q

* A - Single-ended voltage gain.

DIFF (RMS)

Fig.24 Common -mode rejection ratio and common-mode

input-voltage range test circuit for CA3028B.
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Linear Integrated Circuits

CA3040

12-LeadTO-5 Style

Video and Wide-band Amplifier

For Industrial and Commercial
Equipment at Frequencies up to 200 MHz

Features:

High differential push-pull voltage

gain - 37 dB typ.

Single-ended voltage gain -

31 dB typ.

Wide [3dB] bandwidth -

55 MHz typ.

m Balanced input and output

a High input resistance - 150 kCl typ.

Low output resistance - 125 O. typ.

Bias options for temperature

compensation:
Bias Mode A: "Constant" Voltage

Bias Mode B: "Constant" Gain

Applications

Video amplifier

a Schmitt trigger

m Modulator
m IF Amplifier

m Mixer
m DC Amplifier

m Sense Amplifier

The RCA CA3Q40 is a monolithic silicon integrated circuit

designed to meet the requirements of a wide variety of

applications requiring high gain and wide bandwidth. The
cascode-connected differential amplifier achieves a

double-ended gain of 37 dB with a typical 3 dB bandwidth of

55 MHz. Emitter-Follower input and output stages provide
the desirable high input impedance and 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

© 0®
" L RESISTONT VAi UFS 'N Kns

Fig. 1 — Schematic Diagram for CA3040.

rarige of -55 to +125° C. Bias Mode A yields a substantially

constant voltage at the output terminals for applications
using DC coupling to succeeding stages or requiring maxi-
mum dynamic range over the temperature range. DC output
voltage varies less than 0.1 volt (typically) over the entire

temperature range while gain varies ± 2 dB. Bias Mode B
provides extremely stable gain over the temperature range.
Gain variation is dB (typically) 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.

The resistance values included on the schematic diagram have
been supplied as a convenience to assist Equipment Manufac-
turers in optimizing the selection of "outboard" components
of equipment designs. The values shown may vary as much
as +30%.

RCA reserves the right to make any changes in the Resistance
Values provided such changes do not adversely affect the
published performance characteristics of the device.
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Differential Amplifiers

ABSOLUTE-MAXIMUM RATINGS

DISSIPATION * 450 mW
Derating factor for Ta > 85°C 5 mW/°C

TEMPERATURE RANGE:
Operating -55°C to +125°C

Storage -65°C to +150°C

LEAD TEMPERATURE (During Soldering):

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79mm)

from case for 10 seconds max +265 C

* Limitation imposed by the thermal resistance of package.

CA3040

MAXIMUM VOLTAGE.RATINGS at Ta = 25°C

The following chart gives the range of voltages which can be applied to the terminals

listed vertically with respect to the terminals listed horizontally. For example, the

voltage range of the vertical terminal 2 with respect to terminal 11 is to +14 volts.

TERM-
INAL
No.

1 2 3 4 5 A 6 7 8 9 10 nA 12

1
-14

* * + 14 * + 10

-10
* * * + 14 *

2 * + 14 + 14 + 14 * * * + 14 + 14 + 14

3 * + 5
-3

* * * *
i

* +5
-3

*

4 * +3
-3

* * * * * *

5
A A * +10

-3
* +3

-7
* Note

1

*

6 * * * * * *

7 * * * + 10

-a
*

8
+3
-3

* * *

9 * +7
-3

*

10

'

* *

11* A *

12

MAXIMUM
CURRENT RATINGS

TERM-
INAL
No.

! IN

mA
lOUT
mA

1 5 5

2 - -

3 5 5

4 1 0.1

5 - -

6 1 0.1

7 5 5

8 5 5

9 1 0.1

10 - 10

11 - -

12 - 10

Reference Substrate

Note 1: External connection required for proper operation.

* Voltages are not normally applied between these terminals.
Voltages appearing between these terminals will be safe if

the specified limits between all other terminals are not

exceeded.
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Linear Integrated Circuits

CA3040
ELECTRICAL CHARACTERISTICS AT Ta = 25°C Unless Otherwise Specified

Characteristics Symbols

Test

Circuits Special Test Conditions

Limits

Units

Typical

Characteristics

CurvesCA3040

Fig. Min. Typ. Max. Fig.

STATIC CHARACTERISTICS VqC = +6V, VEE = "6V

Output Voltage V
10

or Vi 2
2(a)

2(b)

Bias Mode Switch
A or B: Closed

1.4 2.7 3.7 V 9

Base Bias Voltage v9

2(a)
Bias Mode A
Switch Closed

- -1.7 - V -

2(b)
Bias Mode B
Switch Closed

- -1.7 - V -

Input Bias Reference Voltage Vl
2(a)

2(b)

Bias Mode Switch
A or B: Open

-1 - + 1 V 9

Input Bias Current 14.16
2(a)

2(b)

Bias Mode Switch
A or B: Closed

- 15 45 /xA -

Input Unbalance Current
1
I6-I4

1

2(a)

2(b)

Bias Mode Switch

A or B: Closed
- - 6 /AA -

Power Supply Current Drain

12 or

15 + 111
2(a)

Mode A
Switch open or closed

4.7 8.5 15.5 mA 10
12 or

I5+I8+H1 2(b)
Mode B
Switch open or closed

DYNAMIC CHARACTERISTICS Vcc = +12V, VEE =
0, Split Voltage Supply (Optional) = +6V

Differential Voltage Gain -

Single-Ended Input

Differential Output
ADIFF(DE) 3(a)

f = 1 MHz
R s = 50 n 34 37 - dB -

Single-Ended Input

and Output ADIFF(SE) 3(a)
f = 1MHz

R s = 50 fi
28 31 - dB 4,5

-3dB Bandwidth BW 3(a) R s
= 50 n 40 55 - MHz 4,7

Differential Voltage Gain Balance
ADIFF(SE)10
-ADIFF(SE)12

3(a) f = 1 MHz -1 + 1 dB -

Output Voltage Swing
V
8

or V
10

RMS 3(a)
f = 1 MHz

R s = 50 fi
- 0.5 - vrms 7

Noise Figure NF 3(a)
(Note 1)f = 30 MHz

r s = 400 n
- 7.5 9 dB 8

Parallel Input Resistance Ri 3(a)

f = 1 MHz

- 150 - kn -

Parallel Input Capacitance C 3(a) - 2.2 - PF -

Output Resistance Ro 3(a)
- 125 - n -

TEMPERATURE DEPENDENT CHARACTERISTICS
Temperature coefficients for ambient temperature: -55°C^Ta <+ 125°C

Output Voltage
Avio or'Avi2 3(a) Bias Mode A - - mV/°C

9
°C 3(b) Bias Mode B - 6.4 - mV/°C

Power Supply Current Drain Al 2/°C 3(a) Bias Mode A - 5 - MA/°C 11

Differential Voltage Gain ADIFF/°C
3(a) Bias Mode A - 0.0166 -

dB/°C 12
3(b) Bias Mode B - -

Mote 1: Replace 1-kfi resistors between Term. 1 and 4 and Te ,. 1 and 6 with suitable chokes so that reactance at 30 MH 7 exceeds 5kS2
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STATIC CHARACTERISTICS TEST CIRCUITS FOR CA3040

VEE

BIAS MODE A: BIAS CIRCUITS
OF TERMINALS NO. 3, 7, 8,

AND 9 ARE CONNECTED TO
ACHIEVE CONSTANT DC OUT-
PUT VOLTAGE REFERENCE
LEVEL WITH VARYING AM-
BIENT TEMPERATURE
ALL RESISTORS IN OHMS. 9;

Fig. 2(a) - Bias Mode A

CA3040

CA3040 > OUTPUT

BIAS MODE B: BIAS CIRCUITS
OF TERMINALS NO. 3, 7, 8.

AND 9 ARE CONNECTED TO
ACHIEVE CONSTANT RF GAIN
KITH VARYING AMBIENT TEMP-

-6V ERATURE.
VE£ ALL RESISTORS IN OHMS. 9̂ cs ,54„

Fig.2(b) Bias Mode B

DYNAMIC CHARACTERISTICS TEST CIRCUITS FOR CA3040

VARIABLE CAPACITANCE (0 5-1 O^F) ADJUSTMENT FOR
EQUAL 3dB BANDWIDTH AT AMPLIFIER OUTPUTS.
TERMINALS 10 AND 12

ALL RESISTORS IN OHMS
ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE
INDICATED)

BIAS MODE A IS AS DEFINED IN FIG 2(a)

Fig.3(a) - Bias Mode A

92CS-I544?

SEE FIG 3(a)

BIAS MODE B IS AS DEFINED IN FIG 2(b)

ALL RESISTORS IN OHMS
ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE

INDICATED).

Fig.3(b) - Bias Mode B

COLLECTOR SUPPLY VOLTS (Vcc) = +I2
!

'.

]

AMBIENT TEMPERATURE (TA ) = 25°C ;

SINGLE-ENDED INPUT AND OUTPUT !

1

£ 40

Q

MODE A SWITCH CLOSED.FIG 3(a)

! : . ;
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Fig. 4 - Differential Voltage Gain vs Frequency

S 40

1

u:
L-

O
<

g 30

<

<
fz 20

Li_

c -

T

a)

SINGLE-ENDED INPUT AND OUTPL
MODE A, SWITCH CLOSED, FiG 3(
R s = SOfl, R

L
= iKfl

y.'.~
1 : :

:

,,

,

; , , ,

,

zz
_i 1 •

'I
'.

'.'. :::: ..._.

1

'

' j^ 1
m *a

r;

"

llll
....
.... ...

::::
IT' I

'

i ;

;

1:11
I . . .

I IT 1
. . . :", ',

! — 1

'

:

;

•>::.:: '.'. :z

-fii.t . r? ,

,

7 TERMINAL Nal

92CS-I5453DC SUPPLY VOLTS

Fig.5 -Differential Voltage Gain vs DC Supply Voltages

607



Linear Integrated Circuits

CA3040

OPERATING CONSIDERATIONS

General

The CA3040 is designed to provide flexibility in

the selection of power supply configurations and to

provide the circuit designer the choice between two modes
of temperature -compensated performance. Mode A,

which provides constant DC output voltage, is recom-

mended for most applications. The control of the opera-

ting point provided by this mode maintains the dynamic

range of the device while gain variation over most of

the range is less than ±1 dB. Mode B provides constant

gain for applications where this consideration is critical,

but will exhibit a reduction of dynamic range at the

temperature extremes.

Power Supply Considerations

Figures 2 and 3 illustrate the use of the CA3040
with balanced dual supplies and single power supplies,

respectively. Both figures demonstrate that the inputs

may be directly referenced to the center point of the

supply (ground in Fig. 2) by closing the included switch.

This is the natural connection in Fig.2. This connection

is optional, however, and need not be made. Use of this

connection in Fig. 3 implies the presence of another

DC supply or a "stiff bleeder. If such a source is

present its use is suggested in order to maintain maxi-

mum common mode range. Dynamic performance and

dynamic range of the output circuit are unaffected by the

choice of biasing scheme used so that in most cases

direct connection of Terminal No.l to the center point

of the supply is not required. Where direct connection

is not used, Terminals No.4 and No. 6 must be biased

from Terminal No.l for proper operation.

High-Frequency Considerations

Stable high-frequency operation 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. Oscillations

have been observed in the 400-to-800 MHz range when

precautions were not taken. In addition to normal con-

siderations of shielding, parts layout, and isolation,

the following specific suggestions are made:

1. Use sockets only when necessary. Sockets, when

used, must provide shielding within the pin circle.

The socket shown in the chassis of Fig.6 is a

Barnes MG-1201, or equivalent, modified by drilling

a 1/8" hole in the center and inserting a grounded

brass pin.

2. Do not bypass Terminal No.9 in normal operation.

Fig. 3 shows the use of neutralization between

Terminal No.9 and one output to balance the amplifier

at high frequencies. Experience shows that stable

operation, while possible, is difficult to achieve

if Terminal No.9 is bypassed to ground.

3. In DC testing, 1 kfi, 1/4 W carbon resistors should

be soldered directly to the socket Terminals No.4

and No. 6 to suppress parasitic oscillations. All

current carrying connections are made at the other

end of the resistors. Direct sensing of Terminal

No.4 or No.6 voltage should not be attempted.

I *' SHIELD ^ I

•L i4jS«« iBBa8iMwiJto^

Fig.6 - Test Circuit Layout
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Special Function Circuits

Technical Data

Automotive
Circuits Page
CA3105 See Page 46

CA3130* See Page 141

CA3160* See Page 176

CA3161 See Page 335

CA31 65 See Page 494

CA3168 See Page 339

CA3169 See Page 508

CA3207! See Page 343

CA3208* See Page 343

CA3219 See Page 514

CA3228 See Page 517

CA3260* See Page 208

CA3290 See Page 291

Broadband
(Video)

Amplifiers

CA080* See Page 83

CA081* See Page 83

CA082* See Page 83

CA083* See Page 83

CA084* See Page 83

CA3001 See Page 569

CA3002 612

CA3020 See Page 500

CA3021 See Page 129

CA3022 See Page 129

CA3023 See Page 129

CA3040 See Page 604

CA3071 See Page 678

CA3100* See Page 135

CA3130 See Page 141

CA3140* See Page 156

CA3160* See Page 176

CA3240* See Page 193

CA3260* See Page 208

Four Quadrant
Multiplier Page
CA3091 618

Prescalers

CA3179 630

CA3199 639

CA3211 644

Single-Chip

Detector Alarm
Systems
CA3164

Timer
CA555

647

653

kBiMOS types
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CA3002

10-Lead TO-5

H-1384

IF Amplifier

For Use in Communication Equipment

Features:

Input resistance - 100 kCl typ.

m Output resistance -70 Q typ.

Voltage gain - 24 dB typ. @
1.75 MHz
Push-pull input, single-ended
output
-3 dB bandwidth - 1 1 MHz typ.

m AGC range - 80 dB typ.

m Useful frequency range DC to

15 MHz.

Applications:

Product detector
m IF & video amplifier

m AM detector
i Schmitt trigger

The RCA-CA3002 integrated-circuit IF amplifier is a bal-
anced differential amplifier that can be used with either a
single-ended or a push-pull input and can provide either a
direct-coupled or a capacitance-coupled single-ended out-
put. Its applications include RC-coupled IFamplifiers that

use the internal silicon output-coupling capacitor, video
amplifiers that use an external coupling capacitor, envelope
detectors, product detectors, and various trigger circuits.

The CA3002 is supplied in the 10-lead hermetic TO-5 style

package.

* Terminal No.6 is an
internal connection

DO NOT USE!

All resistors aje in ohms.

92CS- 12953M

Fig. 1 — Schematic diagram.
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CA3002
ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, at TA =25°C

COMMON-MODE INPUT SIGNAL VOLTAGE ±2 V

MAXIMUM POWER SUPPLY VOLTAGE
o
16Vor±8V

OPERATING-TEMPERATURE RANGE -55
q
C to +125

q
C

STORAGE-TEMPERATURE RANGE -65 C to +150 C

LEAD TEMPERATURE (During Soldering):
o

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 seconds max +265 C

MAXIMUM INPUT-SIGNAL VOLTAGE ±4 V

MAXIMUM DEVICE DISSIPATION:

-55 to 85°C 450 mW
Above 85°C Derate linearly 5 mW/ C

ELECTRICAL CHARACTERISTICS, at TA = 25° C, Vcc = +6 V, VEE = -6 V

CHARACTERISTICS

SPECIAL TEST CONDITIONS TEST
CIRCUITS

LIMITS U
N
1

T
S

TERMINALS No. 3& No.4

NOT CONNECTED
UNLESS OTHERWISE NOTED

CA3002

Fig. Min, Typ. Max.

STA TIC CHARACTERISTICS

Input Unbalance

Voltage V|y 4 2.2 mV

Input Unbalance

Current \\\j 5 2.2 10 MA

Input Bias Current l| 5 - 20 36 ma

Quiescent Operating

Voltage

MODE TERMINAL

2 4

A VE E NC 7a - 2.8 - V

B vE e VE E 8b - 3.9 - V

Device Dissipation Pj 4 - 55 mW

DYNAMIC CHARACTERISTICS

Differential Voltage

Gain Aqjf

(Single-Ended Input

and Output)

f = 1.75 MHz 10 19 24 - dB

Bandwith at -3 dB
Point BW _ 10 11 MHz

Maximum Output Volt-

age Swing VqUT (P-P) - 10 — 5.5 — Vp.p

Noise Figure NF f = 1.75 MHz Rs = 1 kH 12 - 4 8 dB

Input Impedance

Components:

Parallel Input

Resistance R|n f= 1.75 MHz None 100k n

Parallel Input

Capacitance C|fg f = 1.75 MHz None _ 4 pF

Output Resistance RquT f= 1.75 MHz 14 - 70 - n

3rd Harmonic Inter-

modulation

Distortion IMD 16 -30 -40 dB

AGC Range (Maximum
Voltage Gain to

Complete Cutoff AGC f = 1.75 MHz 18 60 80
1
dB
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CA3002
ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, at TA = 25°C

Indicated voltage or current limits for each terminal can be applied under the

specified operating conditions for other terminals.

All voltages are with respect to ground (— Vqq, +V^^J orcommon terminal
of Positive and Negative DC supplies).

TERMINAL

VOLTAGE OR CURRENT
LIMITS CONDITIONS

NEGATIVE POSITIVE TERMINAL VOLTAGE

1 -8V OV
2,7

5, 10

9

-8

+6

2 -10V OV 1,5, 10

9 +6

3 -8.5 V OV
1,5, 10

7

9

-6

+6

4 -8V OV
1,5, 10

2,7

9

-8

+6

5 -3.5 V +3.5 V
1, 10

2,7

9

-6

+6

6
INTERNAL CONNECTION

DO NOT USE

7 -12 V OV
1, 5, 10

2

9

-6

+6

8 20 mA
1, 5, 10

2

9

200 ft Resisto

Terminals

-6

+6

r Between
7&8

9 OV + 10 V
1,5, 10

2,3,7 -6

10 -3.5 V +3.5 V
1,5

2, 7

9

-6

+6

CASE
INTERNALLY CONNECTED TO TERMINAL No.2

(SUBSTRATE) DO NOT GROUND

STATIC CHARACTERISTICS

POSITI

NEGAT
VE OC SUPPLY

VE DC SUPPLY
VOLTS (Vcc ) 1-6

-6

..UA -n;;-

+-U-

}

* h*-
- - 1 __

t -|-
—

\\ :::::::

i ? "
~

IX-\~" 4 - -

t i
-50 -25 75

AMBIENT TEMPERATURE (Tftl— 'C

Fig. 2 — input unbalance voltage & current

vs temperature.
Fig. 3 — Input bias current vs temperature.

614



Special Function Circuits

CA3002

Pj-VmIj + VccIs
12 Direct currant out of

Terminal No. 2
Ig - Dtract currant into

rl
,

lr

CA30o:>^-» INPUT UNBALANCECA3O02 > CURRENT (Ilu ) .|l l0 - I 5
|

INPUT BIAS Tl„ . T.
0|^F CURRENT (Ij) . ±£-L±l

92CS- 13558

Fig. 5 — Input unbalance current & bias

current test circuit.

Fig. 4 — Input unbalance voltage and device

dissipation test circuit.

ITS -90 -29 25 90 79 100 129

AMBIENT TEMPERATURE <T» I—C
9«CS-I35«2

Fig. 6 — Quiescent operating voltage vs

temperature.

»tCS- IMII

MODE B

Fig. 7 — Quiescent operating voltage.

DYNAMIC CHARACTERISTICS

POSITIVE DC SUPPLY VOLTS lVcc> » +*
NE6ATIVE DC SUPPLY VOLTS (VEE I • -«

FREQUENCY If) -ITS MHl

75 ^50 -25 25 50 75 100 125

AMBCNT TEMPERATURE (T»)—*C
92CS- 13344

Fig. 8a - Differential voltage gain vs temperature.

POSITIVE DC SUPPLY VOLTS IVCC ) +6
NEGATIVE DC SUPPLY VOLTS (VEE ) -6

AMBIENT TEMPERATURE (TA ) -25'C

25

I
5 15

3

S 10

i
s

2 B 2 6 8 2 4

FREQUENCY (ft— MHl

Fig. 8b - Differential voltage gain vs frequency.
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CA3002

12

X

i

I-
a.

at

<

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA )
— 'C

92CS-I3346

Fig. 9 — Bandwidth of —3 dB point vs temperature.

92CS-I3S67

Fig. 10 - Differential voltage gain, -3 dB bandwidth,

and maximum output voltage swing.

-i_- POSITIVE DC SUPPLY V0LTS(Vcc ). +6

15

to

5"
K

" 5
o
z

i_::_s, ..-_:::::::::::;:::;:::::::; ::;:::::::

I ± ^z

-44- +
500 1000 1500 2000
SOURCE RESISTANCE (R s )— fl 92CS-I3397

Fig. 11 — Noise figure vs source resistance.

RESISTANCE
MATCHING

AUTOTRANSFORMER*

50-fl
NOISE
OIODE

5oJio°C

~r r-

'Taps at« adjusted to provide Indicated equivalent values of R$
with tank tuned to resonance at 1.75 MHz, and a 5042 resistoi

connected to simulate the noise diode.

Fig. 12 — Noise figure.

U NEGATIVE OC SUPPLY VOLTS WEE ) « -6 —
ft-f-

Si

s c> 75 -!>. s

O;

:

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA)—'C 92CS-I3399

Fig. 13a — Output resistance vs temperature.

125

§100 X- •

J" 5.— .. = ; L

FREQUENCY (f)—MHj 92CS-I3400

Fig. 13b — Output resistance vs frequency.

ATIVE DC SUPPLY VOLTS (VEE )
-

OUENCY (f ) • 1.75 MHz
T ADJUSTED FOR 3,<J ORDER HARMC
3 d8 BELOW FUNDAMENTAL.>

INPl
--- 3<

we > ::

i
l

z ^-.
'"frPfc

: u*

S*

3°<

I

1- ' t
i---~-~-±:::;:

±:::.:a_

Fig. 14 — Output resistance.

-75 -50 -25 25 50 75 100 125

AMBIENT TEMPERATURE (TA )— 'C

Fig. 15 — Input level for —30 dB intermodulation
vs temperature.
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CA3002

2-TONE
GENERATOR

' 1800.000 kH2

.1901 500 kHz

T

1) Increase both input-signal tones until the 2f2-M and 2f yt2 output

signal voltages are 30 dB below the f i and f2 output-signal voltages.

2) Measure rms values of the input and output signal voltages.

31 The measured input signal voltage is that value when the 3rd-her-

monic intermodulation products ere 30 dB below the fundamen-

tal outputs.

Fig. 16 - Intermodulation circuit.

SIGNAL
SOURCE

(HEWLETT-
PACKARD

TYPE 65B OR
EQUIVALENT)

X

POSITIVE DC SUPPLY VOLTS (Vcc ) • +6
NEGATIVE DC SUPPLY VOLTS IVEE >' -6 Ifrfiitjtjiiflrittr1

AMBIENT TEMPERATURE (Ta)-29*C

i-

40

SB

-60

FREQUENCY (f)-MHl

Fig. 17 - AGC range vs frequency.

1) Set attenuator at 80 dB attenuation.

2) Set variable dc supply voltage at V.

3) Increase signal input voltage until RF V.T.V.M. indicates 5 mV

output.

4) Set variable dc supply voltage at -6 V.

5) Adjust attenuator until RF V.T.V.M. again indicates 5 mV output.

6) Change in attenuator setting in dB is total AGC Range.

Fig. 18 - AGC range.
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CA3091D

14-Lead Dual-ln-Line

Ceramic Package

Four-Quadrant Multiplier

Applications:

Multiplier Divider Squarer Square Rooter

Power-series approximator

Full-wave rectifier

Automatic level controller

RMS converter

Frequency discriminator

Voltage-controlled filters and oscillators

RCA-CA3091 D* a monolithic silicon integrated circuit, is a

four-quadrant multiplier that provides an output voltage that

is the product of two input (x and y) voltages.

This device functions as a multiplier, divider, squarer, square
rooter, and power-series approximator. In addition, this

device is useful in applications such as ideal full-wave

rectifiers, automatic level controllers, RMS converters, fre-

quency discriminators, and voltage-controlled filters and
oscillators.

The CA3091D comprises five basic circuits (See Fig. 1 ),

including: a multiplier block, two linearity compensators, a

current converter, a current source for biasing, and a

regulator (reference voltage). A brief description of the
operation, functions and typical applications is given in the
section "Operating Considerations". In addition there is a
separate section on "Symbols, Terms, and Definitions" that
defines the terms and symbols used throughout the data
bulletin.

The CA3091D is supplied in 14-lead dual-in-line ceramic
package and operates over the full military temperature range
of-55°C to +1 25°C.

Formerly Developmental Type TA5855A.

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 characteristics - no foldback if full-

scale input signal is exceeded

Negligible warm-up drift

Broadband operation capability (flat to 1 MHz) - both
inputs have similar characteristics for reduced high-

frequency phase shift between the inputs

Low-level' linearity correction circuitry minimizes low-
level feedthrough for improved small-signal accuracy

All multiplication is performed with wideband circuitry -
this permits two signals of frequencies much higher than
the -3 db frequency of the multiplier to produce a differ-

ence frequency that is within the multipliers bandwidth

High immunity to parasitic oscillation

Essentially free from excess peaking - provides improved
frequency response

Requires no level shifting at the output - current-source
operation at the output permits output signal to be refer-

enced to ground or other levels within the output voltage
swing capabilities of the multiplier

Internal bias regulator
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MAXIMUM RATI NGS', Absolute-Maximum Values atTA =25°C

DC Supply Voltages:

Between Terms. 1 2 and 1
+

Between Terms. 4 and 1

—

DC Supply Currents:

At Term. 12 with DC Supply Voltage = +15 V * m*

At Term. 4 with DC Supply Voltage = -15 V 16 m
^

Bias Current (At Term. 3)
_ ±1 mA

* Input Current .

Output Short-Circuit Duration
No l,mitat^

Voltage Reference Current

Linearity Correction Currents:

At Terminals 7 and 8 J°
m*

Device Dissipation (Up to 125°C)
200 mW

Ambient Temperature Range: ^
Operating ~55 to + » £
Storage

-65to+150 oc

Lead Temperature (during soldering)

:

At distance not less than 1/32 inch (0.79 mm) from case for 10 seconds max +265 ^
* External resistance is required to limit the current to the indicated ±1 mA value.

ELECTRICAL CHARACTERISTICS, For Equipment Design

CHARACTERISTICS SYMBOL

TEST CONDITIONS LIMITS

UNITSTA -25°C. l| B -0.5mA

V+ - 15 V. V- - -15 V

Circuit

and/or
Char.
Curve

Min. Typ. Max.

STA TIC CHARACTERISTICS

INPUT CIRCUIT

Input Balance (Correction) Currents:

At x Input he
x = -20 -2.1 +20 MA

At y Input V = - -20 -8.7 +20 ma

Feedthrough Linearity Balance

(Correction) Current
•oc

- -34 -2.9 +34 MA

OUTPUT CIRCUIT

Output Offset Current >oo x & y = 0, _ -10 -0.23 + 10 MA

Output Offset Voltage voo Iqo thru RL = 33kn - -0.330 -0.0076 +0.330 V

Output Peak Current Swing hoi Thru R|_ = 24k« 3 0.41 0.45 - mA

Output Peak Voltage Swing |vo| Across R L = 33k« 4 12 12.9 - V

DC SUPPLIES & BIASING

V-=-15V 2.9 4.5 mA
Current Drain (Idling):

At Term. 4

At Term. 1

2

V+ = +15V - - 2.0 3.0 mA

Reference Voltage Vref Measured across Terms.

6 & 4 at I - 1mA

— 5.5 6.1 6.7 V

DYNAMIC CHARACTERISTICS

Output Current o With 1 = 0.2mA at each

input

— — 0.21 0.32 mA

Normalized k Factor/kfl = Jl\

I
k
rJ

11 0.69 1.0 1.7

Accuracy
Worst case at 25°C -

- 2.6 4.0 %of

10V
Linearity

—
1.7 3.0

Feedthrough Voltage:

Aty = 20V p-p, x = O _ _ 9 20 mV
P-P ,

At x = 20V p-p, y = - - 9 20

NOTE: See page 7 for "Symbols, Terms and Definitions".
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ELECTRICAL CHARACTERISTICS, Typical Values Intended Only for Design Guidance

SYMBOL

TEST CONDITIONS

TYPICAL VALUES UNITS
CHARACTERISTICS TA «250C,I |B -0.5 mA

V+ - 15 V. V- - -15 V

Circuit

and/or
Char.

Curve

STATIC CHARACTERISTICS

INPUT CIRCUIT

Ri
|lx|^ 0.2 mA

5
1.3 kn

Input Resistance:

At x Input

At y Input |ly|£ 0.2 mA 05 ktt

Input Capacitance:

At x Input

C| at 1 MHz - 5.8 pF
At y Input 5.8 PF

OUTPUT CIRCUIT

Ro 6 1.0 MROutput Resistance

Output Capacitance: Co at 1 MHz 4.0 pF

OC Supply Voltage Sensitivity:

At Term. 4 AVq

AV~
11

26 mV/V

At Term. 12 AV
AV^ 36 mV/V

DYNAMIC CHARACTERISTICS

Bandwidth (At -3dB point):

Through x Input
BW

8.10 4.8 MHz
Through y Input 8.9 4.4 MHz

3° Error Frequency:

Through x Input
_ 360 kHz

Through y Input 310 kHz

Maximum Slew Rate SR 7pF in parallel with 10 M£2 load 7 27 V//K

Temperature Coefficients:

Output Offset Current Aloo/AT x&y = -0.024 fiA/0C

x-lnput Balance Current
Alic/AT

x = - -0.063 »iA/OC

y-Input Balance Current y = - -0.063 /iAA>C

Normalized k Factor kN = k_
I kr

kN - -0.76 %/%/°C

Accuracy - 0.11 %/°C

Linearity - 0.06 %/°C

Feedthrough:

Atx=0
- 5.6 mVA>C

At y = 5.7 mV/oc
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v.'tiov V+-I5V V—ISV

ZOW
OUTPUT^

wr"

* FROM I5-V0LT
REGULATED SUPPLY

* FROM-I5-VOLT
REGULATED SUPPLY

k ADJUST IS PERFORMED BY
VARYING THIS RESISTOR

RESISTANCE VALUES ARE
IN OHMS

Fig.1 -Functional block diagram of CA3091D with typical multiplier outboard(peripheral)pircuitry.

GND (T)

RESISTANCE VALUES ARE IN OHMS

Fig.2-Schematic diagram of the CA309W.
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50kni%
r-VW-

9-IKfl

I VW fJVW-'

ioc

OUTPUT CURRENT
VO

SWING "I =

24ktt

"1
1 1 1 r-

1
,
—

1 FOUR COI

i

vw—
I o T ~ v°

4+ 50 kfl V/+.IKU L

THE OUT PUT IS
AVERAGED FROM THE
ABSOLUTE VALUES
TAKEN FROM THE
FOUR COMBINATIONS"" INPUT VOLTAGES

9Vl»±l5Vd

30kOI%
rA/W—

9.1 k

i
—

m

.^^IJaMiM"
ir

© ©' © © ° © ° ©
C

(8)IIC

i vw-l 6 f4+ 50kfl V +»I5V L

THE OUTPUT IS
AVERAGED FROM THE
ABSOLUTE VALUES
TAKEN FROM THE
TW6 COMBINATIONS
OF INPUT VOLTAGES

JV!"+I
92CS-I9538

Fig.3-Test circuit for measurement of output current swing FigA-Test circuit for measurement of output voltage swing
capability.

capability.

.^A3A3^A

9.1 kn Y-W\ f-A/W—

'

I
VW

)ioc

RIx

(soknuv,, -v.
bx 'ox

.

-i 1 1
1 j

' W

© &' © © ° © °
(9)

N
°

(4)IIC

vox-v bx

(SOkflXVby-Voy)

S| AND S2 CLOSED
FOR MEASUREMENT
OF V„ AND V

b AND
OPEN FOR MEASURE-
MENT OF V

S, V„„ V+-I5VVoy Vby
»2V

0y

(
Vj -HO V dc

Fig.5-Test circuit for measurement of input resistance.

50kHI%

I
—VWwv 1 y —

•^"pNO p, Jlffi JV- JNC |Vr.f J TEST PROCEDURE
I OPEN "S", ADJUST Vj

TO SET V .4V

2 CLOSE "S" ADJUST Rb
TO SET V . 2V.

RECORD R b

3 DERIVE Rn FROM

Inc li
y

|v+ Inc Ilo Inc I R ,Mn..i
D̂© © © © ® ©lie© l0 "Rb

SOkU
1%

TEKTRONIX 10- 1'

(SEE TEST OSCILLOSCOPE PROBE
.

PROCEDURE) =" ,

^r" 92CS- 19536

i (SEE TEST OSCILLOSCOPE PROBE J_ "^ " [~~~

Fig.6- Test circuit for measurement of output resistance.

£tFb

9.lkO lOkfl V + -I5V

-VW f^SAA/ O

_c~© © © © © © ©
•=" F° Fx pIB 7*- INC Tv„»iil^c

A" £' A* ©
NC

<4
l0

dr i
1"

I ri~n
_£_

ssokflS V4
°

v
|

mq<7pf4=
I

V '^-'5V l680kfl v+.|5v|
—

555!^ J—VW O I -±" PROBE-i
y 8ALANCE

|

RL I

5lkfl
I/4W

yvvvt-
lOkfl V+-I5V

t-A/W—

O

"^ Prc % %> P- % K.t poc

T" l/4W<

<T & f <T |° ©" ©Xk

'2 BOOTON ELECTRONIC
Rf PROBE (91-120)
OR EQUIVALENT

TEKTRONIX
OSCILLOSCOPE
60O0 SERES
OR EQUIVALENT

i l/?W> IS-T* ^ LWWW
I l/ZW^ p.sTV ' 1—

Fig.7-Test circuit for measurement of maximum slew rate. Fig.8- Test circuit for measurement of frequency response.

622



Special Function Circuits

CA3091D

IOK

COMPENSATED
ATTENUATOR

BOONTON ELECTRONICS
RF PROBE(9t-l20)
OR EQUIVALENT

6 8|OOK * 4 « 8 M 2 4 * 8 K>M

FREQUENCY tf ) — Hz 92CS- I954I

Fig.9- y-input frequency response characteristic curve with associated test circuit.

TEKTRONIX
OSCILLOSCOPE

DO SERIES
EQUIVALENT

~1l

CD
-o

I

z
<
o
Ul
>
(-

4
_l
HI
a.

6

-6

-12

-18

-24

-30

AMBIENT TE rfPE RA ruRE(TA )»25»C|

TOTAL LOAD RtSI! Tl jjceJ^n

£N*
V>

'

'

IOK

5UQ
I/4W I« COMPENSATED

ATTENUATOR

BOONTON ELECTRONICS
RF PROBEI9I-I2D)
OR EQUIVALENT

« 8|00K 2 4 6 8|M 2 4 6 6|0M

FREQUENCY (f)— Hz 92CS-I9543

Fig. 10- x-input frequency response characteristic curve with associated test circuit.

TEKTRONIX
OSCILLOSCOPE
6000 SERIES _
OR EQUIVALENT

x- BALANCE
50kfl

-I5VO—VXA/-0 V+' I5V

V
+I0V

9.lxfl

AA/V
lOkfl

-vw—

o

v+ * ,5v

-QV-—I5V

>330kQ

^~
^nd. ju ^b ]v- ]nc yVref TlOC

TEST PROCEDURES FOR MEASUREMENT
OF POWER-SUPPLY SENSITIVITY

1. AT V+«l5V,V-»-l5V, MEASURE Vq
RECORD AS V | -

2. AT V+ »I0V,V-— I5V,MEASURE V

RECORD AS V 2

.

POS. POWER SUPPLY SENSITIVITY-
V02- V0I

5V

3. AT V+M5V.VH0V, MEASURE V
RECORD AS V03
NEG. POWER SUPPLY SENSITIVITY*

VQ3- V0I .

5V

RESISTORS HAVE A TOLERANCE OF
5% UNLESS OTHERWISE MOKATED

Fig. 11-Test circuit for measurement of current gain and power-supply sensitivity.

ks k FACTOR
k
r
s 01 "REFERENCE OR
ADJUSTED k FACTOR

k N * k/k r
»OIV "

NORMALIZED k FACTOR
(i-e k N -l,IF V, 'Vy-Vo'lO)

OUTPUT CURRENT (mA) CAT
A CURRENT OF 2 mA AT
BOTH INPUTS]' Vo/33kO
OUTPUT VALUES ARE AVER-
AGED FOR 4 COMBINATIONS

V /Rl
OF INPUTS(kr --jr-j

—

•

V /33kfl * y

(0.2 x I0-3 )
2

92CS-I9545
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Note: See "Contour

Map" in "Symbols,

Terms and Defini-

tions" Section.

-5 -4 -3

«- INPUT VOLTAGE (V, )—

V

Fig. 12—Contour mapping of multiplier accuracy (plotted on isomers) and linearity.

SYMBOLS, TERMS AND DEFINITIONS

Output Offset Current

The multiplier output current produced when both of the

multiplier input signals are in the zero state.

Output Zero

Sets the output at the zero level when the x and y inputs are

in the zero state. (It is implied that all other zeroing

adjustments have been effected.)

R|

Input Resistance - Converts the. input voltage to an input

current.

Rl

Output (Load) Resistance

voltage.

Converts the output current to a

R
Output Resistance - See VD and lQ for the equations
associated with these properties.

Regulator Diode

A temperature compensated Zener diode, included in the

multiplier circuit, to provide a stable l|B-

Scale Factor or k factor (k)

Represents the basic gain of the multiplier as expressed in the

equation V = kVxVy
The equation indicates the ideal transfer function for the

multiplier. The normalized k factor is expressed by kN = k/k ref

where kref is the ideal or reference k factor. The ideal factor,

k ref is the value at which the k factor is set when the k-factor

adjust control is trimmed. Optimum operation of the

CA3091 D is achieved when the k-factor is 0.1

.

V|M
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 dc voltage that approximately satisfies the equation

Vmid = vim/ /2~

vo
The output product voltage derived from the expression

(kVxVy = V )

Vref.

Temperature compensated zener connected to the -15 volt

supply to provide a reference voltage as an aid in setting up a

stable I

IB-

VX . Vy
The input voltages to be multiplied.

x-Balance Circuit

Sets the output to the zero level when the x-input is in

the zero state.

y-Balanee Circuit

Sets the output to the zero level when the y-input is in the

zero state.
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SYMBOLS, TERMS AND DEFINITIONS - continued

Accuracy

Accuracy defines the degree of error encountered in the

operation of the multiplier. It is portrayed on a contour map

by isomers (contour lines). Isomers with the highest values

indicate "less-accurate" operation of the multiplier. (See

illustrative Contour Map in Fig. 12.)

Contour Map
The contour map, shown in Fig. 12, is a graphical portrayal

of the multiplier errors in the x, y input plane. Each contour

line, termed "isomer", connects those points whose error

values (in millivolts) are equal in magnitude. For example, a

-20 mV contour line with points at Vx = 5V and Vy = -3V

indicates that the output voltage is 20 mV less than the

theoretical output product (kVxVy ). This error voltage,

presented "in percent of full-scale input (±10 V), defines the

"accuracy" of the device. Thus, a 20-mV error voltage

represents an "accuracy" of 0.2% as derived from the

equation:

Accuracy = 20 mV/10 x 100% = 0.2%.

A contour map provides a true indication of multiplier

performance in each of the four quadrants. Each CA3091D is

comprehensively tested and must provide the specified

accuracy in the four quadrants.

Current Converter

This portion of the IC combines the multiplier's differential-

amplifier output currents and converts them to a single-

ended output current.

Current Sources

These circuits provide the biasing currents for the various

circuits in the IC. The l|B terminal provides the control

current for the current-source circuit.

Feedthrough

Feedthrough occurs when an output signal is produced even

though one of the input signals is zero. Consequently,

feedthrough signal characteristics constitute a source of error

in the operation of a multiplier. In the CA3091D, for

example, the feedthrough signal output is specified to be less

than 20 mV p-p when either terminal is set at 20 V p-p and

the other terminal is set to zero.

IB
Circuit biasing control current.

he
See IrjC-

lO
2

Output product current (k| l x ly = Ifj), where k| = kR| / R(_

locJic
Compensatory input and output currents required to correct

unlinearity along the x axis. (Optional for low-level signal use.)

x,ly

Input currents to be multiplied.

Voltage Scale Factor (determines the gain of the multiplier).

k|

Current Scale Factor (k|) = (R^ /R|Jk-

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.)

Linearity Adjust

An external circuit to provide vernier adjustment for

optimum linearity. This control should be adjusted before

adjusting the y-balance control.

Linearity Balance Circuit (Low-Level)

This circuit makes the multiplier's transfer function linear for

low-level x-input signals.

Linearity Compensator

Internal circuitry that converts input current into a non-

linear voltage, a requisite for producing a linear output in the

differential amplifiers of the multiplier circuit.

Multiplier Circuitry

Provides the product of the two input voltages.

Multiplier Transfer Function

This function mathematically describes the interaction of the

two inputs and the resulting output signal. The basic transfer

function for a multiplier is

MVX + Vxe ) (Vy + Vye ) = V + Voe

where: k = k factor and represents the basic gain of the

multiplier

Vx. Vy = the external inputs to be multiplied

V = 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.
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OPERATING CONSIDERATIONS

Operation of a Multiplier

A multiplier is, essentially, a gain-controlled amplifier (See
Fig. 13) that multiplies the input signal (Vx ) with the
external gain controlling signal (Vy ) to produce the resultant
output (V

). The gain is externally adjustable by a coef-
ficient (k). Stated simply, a multiplier produces an output
voltage that is the linear product of two input voltages.

M>- vo

-O
V k V„ Vy

92CS-I9656

Fig. 13-Gain-control/ed amplifier.

The basic multiplier, shown in Fig. 14a, is a two-quadrant
multiplier. The input signal (Vx ) may have either a positive
or negative polarity whereas, the external gain-controlling
signal (Vy ) must be positive and greater than the base-to-
emitter voltage (Fig. 14b). The output current (|j - \ 2 ) of the

differential amplifier, comprised of transistors Q1 and Q2, is

related to both the input signal (Vx ) and the current seuree
(I). Since the current source (I) is related to the gain
controlling signal (Vy ) the output current (h - 12), therefore,
is related to both Vx and Vy .

•0.7 V '///A

v
v o—r°3

92CS- 19658

92CS-I9657

a) Basic circuit.

Fig. 14-Two-quadrant multiplier.

b) Multiplier functional

only in shaded region.

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 O1 -I2) must, theoretically, be zero as is shown by
the following:

1

.

Assume Vx = O,

then ii = i2 and i3 = \$

therefore ii+i4 = i2+<3-

Since I1 = ii+14 and I2 = i2+'3,

then l-| = I2.

This equality is independent of V
y

2. Now assume V
y
= O,

then 15 = Iq.

Sine i5 = i'i+i2and i6 = 13+14,

then i'i+i2 = (3+14.

Since f\ = i3 and i'2 = 14

then i'i+i4 = 13-M2.

Therefore I1 =
1 2.

This equality is independent of Vx .

' kA^u

(|y so

92C

Fig. 15—Basic four-quadrant multiplier.

92CS-I9655

Th.s relationship is essentially non-linear; thus an appro- The multiplying operation discussed in the previous section
pnate linearization circuit must be provided in the input applies when neither Vx nor Vv is zero. The output current
stage to achieve the following linear relationship:

(|
j -

| 2 ) then satisfies Equation 1

h-l2 = k'Vx Vy
where k' is a constant

(Eq. 1)

h-l2 = k'VxVy .
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The multiplying action of the four-quadrant multiplier is

dependent on current unbalance in the three differential

amplifiers. Ideally, the multiplying operation should not

occur if either Vx or Vy is O. However, in practical

applications slight current unbalances do exist. It is neces-

sary, therefore, to null out such unbalances with external

potentiometers prior to operation.

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 (li -l2>- It is

important that circuit unbalances be corrected prior to

operation. Table I describes the alignment procedures for

correcting these unbalances.

TYPICAL OPERATING CONSIDERATIONS

The RCA-CA3091D, shown in Fig. 2, is a four-quadrant

multiplier that incorporates the basic multiplier principle,

previously discussed in "Operation of a Multiplier". Because

the design of this multiplier is based on the multiplication of

two input currents to produce an output current it is

necessary to convert the input voltages to input currents and

the output current to an output voltage by inserting resistors

at both input and output terminals. Fig. 1 shows the

four-quadrant multiplier with its peripheral circuitry for

nulling current unbalances.

The Bias Current <
1

1

b> at Term. 3 sets the operating current

level for the entire multiplier circuit by means of a

current-source circuit. Therefore, it is essential that this bias

current level remain constant under all operating conditions.

To maintain this steady state, a temperature compensated

zener diode is provided on the chip and connected to the

Reference Voltage (Term. 6).

Linearity of the differential amplifier transconductance

function is accomplished by linearity compensators as shown

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 CA3091D 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 Q<Vy< 10V 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

Table I

AC Alignment Procedures For CA3091D, Four-Quadrant Multiplier

(Refer to Fig. 16, for circuit pertaining to following alignment procedures.)

Step

No.

Voltage Setting
Control

Adjust

Test

Equipment

Used

Measure

Vx vv

1

2

3

4

5

6

7

8

VlM

Vmid

V|M

VlM

Vmid

x Balance

Linearity

y Balance

Zero
Output

Rk

-

AC VM
AC VM

AC VM
DC VM

AC /DC VM

v

vo

vo

vo

vo

Set all potentiometers to center of range.

Adjust for a minimum reading.

Adjust for a minimum reading.

Repeat Steps 1 and 2 until no further improvement

is noted.

Adjust for a minimum reading.

Adjust for zero output.

Adjust for VM)D/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.

VM|D _ An AC or DC voltage that approximately satisfies the equation VMID = V |M/ /T For example, if a 50-kilohm resistor is used with

a 7-volt input, then Rk should be adjusted for a 4.9-volt output.

627



Linear Integrated Circuits

CA3091D

provided at the output of the divider alignment circuit in

order to separate the ac signal from the dc signal and, thus,

avoid interaction between the calibrating potentiometers.

The alignment procedure for the square-rooter function (Fig.

21) is identical to the alignment procedure for the divider

function. The input voltage range is limited to < V| ^
10V. This limitation is necessary in order to prevent the

output voltage (VQ ) from latching to the negative output

saturation voltage of the operational amplifier. Table II de-

scribes the divider alignment procedure.

x-BALANCE
50k V+»I5V(

V" = -I5V O-AAA^-O V+ = I5V

392 k£ 50kfl POT. I Mil 68lkfl 22.1 kfl

JNC |l
y

]v+ Inc Ii INC ll IC® © @ © ® © ®—

50k V"=-I5V
ZERO
OUTPUT .„.
ADJUST 50k

LINEARITY

R>R> R> 6
_h"

SAMPLE-BOARD TERMINAL
CONNECTIONS FOR
MULTIPLIER, SOUARER,
DIVIDER,AND SQUARE
ROOTER

*RCA-CA374IT IS A
GENERAL- PURPOSE
OPERATIONAL AMPLIFIER
WITH INTERNAL PHASE
COMPENSATION.

92CS-I9547

Fig.)'6- Typical multifunction circuit arrangement utilizing

the CA3091D and CA3741 T.

a) Foil side.

+ Vy D V» 0~ Vb 0d

22.I kfi 68IM1 I MA 50 kQ POT. 392 kfi

V+-I5V

V+=I5V

/III \\\ \
0d Vo 0" IN9I4 V« D Vy +

b) Component side.

Fig.)'/'-Photographs of a printed-circuit board for multi-

function applications (multiplier, squarer, divider,

square rooter) utilizing the CA3091D and CA3741T.

Table II — Divider Alignment Procedure

Step

No.

Set

Measure
Output

Coupling

Test

Equipment

Used

Adjust NotesV
vv
V

1

2

3

4

5

Vs

5Vdc

vs
lOVdc

vs
5Vdc

v

vo
v

vo

ac

dc

ac

dc

ac - VM
dc - VM
ac - VM
dc - VM

Ozero

xbalance

Vbalance

^adjust

Set all potentiometers to center of range.

Adjust for minimum reading.

Adjust for OV dc output.

Adjust for minimum reading.

Adjust for 10 V dc output.
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CA3091D

CONNECT V, AND V
y

TERMINALS FOR SQUARER
OPERATION

x -VOLTAGEO-
INPUT

-iov<v
x <iovO—I

5>—

y-VOLTAGEO"
INPUT

-iov< vv <iovO—

4

Si
CA309ID

WITH
PERIPHERAL

ITRY

i Vy PERIPHI

O- CIRCUI

I I p^-iovs v «

GNDQ O v"'-,5v
*SEE FIG- II FOR
PERIPHERAL
CIRCUITRY

OO.QQQOOOO
00

6 6

vo 0+

b) Terminal connections for multiplying operation.

o
°D

o o
V,

9 9°
Vy V 0-

o O
0+

o
G

!> o 92C S- 19661c! >

V «KV
x
V
y
.

01 V, v„

Vn'MVt)

VI v

a) Circuit arrangement for multiplier or squarer operation. c) Terminal connections for squarer operation.

Fig. 18-Multifunction circuit-board arrangement with terminal connections for multiplier and squarer operation.

^j[_ * SEE FIG. II FOR PERIPHERAL CIRCUITRY 92CS-I9653

Fig. 19- (a) Divider alignment circuit.

AC
GENERATOR

(50 Hz)

500 uF

+ \1 \l+

9V p-p

POWER
SUPPLY
5.5V

V
T

» DIVIDER

-i—
92CS-I96S4

Fig.19-(b) Circuit to provide offset ac signal for use in

divider alignment procedure.

Q V+«I5V

H0V<Vj <I0V(>-

O-i

0->

V+.I5V

<£-

Ov+.

CA309ID
WITH

PERIPHERAL

CIRCUITRY*

I

•I0<V <I0V

v kv
y

vy

-O
r

Z- SEE FIG. 1 1 FOR
PERIPHERAL
CIRCUITRY

a) Circuit arrangement for divider operation.

O
o

O Q Q Q O O O
vo 0+ G

6 6
v v

y

kV
y

O.IV

92CS-I9659

b) Terminal connections for divider operation.

Fig.20—Multifunction circuit-board arrangement with ter-

minal connections for divider operation.

Q V"«I5V

GND.

K>-

CA309ID
WITH

PERIPHERAL

CIRCUITRY

J

I

SEE FIG. 1 1 FOR
y-s-ISV PERIPHERAL

CIRCUITRY

a) Circuit arrangement for square-rooter operation.

9 o o 9 c
To D o Tv

x
v
y

} <j

v
} c
0" ) c

D }.0+ G

I I

Ft.,

.
vo'J-ro

Vq V
j_ 92CS-I966I

b) Terminal connections for square-rooter operation.

Fig.21 —Multifunction circuit-board arrangement with ter-

minal connections for square-rooter operation.

629



Linear Integrated Circuits

14-Lead Dual-in-Line

Plastic Package
"E"-Sulflx Type h-1517

CA3179E

1.25 GHz Prescaler

For Industrial Applications

FEATURES:
Broadband operation - DC to 1.25 GHz

m High sensitivity

Standard T ZL or ECL power supply
Dual mode operation - VHF/UHF (+ 64/ -s- 256)
Complementary ECL outputs

m Independent VHF and UHF input terminals

The RCA-CA3179E is an integrated-circuit prescaler
intended for use in communications and instrumentation
systems. It performs division by 256 in the uhf mode and
division by 64 in the vhf mode.

The mode of operation is selected by means of the
bandswitch and the separate uhf and vhf input terminals
provided. Either single- or double-ended inputs can be
applied. These inputs are normally ac coupled, but dc
coupling can be used if the specified bias levels are main-
tained. The output is a complementary emitter-coupled
stage capable of driving a 33-pF or equivalent load. The
harmonic output is reduced above 40 MHz by limiting
output-signal rise and fall times and by maintaining a
balanced load.

In the uhf mode, which is activated by applying a high level
(logical 1 ) to the bandswitch input terminal, all eight divider
stages are operative, resulting in division by 256. In the vhf
mode, activated by a low level ^logical 0) at the vhf input
terminal, two divider stages are bypassed, resulting in
division by 64. An internal amplifier/multiplexer provides
this control while isolating both inputs, amplifying the input
signal, and improving sensitivity.

The CA3179E is supplied in the 14-lead dual-in-line plastic
package.

Applications:

Digital frequency synthesizers for:

VHF/UHF receivers

Satellite communications
Instrumentation

m High-frequency divider for:

UHF frequency counters
UHF timers

High-speed computers
Frequency standards

SHF second IF local-oscillator injection

PCM communications
Satellite communications
Radar ranging systems

m High-frequency up-converters

Table of Absolute-Maximum Ratings

Term.
No.

Min.
Volts

Max.
Volts

Max. Max.

<SHJ
1 &2* 5.5 110

3 -0.3 20 1 1

4&5 — — 0.1 10

9,10,
13, 14*

— 4 0.1 1

'Terms. 1 & 2 tied together.
A Maximum rf drive = 500 mVRMS.
Terms. 7 & 8 are system ground and tied
together.

Terms. 6, 11, 12 = no connection.
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CA3179E
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE 5-5V

DC BANDSWITCH VOLTAGE 20 V

RMS INPUT VOLTAGE 0-5V

DEVICE DISSIPATION:

UPTOTA = 70°C 700mW
ABOVETa = 70"C derate linearly at 11.1 mW/'C

AMBIENT TEMPERATURE RANGE:
OPERATING Oto 88*°

STORAGE -86 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

@-i

O—

I

©-

AMP/
MULTI-
PLEXER

®-l

©-ip
z

r

©

f
D

\~®

r©

©

®
92CS-3ISI7

Fig. 1 CA3179G block diagram.

-d>

-©-

-©-

TOGGLE SOURCE a
PULSE SHAPER
FREO-IO MHz
RISE TIME<4n«

_ 390 a
-0—wv-
_ 390 fl

-©—\AAr—
-©-

lOOOpF^

V 4
-O
v s
-o

W INCLUDES CAPACITANCE OF TEST PROBE

92CS-3I6I6

Fig. 2 - DC characteristics test circuit.
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CA3179E

Fig. 3 - Schematic diagram (cont'd on next page).
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CA3179E

Fig. 3 - Schematic diagram (cont'd from previous page).
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ELECTRICAL CHARACTERISTICS at Ta = 25 °C, V + = 5 V, V - = ov
CA3179E

CHARACTERISTIC TEST
CONDITIONS

LIMITS UNITS
Mln. Typ.jMax.

Static (See Fig. 2)

Supply Current, 1
+ Terms. 1 & 2 30 65 100 mA

Bandswitch Voltage:

Low, Vm
Term. 3

2.4 _ _
V

High, Vbh — — 0.8

Bandswitch Current:

Low, Irl V3 = 0V -1 mA
High, (bh V3 = 20 V — — 0.5

Dynamic (See Fig. 4)

Sine Wave Sensitivity

(Single-ended)

f|N"450to950MHz
V3 = 5 V

30 80

mVRMSf|N = 80to450MHz
V3 = 5V

— 50 160

f|N=90to275MHz
V3 = 0V — 5 40

Output Voltage:

High, Voh
Term. 4 or 5

4.2

VLow, Vol — 3 —
Peak-to-Peak, Vop-p 0.65 1.1 1.6

Output Rise or Fall Time, t r ,tf 40 7(5 •no ns

Internal Bias
Term. 13 or 14 (Vdd-D V
Term. 9 or 10 (VdD-2.7)

DC Input Resistance, R|
Term. 13 to 14 2000

fi
Term. 9 to 10 1000

Complex Input Impedance

Term.9 to 10,V|n = 100 mV,
fiN = 950MHz

20

QTerm.9 to 10,V|n = 100 mV,
flN = 450MHz

30 - j80

Term.13 to 14,V|n = 100mV,
f|N = 275MHz 35-J100

i »m " ,. ^ r

-k^vw-o-)kS>-
'lOOOpF

)r-@-
)00pF

470 pF

* INCLUDES CAPACITANCE
OF TEST PROBE

m" 6i<Md>

_ 390 a

X33pf

X 33pF
!

—6—6—6—
V + VB V"

92CS-3I6I5RI

Fig. 4 - AC characteristics test circuit.
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CA3179E

I50
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tui I00

Sir.
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600
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2w 200
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ioo

llillliiiiil AMBIENT TEMPERATURE (tA). + 70*Cj

ffltflrTtTnjiilll!lllll | lllllllllllH!IHIiHkffll*2S'c

FREQUENCY (f)— MHz
9JCS-3I607

Fig. 5 - Typical threshold sensitivity

in the + 64 VHF mode.
Fig. 6 Typical threshold sensitivity

in the + 256 UHF mode.

SUPPLY VOLTASE (V + )—

V

Fig. 7 • Typical bandswitch current

as a function of bandswitch voltage

and ambient temperature.

6
>
l

>

u 5
>

u 4.5

O 4
>

±AM T TEMPER

; "25»C- '
V H

j 1 1
1 llif

1-

O
3

inM,^ I -

2.5 444- --
r
IIIINlilllHIIII -

SUPPLY VOLTAGE (V +)—

V

92CS-3I6II

Fig. 9 Typical output voltage level

as a function of supply voltage

and ambient temperature.

Vx«3.75 V

Fig. 8 - Supply current as a function of

supply voltage and ambient temperature.

OUTPUT PULSE =0.65 V
p
.p

MIN., !.6V
p.p

MAX.
t r ,1f = 40ns MIN., 110 n« MAX.

Fig. 10 - Output pulse characteristics.

:elflflflfv«

FROM CA3IT9G

U l

TvsAT
OUTPUT 0FCA3290

9ZCS-3I6I6

Fig. 11 - Typical bipolar Interface circuit.
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FROM
CA3I79G
(IVp-p)

>—K- 1 . TO CMOS
'(4T0I5 Vp-p)

92CS- 31614

Fig. 12 Typical CMOS interface circuit.

>»0U1 fREF

vco CA3I79 INTERFACE
CIRCUIT

*PHASE
DETECTOR

I

1

FILTER

iililnh, nn-1 tar
AMPL

92CS-3I6I9

b) Digital frequency synthesizer
fREF

X CD4046A/B, CD4030A/B, CD4O70A/B OR EQUIVALENT
A CD40I8B, CD4029B, C04059A, CD40I02B, CD40I03B OR EQUIVALENT

92CS-3I620

Fig. 13 Typical system configuration.

ffiSB

CA3179E

92CS-31651

Fig. 14 - Printed-circuit board for the
dynamic test circuit.

Fig. 15 - Printed-circuit board for the
dynamic test circuit with components.
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Special Function Circuits

TOP VIEW BOTTOM VIEW

92CS-31652

Fig. 16 - Dynamic test circuit fixture.

92CS-31653

IMPEDANCE COORDINATES

Fig. 17 Impedance as a function of frequency.
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CA3179E
High-frequency construction and design
techniques must be followed if the opera-
tion of the CA3179G test circuit is to be
stable and if the results of repeated tests
are to be consistent. The dynamic test cir-

cuit is shown in Fig. 4, and a photo of the
test fixture that houses it is shown in Fig.

16. Listed below are some precautionary
construction considerations for the cir-

cuit and test fixture.

1. Supply the ground plane with fre-

quent ground connections.
2. Use 50-Q coaxial cable for input

connections
3. Use a "dead bug" type socket to

minimize lead lengths and reduce
series inductances

4. Use input pads that reduce im-

pedance mismatch at the
generator-test and meter-test input

interfaces

5. Use leadless ceramic disc

capacitors wherever possible
5. Provide capacitor by-passing near

active terminals where ac grounds
are required

Specific applications may require
changes in the procedures listed above.
The socket, for instance, can be

eliminated by soldering the device direct-

ly to the p.c. board or by using individual

board-mounted socket pins. Input and
output interface connections and cir-

cuitry will also vary according to specific

circuit requirements.

Partial Parts List for the Dynamic Test
Circuit and Fixture:

4 Pasternac PE3493-6 SMA cable con-
nectors and semi-rigid coaxial cable

1 Chassis
1 P.C. board
1 14-lead socket
2 1000-pF capacitors, Stettner Trush Inc.

No. TEFIC-7
3 470-pF disc capacitors

3 1000-pF disc capacitors
2 33-pF feedthrough capacitors

3 1000-pF feedthrough capacitors
3 Ferrite beads, 0.375 x 0.187 x 0.250

2 Resistors, 390-1), V4-W, 2%
1 Resistor, 56-ft, 1/8-W, 5%
1 Resistor, 110-fi, 1/8-W, 5%
1 Resistor, 9.1-0, 1/8-W, 5%
1 Resistor, 510-Q, 1/8-W, 5%

Dimensions of Test Fixture

0.66

o.3io n

t

—•I 0.80 I*—
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8-Lead Dual-ln-Llne

Plastic (Mini-OIP)

CA3199E

VHF/UHF 4- 4 Prescaler

Features:

Broadband operation - DC to

1.3 GHz
m High sensitivity

m Standard T2L or ECL power supply

of 5 V ±0.5 V
Complementary ECL outputs

Applications:

Digital frequency synthesizers for:

VHF/UHF receivers

Satellite communications
Instrumentation

High-frequency divider for:

UHF frequency counters
UHF timers

High-speed computers
Frequency standards
SHF second IF local-oscillator

injection

PCM communications
Satellite communications
Radar ranging systems
High-frequency up-converters

The CA3199E* is a bipolar integrated fixed-ratio (divide-by-

four) counter which operates over the VHF/UHF frequency

band (DC to 1.3 GHz). It accepts either single or double-

ended ac-coupled input signals and provides complemen-
tary emitter follower outputs at standard ECL logic levels.

The CA3199E is supplied in an 8-lead dual-in-line plastic

(Mini-DIP) package, and operates over an ambient temper-

ature range of to +85° C.

•Formerly RCA Dev. Type No. TA10853.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE 5.5 V

RMS INPUT VOLTAGE 0.5 V

DEVICE DISSIPATION:

UP TO T A = 70°C 630 mW
ABOVE TA= 70°

C

derate linearly at 7.7 mW/°C

AMBIENT TEMPERATURE RANGE:

OPERATING to 85° C

STORAGE -55 to -150°C

LEAD TEMPERATURE (DURING SOLDERING):

AT DISTANCE 1/16 ±1/32 IN. (1.59 ±0.79 mm) FROM CASE FOR 10 SECONDS MAX -265°C
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CA3199E
STATIC CHARACTERISTICS (TA=25°C, Vcc=+5.0 V, V5=Ground)

CHARACTERISTICS
TEST

CONDITIONS

LIMITS
UNITS

Min. Typ. Max.

"1" Output Voltage, V h Outputs Unloaded - 4.2 — V

"0" Output Voltage, Vql Outputs Unloaded - 3.4 - V

Internal Bias Voltage, Vgj^s Pin #4 Left Floating — 2.4 — V

Power Supply Current Drain, Iq 35 60 85 mA

DYNAMIC CHARACTERISTICS (TA=25°C, Vcc=+5.0 V, V5=Ground)

CHARACTERISTICS
TEST

CONDITIONS

LIMITS
UNITS

Min. Typ. Max.

Input Frequency Range (sinusoidal), Vjn Single-Ended Input, 1000 MHz - - 400 mVpp

Output Voltage Swing, V6 , V7 0.6 0.8 - Vpp

"1" Transition Time, t_+ Output Unloaded - 0.6 - ns

"0" Transition Time, t+_ Output Unloaded - 0.6 - ns

Input Capacitance, C|n - 2.5 - pF

Input Resistance, Rjn — 400 — fi

INPUT-
INPUT -

VCC SUPPLY

92CS-34II3

Fig. 1 - Logic diagram for divide-by-four counter.
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CA3199E

Fig. 6 - Schematic diagram for CA3199E.
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CA3199E
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TO INPUT OF A TEKTRONIX
SAMPLING PLUG-IN 3SI

TO TRIGGER OF A TEKTRONIX
SAMPLING OSCILLOSCOPE 568

A.B.C.D- BN*C CONNECTORS

COAX ADAPTER

20-db ATTENUATOR (OPTIONAL!

COAX ADAPTER

OOTON ELECTRONICS TEE ADAPTER (MODEL 9I-I4A)

TO BOOTON ELECTRONICS SENSITIVE R F. VOLTMETER
(MODEL 9IH OREQUIV.)

BOOTON ELECTRONICS R.F PROBE (MODEL 9I-I2E 1

COAX ADAPTER

50-OHM LOAD 9ZCM-94IIB

Fig. 5 - Test circuit for CA3199E.
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CA3199E

92CS-34I46

Fig. 7 - Printed-circuit board for the test circuit.

Application and Test Notes

1. Both complementary inputs and outputs are provided.

When driven single-ended, normally at pin 3, the

unused input (pin 2) should be ac by-passed (500 pF) to

ground for best performance.

2. Internal bias monitor, pin 4, is normally left floating or

ac by-passed to ground.
3. Device inputs should be ac coupled to the signal

source. 500-pF coupling capacitors are adequate
above 50 MHz.

4. Input signal voltage (sinusoidal) required is 100 mV
RMS (typical) over the frequency range of 100-1000

MHz

5. When the input signal voltage is a square wave, a rise

time of <5 ns is required. The signal should be 400-800

mV peak-to-peak over the frequency range from dc-

1000 MHz. This corresponds to an input slew rate

minimum of 62.5 V/j/s.

6. All test data are for the 8-pin dual-in-line packaged
circuit as mounted in a standard IC socket. Somewhat
improved higher frequency performance can be ob-

tained by attaching directly to a suitable PC board.

7. High-frequency construction and design techniques

must be followed if the operation of the test circuit is to

be stable and if the results of repeated tests are to be

consistent. Listed below are some precautionary

construction considerations for the circuit and test

fixture.

1. Supply the ground plane with frequent ground
connections.

2. Use 50-Q coaxial cable for input connections.

3. Use a "dead bug" type socket to minimize lead

lengths and reduce series inductances.

4. Use input pads that reduce impedance mismatch
at the generator-test and meter-test input

interfaces.

5. Use leadless ceramic disc capacitors wherever
possible.

6. Provide capacitor by-passing near active terminals

where ac grounds are required.

Specific applications may require changes in the pro-

cedures listed above. The socket, for instance, can be
eliminated by soldering the device directly to the PC board
or by using individual board-mounted socket pins. Input

and output interface connections and circuitry will also vary

according to specific circuit requirements.
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CA3211E

18-Lead Dual-ln-Line

Plastic Package

E Suffix

VHF/UHF Prescaler

Features

Divide by 256
m Input frequency to 1 GHz
Dual input ports electrically selectable

Input sensitivity

< 10 fjW typical

(Generator available power into a 50-n load)

5-V power supply
m Balanced output ports

The RCA-CA3211E* is an integrated-circuit prescaler

intended for use in TV frequency synthesis tuning systems

over an input frequency range of 90 to 1000 MHz. It

performs division by 256 in the UHF and 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 harmonic suppression.

The CA3211E is supplied in a 18-lead dual-in-line plastic

package.

'Formerly RCA Developmental No. TA11355.

SIGNAL
GENERATOR
H. P. 8660

6 DB
ATT

WATTMETER
H.R436A

ADAPTER
TYPE

MALE MALE

SENSOR
H.P 848IH 2

NOTES:
1

.

TERMINATE UNUSED INPUT PORT WITH 50 OHMS.
2. CONNECT ADAPTER TO DESIRED PORT.

ADJUST SIGNAL GENERATOR LEVEL FOR
PROPER COUNT. REMOVE ADAPTER AND
CONNECT SENSOR TO 6-DB ATTENUATOR
TO MEASURE POWER.

3. FOR MAXIMUM DRIVE TEST REMOVE 6-DB
ATTENUATOR

4. TYPE N FEMALE CONNECTORS ON FIXTURE.
5. TOTAL CAPACITANCE LOAD.

PORT 2

UHF INPUT

3s- INF

I NFT

I NF

(*-)|-(4>

PORT I

VHF INPUT

L£^PORT 2

MODE
> SWITCH

^"portU

^>
MODE
SWITCH

i>
¥

1
<e)AAA%

—

^4"
33 pF
(NOTE 5)

33 pF

m
PINS 10 THRU 18

OPTIONAL GND

92CM-3495I

Fig. 1 - Block diagram and test circuit of the CA3211E.
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CA3211E

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE 6 V

DC BANDSWITCH VOLTAGE 20 V

RMS INPUT VOLTAGE °-5 V

DEVICE DISSIPATION:

To70°C 890mW

Above 70°C Derate linearly at 1 1.1 mW/°C

AMBIENT TEMPERATURE:

Operating •
-40to+85°C

Storage
-65to+150°C

LEAD TEMPERATURE (During Soldering):

At distance 1/16 ± 1/32 in. (1.59 mm ± 0.79 mm) from case for 10 s max 265°C

ELECTRICAL CHARACTERISTICS, TA=25°C, V+=5.0 V

CHARACTERISTIC
LIMITS

UNITS
Mln. Typ. Max.

Supply Current, Terminal 7 30 65 110 mA

Band Change Voltage:

Port 1 Select (VHF)

Port 2 Select (UHF)

-0.5

3 5

0.6

18
V

Band Change Current, Terminal 2:

At Volts

At 18 Volts

- - -1

2
mA

Divide Ratio, f|N -= fOUT :

Port 1,f|N 80-500 MHz

Port 2, f|N 80-1000 MHz

- 256

256

—
Ratio

Input Sensitivity, f|N

:

40 MHz 15

mV rms
80 MHz — 10 35

150-800 MHz - 10 20

900 MHz — 10 35

1000 MHz — 15 45

Maximum Drive Level:

80-1000 MHz 500 mV rms

Output at Terminal 9 or 8:

Mean Value

Peak-Peak Swing

Rise or Fall Time

0.75

3.5

1

70

- Vdc

Vp.p

ns

Internal Bias at Terminal 6 — .2
- Vdc

Internal Bias, Terminal 2=5 V:

At Terminal 4

At Terminal 5

- 0.07

2

-
Vdc
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CA3211E
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BAND CHANGE 2 1 7 GND
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INPUT VHF PORT 1
- 4 15 GND

INPUT UHF PORT 2 5 14 GND

REFERENCE 6 13 GND

V+ 7 12 GND

7j OUTPUT 1 8 1 1 GND

Q OUTPUT 2 9 10 GND

92CS- 34934

TERMINAL DIAGRAM

200 400 600 800 1000

INPUT FREQUENCY- MHz 92CS-34937

Fig. 2 - Sinewave sensitivity threshold voltage as a

function of input frequency.
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14-Lead Duai-in-Line

Plastic Package H-1517

Special Function Circuits

CA3164E

BiMOS Single-Chip

Detector/Alarm System
With Integral Drivers for Mechanical and
Piezoelectric Horn Alarms

Features:
Interfaces directly with high Z sensors —
no external buffer FET required

Low input current: 1 pA max.
m Gate-protected input terminals

On-chip beep oscillator for low battery indication

Self-contained low-battery-voltage detection circuit

(a) Fixed or adjustable trip point available

(b) Dynamic battery test when filter capacitor = 2\kF

The RCA-CA3164E is a monolithic BiMOS
integrated circuit designed to meet the

stringent system requirements of a

battery- or line-operated alarm circuit.

When used with an ionization chamber
and electromechanical or piezoelectric

horn, it provides a one-chip approach to

smoke detection. No external 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 addi-

tion of several external components.

The CA3164E is supplied in the 14-lead

dual-in-line plastic package.

Chamber trigger voltage independent of

battery supply voltage (less than 150m V
over temperature and supply variations)

Reference source current available = 5\iA

(typ.)

Low standby battery current = 8\xA (typ.)

Can be used with photoelectric sensors

by 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

(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

Operates from 11 V (max.) supply (either

battery or line)

Battery reversal protection feature

TERMINAL ASSIGNMENT

vref(j>

chamber in@—
chamber adj. (3)-

BIAS SET®-
LOW BATTERY ADJ. ($)-

PHOTO/ LED /TV-
OUTPUT^/

GROUND (V
-

) (7)—

—@ V +

Hr?,BEEP TIMER
'S> NETWORK /PHOTO OSC.

—(ji) INTERCONNECT

—(u) ALARM OSC. ENABLE

—@P-HORN DRIVER

—(9) V + OR OUTPUT ENABLE/
V^ P-HORN FEEDBACK

~~(§) M-HORN/P-HORN DRIVER

92CS- 3IOI9RI
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CA3164E
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE, V+ +11 V
DEVICE DISSIPATION, PD :

Up to TA = 25 °C 600mW
Above T^ = 25 "C derate linearly at 6.7mW/°C

AMBIENT TEMPERATURE RANGE:
Operating Oto +50°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

ELECTRICAL CHARACTERISTICS at Ta = 25 °C, V + = 9V

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS

Min. Typ. Max.

Operating Voltage 7 9 11 V

Common-Mode Input

Voltage Range, V|CR
(V+ -2 V) = 7 V - 7 V

Low-Battery Trigger

Voltage

External adjust

(increase only)
7.3 7.7 7.9 V

Horn Driver

VcE(sat)

Term. 8 = 100 mA — — 0.5
V

Term. 8 = 300 m

A

— — 1.1

Reference Voltage Term. 1 6.1 6.5 6.9 V

Input Leakage

Current, II

Term. 2 — — 1

PATerm. 2 at 50 °C — — 2.5

Term. 3 — — 50

Standby Current (10 MQ
from Term. 4 to gnd)

No LED connected — 8* 14

MA

LED connected - 20 mA
for 30 ms every 60 s

- 18 —

Photoelectric operation -

LED photocurrent =0.6 A

(5-second rate)

— 13 -

Reference Source Current 5 — — PA

LED Driver Sink Current Term. 6 20 50 — mA
Output Term. 8 Term. 8 = 1.1 V 200 300 —

mASink Term. 8 Term. 8 = 0.5 V 100 150 —
Current Term. 10 Term. 10 = 2 V 20 25 —
Output _ _
„ Term. 8 Term.8 = V+ -2 V 20 25 —

mASource -

_ Term. 10
Current

Term. 10 = V+ -2V 20 25 —

Interconnect Current

Source Vo = V 1.5 3.5 6 mA

eASink Vo = 9 V — 45 65

Remote Fan-Out 20 — —
Low-Battery Adjust, Term.5

Input Current
50 70 225 nA

Timing Current Term. 13 10 — 62 nA

LED Blink Period Adjustable — — 1 PPM

LED Pulse Width Fixed — 30 — ms

Alarm Pulse Duty Cycle

(4.7 MQ from Term. 11

to gnd)

On-time — 95 — %
On-time = 95% — 0.5 —

sec.
Off-time = 5% — 0.026 —

'Adjustable to 5^A.
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CA3164E

OPERATING MODE TRUTH TABLE

CONDITION BATTERY
LED

TERM. 6

ALARM

HORN

TERMS.

8, 9, 10

SYSTEM

REMOTE

OUTPUT

TERM. 12

REMOTE

UNIT

ALARM

STATUS

No Smoke In

Chamber
NORMAL BLINK 1 OFF LOW OFF

No Smoke In

Chamber
LOW BLINK 1 BEEP 1 LOW OFF

Smoke In Chamber X ON ON2 HIGH ON

Remote Alarm On, No

Smoke In Local Chamber
X BLINK 1 ON2 HIGH3 ON

X = Don't Care

1. 30-ms pulse every 50 seconds (typ.).

2. Alarm horn may be programmed for continuous sound by connecting terminal 11 to V + .

The alarm may be pulsed by connecting terminal 11 to ground through a resistor (from 3.9

to 10 MQ). The typical duty cycle is 95% ON, and is determined by the size of the resistor.

3. Signal received from activated remote alarm.

ONE SHOT
MULTI-
VIBRATOR

CHAMBER ADJ.@-

r<Wff'

200 Q _ BEEP TIMER—WV @ NETWORK /

INTERNAL
^CONNECTION

DO NOT USE

,-. ALARM OSC.

-(il) ENABLE
(T) PHOTO/ LED

2.7 kfi^^K OUTPUT

INTERCONNECTOR

92CM-3IO20RI

Fig. 1 - Simplified functional diagram for CA3164E.

100/xF^
SUPPRESSION
NETWORK

$
MECH.
HORN

NOTES:

I . CONTINUOUS HORN ON
ALARM

2. CAP CI ADJUSTS LOW
BATTERY BEEP AND
LED BLINK RATE

* POLYCARBONATE OR EQUIVALENT
INSULATION RESISTANCE >I0 Gil

APPROX. I nA LEAKAGE

92CS- 3I02I Rl

Fig. 2 - Basic ionization detector with electromechanical horn.
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CA3164E

:iOO/iF

* POLYCARBONATE OR EQUIVALENT
NOTES:

1. TERMINAL II CONNECTED TO GND = CONTINUOUS HORN
2. CI SETS TIMING FOR IRE DIODE

92CM-3I022RI

Fig. 3 - Typical photoelectric system using CA3164E.

®
I

NOTES:
(1) POLYCARBONATE OR EQUIVALENT. INSULATION

RESISTANCE > 10 Gil, APPROXIMATELY 1 nA LEAKAGE.
CI ADJUSTS LOW BATTERY BEEP AND LED BLINK RATE.

(2) RESISTOR VALUES MAY BE DEPENDENT ON PIEZO
HORN USED

(3) CONTINUOUS HORN ON ALARM AS SHOWN. FOR
INTERMITTENT HORN SOUND, RETURN PIN 11 TO
GROUND THROUGH 3.9 MH RESISTOR

(4) TYPICAL PIEZO HORNS :

GULTON=101FB
LINDEN LABORATORIES =70046

Fig. 4 - Basic ionization detector with piezoelectric horn.

Connections for Optional Functions

1. Low Battery Adjustment - Terminal 5

Add diodes as shown below to in-

crease the low-battery trigger point.

v+o H—H-

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 involved make it ex-

tremely important that a provision be
made for limiting externally induced
transients into the remote terminal.

For example, inadvertent contact
with external power sources or elec-

trical storm activity may cause trig-

gering of the remote alarm function.
The circuit below will reduce the
possibility of such occurrences.

Sounder Operating Mode
Continuous sound on alarm -connect
terminal 11 to V + .

Pulsed sound on alarm - connect a
3.9-MQ resistor between terminal 11

and ground.

CA3I64E> =4=0.01 jxF TOOTHER^ ~ DETECTORS

92CS- 31023

650



Special Function Circuits

CA3164E

LED On-Time Adjustment

The CA3164E is designed to provide a

fixed LED on-time of approximately

30 ms. For applications requiring a

reduction in on-time, the following

circuit is recommended:

IAVG = 5^A—^Q

TOTAL BAT. DRAIN
8/iA + 5MA = I3MA (

VOLTAGE AT TERM 6

*• TO MECH. HORN

92CS-3I024

This circuit reduces the LED on-time

but does not affect the horn on-time

of 30 ms. When using this configura-

tion during the continuous-alarm

mode (smoke in chamber), 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.

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 CA3164E is de-

signed to interface directly with an

ionization-chamber type of smoke detec-

tor. Upon being triggered by a decreasing

voltage at the ionization-chamber output,

the IC operates a mechanical transducer.

In addition to this basic smoke-detector

function, another circuit monitors and
compares the battery voltage to an inter-

nal reference-voltage source. Once the

battery voltage drops below a defined

level, a short 30-ms beep sound is pro-

duced in synchronism with an LED in-

dicator every 50 seconds. This rate is

determined by a programming resistor

connected between terminal 4 and ground

and an external 0.1 ->iF capacitor con-

nected between terminal 13 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 decreasing 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 condi-

tion is a high level to the remote input/out-

put terminal of the IG.

The first alarm mode is the customary
continuous sound. The second alarm

mode is an interrupted or pulsed sound.

Operation - The CA3164E is current pro-

grammable by placing a resistor from ter-

minal 4 to ground. This resistor

establishes the operating current levels

for all the current sources within the IC in-

cluding 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

configuration shown in Fig. 5 to drive the

protection diodes and maintain the sub'-

picoampere input current.

®v +

I I

*—, *—•

—

t
—

' i—

-h—w-

DIFF. PAIR
v"

92CS-3I024RI

Fig. 5 - Schematic of ionization-chamber

amplifier.

A conventional bipolar amplifier is used
for the battery monitor circuit. The zener

diode is biased at about 3 ^A. This zener

voltage is raised one Va« and then ap-

plied 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 exter-

nal means is provided to raise the voltage

level at which the CA3164E 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. 6 shows the system. A
constant-current source charges the ex-

ternal 0.1-mF timing capacitor Cj, which
subsequently triggers the 30-ms one-shot

multivibrator composed of n-channel

MOS transistor N3 and n-p-n transistor

Q1.

N3 is then cut off and its drain climbs to

the supply rail, linearly charging
capacitor CpuLSE- When the drain of N3
reaches the supply rail, the charging cur-

rent ceases, cutting off the base current

of Q1 and discharging the capacitor.

A open-collector n ;p-n transistor is used
to drive the optional external LED power
monitor and battery-condition indicator

(Fig. 1).
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92CS-3I026RI

Fig. 6 Schematic of timer and one-shot

multivibrator.

The schematic diagram of the drive cir-

cuit for a mechanical horn (M-horn) and a
piezoelectric horn (P-horn) is shown in

Fig. 7. For M-horn operation, the output of

the driver at terminal 8 is used. A large
n-p-n transistor Q3 with an active pull-up

transistor Q2 provide over 300 mA of drive

current. In the M-horn mode, terminal 9
must be returned directly to V + . P-horn
operation requires the output from a
second inverting amplifier at terminal 10,

as well as the output from terminal 8. For
P-horn operation, terminal 9 is connected
to the feedback terminal of the horn.

The horn output, on alarm, can be con-
tinuous or pulsed. The mode is deter-

mined by the connection of terminal 11.

When this terminal is connected to V + ,

the alarm sound is continuous, and when
it is connected to ground through a pro-

gramming resistor, as shown in Fig. 7, the
alarm is pulsed. The pulse rate is deter-
mined by the sum of the current through

the programming resistor connected to
terminal 1 1 and the current from the basic
timer-current source. Thus, when the
detector goes into the alarm mode, the
nominal 50-second time period is

decreased to a nominal 0.5-second
period. This 0.5-second period is set by
the external 3.9-MQ resistor. PMOS tran-

sistor P4 and bipolar transistor Q6 pro-

vide the on-off switching of NMOS tran-
sistor N4 in the driver circuit to provide
the pulsed output from the horn.

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/iA 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.

Other Applications of the CA3164E
Although the primary function of the
CA3164E is smoke detection, it may also
be used in many other circuits that re-

quire high front-end sensitivity and the
very high input resistance of MOS tran-

sistors. The internal circuitry of the
CA3164E requires a minimum of external
components, and the low battery drain

eliminates the need for ac power in most
circuits.

A few of the possible uses are: humidity
sensor, where two metal electrodes
replace the ionization chamber; intrusion

alarm; P-horn driver; controller for a dc-to-

dc converter such as might be used in an
electronic photoflash unit; or with a
photodiode as an automatic switch for

turning on night lights.

v+
1

i r °6

fi

CONTINUOUS

PULSE

3.9

-(9)eUTPUT ENABLE
OR

P-HORN FEEDBACK

"13~D
M-HORN

OR
P-HORN

~7?

^
/Q\ P-HORN
V2> ONLY

<

92CM-32492

Fig. 7 - Schematic of mechanical and piezoelectric horn drivers.
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"T" Suffix "S" Suffix

#
*E" Suffix

Special Function Circuits

CA555, CA555C Types

Timers

For Timing Delays & Oscillator Applications in

Commercial, Industrial, and Military Equipment

CA555T, CA555CT:
CA555S, CA555CS:

CA555E, CA555CE:

Features:

Standard 8-Lead TO-5 Style Package

Standard 8-Lead TO-5 Style Package

With Formed Leads (DIL-CAN)

8-Lead Dual-ln-Line Plastic Package

(MINI-DIP)

Accurate timing from microseconds

through hours
i Astable and monostable operation

i Adjustable duty cycle

i Output capable of sourcing or sink-

ing up to 200 mA
i Output capable of driving TTL
devices

i Normally ON and OFF outputs

i High-temperature stability - 0.005%/

u Directly interchangeable with

SE555, NE555, MC1555, and
MC1455

Applications

Precision timing

Sequential timing

u Time-delay generation

Pulse generation

Pulse-width and position

modulation
m Pulse detector

The RCA-CA555 and CA555C are highly stable timers for

use in precision timing and oscillator applications. As ti-

mers, these monolithic integrated circuits are capable of

producing accurate time delays for periods ranging from

microseconds through hours. These devices are also useful

for astable oscillator operation and can maintain an accu-

rately 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.

The CA555 and CA555C are supplied in standard 8-lead

TO-5 style packages (T suffix), 8-lead TO-5 style packages

with dual-in-line formed leads (DIL-CAN, S suffix), 8-lead

dual-in-line plastic packages (MINI-DIP, E suffix), and in

chip form (H suffix). These types are direct replacement for

industry types in packages with similar terminal arrange-

ments 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

stringent electrical characteristics.

CONTROL
+

VOLTAGE

@ V
(5) ©TRIGGER

Fig. 1 — Functional diagram of the CA555 series.
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CA555, CA555C Types
ELECTRICAL CHARACTERISTICS, AtTA =25°C, V+ = 5 to 15 V unless otherwise specified

CHARACTERISTIC TEST CONDITIONS

LIMITS

CA555 CA555C UNITS
Min. Typ. Max. Min. Typ. Max.

DC Supply Voltage,

V+ 4.5 18 4.5 16 V

DC Supply Current

(Low State)*, 1
+

V+ = 5 V,

R L =00 _ 3 5 3 6 mA
V+= 15 V,

R L =00 _ 10 12 10 15 mA
Threshold Voltage,

VTH _ <2/3)V+ (2/3)V+ V

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

VV+= 15 V 4.8 5 5.2 - 5 —
Trigger Current - 0.5 - - 0.5 — HA
Threshold Current*,

"TH _ 0.1 0.25 0.1 0.25 HA
Reset Voltage 0.4 0.7 1.0 0.4 0.7 1.0 V
Reset Current - 0.1 - - 0.1 _ mA
Control Voltage

Level

V+ = 5 V 2.9 3.33 3.8 2.6 3.33 4 V
V+= 15 V 9.6 10 10.4 9 10 11 V

Output Voltage

Drop:

Low State, Vol

V+ = 5 V
'SINK = 5 mA

- - - - 0.25 0.35

V

V

'SINK = 8mA - 0.1 0.25 - - -

V+ = 15 V
'SINK = 10 mA

- 0.1 0.15 - 0.1 0.25

'SINK = 50 mA - 0.4 0.5 - 0.4 0.75

'SINK = 100 mA - 2.0 2.2 - 2.0 2.5

ISINK = 200 mA - 2.5 - - 2.5 -

High State, Voh

V+ = 5 V

'SOURCE = 100 mA
3.0 3.3 - 2.75 3.3 -

VV+ = 1 5 V

SOURCE = 100 mA 13.0 13.3 12.75 13.3

SOURCE •= 200 mA - 12.5 - - 12.5 —

Timing Error

(Monostable):

Initial Accuracy

Rl, R2

= 1 to 100 kJ2

C = 0.1 mF

Tested at

V+ = 5 V,

V+ = 1 5 V

- 0.5 2 -
1

- %

Frequency

Drift with

Temperature
- 30 100 - 50 - p/m/

°C

Drift with Supply

Voltage
- 0.05 0.2 - 0.1 - %/v

Output Rise Time,

t

r
- 100 - - 100 - ns

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

When the output is in a high state, the dc supply current is typically 1 mA less than the
low-state value.

a 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 + R 2
= 20 MI2.
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CA555, CA555C Types

*WHERE X IS THE DECIMAL MULTIPLIER OF THE SUPPLY VOLTAGE

92CS-24960

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

A f*s
| 220 y> i

Kl7 »—-t-vv\—[o2>
I

I

I DI_SCHARG_E_
_]

RESISTANCE VALUES ARE IN OHMS

Fig.4 - Schematic diagram of the CA55S and CA555C.

GROUND (7)

TRIGGER (7)

OUTPUT (T)

RESET©—

—

-0V
—Q DISCHARGE

—(T) THRESHOLD

KTNCONTROLU VOLTAGE

GROUND^-v
/7) DISCHARGE

TRIGGER^?)/ [^THRESHOLD

OUTPUT (2

RESET

TOP VIE*

.^CONTROL
\2J VOLTAGE

a. MINI-DIP plastic package

TO-5 style package with formed leads

b. TO-5 style package

Fig.5 — Terminal assignment diagrams.
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CA555, CA555C Types
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE ... 18 V
DEVICE DISSIPATION:

UptoTA = 55°C 600 mW
Above TA = 55°C Derate linearly 5 mW/°C

AMBIENT TEMPERATURE RANGE (All Types):

Operating -55 to +125 °C
Storage -65 to +1 50 °C

LEAD TEMPERATURE (During Soldering):

At distance 1/16" ± 1/32"

(1 .59 ± 0.79 mm) from case

for 10 seconds max. . +265 °C

> 2

> '*

§ 12

o 0.8

§ 0.4

3

"
AMBIENT TEMP

I !

ERATURE IT

i^-^1

*25'C ^

|

^

-
+ 125____

-.

SUPPLY

I I

I I

VOLTAGE IV*-]-5V< v s 15V

SOURCE CURRENT (I S0URCE >— mA

Fig.6 — Output voltage drop (high state) vs. source current.
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Fig. 7 — Output voltage-low state vs. sink current
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Fig.9 — Output voltage-low state vs. sink current

atV+ = 15 V.
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Fig. 10 — Delay time vs. supply voltage.
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TYPICAL APPLICATIONS

Reset Timer (Monostable Operation)

Fig.1 3 shows the CA555 connected as a reset

timer. In this mode of operation capacitor

Cj 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 Cj which drives the output voltage

"high" (relay energized). The action allows

the voltage across the capacitor to increase

exponentially with the time constant t =

RlCj. 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.

I—

i

92CS-26'80

Fig. 13 - Reset timer (monostable operation).

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 Cj and

causes the timing cycle to restart. Momen-

tarily closing only the reset switch during the

timing interval discharges Cj, but the timing

cycle does not restart.

Fig. 14 shows the typical waveforms gener-

ated during this mode of operation, and

Fig.15 gives the family of time delay curves

with variations in Ri and Cf.

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

Ri and R2;

Special Function Circuits

CA555, CA555C Types

SWITCH SI "OPEN"

SWITCH SI CLOSEDu
3.3V

CAPACITOR
VOLTAGE (TERMINALS 6,7)

OUTPUT
VOLTAGE
(TERMINAL 3)

Fig. 14 — Typical waveforms for reset timer.

68I 2 4 68 1 2 4 68 I 2 468 2 4 68 2 4 68

I0"
5

I0"
4

IO"
3

I0"
2

IO"' I 10

TIME DELAY (t n )— SU 92CS -26782

Fig. 15 — Time delay vs. resistance and capacitance.

Fig. 16 - Repeat cycle timer (astable operation).

T = 0.693(R-| + 2R2>CT = ti + t2

where ti =0.693(Ri + R2) Cj

andt2 = 0.693(R2)Cj

The duty cycle is:

t2 "2

ti + t2 ~Ri + 2R2

Typical waveforms generated during this

mode of operation are shown in Fig. 17.

Fig. 18 gives the family of curves of free

running frequency with variations in the

value of (Ri + 2R2) and Cj.
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Linear Integrated Circuits

CA555, CA555C Types

2£WWX
»2CS-2«7«<

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

Bottom Trace: Capacitor voltayo (1 Ml
div. and 0.5 ms/div.)

Fig. 17 — Typical waveforms for repeat cycle timer.

2 4 681 2 4 68 2 4 66 2 4 6 81 2 4 1

10 10*

FREQUENCY- Hj

Fig. 18 — Free running frequency ofrepeat cycle timer
with variation in capacitance and resistance.
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TV/CATV Circuits

Technical Data

AFT Page
CA3064 660

CA3139 668

Chroma
Systems
CA1398 673

CA3070 678

CA3071 678

CA3072 678

CA3121 693

CA3125 699

CA3126 702

**CA3128 471

CA3137 709

CA3145 714

CA3151 721

CA3158 725

CA3170 731

CA3172 737

**CA3194 740

CA3201 749

CA3217 756

CA3221 765

Horizontal

Systems
CA920A 771

CA1391 775

CA1394 775

CA3154 780

CA3157 786

CA3159 792

***CA3190 796

CA3202 802

CA3210 809

***CA3223 809

Sync/AGC Page
CA3120 819

CA3142 819

Luminance
Processors

CA3135 827

CA3143 834

CA3144 839

CA3156 844

Multiplex

Decoders
CA758 849

CA1310A 855

CA3090A 860

CA3195 866

PIXIF
CA270 871

CA1352 876

CA3068 880

CA3136 887

CA3153 892

CA3191 899

CA3192 912

CA7607 920

CA7611 920

Remote
Control

CA3035 .... See Page 362

Sound IF Page
CA1190 924

CA1191 928

CA2111A 932

CA2136A 937

CA3011 939

CA3012 939

CA3013 945

CA3014 945

CA3041 952

CA3042 960

CA3065 968

CA3134. 974

Tuning
CA3140.. ..See Page 156

CA3152*. • • See Page 48

CA3163.. 980

CA3166.. 984

CA3168.. . . See Page 339

CA3199.. . . See Page 639

CA3211. . . See Page 644

Video Disc

Circuits

CA2111A 932

CA3215. 990

CA3216 993

ACD3226 997

* BiMOS type
** PAL
*** 625 Line

A CMOS types
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Linear Integrated Circuits

CA3064, CA3064E

14-Lead Dual-in-Line

Plastic Package

10-Formed-Lead
TO-5 Style Package

TV Automatic Fine Tuning Circuit

Features:

Cascode type high-gain amplifier (18 mV input for rated output)

Internal voltage regulator

Differential detector

For use with either color or monochrome

Differential amplifier

Bipolar outputs

Wide operating-temperature range; —55 to +125°C

RCA-CA3064 and CA3064E represent the third generation of

integrated circuits designed primarily for AFC (Automatic-

Frequency-Control) applications. They provide all of the

signal-processing components needed (with the exception of
the tuned-phase-detector transformer) to derive the AFT cor-

rection signals from the output of the video-if amplifier. The
CA3064 is supplied in the 10-formed-lead TO-5 style pack-

age, and the CA3064E in the 14-lead dual-in-line plastic

package. Both types operate over the temperature range of

-55to+125°C.

The CA3064 and CA3064E are functionally similar to the

CA3044 and CA3044V1 but embody a higher-gain input

amplifier which provides a 20-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-5831, "Application of the RCA CA3044 and CA3044V1
Integrated Circuits in Automatic Fine-Tuning Systems" for

general application information.

"4= AFC A
DEFEAT
SWITCH TO VHF AND UHF

TUNERS

SEE FIG. -4 (b) FOR COIL DATA
|
TERMINAL NUMBERS IN PARENTHESES ARE

J FOR I4-LEAD DUAL-IN-LINE PLASTIC
PACKAGE

92CM-I58I0RI

Fig. 1 - Block diagram of typical operating circuit utilizing the CA3064 and CA3064E.
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MAXIMUM RATINGS, Absolute-Maximum Values:

DEVICE DISSIPATION:

Up to TA - 25°C 700 mW

Above Ta = 25°C derate linearly 5.6 mW/°C

AMBIENT TEMPERATURE RANGE:

Operating -55to+125°C

Storage
-65to+150°C

LEAD TEMPERATURE (During Soldering):

At distance 1/1 6" ±1/32"

(1 .59 mm ± 0.79 mm)
from case for 1 s max S65 c

TV/CATV Circuits

@)NC
-.COMMON a
©SUBSTRATE

(a) CA3064

CA3064, CA3064E

V+REG©-
DETECTOR,
INPUT M

IF OUTPUT(§>-

DETECTOR/J\_
INPUT Bv-^
DC AMP ,

OUTPUT X'

NC®-

TOP
VIEW

NC©-

'substrate

-@NC

-©IF INPUT

-®NC

Jnc

ks.detect0r
Sbias

«.DC AMP
•S*OUT PUT Y

92CS-2247I

(bl CA3064E

Fig.2 — Terminal assignment diagrams.

MAXIMUM VOLTAGE RATINGS at Ta = 25°C

The following chart gives the range of voltages which can be applied to the terminals listed

vertically with respect to the terminals listed horizontally. For example, the voltage range

between vertical terminal 2 (3) and horizontal terminal 6 (9) is +20 to volts. Terminal

nos. in parentheses are for the 14-lead dual-in-line plastic package.

TERM-
INAL
No.

9(6,7,

10,11,
13)

10

(1)

1

(2)

2

(3)

3

(4)

4

(5)

5

<8)

_

6

(9)

7

(12)

8
(14)

9(6,7,*
10,11,
13) NO INTERNAL CONNECT

»»
«

10

(1)

+ 12 + 10
-10

+ 12 + 12 + 12 +10 +20 A

1

(2)

* + 10
-10

* *
+5
-5

* +5
-6

2

(3)

* * * +20 * + 20

3

(4)

* * +5
-6

* +5
-6

4
<5)

* * * + 12

5

(8)

* * + 12

6

(9)

+ 5
-2

+2

7

(12)

+ 2
-10

8

J

(14) .L_

REF.SUB-j
STRATE
&CASE"

MAXIMUM
CURRENT RATINGS

TERM-
NAL
No.

in
mA

'out
mA

9(6,7,

10,11,

13)
. .

10

(1)

50 50

1

(2) 1 0.1

2

(3)
20 20

3

(4) 1 0.1

4

(5)
5 5

5

(8) 5 5

6

(9) 5 5

7

(12)
1 1

8
(14)

1

5°
J

50

Terminal number 10 (1) 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.

* 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 6,7,10,11, and 13 on the

14-lead dual-in-line-plastic package and terminal 9 on the TO-5

package be grounded to act as shields.

661



Linear Integrated Circuits

CA3064, CA3064E
ELECTRICAL CHARACTERISTICS at TA = 25°C, Unless Otherwise Specified

CHARACTERISTICS SYMBOLS

TEST

CIRCUITS
TEST

CONDITIONS

LIMITS

CA3064, CA3064E
UNITS

CHARAC-

TERISTIC

CURVES

FIG. MIN. TYP. MAX. FIG.

STATIC CHARACTERISTICS

Device Dissipation PD 4

V+ =

30V

R
S
=

1.5kfi

TA
135 150

mW

-25°C

+25°C 130 140 150

+85°C - 145 150

Current Drain at 10.5 Volts it
4 Vio(1) = 10.5 V 4 6.5 9.5 mA

Zener Regulated Voltage - DC
Supply Voltage at terminal 10(1)*

viod) 4 10.9 11.8 12.8 V -

Quiescent Operating Current into

Terminal 2(3) "2(3) 4 1 2 4 mA -

Quiescent Operating Voltage at

Terminal 4(5)
v4(5) - V+ = 30 V

RS = 1.5kft

5 6.9 8 V

Quiescent Operating Voltage at

Terminal 5(8)
v 5(8) 5 6.9 8 V -

Output Offset Voltage between

Terminals 4 and 5(5 and 8)

V4-5

(5-8)

-
•1 1 V

DYNAMIC CHARACTERISTICS (AS RF AMPLI FIER IN TO-5 STYLE PACKAGE)

Input Voltage Sensitivity Yl.
sensitivity

5
V+ = +30 V
V| = 18mV

Correc

as she

ion Voltage Output

wn in table below.

Input Admittance m
f = 45.75 MHz
V+ = 30 V
Rs = 1.5kfi

-

0.41 + jl.O - mmho -

Reverse Transfer Admittance V12 0+j3.4 /^.mho -

Forward Transfer Admittance y21 24.5 -
J29 mmho

Output Admittance m 0.04 + j0.9 mmho -

OUTPUT vs FREQUENCY DEVIATION - AFC

Correction-Control Voltage at

Terminal 4(5)

V

corr.

4(5)

5

V+ = +30 V
V| = 18mVRMS
f = MHz as

indicated

%of
V10

(1)

%of
V10

(1)

45.750 - 0.030 85 - V
6,7

45.750 + 0.030 - 25 V

45.750 - 0.900 80 V

7

45.750 + 0.900 -
35 V

45.750-1.500 80 V

45.750 + 1.500 35 V

Correction-Control Voltage at

Terminal 5(8)

V

corr.

5(8)

5

45.750 - 0.030 - 25 V
6,7

45.750 + 0.030 85 - V

45.750 - 0.900 35 V

7

45.750 + 0.900 80 - V

.

45.750-1.500 35 - V

*

I I r 45.750 + 1.500 - 80 V
1

" Terminal numbers in parentheses are for 14-lead dual-in-line plastic package.



TV/CATV Circuits

CA3064, CA3064E

(3)© ©(9 2)© (5)©

5K< 900<

®r

fl

°4

"3<> R 4

5K<900

R5
2 ^k

100 ^

KQ

ALL RESISTANCE VALUES ARE IN

OHMS
TERMINAL NUMBERS IN PAREN-

THESES ARE FOR 14-LEAD
DUAL-IN-LINE PLASTIC PACK-
AGE.

0?

81© W®

RlO> > R ll

8K> >8K

,
Q8

> R8 4= c
l

Q| 2 0(3

10 pF

(I)

i C2

10 pF

R 9—Wv-
S.'i'H irWR

F/p.3 - Schematic diagram for CA3064 and CA3064E.

Circuit Description

The CA3064 and CA3064E integrated circuits can be con-

sidered as five functional blocks; an if amplifier-limiter, a

balanced detector, a differential dc amplifier, an internally

used AGC amplifier, and a zener voltage regulator. The

45-MHz amplifier limiter combination consists of emitter-

follower input stage Q2 followed by a cascode-type amplifier

Q1, Q3. The emitter-follower input stage Q2 is internally

biased, therefore, capacitor coupling must be provided to the

input at pin 7 (12) . The external load is connected to pin 2

(3) and should present a load impedance of about 1800 ohms

at 45.75 MHz. The detector inputs at pins 1 (2) and 3 (4)

from the external transformer are biased through the tertiary

winding connected to pin 6 (9), which must be bypassed. The

balanced detector is a high-efficiency type consisting of

Q7/C1 and Q13/C2, which are internally biased by matching

transistors Q8 and Q12. The dc amplifier consists of the

differential amplifier Q9, Q10, Q1 1 , and D4.

The amplifier detector system provides the sharply defined

pull-in characteristics shown in figures 5 and 6. The AQC
amplifier Q6 senses the detected signals at the collector of

A10 and adjusts the gain to compensate for signal changes

such as airplane flutter conditions. Diodes D1, D2, and D3

provide the internal voltage regulation.

2(3V R

r-(Vt iA/W-(It)-*+30V

iVlOtl)

V.T.V.M.

TERMINAL NUMBERS IN

PARENTHESES ARE FOR
I4-LEAD DUAL-IN-LINE
PLASTIC PACKAGE

92CS- 22408

Fig.4 - Test setup: Measurement of total device dissipation, zener regulating voltage,

quiescent operating current at terminal 2 (3).
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Linear Integrated Circuits

CA3064, CA3064E

CONTROL VOLTAGE OUTPUT
ALL RESISTORS ARE 1% TOLERANCE AND ARE IN OHMS
TERMINAL NUMBERS IN PARENTHESES ARE FOR 14 -LEAD
DUAL-IN-LINE PLASTIC PACKAGE

92CS -I58I3RI

L, IS ALIGNED FOR SYMMETRICAL BANDWIDTH ON
EITHER SIDE OF 45.750 MHz

L2 TERTIARY WINDING WOUND ON L, COIL FORM
L
3 IS ALIGNED FOR ZERO DIFFERENTIAL OUTPUT
BETWEEN TERMINALS 4 AND 5 AT f„= 45.750 MHi

• FOR COIL CONSTRUCTION DATA, SEE FI0.4(b).

REFERENCE VOLTAGE PERCENTAGES
Ref. A 85% of V-io^)

Ref. B 25%ofV10(1)

Ref. C 80% of Vi (i)

Ref. D 35% of V 10(1)

Coil

<L-1.L2>

L3 •

RCA Distributor Part No.

122 213

122 203

COIL DATA FOR DISCRIMINATOR WINDINGS

L-| - Discriminator Primary: 3-1/6 turns; #20 Enamel cov-

ered wire - close-wound, at bottom of coil form. Inductance

of Li = 0.165 mH;Q = 120 at fQ = 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-|. Start winding at

Terminal #3; finish at Terminal #4. See Notes below.

L-3 - Discriminator Secondary: 3-1/2 turns; center-tapped,

space wound at bottom of coil form.

Inductance of L3 = 0.180 //H; Q = 150 at f = 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. Tuning Core: 0.250" Dia. x 0.37" Length.

: Material: Carbinal J or equivalent

3. Coil Form Base: See drawing below.

4. End of coil nearest terminal board to be designated

the winding start end.

Fig.5 fb) Coil form base terminal diagram.

Fig.5 (a) - Correction voltage test circuit for CA3064 and CA3064E.

The CA3064 and CA3064E are specifically intended for use in

the AFT system of color television receivers. These devices are

tested so that the control voltages generated by the circuit meet

the critical requirements of the system. Figure 5 (a) is the

schematic diagram of the test circuit.

Figures 5, 6, and 7 show the control voltages generated at

terminals 4(5) and 5(8) of the Integrated Circuit as a function

of the frequency deviation from the nominal center frequency.

Figure 6 shows the region within 30 kHz of the center fre-

quency while Figure 7 covers the entire bandwidth of the sys-

tem. The horizontal reference lines on the figures are

generated by a voltage divider connected between the power

supply voltage on terminal 10(1) and ground. The dynamic

control voltages are compared with these references accord-

ing to the Output vs Frequency Deviation Table. For ex-

ample: when the frequency deviation is -30 kHz the control

voltage at terminal 4(5) is greater than the reference A volt-

age; the control voltage at terminal 5(8) is less than the

reference B voltage.

The shape of the correction voltage characteristics is depen-

dent to a large degree upon transformer characteristics and

the parts layout. In order to closely duplicate the curves

shown, the printed circuit boards shown in Figures 8 and 10

and the parts layouts shown in Figures 9 and 11 should be

followed as closely as possible.
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TV/CATV Circuits

12.5

1 ,0

£
o
2 7.5
_i

o
>
1-

2 5
t-

O

2.5

Q.

AMBIENT TEMPERATURE (TA)*25'C

TERMINAL NUMBERS IN PARENTHESES AR
FOR 14-LEAD DIP

E B

J-H-FH WeJf. A ::mm 0.85 :;

\r\\\\
V IO(l);:

|\l III
1 | l-l-j-t—

M—
~

<- correction msJlLnfll-
CONTROL VOLTAGE

1 MMI
TERMINAL 4 (5) RWffffB+f

CORRECTION -^ :

CONTROL VOLTAGE +RMJI1L

:

TERMINAL 5(8)
'f[ \ \

\

1
j

II
\

£rEFbE:

| v IO(l):l

0.030 -0.020 -0.010 45.750 + 0.010 +0.020 +0.030

INPUT FREQUENCY DEVIATION— MHz
92CS _ I6812RI

Fig.6 - Typical narrow-band dynamic control voltage characteristics.

CA3064, CA3064E

AMBIENT TEMPERATURE (TA )=25°C

TERMINAL NUMBERS IN PARENTHESES ARE

FOR 14-LEAD DIP

-0.5 45750 0.5 I

.INPUT FREQUENCY DEVIATION—MHI
- 92CS-I58IIRI

Fig.7 - Typical wide-band dynamic control voltage characteristics.

3pF

NOTE : TERMINAL NUMBERS SHOWN IN PARENTHESES ARE

FOR I4-LEA0 DUAL-IN-LINE PLASTIC PACKAGE.

PIX IF IC
CA3068

92CS- 22409

Fig.8 - Typical application of CA3064 and CA3064E AFT IC.
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Linear Integrated Circuits

CA3064, CA3064E

la) Top view lb) Bottom view

V, n REFERENCE

Fig.9 — Printed circuit board for test circuit, full size

Ifor TO-5 style package).

Fig. 10 — Top view of wired test board (for TO-5 style package).

(a) Top view lb) Bottom view

Fig. 1 1 - Printed circuit board for test circuit, full size Ifor 14-lead dual-in-line plastic package).
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TV/CATV Circuits

CA3064, CA3064E

Fig. 12 — Top view of wired test board (for 14-lead

dual-in-line plastic package)
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Linear Integrated Circuits

CA3139E, CA3139Q

14-Lead Dual-ln-

Line Plastic Package

(E Suffix)

14-Lead Plastic'

Package] With

Quad-
Formed
Leads

(Q Suffix)

H-1596

TV Automatic Fine Tuning
Circuit

With Intercarrier Mixer/Amplifier

For Color and Monochrome Receivers

FEATURES:
Cascode-type high-gain amplifier (15-mV input for rated output)

m AFT differential peak detector

u Differential amplifier

Bipolar outputs

m Five-stage intercarrier mixer/amplifier

Internal voltage regulator

m For use in either color or monochrome receivers

Platinum-silicide ohmic contacts

The RCA-CA3139 is a monolithic TV Automatic Fine
Tuning (AFT) circuit that provides 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 (amplification and detection)
necessary to generate the AFT correction signals required

by the TV tuner. It also mixes the video and sound I F carriers

and amplifies the resultant 4.5-MHz intercarrier sound
signal. This sound output may then be connected to an FM
detector such as the RCA-CA3134 "TV Sound IF and Audio
Output Subsystem," or the RCA-CA3065 "FM Detector and
Audio Driver."

The AFT portion of the CA3139 is similar to the RCA-
CA3064 AFT circuit with the following exceptions: (a) the
AFT filter capacitors are external and user selectable,
allowing the detector to operate as a peak detector and
resulting in a higher effective gain for the TV signal; (b) the
detector bias resistor is external and user selectable,
allowing the gain of the AFT and intercarrier signals to be
adjusted; (c) the dynamic resistance 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).

(5 $ <y)

B

<k

DC CORRECTION
. K n VOLTAGES TO

O.OOI /if

Fig. 1 — Block diagram and typical application of CA3139.
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TV/CATV Circuits

CA3139E, CA3139Q

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

No.

1,2* 3 I
4" 5 6 7

A
I 8 9 10 11 12 13 14

<IN,

•OUT
mA

1.2* m NO INTERNAL CONNECTION ^

3
+ 10

-0
+9

-1.5

+8

-1.5

+0

-10

+8

-1.5

+8

-1.5

+8

-1.5

+8

-1.5

+8

-1.5

+8

-1.5

+8

-1.5
10

4"
+0

-2
+0

-3
+0

-11

+0

-3
+0

-3
+0

-3
+0

-3
+0

-3
+0

-11

+0

-11
50

5
+0

-5

+0

-14

+2

-5

+1

-5

+2

-5

+2

-5

+2

-5

+ 1

-8

+1

-8
1

6
+0

-14

+2

-2
+0

-2
+2

-2
+1

-3
+ 1

-3
+0

-10
+0

-10
2

7
A + 15

-0
+ 13

-0
+ 15

-0
+ 13

-0
+ 13

-0
+ 10

-0
+10

-0
50

8
+ 1

-5
+5

-5
+5

-5
+1

-5
+0

-14
+0

-14
2

9
+ 10

-2
+8

-2
+8

-2
+0

-10
+0

-10
10

10
+ 1

-5
+5

-5
+ 1

-10
+1

-10
2

11
* * * 2

12 * * 2

13
+14

-14
2

14
2

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.

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.

MAXIMUM RATINGS,

Absolute-Maximum Values:

DEVICE DISSIPATION:

Up to TA = 55°C 630 mW
Above TA

= 55° C . derate linearly 6.67 mW/°C

AMBIENT TEMPERATURE:
Operating -40 to +85°C

Storage -65 to +150°C

LEAD TEMPERATURE (During Soldering):

At distance 1/16" + 1/32"

(1.59 mm ±0.79 mm)
o

from case for 10 s max 265 C

NC0
NC (?)

INTERCARRIER OUT (?)

SUBSTRATE©
IF INPUT©

DET. BIAS ©
SHUNT REG ©

© DC AMP B OUT

—@ DC AMP A OUT

—@ FILTER A

©FILTER B

© DET B INPUT

©IF AMP OUTPUT

© DET A INPUT

92CS-27I25

Fig. 2 — Terminal assignment.
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Linear Integrated Circuits

CA3139E, CA3139Q
ELECTRICAL CHARACTERISTICS at TA = 25°C, V+ = 28 V (Unless Otherwise Specified)

See Test Circuit, Fig. 3

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS
Min. Max.

NO SIGNAL INPUT

Supply Current, l

+
15 20 mA

Low Voltage at Term. 7 1 V+ = 20.8 V 11 14.5 V

Shunt Reg. Voltage 12 14.5 V

Quiescent Voltage at Term. 3 4.5 10 V

Quiescent Voltage2 at Terms.

13 and 14
Term. 13 connected to Term. 14 6 8.5 V

Quiescent Difference Voltage,

Terms. 13 to 14
-0.8 +

0.8 V

Quiescent Voltage at Term. 6 1.4 2.6 V

SIGNAL INPUT = 15 mVRMS (Unless Otherwise Specified), Note 3

Correction Voltage at

Term. 13

f = 44.65 MHz 2.2 4.7

V
f = 45.69 MHz 1.2 4.4 •

f = 45.81 MHz 9.6 13.8

f = 46.85 MHz 9.1 12.1

Correction Voltage at

Term. 14

f = 44.65 MHz 9.1 12.1

Vf = 45.69 MHz 9.6 13.8

f = 45.81 MHz 1.2 4.4

f = 46.85 MHz 2.2 4.7

4.5 MHz Output

Two-Tone Input

f1 =45.75 MHz at 15 mV
f2 = 41.25MHzat5mV -

50 200 mVRMS

NOTES: 1. I 7 = 12 mA maximum at V7
= 1 1 V.

2. V-|3 = 0.55 Vz ± 0.7 V

3. Resistor from term. 6 to term. 7 = 9.09 KH. Crossover steepens and "bow tie'

width increases when resistor is decreased in value. Total peak swing decreases

slightly. y+

O.OOI
SIGNAL „|

>5oa

SOUND
IF IN

12.9V < 14J

9.09 Kfi
001 =fc

SYMMETRY
TUNING CENTER FREQ.

2 Tl TUNING

SHUNT REG BIAS

(4)— SUBSTRATE

J I
NC

NOTES:

I Use 10 KS2 Isolation Resistor at DC
Voltmeter Proba Tip Whan Making
DC Measurements.

2. Typical No-Signal DC Potential! Are
Shown.

3. Boxes Raprasant Test Points.

/~s
IKn

1—

I

^<J3>A/vU-rj?]7

CONTROL °°0lJ;

470;^
PF X 470

PF T 92CM-27I26

LI: RCA P.N. 122205 Tl RCA P.N. 140507

L2: RCA P.N. 14133 3V, Turns (Canter Tapped! #20 Wire,

*% Turns #22 Wire. O.O. » 0.25' (Typl O.D. = 0.35" (Typ.)

O lUnloadad) - 100 (Min.) Q (Unloaded) - 140 (Mini

1- 41.25 MHi < = 45.75 MHz
Inductance « 0.18 *ih (Typ.) Inductance - 0.18 uh (Typ.)

3 — Test circuit.
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TV/CATV Circuits

CA3139E, CA3139Q

-I 0.5 45.750 0.5 I

INPUT FREQUENCY DEVIATION— MHl
92CS-27I27

Fig. 4 — Dynamic control-voltage characteristics.

CIRCUIT DESCRIPTION

The CA3139 consists of five functional cir-

cuits as shown in the block diagram. Fig. 1

(see Fig. 5 for schematic diagram).

1) Cascode Amplifier — Consists of emitter-

follower Q1, common-emitter amplifier

Q2, and common-base amplifier Q3.

2) Bias Circuit — Consists of Q4 and resistors

R1, R4, R5, and an external resistor (user

selectable) connected to the voltage regu-

lator, terminal 7. The nominal value of

the external resistor is 9.1 k£2. 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

Q1 is internally biased, so AC coupling

is normally used to the input terminal 5.

3) Intercarrier 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 Q13 through Q17 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 Q14. Alow-pass

filter removes the carriers and upper con-

version signal components. The 4.5-MHz

FM signal is further amplified and filtered

by Q16 and C3. The FM sound output

signal is at terminal 3. The gain with

respect to a 5-mV sound carrier (tested

with a 15-mV video carrier) input signal

at terminal 5 is 10 to 40 when the resistor

is connected between terminals 6 and 7

is 9.09 kft.

4) AFT Detector and DC Amplifier - Con-

sists of Q6 through Q12 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 Q7 and Q8 is held constant by the

current-mirror transistors Q10, Q11, and

Q12. External filter capacitors connected

to terminals 11 and 12 assure that peak

detection is accomplished. The AFT out-

put voltages are shown in the Electrical

Characteristics chart, and a graphical repre-

sentation is shown in Fig. 4.

5) Voltage Regulator — An active shunt

regulator, consisting of D1, D2, Z1, Z2,

and Q5, is included to reduce the dynamic

resistance.
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CA3139E, CA3139Q
DC AMPL DET
OUTPUT INPUT FILTER

Fig. 5 — Schematic diagram of CA3139.

rr

ooo r~
pFJ_

VHF TUNER

27KJI 4.7 pF

-(3) WV-
IKft

-I

OFF

OOOI

&rr
T>' io

p°fm *s^r

UHF TUNER

I 22 Kfl 3.5 pF

92CM-27I29

F/<7. 6 — Typical tuner connection.
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TV/CATV Circuits

CA1398E

14-Lead Dual-ln-Line

Plastic Package

Television Chroma Processor

Features

Minimum number of external components required

Injection-lock oscHlator with internal feedback

DC chroma gain control and hue control circuits

Low-impedance internal voltage regulation

RCA-CA1 398E is a monolithic silicon integrated-circuit chroma

processor containing chroma-amplifier and gain-control, color-

killer, color subcarrier oscillator, hue control , and ACC circuitry.

It has been designed for interchangeability with other "1398"-

type chroma-processor devices. It functions compatibly with

the RCA-CA3125E Chroma Demodulator as well as other com-

mercially available chroma demodulators in color-TV receivers.

Fig. 2 shows a functional block diagram of a 2-package TV

chroma system incorporating the CA1398E and CA3125E. The

CA1398E is supplied in a 14-lead dual-in-line plastic package.

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

Peak Horizontal-Pulse Input Current 250 ixA

Supply Current (Terminal 14) 35 mA
Ambient Temperature Range:

Q

Operating • -40 to +85
q
C

Storage -65 to +150 C

Lead Temperature (During Soldering)

:

At distance 1/16" ±1/32" (1 .59 ±0.79 mm> „

from case for 10s max 265 C

IPHASET >
SHIFT 5 HUE— -^^=-C0N

"REG
Fig. 1 - Functional diagram of the CA 1398E.

92CM-22567
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Linear Integrated Circuits

CA1398E

RESISTANCE VALUES ARE IN OHMS

Fig. 2- Schematic diagram of the CA1398E (cont'd on next page).
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TV/CATV Circuits

I I OSCILLATOR

® 6 ® <S>

Fig. 2- Schematic diagram of the CA1398E (cont'd from previous page).
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Linear Integrated Circuits

CA1398E
ELECTRICAL CHARACTERISTICS at TA = 25°C and Referenced to Test Circuit (Fig. 4)

CHARACTERISTIC

TERMINAL

MEASURED
AND

SYMBOL

TEST CONDITIONS LIMITS

UNITS

SWITCH
POSITION

(S1)

CONTROL SETTING
VBURST
mV p-p

vCHROMA
mV p-p

MIN. TYP. MAX.CHROMA HUE KILLER

Static Characteristics

Regulated Supply Voltage V14 r 2 max. max. max. 8.9 9.5 11.5 V

Chroma Output Bias V14 to V2 2 max. max. max. 6 1.2 2.4 3.6 V

Regulator Impedance See Note 1 2 max. max. max. - 12 25 SI

Dynamic Characteristics (Refer to Test Set-Up Procedure for Oscillator)

Max. Chroma Gain V2 1 max. max. See Note 2 6 5 310 425 - mV p-p

Min. Chroma Gain V2 1 min. max.

'
1

6 5 - - 7 mV p-p

ACC Action
V2(dBup
from gain test)

1 max. max. 50 50 2 7 11 dB

Killer Function:

Kill V2 2 max. max. 5 _ _ 7 mV p-p

Unkill V2 1 max. max. 15 5 100 - - mV p-p

Oscillator Lock-Up:

Voltage V13 1 max. max. 6 250 340 390 mV p-p

Phase (
Referenced

)\to burst / #13 1 max. max. 6 -20 +20 degrees

Hue Control Range:

Voltage V13 1 max. min. 6 250 340 390 mV p-p

Phase C
Ref

u
erenced>

)
\ to burst /

013 1 max. min. 6 95 110 140 degrees

Note 1 - Measure V 14 at I SUPPLY
= 38 mA and 18 mA - Calculate the regulator impedance:

Z
reg.

= [v 14 ,at ^ mA)-V 14 (at 18 mA)] /0.02

Note 2 — Increase the killer potentiometer resistance from minimum until the circuit unkills. This condition is evidenced by a shift in bias voltage at

'

Maintain this potentiometer setting for all the dynamic tests.

CHROMA
INPUT

®-

© fyiKEY PULSE /^CHROMA
V INPUT ^GAIN

ACC
CIRCUIT

® ®

3.58-MHz
OSCILLATOR

©6 © © 2

PHASE
SHIFT

NETWORK

®
BRIGHTNESS BLANKING
CONTROL INPUT

© ©

39
© © ©

Fig. 3 - TV chroma system functional block diagram.
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TV/CATV Circuits

CA1398E

TEST SET-UP PROCEDURE FOR OSCILLATOR "J"*
±1 °

J?"

Under the "™ Te« Conditions described in the

Electrical Characteristics Chart for Oscillator Lock-up, vary LI

Remove the horizontal keying and chroma inputs and adjust (approx. 20 mH) and/or C1 (approx. 1000 pF) to obtain the

Cx to obtain a free-running oscillator frequency of 3.579545
jn jt j a | conditions for amplitude and phase oscillator lock-up.

V + *20 V

CHROMA GAIN X
CONTROL >300

MIN. 5K MAX. f
i Wv VW
_L 2 2k 1^

(20 MH) 3000 pF

FT 1.8k ^l000pFu . ¥ |—i-AA/V—3_ J_
MAX

I

O OSCILLATOR
OUTPUT

RESISTANCE VALUES ARE IN OHMS

UNLESS INDICATED OTHERWISE
CAPACITANCE VALUES ARE IN

MICROFARADS

ACC/KILLER
CONTROL

HORIZ.
KEY.
INPUT

CHROMA
INPUT

)7] |« 63 5 M S
J
-
|

i '

i
i

I

'
'L _

i i

i
I

i i

V
vCHR0MA

1

HOOk

92CM- 22568

Fig. 4

V BURST

Typical static and dynamic characteristics test circuit for the CA 1398E.
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Linear Integrated Circuits

CA3070, CA3071, CA3072 Types

Television Chroma System

up"
CA3070

16-Lead Dual-ln-Line

Plastic Package

^1
I4-Lead Dual-ln-Line

Plastic Package

CA3071
CA3072

SYSTEM FEATURES

CA3070

Voltage Controlled Oscillator

Keyed APC & ACC Detectors

DC Hue Control

Shunt Regulator

CA3072

CA3071

ACC Controlled Chroma Amplifier

DC Chroma Gain Control

Color Killer

Amplifier Short-Circuit Protection

Synchronous Detector with Color Difference Matrix

Emitter-Follower Output Amplifiers with Short-Circuit Protection

CHROMA
KILLER GAIN
ADJUST CONTROL

© © (f)

The RCA CA3070, CA3071, and CA3072 are monolithic

silicon integrated circuits that constitute a complete chroma

system for color television receivers. The CA3070 is a

complete subcarrier regeneration system featuring a new

concept of phase control applied to the oscillator circuit. The

CA3071 is a chroma amplifier system and the CA3072
performs the demodulation function.

The CA3070 utilizes the 16-lead plastic dual-in-line package;

the CA3071 and CA3072 are supplied 14-lead plastic

dual-in-line packages.

92CL-I7574RI

Fig. 1 — Simplified block diagram of TV chroma system.
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TV/CATV Circuits

CA3070, CA3071, CA3072 Types

CA3070 Chroma Signal Processor

:':(IM*j tj*j.Wj
LtfssR'iiK

i^iT^Qr?

'»*

Utt.

J -f

' >:Lv
i 'ffiflKy^ 'jwt'

ri .

*LL RESISTANCE VALUES ARE IN OHMS

UNLESS OTHERWISE INDICATED, ALL CAPACITANCE VALUES

LESS THAN 1.0 ARE IN MICROFARADS
10 OR GREATER ARE IN PICOFARADS

Fig. 2 - Functional diagram of RCA-CA3070.

The CA3070 is a complete subcarrier regeneration system

with automatic phase control applied to the oscillator. An

amplified chroma; signal from the CA3071 is applied to

terminals No. 13 and No. 14, which are the automatic phase

control (APC) and the automatic chroma control (ACC) in-

puts. APC and ACC detection is keyed by the horizontal

pulse which also inhibits the oscillator output amplifier

during the burst interval.

The ACC system uses a synchronous detector to develop a

correction voltage at the differential output terminal Nos. 15

& 1 6. This control signal is applied to the input terminal Nos.

1 & 14 of the CA3071 . The APC system also uses a synchro-

nous detector. The APC error voltage is internally coupled to

the 3.58 MHz oscillator at balance; the phase of the signal at

terminal No. 13 is in quadrature with the oscillator.

To accomplish phasing requirements, an RC phase shift

network is used between the chroma input and terminal Nos.

13 and 14. The feedback loop of the oscillator is from

terminal Nos. 7 and 8 back to No. 6. The same oscillator

signal is available at terminal Nos. 7 and 8, but the dc output

of the APC detector controls the relative signal levels at

terminal Nos. 7 or 8. Because the output at terminal No. 8

is shifted in phase compared to the output at terminal No. 7,

which is applied directly to the crystal circuit, control of the

relative amplitudes at terminaj Nos. 7 and 8 alters the phase

in the feedback loop, thereby changing the frequency of the

crystal oscillator. Balance adjustments of dc offsets are

provided to establish an initial no-signal offset control in the

ACC output, and a no-signal, on-frequency adjustment

through the APC detector-amplifier circuit which controls

the oscillator frequency. The oscillator output stage is

differentially controlled at terminal Nos. 2 and 3 by the hue

control input to terminal No. 1. The hue phase shift is

accomplished by the external R, L, and C components that

couple the oscillator output to the demodulator input

terminals. The CA3070 includes a shunt regulator to establish

a 12-volt dc supply.
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CA3070, CA3071, CA3072 Types
MAXIMUM RATINGS, Absolute Maximum-Values at TA =25°C

DC Supply Voltage and Current See Charts Below

Device Dissipation:

Up to Ta = +70°C 530 mW
Above Ta = +70°C . . . Derate Linearly at 6.7 mW/°C

Ambient Temperature Range:

Operating -40 to +85 °C

Storage -65 to +1 50 °C

Lead Temperature (During Soldering):

At distance 1/32 in. (3.17 mm) from seating plane

for 10 s max +265 °C

A With respect to terminal

No.5 and with terminal

No. 10 connected through

470ft to +24 V.

N1 Regulated voltage at termi-

nal No. 10.

N2 Controlled by max. input

current

N3 Limited by dissipation.

Maximum Voltage and Current Ratings at Ta = +25°C

Voltage* Current

Terminal

No.

Min.

Volts

Max.

Volts

1
*

2 +16

3 +16

4 -5 N2

6 - -

7 - -

8 - -

10 N3

11 N1

12 N1

13 N1

14 N1

15 +16

16 +16

Terminal

No.

>l

mA
o
mA

1 20 1

2 - -

3 - -

4 20 1

10 N3 1

11 - -

12 - -

13 20 1

14 20 1

I 2 3

9 9 9
I6 15

9 9
12 II

9 9

ALL RESISTANCE VALUES ARE IN OHMS 92CL-I7458

Fig. 3 — Schematic diagram CA3070.
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TV/CATV Circuits

CA3070, CA3071, CA3072 Types

ELECTRICAL CHARACTERISTICS, at Ta = 25°C and V+ = +24 V unless otherwise specified

CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS
LIMITS

UNITS
TEST

CIRCUITSCA3070

MIN. TVP. MAX. FIG.

Static Characteristics

Voltage:

Hue Control V1 Switch in position 2 6.9 7.7 8.6

V

4c

Oscillator Input v6
- 2.8 -

4aAPC Input V13 - 6.5 -

Regulator V10 V+ = 21 V 11 12.3 13.5

Regulator Change V10 V+ = 27 V -0.2 - +0.2

Horizontal Key Input V4 l4 = -10mA 5 — —

Currents:

Oscillator Output '2
— 5.8 -

mA
4c

APC Output hi.h2
- 1.45 — 4b

ACC Output 15- "16
- 1.45 -

Dynamic Characteristics

Oscillator Outputs:

Terminal No. 2 V2 Si in position 1 0.75 1.0 —

Vp-p

5

Terminal No. 3 V3 Si in position 2 0.75 1.0 -

ACC Detected Output V16-V15 S-| in position 1 115 150 - mV 5

Oscillator Pull-In Range - - ±400 — Hz 5

470 L
V+-. VW

® ©~© (p © ®

© © © © & © G
n T

lOOKft
-AA/V-

®©®®®©®o

470 ft

470 n
V*jwV

92CS-I7576

Fig. 4 - Static characteristics test circuits.

92CS-I7577

681



Linear Integrated Circuits

CA3070, CA3071, CA3072 Types
NTSC GEN

4.3 MS +4V
PEAK PULSE
DELAY ADJ. TO'
CENTER PULSE
ON THE BURST

PULSE
GEN

NTSC
STANDARD

SIGNAL MINUS
LUMINANCE

-ACC OUTPUT

MM 1

20 K J_
APC ADJ." —

NOTES:

1. ALL RESISTANCES IN OHMS.

2. UNLESS OTHERWISE SPECIFIED ALL CAPACITANCES
ARE IN MICROFARADS.

3. v2 8 v3 MEAS'D WITH LOW-CAPACITY SCOPE
PROBES 20 pF.

92CM-I7578RI

Fig. 5 — CA3070 Dynamic test circuit.

Dynamic Test Initial Adjustments

1. APC ADJUST: With S2 in "OFF" position adjust the

"APC ADJ" potentiometer to set oscillator frequency at

3.579545MHz ±25 Hz. With S1 in position 1 measure

frequency at terminal No. 2 output, using crystal probe

shown in Fig. 6.

2. ACC ADJUST: With S2 in "OFF" position adjust "ACC
ADJ" potentiometer to give an ACC output reading of

0±2mV.

_CRYSTAL (1579545_MHj2_

vw—, 10|—r
Cp^3:3-26 pF

BALLANTINE
3I4
AMPL

T T

Procedure to Pull-in Range Measurement

1. Set S1 in position 1 and connect the crystal probe to

terminal No. 2.

2. Turn S2 to "OFF" and set "APC ADJ." arm to ground.

3. Turn S2 to "ON" and gradually adjust "APC ADJ" until

oscillator "locks" as witnessed by a sharp increase in ACC
output voltage between terminal Nos. 15 and 16.

4. Turn S2 to "OFF" and adjust capacitor Cp of crystal

probe for maximum deflection on Ballantine Meter.

5. Switch Ballantine meter to "Amplifier" position and read

oscillator frequency on counter.

6. Repeat steps 2 — 5 with "APC ADJ" arm set to terminal

No. 10 instead of to ground.

Fig. 6 — Crystal probe for frequency measurements.

92CS-I7579
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CA3070, CA3071, CA3072 Types

CA3071 Chroma Amplifier

10 OR GREATER ARE IN PICOFARADS
Fig. 7 - Functional diagram of RCA-CA3071.

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.

MAXIMUM RATINGS, Absolute

DC Supply Voltage (Terminal 8

to Terminal 4) 30 VDC
Device Dissipation:

Up to Ta = +70°C 530 mW
Above Ta = +70°C Derate Linearly at 6.7 mW/°C

Ambient Temperature Range:

Operating -40 to +85 °C

Storage -65 to +150 °C

Lead Temperature (During Soldering):

At distance 1/32 in (3.17 mm)

from seating plane for 10 s max +265 °C

The dc voltage level at terminal No. 13 rises as the ACC

differential voltage decreases with a reduction in the burst

amplitude. At a pre-set condition determined by the killer

adjustment resistor the killer circuit is activated and causes

the 2nd chroma amplifier stage to be cut off. The 2nd

chroma amplifier stage is also gain controlled by the

adjustment of dc voltage at terminal No. 10. The output of

the 2nd chroma amplifier stage is available at terminal No. 9.

The typical output termination circuit that is shown,

provides differential chroma drive signal to the demodulator

circuit. Both amplifier outputs utilize emitter-followers with

short-circuit protection.

Maximum-Values at Ta = 2oC

Maximum Voltage and Current Ratings @ Ta = +25 C

Current Voltage*

Terminal

No.

»l

mA
io

mA

1 5 1.0

2 5 1.0

I 3 10 10

6 1.0 20

7 5 1.0

9 1.0 20

12 1.0 5

14 5 1.0

* With reference to

terminal No. 4 and

with +24 V on terminal

No. 8 except for the

rating given for terminal

No. 8.

Terminal

No.

MIN

VOLTS

MAX
VOLTS

1 -5 +15

2 -5 +5

3 +2 1

6 o +24 t

7 -5 +5

8 +30

9 +24

10 +24

11 +24

12 +20

13 +20

14 -5 +15
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Linear Integrated Circuits

CA3070, CA3071, CA3072 Types
ELECTRICAL CHARACTERISTICS, at TA = 25° C

CHARACTERISTICS

Static Characteristics

SPECIAL TEST CONDITIONS

TYP. MAX.

CURVES
8. TEST

CIRCUITS

Voltages:

Bias Reference Terminal V 12 Si Open, S2 Open _ 17 3

V
8

Ampl. No. 1 Chroma
Input

V2 S] Open, S2 Open ^ 1.75 -

Output Balanced V6 Si Open, S2 Open _ 20 _

Unbalanced v 6 S) Open, S2 Closed - 135 -

Ampl. No. 2 Chroma
Input

v? S) Open, S2 Open " 1.5 -

Ampl. No. 2 Chroma
Output

vg Si Closed, S2 Open - 20.6 -

Supply Current it Si Open, S2 Open 17 24,5 31 mA
Dynamic Characteristics

Amplifier No. 1 Voltage Gail

Amplifier No. 2 Voltage

Gain

Max. Chroma Output
Voltage

10% Chroma Gain Control

Reference Voltage

Output Voltage. Killer Off

AV1

V8-V10

Output Voltage, Chroma Off

Bandwidth:

Amplifier No.

Amplifier No. 2

Ampl. No. 1 Input

Impedance

Ampl. No. 1 Output

Impedance

Ampl. No. 2 Input

Impedance

Ampl. No. 2 Output

Impedance

E
g

= 30 mVRMS Measure v6

Vg = 1.0 V (RMS) Measure V7

Eg = 50 mVRMS. adjust Chroma
Gain Control to Change vg to
10% of Maximum Chroma
Output

Si in Position 2

t
g

= 50 mVRMS. adjust "Killer

Adjust" for an abrupt decrease

inVg

Eg = 50 m Vrms. adjust Chroma
control to min. Chroma Output

VRMS

mV
RMS

+ 27V*-(It) © © ® (jj) © © (K

.05
r"F

3.3S .39
Kfl

92CS-I7580RI

Fig. 8 - Static characteristics test circuit-CA3071

.

j-^&HD © ® © ® ® (4)

I SWITCH SI IN POSITION I UNLESS OTHERWISE NOTED
IN TABLE OF DYNAMIC CHARACTERISTICS

2. CHROMA GAIN CONTROL SET TO GROUND UNLESS OTHERWISE
NOTED IN TABLE OF DYNAMIC CHARACTERISTICS

3. ALL RESISTANCES IN OHMS

4 Akt,C*£i£ITANCES ARE IN MICROFARADS UNLESS OTHERWISE

Fig. 9 - Dynamic characteristics circuit-CA3071.

684



TV/CATV Circuits

I4(>

CA3070, CA3071, CA3072 Types

92CL-I7456RI

4 3

ALL RESISTANCE VALUES ARE IN OHMS

Fig. 10-Schematic diagram for CA3071.

KILLER AOJUST
it
„<OAIN

-r—i h x-*-u

INPUT

NOTE,

ALL RESISTANCES IN OHMS

20

t

o

AMBIENT TEMPERATURE (TA )«25'C

GAIN ANO KILLER CONTROLS FULLY CLOCKWISE

LOSS" SdB ITER L Nor 6-7)

I I I

^AMPLIFIER No I

\
AMPLIFI R N .2

^^

ncouENCr<n-4MHi 141
1 1 1 1 1 it

3 2S0O

1
1 1900

gnoo

Fig. 11 - CA3071 Wideband amplifier Fig. 12 - Frequency response for Fig. 13 - Typical CA3071 wideband

circuit. wideband amplifier CA3071. amplifier linearity
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CA3072 Chroma Demodulator

;=:~....... 1
\. I J DEMOO J> ^-^

AMPL J> A^s^ 1^

F/flr. 74 - Functional diagram of RCA-CA3072.

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 signal is applied

to terminal Nos. 3 and 4 while the oscillator injection signal

is applied to terminal Nos. 6 and 7. The color difference

signals, after matrix, have a fixed relationship of amplitude

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

DC Supply Voltage (Terminal 8 to Terminal 14 ) 27 V
Reference Input Voltage 5 vD.D
Chroma Input Voltage 5 v

Device Dissipation:

Up to TA = +70OC 530 mW
Above TA = +70OC

Derate Linear|y at QJ mW/oc
Ambient Temperature Range:

Operating -40 to +85°C
Stora9e 65 to +150°C

Lead Temperature (During Soldering):

At distance 1/32 in (3.17 mm) from seating plane

for 10s max +265°C

Maximum Voltage and Current Ratings at T/\ = +25°C

Voltage Current

Terminal

No.

MIN

VOLTS

MAX

VOLTS

Terminal

No.

'1

mA
>o

mA

3 +5 3 - _

4 +5 4 - -

6 + 12 6 _ _

7 + 12 7 _ -

8 27 8 - -

9 +20 9 1 20

11 +20 11 1.0 20

13 +20 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.

and phase nominally equal dc voltage levels. The outputs

of the CA3072 are suitable for driving high level color

difference or R, G, B output amplifiers. Emitter-follower

output stages used to drive the high level color amplifiers

have short-circuit protection.

© © © © © © ©

+ Z4v

—

(It) Ce) (9 © © @ © ©
SIACt SIBC

92CS-I7585

Fig. t5 - Static characteristics test circuit-CA3072,

TO ZOOfl
PUSH PULL
3.53 MHl

GEN. ADJUSTED
TO GIVE

5.0 Vp-p AT
TERMINAL NO.I3

(FIG. 14 INPUT ec
CURRENT) I

B-Y
2.7 K OUTPUT
A/V • O

-REF SUBCARRIER
GEN. ADJUSTED FOR |v6 | -|vT j |l.O Vp-p|

(PHASE SEPARATED BY I04")

NOTE:
ALL CAPACITORS OiVEN ;N pF

UNLESS OTHERWISE 'I0TF0

ALL RESISTANCES IN OHMS.

92CM-..'566»I

Fig. 16 — Dynamic characteristics tost circuit for CA3072.
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ELECTRICAL CHARACTERISTICS, at TA - 25«> C and V+ = +24 V unless otherwise specified

CHARACTERISTICS SPECIAL TEST CONDITIONS
LIMITS TEST

CA3072
UNITS CIRCUITS

MIN. TYP. MAX.

Static Characteristics

Supply Current

With Output Loads IT Si Closed 16.5 - 26.5
mA

15
With No Output Loads Si Open - 9

G Y, R-Y, BY Outputs Vg.Vn.Vi3 Si Closed 13.2 14.7 15.8

V
Chroma Inputs V3.V4 Si Open - 3.3 -

Reference Subcarrier V6.V7 Si Open - 6.2 -

Dynamic Characteristics

Demodulator Unbalance ^9.vi1.«i3 V3 = V4 =
" " 0.8

Vp.p

16

Maximum Color Difference

Output Voltage

v-13

V3 = V4 = 0.6 Vp.p

8.0 " -

VPP

v11
5.5 - -

vg 1.2 - ~

Chroma Input Sensitivity
v3

Adjust e,; for 5.0 vp .p @ term

No. 13 (BY)

- 0.2 0.35

Relative R-Y Output
v 11 3.5 _ 4.2

Relative G-Y Output
v9 0.75 - 1.25

VqC Difference Between

any two Output Terminals

IV9I-IV11I

IV9I-IV13I

IV11I-IV13I

ec =
- " 0.6 V

Input Impedance

Reference Subcarrier Inputs

rj6, 7

cj6, 7
_

1.7

6 - pF

Input Impedance at

Chroma Inputs

r,3. 4

Cj3. 4

0.95

6 - pF

Output Resistance

r 9. r 1 1,

r 13

- 180 - a

03
(-)

CHROMA

J_ SUBSTRATE

Fig.)'7'Schematic diagram for CA3072.

92CL-IT455RI
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Application Information

TYPICAL APPLICATION CIRCUIT FOR THE CHROMA
SYSTEM

The circuit of Fig. 18 is a complete signal processing system

for color TV. The RCA types CA3070, CA3071 and CA3072
monolithic integrated circuits are respectively used as the

subcarrier regenerator, chroma amplifier, and chroma

demodulator.

The input to the system is the chroma signal which may be

taken from the first or second video stage and is coupled into

the CA3071 chroma amplifier through a bandpass filter. The
outputs from the system are the color difference signals

which are intended to drive high level amplifiers. Luminance

mixing may be external to the picture tube or, the difference

signals may be amplified and applied to the picture tube grid

or cathode, where they are internally mixed with the

luminance signal.

Other input requirements to the system are the power supply

voltage of +24 volts and the horizontal keying pulse. The

power supply voltage should be maintained within ±3 volts

of the recommended value of +24 volts. The total current for

the system is approximately 70 milliamperes. The horizontal

keying pulse input to the subcarrier regenerator is approxi-

mately +4 volts peak and centered on the burst as seen at

terminal Nos. 13 and 14 of the CA3070. The pulse width

should be maintained as close as possible to the recom-

mended value of 4.5 microseconds.

CA3070 Circuit Operation

The CA3070 circuit as shown in Fig. 3, consists of an

oscillator, automatic phase control (APC) detector, auto-

matic chroma control (ACC) detector, gated oscillator

output amplifier and a shunt regulator. The shunt regulator

provides the necessary bias stability for the 3.579545 MHz
oscillator, as well as the bias to all functions of the CA3070
circuit. The regulation voltage is nominally +12 volts as

measured at terminal No. 10.

—vyv

x^:. H ( 1 - x i

.05 =f .05 =f±

f—Wr-» V*"24V

^
.05 -j- »Jj4 1 1

«4) ® © © ® © ®

hi&) <*) (2) (4) (£) (6) (7)

220 -X .01

"E ®@@^®^^

(b®(3)(«)©(6)(p

5> l8(

K<47»iH a hH 6.8^1

d> <j> <j> (j) <e) (b fj)

"""" U
HORIZ. KEY PULSE
+ 4V. 4.5 M S

INPUT

T| UNIVERSAL WINDING, No 36 WIRE,
62 TURNS WITH TAP AT 8 FROM GRO-
L-25.5 /.H.Q-30

T2 UNIVERSAL WINDINGS, No. 36 WIRE
PRIMARY: 77 TURNS, L'll.9f»H,0*40
SECONDARY: 34 TURNS, CT, L*9jiH,Q-20

ALL RESISTANCE VALUES ARE IN ONUS

LESS OTHERMSE INDICATED. ALL CAF
LESS THAN 1.0 ARE IN MICROFARADS
1.0 OR GREATER ARE IN PICOFARADS

92CL -17076

Fig. 18 - Typical chroma system for color-TV receivers utilizing RCA-CA3070, CA3071, and CA3072.
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The APC and ACC detectors are synchronous detectors

which are keyed by the horizontal input pulse. This form of

detection eHminates the need for a burst separator as an

individual amplifier stage. When a positive pulse is present at

terminal No. 4, the oscillator output is cutoff and the

oscillator drive signal is diverted to the APC and ACC

detectors. Referring to Fig. 3, the APC detector (Qg & Q10)

and the ACC detector (Q5 & C»6) are emitter driven from the

oscillator transistor (Q17), when the oscillator output ampli-

fier transistors (Q2 & Q3) are cutoff. The chroma signal is

applied to terminal Nos. 13 and 14. There is oscillator

current drive to the APC and ACC detectors during the

keying interval; burst separation is effectively accomplished

by the gating action of the detectors. A further advantage of

the keying action is the high gain made possible as a result of

the low average current flow of the APC and ACC detectors.

High resistor values of 62 kilohms at the detector output

terminals provide proper detector bias consisjent with the

duty factor of the keying pulse. For a wider keying pulse, it

is necessary that smaller values of detector load resistors be

used.

In the absence of the keying pulse (line period), the resistor,

R20. biases the oscillator's output amplifier transistors (Q2 &

Q3) on by keeping their emitters at a higher potential than

the base bias voltages of Q5, C<6, Q9. and Q-|0- The 3.58

MHz signal is now present at terminal Nos. 2 & 3.

Photographs of Oscilloscope traces for one line period at the

terminal Nos. 1, 2, and 3 are shown in Fig. 19 The effect of

the keying pulse is shown in Fig. 19a, and the cutoff of the

oscillator output amplifier is shown in Fig. 19b and 19c

.

The oscillator section of the CA3070 consists of the loop

formed by Q18 and the emitter driven differential pair, Q13

& Q14. The signal output from terminal Nos. 7 & 8 is

coupled through the series tuned crystal circuit back through

terminal No. 6 to Q16 & Q17. The collector of Q17 drives

the oscillator output amplifier and the APC & ACC de-

tectors. Q17 is emitter coupled to transistor Qi8- Tne

oscillator frequency and phase control is accomplished by

the differential drive from the APC detector to transistors

Ql2 & Q15 which control the balance of Q13 & Q-|4- The

resulting phase of the feedback loop is determined by the

relative amplitudes Of the oscillator output signal at terminal

Nos. 7 and 8. The 65 pF capacitor between terminal No. 7

and 8 provides the phase shifting component as the balance

of Q13 and Q14 is varied. In this way the APC detector

controls the crystal frequency at which the phase shift is

cancelled in the feedback loop.

The controls for the CA3070 subcarrier regenerator circuit

are the APC balance, the ACC balance, and the hue control.

The hue control is a dc balance adjustment of the oscillator

output amplifier transistors Q2 & Q3. A phase delay network

between the output terminals Nos. 2 & 3 determines the

range of the hue control, which for the value shown in Fig.

18, is approximately 90°.

The ACC adjustment sets the initial balance of the ACC drive

to the input of the CA3071 in Fig. 18 (terminal Nos. 1 and

• MO

Fig. 19(a) - CA3070 terminal No. 1

7.5 V oscillator "gate off" pulse.

Fig. 19(b) - CA3070 terminal No. 2, 3.5 Vp.p oscillator

output; one horizontal line, (gated off during burst).

Fig. 19(c) - CA3070 terminal No. 3, 2.0 Vp.p oscillator

output; one horizontal line, (gated off during burst).

14 of the CA3071). The APC is a frequency adjustment of

the oscillator through the balance control of the APC

detector.

As a setup adjustment, for both the ACC and APC, switch S1

is opened and S2 is closed. The chroma input to the system is

removed and the dc voltage at terminal No. 6 of the CA3071

is noted. The switch S2 is then opened and the ACC adjusted

to set the voltage at terminal No. 6 to that previously noted.

Alternatively, the differential dc voltage at terminal Nos. 15

& 16 of the CA3070 may be set to mV (±2 mV) when S1

and S2 are open, and the CA3071 is removed from the

circuit.

With the chroma signal still removed, the APC adjustment

sets the frequency of the oscillator to 3.579545 MHz. Due to

the gated off interval, a counter will not accurately record

the frequency at the oscillator output amplifier terminals.

Two simple and accurate methods are as follows: (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
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of the CA3072. A zero beat signal, at the color difference

outputs may be seen on an oscilloscope.

When these adjustments are made, similar oscilloscope traces

should be seen as shown in Fig. 20.

Fig. 20(a) - CA3070 terminal No. 6, oscillator waveform
1. 1 Vp.p 3.58 MHz.

*

Fig. 20(b) - CA3070 terminal No. 7, oscillator waveform
1.4 Vp.p 3.58 MHz.

Fig. 20(c) - CA3070 terminal No. 8, oscillator waveform
1.6 Vp.p 3.58 MHz.

CA3071 CIRCUIT OPERATION

The CA3071 is the basic amplifier and control circuit of the
chroma system. It contains the gain control functions of the
ACC loop, the color killer, and the dc chroma gain control.
The CA3071 is a wide band amplifier having two stages of
voltage gain. Curves of frequency-response and linearity are
shown in Figs. 12 & 13 for the wideband circuits shown in

Fig. 11. This is the same basic amplifier as the one in the
system shown in Fig. 18 except for the omission of the tuned
circuits and the ACC loop connection. The amplifiers have
bandwidths of greater than 10 MHz. and are usable well
beyond 30 MHz. The signal swing of the wide band amplifier
is in excess of 5 V p.p ., even with the typical load coupling as

shown in Fig. 18. Fig. 21 (a, b and c) show the oscilloscope

traces for an NTSC signal at the chromd input. The overall

frequency-response curves are shown in Fig. 22.

CA3071 operation is as follows (Refer to Figs. 10 & 18). The
input chroma signal is applied to terminal No. 2. This signal

is amplified in a cascode differential circuit from Qiq to Q12

***™mp* ^sswss-

Fig. 21(a) - CA3071 chroma input 1.25 Vp.p; one horizontal

line of NTSC input signal.

Fig. 21(b) - CA3071 terminal No. 6, amplifier No. 1 chroma
output 2.3 Vp.p; one horizontal line for 1.25 Vp.p chroma
input

Fig. 21(c) - CA3071 terminal No. 9, amplifier No. 2 chroma
output 5.5 Vp-pj one horizontal line for 1.25Vp.p chroma
input

3.58 MHz ^

Fig. 22(a) - Frequency response sweep curve between
terminal Nos. 2 8t 6 for CA3071. f = 250 KHz/div.

3.58 MHz

Fig. 22(b) - Frequency response sweep curve between
terminal No. 2 of CA3071 and terminal No. 3 of CA3072.
f = 250 KHz/div.
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and the output is an emitter follower, Qi4 (Terminal No.

6.) The signal is divided in the Qg & Q12 differential

amplifier, depending on the applied ACC error signal ampli-

tude at terminal Nos. 1 & 14. The ACC error signal is de-

rived from terminal Nos. 15 & 16 of the CA3070 and after

filtering, is applied to terminal Nos. 1 & 14 of the CA3071.

At low signal drive, the 390 kilohm resistor at switch S1

(normally closed) unbalances the differential amplifier for

high signal gain through Qi2- As the burst level at the

chroma input increases, the ACC drive changes differentially

in a positive direction at terminal No. 14 and a negative

direction at terminal No. 14 and a negative direction

at terminal No. 1. At strong signal levels the gain is

reduced by diverting the balance of ac current in the

differential amplifier from Q12 to Qg, 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

CA3070, CA3071, CA3072 Types

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 BY 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 BY output

amplitude of 5Vp.p . The voltages of the R-Y & G-Y outputs

are at 3.8 and 1 .0 Vp.p respectively, when there is 5Vp.p

output at BY. 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. 18 circuit are shown in the

oscilloscope trace ,
photographs of Fig. 24. Using the hue

control setting for BY phase at the BY output, the G-Y

color-difference signal is approximately -104° and the R-Y

color-difference signal is approximately +106°. Since the

amplitude ratios are a function of the applied signal phase

relationship, the NTSC color difference output signals are

shown here primarily for phase reference conditions.

250 500 750 1000 1250 1500

NTSC CHROMA INPUT SIGNAL—mVp-p 92CS-I7572

Fig. 23 - Typical ACC characteristics for chroma system

of Fig. 18

stage of voltage gain. Both the color killer adjustment and the

dc chroma gain control are applied to the 2nd stage to

control the chroma output at terminal No. 9. The color killer

section of the CA3071 is a Schmitt trigger & amplifier circuit

consisting of transistors Qi, 0-2 and Q3. Under maximum

chroma output conditions, the diode D2 is reversed biased,

and the signal path is through Q15, Q4 and Q5 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 from the signal path at the emitter of Q4.

This decreases the chroma gain as the potential at terminal

No. 10 is increased. When the potential at terminal No. 10

is the same as terminal No. 8, the chroma output at terminal

9 is cutoff.

Fig. 24(a) - CA3072 - terminal No.

signal,220 mVp.p,one horizontal line

3 or 4, chroma input

Fig. 24(b) CA3072 - terminal No. 6 or 7, reference sub-

carrier 1.2 Vp.p,one horizontal line
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Fig. 24(c) - CA3072 terminal No. 13, 4.8 vp.p B-Y output
one horizontal line

'

Fig. 24(d) CA3072 - terminal No. 9, 1.2 vp.p G-Y output
one horizontal line

'

Fig. 24(e) - CA3072 - terminal No. 11,5.2 vp .p R-Y output
one horizontal line

CHROMA SYSTEM CONSTRUCTION

Fig. 25 shows the complete CA3070, CA3071 and CA3072
chroma system in the Fig. 18 circuit. Table I lists the dc
terminal voltages for the system. The chroma gain and hue
controls, as well as the switches 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.

TABLE 1 TYPICAL CHROMA SYSTEM TERMINAL
DC VOLTAGES (NO SIGNAL INPUT)

Fig. 25 (a) - Circuit layout and template (printed circuit board) for
TV chroma system CA3070, CA3071, and CA3072.

TERMINAL No.
DC VOLTS

CA3070 CA3071 CA3072

1 7.6 7.3 _

2 11.5 17 -

3 11.5 - 3.3

3.34 -1.7

5 - -

6 2.8 11.4 5.9

7 11.2 1.4 5.9

8 11.2 23.0 24.0

9 - VARIABLE 14.7

10 12.0 VARIABLE -

11 7.8 VARIABLE 14.7

78 15.0 -

13 6.7 VARIABLE 14.7

14 6.7 7.1

15 7.3 - -

16 7.1 - "

(b) - Printed circuit board template (same size).
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16-Lead Dual-in-Line

Plastic Package h -1622

CA3121E

TV Chroma Amplifier/

Demodulator

Provides Complete System for Processing Chroma
When Used with RCA-CA3070 or CA3170

FEATURES:
Excellent linearity in dc chroma gain-control circuit

Improved filtering resulting in reduced 7.2 MHz output

from the color demodulators

u Current limiting for short-circuit protection

m Good tolerance to B+ supply variations

Good temperature coefficient stability

The RCA-CA3121E is a monolithic silicon integrated circuit

chroma amplifier/demodulator with ACC and killer control

for color-TV receivers. It is designed to function compatibly

with the CA3070 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 CA3121E and CA3170, respec-

tively.

The CA3121E is supplied in a 16-lead dual-in-line plastic

package.

I

AMPLIFIED CHROMA

Fig. 1 — Functional block diagram of the CA3121E.
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MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25°C

Supply Voltage

Device Dissipation:
''•• JU v

UptoTA = 55°C
Above T A =55 C \

'.'''' 1

„
W

r, .. TA derate linearly 10.5 mW/°COperating Temperature Range _ pgOo
Storage Temperature Range __

t0
t_ o

Lead Temperature (During Soldering)
°

At distance 1/1 6" ±1/32" (1.59 ±0.79 mm) from case for 10 s max +265°C

a. 2500
>
E

j. 2000

!

:

it
1 1

|:::~:::f""

o
1500

t
i-- --- ...:.'_":"

I'll
+;--— "'"

U) I000
"f ±::_

|::-:-:::::-

500 , i-

I::.:::""""

100
mill i..: "

NTSC CHROMA INPUT SIGNAL lTERM.2)-mV -DV 92CS-22667

Fig. 2 —Typical ACC plot for the CA3121E when
used with the CA3070.

(b<£d>$(&><f)(b<4>
_| Jaos

f
i000| Jo.oi J470 J4"P I i -p -i— of -i—

30 pF a 3.9 kfl VALUES MAY BE ADJUSTED TO
GIVE THE DESIRED RESPONSE

Tl: PRIMARY 8 SECONDARY WINDINGS "75uH,
0'22, PRIMARY WINDING CENTER TAPPED

2.2-kll LOADS ONLY FOR TEST PURPOSE, 3.3-kfl LOADS RECOMMENDED FOR APPLICATIONS
RESISTANCE VALUES ARE IN OHMS.
CAPACITANCE VALUES ARE IN MICROFARADS UNLESS OTHERWISE INDICATED.

SUBCARRIER
INJECTION

102* PHASE DIFFERENCE

S2CM-22732W

Fig. 3 — Typical characteristics test circuit for the CA3121E.
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CA3121E

ELECTRICAL CHARACTERISTICS at TA = 25°C and Reference to Test Circuit (Fig. 3)

CHARACTERISTIC,
TERMINAL MEASURED,
AND SYMBOL

TEST CONDITIONS LIMITS UNITS

Min. Typ. Max.

Supply Current Ij
- - 40 50 mA

Input Sensitivity V2 Vary Eg; set V4 for

55 mV RMS
6 10 15 mV RMS

Second-Stage Sensitivity V4 Vary Eg; set V-) •) for 2 V
RMS

25 55 100 mV RMS

Output Voltage V11

(Killer off)

Switch Position: S1=2,

S2=2,S3=2 Adjust killer

potentiometer until out-

put drops

70 mV RMS

Demodulator Characteristics:

13 14.3 15.6 V
Output Voltages

V9.V10' V 11

DC Output Balance

(Between any 2 outputs) . -0.6 _ +0.6 V

Unbalance Vg, Vjq. V-j -j Eg=0;Swith Position:

S1=1,S2=1,S3=1

- — 0.8 Vp-p

Relative Outputs-

R-Y V 10 Vary Eg; set Vi -j for 2 V
RMS

1.4 1.52 1.68 V RMS

G-Y V9 0.3 0.4 0.5 VRMS

Relative Phase—

R-Y v 10 Vary Eg; set Vj 1 for 2 V
RMS; read phase of

V 10 and Vg

with V
1

1 as reference

-101 -106 -111 degrees

G-Y Vg 112 104 96 degrees

Max. Output Voltage V<| -\ Eg = 750 mV 2.8 - V RMS

CIRCUIT OPERATION

The CA31 21 E 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 *o 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 8) from the oscillator output of

the Chroma Signal Processor. The R-Y and

B-Y demodulators and the matrix network

contained in the demodulator section of the

CA3121E 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.
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©KILLER

RESISTANCE VALUES ARE IN OHMS

CHR.OUT/isCHR.IN/iN
(I) W (2) ^ GND. ©GAIN

92CL-20848R1

Fig. 4 - Schematic diagram of the CA3121E (cont'd on next page).

Ut/uo I AUJU5 1

L^3) @—
I © © © @ © ® © §

IN I

93CM-2273IRI

Fig. 5 — Simplified functional diagram of a two-package TV chroma system
utilizing the CA3121E and CA3070 or CA3170* (cont'd on next page).
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CA3121E

92CL-20848RI

Fig. 4 - Schematic diagram of the CA3121E (cont'd from previous page).

<©--© ®

I OUTPUT

®-o

I G-Y
I OUTPUT

_J

92CM-22T3IRI

Fig 5 — Simplified functional diagram of a two-package TV chroma system utilizing

theCA3121EandCA3070or CA3170 (cont'd from previous page).
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CA3121E
2.7 M O.OI

TO TERM. 6

nIOOKKILLI
ADJU

47 K

-L _L CT

Jf
IMf I

- ^0.002 |

1

r®—©—

@

-@- -<@) ©--,

^ -0*24V

<j> d> 4> i <?>
(t) <fc

H[

HORIZ.KEY PULSE
+ 4V, 4.5 us

INPUT
RESISTANCE VALUES ARE IN OHMS

UNLESS OTHERWISE INDICATED, ALL CAPACITANCE
VALUES LESS THAN I ARE IN MICROFARADS
I OR GREATER ARE IN PICOFARADS.

Fig. 6 — Outboard circuitry of a typical two-package chroma system for
color-TV receivers utilizing the CA3121E and CA3170.
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CA3125E

14-Lead Dual-ln-Line

Plastic Package

H-1517

Television Chroma Demodulator

Features:

Luminance input

Blanking control input

Three separate demodulators with independent phase control

Low output offset voltage 0.4 V

RCA-CA3125E is a monolithic silicon integrated-circuit

chroma demodulator having three separate demodulators

with independent phase control. It is designed to function

compatibly with the CA1398E IC Chroma Processor as well

as other commercially available Chroma Processors in R-G-B

Systems of color-TV receivers. Fig. 2 shows a functional

block diagram of a2-package TV Chroma System incorporating

the CA3125E and CA1398E. The CA3125E is supplied in a

14-lead dual-in-line plastic package.

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

SUPPLY VOLTAGE 25 V

SUPPLY CURRENT 20 mA
AMBIENT-TEMPERATURE RANGE:

Operating -40°C to +85°C

Storage -65°C to +150°C

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16" ±1/32" (1.59 ± 0.79 mm)
from case for 1 s max 265 C

LUMINANCE
+ l 45 VO AND DC BIAS INPUT Ov + -20V

CHROMA INPUT

BRIGHTNESS
CONTROL

®0(g "S 2r

REFERENCE
SUBCARRIER
INPUT

DEMODULATOR

BIAS

Gh^vw-P^J „;

1

Fig. 1 — Functional block diagram of the CA3125E.
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CA3125E "

TYPICAL STATIC CHARACTERISTICS AT TA = 25°C,

V+ = +20 VOLTS
SUPPLY CURRENT 9.6 mA
BRIGHTNESS CONTROL VOLTAGE:

Measured with 8 volts at

Terminals 11, 12, and 13 1.4 V
MAX. OUTPUT DIFFERENCE VOLTAGE:

Measured between any two of

Terminals 11, 12, and 13 ±0.4 V
MAXIMUM DC DETECTOR UNBALANCE

VOLTAGE:
DC voltage shift on Terminals 1 1 , 1 2, and 1

3

when Terminals 1 , 2, and 3 are alternately

biased 0.5 volt positive, then negative with
reference to Terminal 14 . . +150 mV

X 100 100%

TYPICAL DYNAMIC CHARACTERISTICS AT TA = 25 C,

V+ = +20 volts

BLUE CHROMA GAIN:

Peak-to-peak voltage at Terminal 1 1 with 1.0 volt

peak-to-peak applied differentially between

Terminals 6 and 7, and with a subcarrier

injection voltage of 1 volt peak-to-peak 7.36 Vp-p

RED GAIN RATIO:
Peak-to-peak voltage at Terminal 13

Peak-to-peak voltage at Terminal 1

1

GREEN GAIN RATIO:

Peak-to-peak voltage at Terminal 12 „nv
Peak-to-peak voltage at Terminal 1

1

LUMINANCE GAIN:

Peak-to-peak voltage measured at Terminals 11,

1 2, and 1 3, with a peak-to-peak voltage of

0.1 volt applied to Terminals 6 and 7

(common mode), and with no subcarrier

injection 0.7 Vp-p

<f> WuT^ <i>GA,
R
N
0MA

®-

3.58-MHi
OSCILLATOR

CIRCUIT

© ® © s

LUMINANCE
INPUT

O

© @

PHASE
SHIFT

NETWORK

39
~s

~©~

92CL-22548

Fig. 2 — TV chroma system functional block diagram.
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CA3125E

© GREEN s~. BLUE
OUTPUT VOUTPUT

7~T

GREEN DEMODULATOR

, R3

I-08K

^

r
1

.

|_DEMODULATOR

!9 QIO .

^CHROMA

|022

V+

—w\—f—

i

RI7 I I

1 RI8> ^i
3K> > 6

•«

—

w ~i

L.

BRIGHTNESS
LEVEL 8
BLANKING

RESISTANCE VALUES ARE
IN OHMS

©GREEN
SUBCARRIER
IN

V4iT

<S)blue
subcarrier
IN

<s>
BRIGHTNESS

IN

Fig. 3 — Schematic diagram of the CA312SE.
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CA3126Q

16-lead Quad-in-line plastic package

TV Chroma Processor

Features:

Phase-locked subcarrier regeneration utilizes sample-and-hold techniques

Automatic chrominance control (ACC)/killer detector employs
sample-and-hold techniques

Supplementary ACC with an overload detector to prevent oversaturation

of the picture tube

Sinusoidal subcarrier output

Keyed chroma output

Emitter-follower buffered outputs for low output impedance

Linear dc saturation control

Internal zener-regulated reference potentials

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.

Only the initial crystal filter tuning is required

ACC adjustments required at any time

Few external components required

Compensation for temperature and supply variations

All terminals protected against short circuits

no killer or

AFPC
FILTER

i0MF 2Kfl

3YPASS I

—
O.OI^F;^; Frr

$>

;o.cvf

AAAp ~680fl FILTER 20pF" 680fl FILTER ZOpF r
1

J^W-M^f-J© ^33 PF

SUPPLY
VOLTAGE

+ 24 V

(£H\-fy
00^F±tcc±.00^F

- FILTER ~

Fig. 1 -Block diagram of CA3126Q TV Chroma Processor.

A/WQ ov
2 Kft 5M s WIDTH

HORIZONTAL
KEY INPUT

* OPTIONAL DESIGN
FEATURES

92CM-22022RI
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CA3126Q
MAXIMUM RATINGS, Absolute-Maximum Values at TA =25°C

DEVICE DISSIPATION:

Up to TA = 55°C 750 mW
Above TA = 55°C derate linearly 7.9 mW/°C

DC SUPPLY VOLTAGE (Across Terms. 5 and 12)* 13.2 V
DC CURRENT:

Into Term. 12 38 mA
Into Term. 14 20 mA

DC VOLTAGE (Terminal 9):

Negative Rating —5 V
Positive Rating 3 V

AMBIENT TEMPERATURE RANGE:
Operating -40 to +85°C

Storage -65 to +150°C

LEAD TEMPERATURE (During Soldering):

i At a distance not less than 1/32 in. (0.^9 mm)
from case for 10 seconds max +265°C

This rating does not apply' when using the internal zener reference

in conjunction with an external pass transistor.

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.

CHARACTERISTIC

TERMINAL,
MEASURE-
MENT, AND
SYMBOL

SWITCH POS. CHROMA
INPUT

TP1

LIMITS UNITS

S1 S2 Min. Typ. Max.

Static Characteristics

Voltage Regulator V 12, 2 2 10.1 11.2 12.1 V

Supply Current 1 12 2 2 16 25 38 mA

Dynamic Characteristics (See Note 1)

Pull-in Range* v8
*

2 0-5 V
p .p

±250 - - Hz

Oscillator Output v8 2 2 0.6 1.0 - Vp.p

100% Chroma Output v 15 1 2 0.5'V
p .p

1.4 2.7 - Vp.
p

Overload Detector v 15 1 1 0.5 Vp.
p

0.4 - 0.7 Vp
Minimum Chroma Output v 15 1 2 0-5 V

p .p
-*- - 20 mVp-p

200% Chroma Output Vi5 1 2 1V
P-P

70 100 140 %of
100%

reading
20% Chroma Output V15 1 2 0-1 v

p .p
40 — 105

Kill Level VTP1 1 2 vary &* - 60 mVp-p

Note 1 : Except for pull-in range testing, tune oscillator trimmer capacitor for free-running frequency of 3.579545 MHz ± 10 Hz.

*Set Switch 1 to Position 2, detune oscillator ± 250 Hz, set Switch 1 to Position 1 , and check for oscillator pull-in.
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CA3126Q

SIGNAL SAMPLE AND
HOLD

Fig. 2 - Schematic diagram of the CA3126Q.
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CA3126Q
AFPC FILTER XTAL FILTER

Fig. 2-Schematic diagram of the CA3126Q (cont'd).
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CA3126Q

TPIQ
O.OI jiF|j-

I

>
ir

_|O.OI
/
iF O.OI/iF

X X X ± f\ I

CD NPO-,-N75CyFN750 :

T

_n
046 VCHROMA

J
I'l'-O VPEAK (MIN >

«•! U— 5 /is CENTERED ON BURST

F/p. J- Test circuit for CA3 126Q.

92CL-24998

CIRCUIT DESCRIPTION

The following paragraphs briefly describe the circuit operation

oftheCA3126Q (shown in Figs. 1 and 2). A detailed description
of the operation of various portions of the CA3126Q is given

in ICAN-6247, "Application of the CA3126Q Chroma-Pro-

cessing IC Using Sample-and-Hold Techniques".

The chroma input is applied to Terminal 1 through the desired

band-shaping network. A 2,450-ohm resistor should be placed

in series with Terminal 1 to minimize oscillator pickup in the

first chroma amplifier. This amplifier suppJies 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.
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The regenerated oscillator signal at Terminal 8 is applied

internally to the AFPC and ACC detectors through +45- and

—45-degree phase-shifter networks to establish the proper

phase relationship for these detectors. The ACC detector,

which also samples the burst during the keying interval,

produces a correction voltage proportional to the burst ampli-

tude. The correction voltage is compared to the quiescent bias

level using sample-and-hold circuitry similar to that used in the

AFPC portion of the circuit. The "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 $ignal is fed to the second chroma

amplifier, where the burst is removed by keyer action. The

killer amplifier, the chroma gain control, and the overload

detector control the action of the second chroma amplifier,

whose gain is proportional to the dc voltage at Terminal 16.

The overload detector (Terminal 13) receives a sample of the

chroma output (Terminal 15) and detects the peak of the signal.

The detected voltage is stored in an external capacitor 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 (or high

source impedance) must be used at the chroma input,

Terminal 1. This high impedance minimizes pickup of

unbalanced currents, particularly of the subcarrier oscillator

signal.

2. When the overload detector is used, a large resistor (nom-

inally 47,000 ohms) must be placed in series with Terminal

16 to set the required RC time constant. The same RC

network series serves to set the killer time constant.

3. The setting of the free-running oscillator frequency requires

the presence of the keying pulse. The free-running frequency

will be erroneous if Terminal 1 is dc shorted during the

setting operation because of the dc offset voltage introduced

to the AFPC detector.

4. Care must be taken in PC board designs to provide

reasonable isolation between the oscillator portion of the

circuit (Terminals 6, 7, and 8) and the chroma input

(Terminal 1).

Overload Detector

The overload detector accomplishes two purposes:

1. It prevents oversatu ration 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.

CA3126Q
Chroma Gain Control

The chroma gain control operates by varying the base bias on

current source transistor Q25. 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. 4.

20 40 60 80 I00 I20 I40

VOLTAGE AT TERM. 16 (V|6 ) % OF V,2

92CS-24999

Fig. 4—Chroma gain control.

Subcarrier Regenerator Oscillator

The oscillator filter consists of a 3.579545-MHz crystal, a

680-ohm resistor, and a 10-pF capacitor connected in series

across Terminals 6 and 7. A 33-pF capacitor, shunt connected

from Terminal 7 to ground, rolls off higher-order harmonics,

thereby preventing oscillation at the crystal third-harmonic

frequency. A curve of the typical static phase error as a

function of the free-running oscillator frequency is shown in

Fig. 5. It should be noted that the slope of the curve determines

the dc gain of the phase-locked loop, i.e., 40 Hz per degree.

-300 -200 -I00 I00 200 300 400

OSCILLATOR FREE-RUNNING FREQUENCY DEVIATION
IN Hz FROM 3.579545 MHz

92CS -25000

Fig. 5—Static phase error.
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CA3126Q
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. 6 and 7

show the oscillator- and chroma-output amplitudes and phases

as a function of temperature (Terminals 8 and 15), respectively.

Both the oscillator- and chroma-output amplitudes and phases

are measured relative to the chroma-input phase. The per-

formance of the oscillator free-running frequency as a function

of temperature is shown in Fig. 8. All the temperature plots are

characteristic of the test circuit with the indicated component

types and values given in Fig. 3.
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-25 25 50 75
AMBIENT TEMPERATURE (TA )

— °C

92CS-25O02

Fig. 7—Amplitude and phase variations of chroma

output vs. temperature.

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

92CS- 25003

Fig. 8— Variation of oscillator free-running frequency vs. temperature.
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16-Lead Dual-ln-Line

Plastic Package

CA3137E

TV Chroma Demodulator

Features:

Balanced chroma demodulators
Color difference matrix (6500° K)

m DC tint control

m Three low-output-impedance drivers

for direct coupling
m Reference subcarrier limiter

Internal RF filtering

m DC chroma gain control
a Dynamic "flesh correction" - cor-

rects purple and green flesh colors
without affecting primary red,

green, and blue colors

The RCA-CA3137E is a monolithic silicon integrated circuit

that performs the demodulation, dynamic "flesh correc-
tion", tint control, and chroma gain-control functions. It is

designed to function compatibly with the CA3126Q
Chroma Processor, and is supplied in the 16-lead dual-in-
line plastic package.

Requires few external components
No tuning adjustments are

necessary

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

DC SUPPLY VOLTAGE (Between Terms. 5 and 12) 13.2 V

DEVICE DISSIPATION:

Up to TA = 55° C 750 mW
Above TA = 55°C derate linearly 7.9 mW/°C

AMBIENT-TEMPERATURE RANGE:

Operating -40 to +85°C

Storage
.- -65 to + 150°C

LEAD TEMPERATURE (During soldering):

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10s max +265°C

709



Linear Integrated Circuits

CA3137E
TINT CONTROL(T>

SAT. CONTROL CD-

CHROMA INPUT®

RF BY PASS 0-
GROUND ©-
R-Y OUTPUT CD-

G- Y OUTPUT (7>-

B-Y OUTPUT ©

©CARRIER INPUT

rt% "FLESH CORRECTOR"
U9 DISABLE

03 RF BY PASS

©CARRIER FILTER

@B+
© CARRIER BUFFER

® I J PHASE SHIFT
^>. ( NETWORK—(a)Q->

TOP
VIEW

V+ »I|.2V

92CS-26907 92CS-26906

Fig. 1 — CA3137E terminal assignment. Fig.2 - DC test circuit.

CARRIER . . T
input _C] n
O -flesh- / 1°°'

OOOI_L CORRECTOR fSI \^ f ±

®

Fig.3 — Functional diagram and typical dynamic test circuit.
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CA3137E
RF CARRIER "FLESH CORRECTOR"
BYPASS FILTER DISABLE

© ® ®

INPUT!

Fig.4 — CA3137E Schematic diagram.
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CA3137E

I
R-Y

, OjTPUT

I

Fig.4 — CA3137E Schematic diagram.
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ELECTRICAL CHARACTERISTICS AT Ta = 25°C, V+ = 11.2 V

CA3137E

CHARACTERISTIC SYMBOL TEST CONDITIONS
LIMITS

UNITS
Min. Typ. Max.

STATIC (See Fig.2)

Supply Current it
- 35 47 mA

Reference Subcarrier Input V16 - 6.7 - VDC

Oscillator Reference Inputs vg,v 10 - 3.8 - VDC

R-Y, G-Y, BY Outputs v6,v 7 ,v8 - 5 - VDC

Chroma Input V3 - 1.2 - VDC

DYNAMIC (See Fig.3)

Tint and Sensitivity

Limiting V11 V1 6 = 200 mV p-p @ 3.58 MHz 200 300 - mVp-p

Tint Limiting V11 Vi6 = 800 mV p-p @ 3.58 MHz - 425 600 mVp-p

Tint Amplifier*

Phase Reference

0V-M Vi6 = 400mV p-p,

Term.1 = 11.2 VDC -35 -25 -15 Degrees

Tint Control*

Range
A011

Vl6 = 800mV p-p,

Term.1 = 1.2 VDC -130 -110 -80 Degrees

Ratio G-Y to R-Y V7/V6 Vl6 = 400 mV p-p,

V3 = 40 mV p-p

28 33 38 %

Ratio BY to R-Y v8/v6 108 120 132 %

Demodulated Chroma
Output R-Y v6

Vi6 = 400mV p-p,

V3 = 40mV p-p 350 550 - mV p-p

Color Difference Output ,

(Bandwidth at 3dB) V3 = 40 mV p-p _ 900 _ kHz

Maximum Color Differ-

ence Outputs:

R-Y v6
Vi6-400mV p-p,

V3-3OO mVp-p

1.5 2.2 Vp.p

G-Y v? 0.42 0.7 -

BY v8 1.6 2.65 -

"Flesh Detector"

Reference:

Set-Up:

Term.2=1.6 V
Term.1 = 1 1 .2 V
Term. 16 = 400 mV p-p

@0° Reference Angle

Term.3= 40 mV p-p

@ 10° Reference Angle

Si Closed (Term. 15 at GND)

Reference

Set-Up

"Flesh Detector":

Phase 011
Same Set-up except Si open

_ _ Degrees

Amplitude V11 - 275 - %

"Flesh Detector":

Phase 011 Same Set-up except

Term. 3 at 190° angle

_ _ Degrees

Amplitude V11 - 100 - %

Small-Signal Output

Resistance (Terms. 6, 7, 8) ro
- 50 - ft

Small-Signal Input

Resistance:

Term.

3

r
i

3
kft

Terms.9&10 - 2.5 -

* Phase angle of term. 1

1

A Phase angle of term. 1

1

referenced to term. 16 phase angle.

with term. 1 = 1 .2 V minus phase angle of term. 11 with term. 1 = 1 1 .2 V.
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CA3145E

16-Lead Dual-ln-Line
Plastic Package
(E-Suffix) H-1622

TV Chroma Amplifier/

Demodulator

Provides Complete System for Processing

Chroma When Used with RCA-CA3158E

FEATURES:
Excellent linearity in dc chroma gain-control circuit

m Improved filtering resulting in reduced 7.2 MHz
output from the color demodulators

m Current limiting for short-circuit protection

Good tolerance to B + supply variations

The RCA-CA3145E is a monolithic silicon integrated circuit

chroma amplifier/demodulator with ACC and killer control

for color-TV receivers. It is designed to function compatibly
with the CA3158E in a two-package chroma system. Figs. 4

and 5 show a functional block diagram and the outboard
circuitry of a typical two-package chroma system
incorporating the CA3145E and CA3158, respectively.

Excellent temperature coefficient stability

Operation from + 12 V supply

The CA3145E is supplied in a 16-lead dual-in-line plastic

package.

—®—® © © ©
T
A°PC

ACC
Er V / 6GN0. cWL A /

APC DET. v / R£Fr SUBCARRIER
AMPLIFIED CHROMA INPUT

Fig. 1 — Functional block diagram of the CA3145E.
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" CA3145E

MAXIMUM RATINGS, Absolute-Maximum Values:

SUPPLY VOLTAGE -. 15 V

DEVICE DISSIPATION:

Up to Ta = 55 "C 1 W
Above Ta = 55X . . derate linearly 10.5 mW/ °C

OPERATING TEMPERATURE RANGE -40to +85°C
STORAGE TEMPERATURE RANGE -65to + 150°C

LEAD TEMPERATURE (During Soldering)

At distance 1/16" ± 1/32" (1 .59 ± 0.79 mm) from case for 10 s max + 265 °C

CHROMA In(T)

ACC IN(|)

AMPLIFIED CHROMA(T)

AMPLIFIED CHROMA (4)

GND©
CHROMA CONTROL (5)

REF. SUB. INPUT (?)

REF.SUB. INPUT®

@ ACC IN

@ COLOR KILLER

@SECOND CHROMA OUT

@DEMOD. IN

—<§) V*

(iT)B-Y OUT

(JO) R-Y OUT

(?)G-Y OUT

92CS-3I55I

TERMINAL ASSIGNMENT

+I2VO

vi50-)r

I

S3 o- (02* PHASE
2 SHIFT BETWEEN

TERMS 7 a 8

Fig. 2 -Static characteristics test circuit.
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CA3145E
ELECTRICAL CHARACTERISTICS at TA = 25°C, V2 = V16 = 8 V.
V1 = V3 = V4 = V13 = GND Unless otherwise specified (See Fig. 2)

CHARACTERISTICS

SWITCH
NUMBERS SPECIAL

UNITSS1 S2 S3 TEST LIMITS

SWITCH
POSITIONS

CONDITIONS

Typ. Max

Static

Supply Current, 1

¥
1 35 mA

First Chroma Bias Voltage 1 Meas. Term. 1 3 — V
First Chroma D.C. Output
Voltage

1 Meas. Term. 3 9 V
Second Chroma Bias Voltage 2 Meas. Term. 4 3.1 _ V
BY Reference Voltage 2 Meas. Term. 7 4.2 V
R-Y Reference Voltage 2 Meas. Term. 8 4.2 - V
BY DC Output Voltage 2 2 Meas. Term. II 7.5 - V
R-Y DC Output Voltage 2 2 Meas. Term. 10 7.5 _ V
G-Y DC Output Voltage 2 2 Meas. Term. 9 7.5 _ V

Vdc Diffeience Between

Any Two Outputs

- - -

V10- V11 - ±350

mVV9 - V11 - ±350

V11 - V13 ~ ±350

Dynamic

First Chroma Gain, V3 1

V1 = 106 mV RMS,
f=3.56 MHz, Meas. V3

0.4 - V RMS

Second Chroma Gain, V14 1

V4=150mVRMS,
f=3.56 MHz, Meas. V14

0.6 - VRMS

Second Chroma 2/3 Gain, V14 2
V4=150mVRMS,
f=3.56MHz, Meas.V14

0.65 -

Second Chroma 1/3 Gain, V14 3
V4=150 MVRMS,
f=3.56 MHz, Meas. V14

0.3 -

Demodulator Conversion

Gain (BY), VII

V13=35mVRMS,
f=3.56 MHz

0.45 - V RMS

Relative Gain,

R-Y to BY; V10
V13=35mVRMS,
f=3.56MHz

0.8 - V RMS

Relative Gain,

G-Y to BY, V9
V13=35mVRMS,
f=3.56 MHz

0.25 - VRMS

Phase Difference, R-Y to

BY; Term. 10 to Term. 11

V13=35mVRMS,
f=3.56 MHz

-105 - degrees

Phase Difference, G-Y to BY;
Term. 9 to Term. 1

1

V13= 35mVRMS,
f=3.56 MHz

108 - degrees

Killer Action, V14 V15= 1 Vp-p

200 KHz square wave
1.2 v>p
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CA3145E

(5) (4)AMPLIFI

gjji,
^CHROMA

Fig. 3 - Schematic diagram of the CA3145E (cont'd on next page).

Circuit Description

The chrominance input signal applied to

terminal 1 is amplified by the differential

amplifier Q28 - Q29. The output current of

amplifier Q28-Q29 is applied to a

second differential amplifier, Q3-Q4.
The current division in Q3-Q4, and

therefore the gain of each transistor, is

determined by the automatic-chroma-

control (ACC) differential voltage applied

to terminals 2 and 16 from a subcarrier

regenerator, such as the CA3158G. As

more current is shifted to Q4, the gain of

this transistor is increased so that a

larger signal is developed across resistor

R8. At a preset condition of decreased

current in Q3, the color killer (Q3-Q4) is

activated. Terminal 15 is externally con-

nected to an adjustable voltage-divider

resistor network which is preset to the

desired killer threshold. When the current

through Q3 is high, the terminal 15

voltage is low enough to be clamped by

Z1, which prevents saturation of Q3. As

the current is shifted from Q3 to Q4, the

terminal 15 voltage rises, and eventually

the Schmitt trigger (Q9 - Q10) is triggered.

This triggering action reduces the

second-stage current. The chroma signal

at R8 is delivered to terminal 3 by the

short-circuit-protected emitter follower

Q7.

Current for the first amplifier stage is

derived from the internal 5.3 -V supply

(Q26-Q27) and the current mirror

(Q30 - (Q31). The killer threshold is depen-

dent upon this current, but the signal gain

is substantially controlled by the resistor

ratio of R8 and the Q28 and Q29 emitter

resistor network.

The output from terminal 3 Is applied to

the second amplifier input (terminal 4).

This signal is amplified by the differential

amplifier Q36-Q37 and attenuated by

the differential amplifier Q41-Q42. The
output current flows through terminal 14

to an external tuned load. The amount of

current in this stage is determined by the

value of R55 and the voltage across it. The
voltage is provided by an internal bias

supply to Q35 and Q38 for the Darlington

differential amplifier. The second-
amplifier gain is determined by the

transconductance (gm) of the Q36 - Q37
differential amplifier. The gain is approx-

717



Linear Integrated Circuits

CA3145E
REF.

SUBCARRIER
_ INPUT

® ©

92CL-3I553

Fig. 3 - Schematic diagram of the CA3145E (cont'd from previous page).

Circuit Description (cont'd)

imately gmR|_ where R[_ is the external
load at terminal 14 and gm is determined
by the current in the differential amplifier.
The input is attenuated by a divider form-
ed by an external resistor and R53. The
divider circuit compensates for gain varia-
tions due to resistance variations in R55
where such variations also affect R53.

The variable attenuation at the differen-
tial amplifier Q41-Q42 is the manual
gain-control function. The differential

control-voltage on the differential
amplifier is not linearly related to the cur-
rent division (gain). In this system, the
control voltage is derived from another
differential pair, Q39-Q44, which
develops a compensating characteristic
based on the division current in that pair.

The source of current for the control is the
Q45-Q46 current mirror, which is

designed to provide a current that has lit-

tle dependence upon VDe or beta. When
terminal 6 is low, the voltage at the
R19-R20 junction is such that the cur-
rent from Q45 flows through Q41, which is

the maximum-gain condition. As the ter-

minal 6 voltage is raised, more and more
of the Q45 current passes through Q44
and R19-R20, while more and more or
the signal-carrying current is passed
through Q42 to the supply. The diode D5
limits current flow in the event that ter-

minal 14 is shorted to ground.

The negative R-Y and B-Y currents are
combined m resistor values chosen to
provide the correct signal gain for the G-Y
output. The resistive ladder circuit is

level-controlled by a current source from
Q57 which applies the current required to
set the correct level. The current sources
are designed with equal-value emitter
resistors to facilitate balancing.
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CA3145E

n

c<b--®-—

®

-@--@—©

—

(jp(i»)(j4)(a)(fe)(jj)(jft(9)

(j) <j) («) (|) (j) (|) (8)

HORIZ.KEY PULSE
+ 4V, 4.5 Ms

INPUT
RESISTANCE VALUES ARE IN OHMS.

UNLESS OTHERWISE INDICATED. ALL CAPACITANCE
VALUES LESS THAN I ARE IN MICROFARADS
I OR GREATER ARE IN PICOFARADS. ' WCL-3IJ3I

Fig. 4 — Output circuitry of a typical two-package chroma system for color-TV receivers utilizing the

CA3145E and CA3158E.
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CA3145E

®~® ©--

_4>i 1

AMPLIFIED CHROMA
GAIN CONTROL

92CS-3I330RI

Fig. 5 —Simplified functional diagram of a two-package TV chroma system
utilizing the CA3145E and CA3158E.
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HP
24-Lead Dual-in-Line

Plastic Package
"E"-Suffix Type H-1888

CA3151E

Single Chip TV Chroma
Processor/Demodulator

FEATURES:
All chroma processing and demodulating

circuitry on a single chip in a 24-lead

plastic package
m Phase-locked subcarrier regeneration

utilizing sample-and-hold techniques

m Supplementary ACC with overload detector

to prevent over saturation of the picture tube

The RCA-CA3151 E is a monolithic silicon integrated circuit

that performs the complete chroma processor and
demodulating functions for color TV. This simple chip

contains all the features of the CA3126 chroma processor

and the CA3137 chroma demodulator.

The CA3151 E is supplied in the 24-lead dual-in-line plastic

package.

Linear dc controls for chroma gain and tint

m Dynamic "flesh correction"—corrects

purple and green flesh colors without

affecting primary colors

u Balanced chroma demodulators with low

output impedance for direct coupling

Internal rf filtering

m Requires few external components

u Low system dissipation—nominal 0.5 W

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE:
Between Terminals 18 and 7 13.2 V

DEVICE DISSIPATION:

UptoTA = 55°C 825 mW
Above TA = 55°C Derate linearly at

8.7 mW/°C

AMBIENT TEMPERATURE RANGE:
Operating -40to+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 max +265°C

OVERLOAD DET (5)-
AND KILLER FILTER^
PROCESSOR SECT ION (i)-
CHROMA OUTPUT w

GROUND (Ty-

B-Y OUTPUT (9)-

G-Y OUTPUT (?)-

R-Y OUTPUT (io)-

QREF INPUT (ny-

I REF. INPUT@-

-@ HORIZ KEY PULSE INPUT

\ AFPC FILTER

-®
_/C!\ OSCILLATOR FILTER
"Vffl' ' AND PHASE SHIFT INPUTS

-©.

-®vcc

-@ TINT CONTROL

-(J6) CARRIER FILTER

-(i?) "FLESH CORRECTOR"w CARRIER OUTPUT
-(i4)"FLESH CORRECTOR" AND
v"y OVERLOAD DETECTOR DISABLE

-(IS) DEMODULATOR CHROMA
.
W INPUT

1

92CM-29238

TERMINAL DIAGRAM
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CA3151E
ELECTRICAL CHARACTERISTICS at TA -25°C.V+ - 11.6 V

CHARACTERISTIC
TEST CONDITIONS

- TYPICAL
VALUE UNITSSj Sj S3 Chroma In Burstln v4 V17

STATIC (See Fig. 1)

Supply Current, l-p 42 mA
R-Y, G-Y, BY, Out-

puts, V&V9V 10 5.3

Vdc

Oscillator Reference

Inputs, Vii,Vi2 3.7

Chroma Demodu-

lator Input, V13 2.9

Chroma Processor

Input, Vi 2.2

DYNAMIC (See Fig. 2)

Minimum Oscillator

Pull-In Range* V-J2 2 1

mV
p-p

1.5V

7 V

±300 Hz

Oscillator Level,V^ 2 2 1 0.6
v
p-p1 00 Percent ACC, Vt 3 1 1

273
1

Minimum Gain

Control, V-| 3 * 1 1 11.6V 20 mVp.
p

50 Percent Gain

Control, V13 1 1 6V 50

%of
100%

ACC
Value

200 Percent

ACC, V 13 1 1 1 546 mV
p.p

1.5V

100

20 Percent

ACC, V13 1 1 1 54.6 Vp.
p 100

Maximum Kill

Output, V^

3

1 1 1 54.6 4 mVp.
p

20

mV
P-pMinimum Unkill

Output, V13 1 1

mV
p.p

30mVp.
p 400

Overload De-

tector (OLD),

V13 1 1 2 546mVp.
p

273 mV
p .p

1

VPPR-Y Sensitivity,

Vio Eg = 282

mVp.p, 3.53 MHz 1 2 1 0.8

R-Y Ratio B-Y/R-Y,
\/ **V8 1 2 1

1

120

%G-Y Ratio G-Y/R-Y,
v **V9 1 2 33

Max. R-Y

Output, V-jo

E
9 =

2V
PP<

3.53 MHz 1 2 1 3 VPP
Minimum Tint

Control Range,

013 1 1 1 273mV
p.p

OVto
11.6 V| 80 Degrees
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CA3151E

ALL RESISTANCE VALUES ARE IN OHMS

CAPACITANCE VALUES ARE IN MICROFARADS
UNLESS OTHERWISE INDICATED

TINT
CONTROL

IOO pF "*- FLESH a
OVERLOAD
DISABLE

92CL-29239

Fig. 1 - Functional diagram, static test circuit, and typical application circuit.

|

-

ni57Q-[^7954S MH.
[
-D—r]"VCHROMA

—1 '^-4 27 us „^ VBURST

j-Ql_VpEAK (MIN)

—1 |»- 5 /is CENTERED KEY PULSE
ON BURST

KEY
PULSE
O

0.01 M F

»£ 0.01 ^Fi 0.01 >»F 4= ^l MF

~ ~
11.6 VO ~ _

K>* " 27 K<

1 ==0.01

<A7K |*7K 4 7k|=;

75 pF

4:82 pF

ALL RESISTANCE VALUES ARE IN OHMS

92CL-29236

Fig. 2 - Dynamic test circuit.
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CA3151E

120 160 200 240 280 320
CHROMA INPUT PHASE

ANGLE-DEGREES

vCHROMA *T P|3> 400mVp.p
NOTE : TINT CONTROL ADJUSTED

m^ SO THAT WITH A +1
*" SIGNAL INTO TERM. I,

THE OSCILLATOR AT TERM.
12 AND THE CHROMA AT
TERM. 13 ARE IN PHASE

»2CS-29237

Fig- 3 - "Flesh" correction of oscillator phase angle as a function of
chroma input phase angle.
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CA3158E

16-Lead Dual-ln-Line

Plastic Package

"E'-Sufflx Type h-1622

TV Chroma System

FEATURES:
Voltage-controlled oscillator

m Keyed APC and ACC detectors

u DC hue control

Operates from +12 V

The RCA-CA3158E* is a monolithic silicon integrated

circuit that performs the functions of subcarrier regenera-

tion ACC and APC detection, and tint control in color

television receivers. It is designed to function compatibly

with the CA3145E TV Chroma Amplifier/Demodulator in a

2-package chroma system.

The CA3158E is a TV Chroma System equivalent to the

CA31 70E except that the typical supply voltage is +1 2 volts

and no internal shunt regulator is incorporated.

The CA3158E is supplied in the 16-lead dual-in-line plastic

package.

•Formerly Developmental Type No. TA6895G.

ACC OUTPUT

1. 2 M>>l 8M

ALL RESISTANCE VALUES ARE IN ONUS

UNLESS OTHERWISE INOKATEO. ALL CAPACITANCE V

LESS THAU 1.0 ARE IN WCROFARAOS

1.0 OR GREATER ARE IN PICOFARADS

92CM- 31329

I

Fig. 1 — Functional block diagram of CA3158E.
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CA3158E " ~

MAXIMUM RATINGS, Absolute-Maximum:

DC SUPPLY VOLTAGE 15 V
DEVICE DISSIPATION:

UptoTA -'55°C 630 mW
Above TA = 55 C derate linearly 6.6 mW/°C

AMBIENT-TEMPERATURE RANGE:
°Peratin9 -40to+85°C
Storage -65to+150°C

LEAD TEMPERATURE (During soldering):

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C

cKi^-p

Fig. 2 — Simplified functional diagram of a two-package TV chroma
system utilizing the CA3158E and CA3145E.

CIRCUIT DESCRIPTION

The CA3T58E is a complete subcarrier re-

generation system with automatic phase con-

trol applied to the oscillator. An amplified

chroma signal from the CA3145E is applied

to terminals No. 13 and No. 14, which are

the automatic phase control (APC) and the

automatic chroma control (ACC) inputs.

APC and ACC detection is keyed by the hor-

izontal pulse which also inhibits the oscilla-

tor output amplifier during the burst interval.

The ACC system uses a synchronous detec-

tor to develop a correction voltage at the

differential output terminal Nos. 15 and 16.

This control signal is applied to the input

terminal Nos. 2 and 16 of the CA31 45E. The
APC system also uses a synchronous detec-

tor. The APC error voltage is internally

coupled to the 3.58 MHz oscillator at bal-

ance; the phase of the signal at terminal No.

13 is in quadrature with the oscillator. To
accomplish phasing requirements, an RC
phase shift network is used between the

chroma input and terminal Nos. 13 and 14.

The feedback loop of the oscillator is from

terminal Nos. 7 and 8 back to No. 6. The
same oscillator signal is available at terminal

Nos. 7 and 8, but the dc output of the APC
detector controls the relative signal levels at

terminal Nos. 7 or 8. Because the output at

terminal No. 8 is shifted in phase compared

to the output at terminal No. 7, which is ap-

plied directly to the crystal circuit, control

of the relative amplitudes at terminal Nos. 7

and 8 alters the phase in the feedback loop,

thereby changing the frequency of the

crystal oscillator. Balance adjustments of dc

offsets are provided to establish an initial no-

signal offset control in the ACC output, and

a no-signal, on-frequency adjustment through

the APC detector-amplifier circuit which

controls the oscillator frequency. The oscil-

lator output stage is differentially con-

trolled at terminal Nos. 2 and 3 by the hue
control input to terminal No. 1. The hue
phase shift is accomplished by the external

R, L, and C components that couple the

oscillator output to the demodulator input

terminals. The CA3158E operates from a

12-volt dc supply.
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CA3158E
0<-l2V

OB-Y

HORIZ.KEY PULSE
+ 4V, 4.5^s

INPUT
RESISTANCE VALUES ARE IN OHMS.

UNLESS OTHERWISE INDICATED, ALL CAPACITANft
VALUES LESS THAN I ARE IN MICROFARADS,
I OR GREATER ARE IN PICOFARADS.

Fig. 3 — Outboard circuitry of a typical two-package chroma system for

color-TV receivers utilizing the CA3145E and CA3158E.
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CA3158E

ELECTRICAL CHARACTERISTICS At TA = 25°C, V+ = 12 V unless otherwise specified

CHARACTERISTIC

SWITCH
NUMBERS

SPECIAL
TEST CONDITIONS UNITS

S1 S2
| S3

LIMITSSWITCH
POSITIONS Min. Max.

STATIC (See Fig. 6)

Supply Current, l

+
1 1 1 12 24 mA

Oscillator Current, I2 1 2 1 4.25 8.55

ACC Output Balance 2 2 1 Measure Term. 15 to 16 -330 300

mVAPC Output Balance 2 2 1 Measure Term. 11 to 12 -450 450
Oscillator Balance 2 3 2 Measure Term. 7 to 8 -330 330

DYNAMIC (See Fig. 8); B||yj = 0.4 V p-p sine wave

Oscillator Center

Frequency, tq 1 2 1

Set R for f =

3579545 ± 5 Hz

Hz

Oscillator Frequency

Deviation, tq1 1 1 1 -400 400

Oscillator Frequency

Deviation, lAfgl 1 2 1 V+=12 V± 1 V 175

Oscillator Pull-In Range:

High Frequency Side

Low Frequency Side

1 2 2 Osc. must pull-in and
lock to e||\| at:

f| N = 3.579745 MHz
f|N = 3.579345 MHz

200

-200

-

Dynamic ACC 2 2 1 Measure Term. 1 5 to 16

Record value (V1)

-75 75

mV
ACC Control 2 2 2 Measure Term. 15 to 16,

f| N = 3.579545 MHz
Record

Value (V2)

A ACC Control - - - Limits for A ACC Control

= V2- V1

120 250

Dynamic APC 1 2 1 Tap of R to ground 1 12 v

AMBIENT TEMPERATURE(TAM25 -C

<

[[
I50

l-°

II'
25

5m 75

| 50
a:

t-- 25

HUE CONTROL VOLTAGEIV, )— % OF SUPPLY VOLTAGE ( V,
(

92CS-3I332

Fig. 4 — Typical hue control characteristic.

HUE CONTROL (?)

—

r©-
a®-

PULSE INPU.
GND©

—

OSC INPUT®—

OSC FEEDBACK f®

—

LOOP ^0_

~®\ ACC

_@J OUTPUT

—@ ACC INPUT

—@ APC INPUT

—®j OUTPUT

—@ V+

—(|)NC

NC = N0 CONNECTION
92CS-3I333

Fig. 5 — Terminal diagram of the CA3158E.
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+ 12 VQ

RESISTANCE IN OHMS; CAPACITANCE IN MF
92CM-3I369

Fig. 6 — Static characteristics test circuit.

CA3158E

©@ ® © © © @

© (5) 92CL- 3I368

RESISTANCE IN OHMS

Fig. 7 — Schematic diagram.
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CA3158E

2v_n n

I J 63.5 L < RESISTANCE IN OHMS, CAPACITANCE
IN MF UNLESS OTHERWISE SPECIFIED 92CM-SI370

Fig. 8 — Dynamic characteristics test circuit.
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CA3170E

16-Lead Dual-ln-Line

Plastic Package
"E"-Suffix H-1622

TV Chroma System

FEATURES:
Voltage-controlled oscillator

m Keyed APC and ACC detectors

u DC hue control

m Shunt regulator

The RCA-CA31 70E is a monolithic silicon integrated circuit

that performs the functions of subcarrier regeneration,

ACC and APC detection, and tint control in color television

receivers. It is designed to function compatibly with the

CA3121E TV Chroma Amplifier/Demodulator in a 2-

package chroma system.

The CA3170E is a TV Chroma System of advanced design

that incorporates all the features Of the CA3070E but with

the added advantage of the modified Hue Control

Characteristic. With the C A3170E, the designer can provide

a front panel hue control that functions linearly over its

entire range, a particularly desirable consumer feature.

The CA3170E is supplied in the 16-lead dual-in-line plastic

package.

ACC OUTPUT

FERRITE
BEAD 56 15—

-K-O
IHORIZ
> KEY PULSE

Fig. 1 — Functional block diagram of CA3170E.

731



Linear Integrated Circuits

CA3170E
ELECTRICAL CHARACTERISTICS, at TA = 25°C and V = +24 V unless otherwise specified

CHARACTERISTICS SPECIAL TEST CONDITIONS
LIMITS

UNITSCA3170G

MIN. TYP. MAX.
Static Characteristics

Voltage:

Hue Control, Vi
See Fig.

7

V

Oscillator Input, V6
Si CLOSED
S3 OFF;

_ 2.6

APC Input, V13 — 5.4 _

Regulator, V10 V+ = 21 V
S2, S4, S5
OPEN
See Fig. 8

11 12.3 13.5

Regulator Change, V10 V+ = 27 V -0.2 - +0.2

Horizontal Key
Input, V4

l4 = -10/iA 5 - -

Currents:

Oscillator Output, I2

S 1f S2 , S4 , S5 CLOSED,
S3 in position 2, See Fig. 8

- 5.8 _.

mA
APC Output, In, 1 12 Si, S5 OPEN, S2, S4 CLOSED, _ 1.45 _

ACC Output, 1 15, 1 16 S3 in positic n 1, See Fig. 8 - 1.45 -
Dynamic Characteristics (See Figure 6)

Oscillator Outputs:

Terminal No. 2, V2 Si in position 1 0.75 1.0 -
Vp-p

Terminal No. 3, V3 Si in position 2 0.75 1.0 -

ACC Detected Output
V16-V15

Si in position 1 115 150 - mV

Oscillator Pull-

in Range
Si in position 1.

- ±400 - Hz

°<M-

92CM-2T690RI

Fig. 2 Simplified functional diagram of a two-package TV chroma
system utilizing the CA3170E and CA3121E.
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CA3170E
CIRCUIT DESCRIPTION

The CA3170E is a complete subcarrier re-

generation system with automatic phase con-

trol applied to the oscillator. An amplified

chroma signal from the CA3121E is applied

to terminals No. 13 and No. 14, which are

the automatic phase control (APC) and the

automatic chroma control (ACC) inputs.

APC and ACC detection is keyed by the hor-

izontal pulse which also inhibits the oscilla-

tor output amplifier during the burst interval.

The ACC system uses a synchronous detec-

tor to develop a correction voltage at the

differential output terminal Nos. 15 & 16.

This control signal is applied to the input

terminal Nos. 1 & 16 of the CA3121E. The

APC system also uses a synchronous detec-

tor. The APC error voltage is internally

coupled to the 3.58 MHz oscillator at bal-

ance; the phase of the signal at terminal No.

13 is in quadrature with the oscillator.

To accomplish phasing requirements, an RC
phase shift network is used between the

chroma input and terminal Nos. 13 and 14.

The feedback loop of the oscillator is from

terminal Nos. 7 and 8 back to No. 6. The

same oscillator signal is available at terminal

Nos. 7 and 8, but the dc output of the APC
detector controls the relative signal levels at

terminal Nos. 7 or 8. Because the output at

terminal No. 8 is shifted in phase compared

to the output at terminal No. 7, which is ap-

plied directly to the crystal circuit, control

of the relative amplitudes at terminal Nos. 7

and 8 alters the phase in the feedback loop,

thereby changing the frequency of the

crystal oscillator. Balance adjustments of dc

offsets are provided to establish an initial no-

signal offset control in the ACC output, and

a no-signal, on-frequency adjustment

through the APC detector-amplifier circuit

which controls the oscillator frequency. The

oscillator output stage is differentially

controlled at terminal Nos. 2 and 3 by the

hue control input to terminal No. 1. The hue

phase shift is accomplished by the external

R, L, and C components that couple the

oscillator output to the demodulator input

terminals. The CA3170E includes a shunt

regulator to establish a 12-volt dc supply.

MAXIMUM RATINGS, Absolute-Maximum:

DEVICE DISSIPATION:*

UptoTA = 55°C 750 mW
Above T"a = 55°C derate linearly 7.9 mW/ C

AMBIENT-TEMPERATURE RANGE:

Operating -40 to +85°C

Storage • • • --65 to +150°C

LEAD TEMPERATURE (During soldering):

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

from case for 10 s max. •
+265 C

i r
AMBIENT TEMPERATURE(TA ) >25 "C

_i ITS mm MTMI:<
o

,_o

t o:

-Jo 75

1
*°

- 25

m 1 Hit"

-J-f" "tfcr*
4- ZT

_u_ 1 1 t
1

HUE CONTROL (7)—

OSC (®~
OUTPUT^0_

HORIZ KEY(T>_
PULSE INPUT

1^GND©—
OSC INPUT (D—

OSC. FEEDBACK f©-
LOOP ^®_

"©I ACC

^J- OUTPUT

—0 ACC INPUT

—@ APC INPUT

-®\ APC—(P)J OUTPUT

Ha SHUNT REG
;f? AND BIAS

—@NC
NC'NO CONNECTION

HUE CONTROL VOLTAGEIV, I
- % OF REGULATOR VOLTASEWk))

92CS-27693

Fig. 3 — Typical hue control characteristic. Fig. 4 — Terminal diagram of the CA3170E.

733



Linear Integrated Circuits

CA3170E
SHUNT OSCILLATOR

REGULATOR FEEDBACK
ANO BIAS LOOP

®©

HORIZONTAL
KEY PULSE
INPUT

£, f£\OSCILI
5) ^SJ INPUT

OSCILLATOR

Fig. 5 — Schematic diagram of the CA3170E.

JT

56 200

;t=OOI

CD-f
®-

-=fa- 470V

=f=o.oTHt-®-
470

4 5/iS +4 V
PEAK PULSE
DELAY ADJ. TO
CENTER PULSE
ON THE BURST

TO OSCILLOSCOPE

h©—£- -0+24 V

NTSC
STANDARD

SIGNAL MINUS
LUMINANCE

SET «c FOR
BURST OF 04Vp-p

ON OFF

75> «c

Tl : UNIVERSAL WINDING, NO. 36 WIRE
PRIMARY 77 TURNS, L- 11.8 uH, Q>40
SECONDARY . 34 TURNS, CT; L 9 pH, " 20

CRYSTAL
PROBE OR
EQUIVALENT*

X ~v*****^y

cvfer ci

-o—

r

-®-

c-^^>-

I e
3=65 pF

100

100 r ACC OUTPUT

rvvv—> »
ACC A0J

.

i- O MHz
CRYSTAL

-<§-

J-®

1
COUNTER

• ADJUST C2 FOR
MINIMUM OUTPUT
AT 3.39 MHI.
ADJUST CI FOR

. MAXIMUM OUTPUTV AT 3 579345 MHI

NOTES:

1. ALL RESISTANCES IN OHMS.

2. UNLESS OTHERWISE SPECIFIED
ALL CAPACITANCES ARE
IN MICROFARADS

3. V2 a V3 MEASURED WITH LOW-
CAPACITY SCOPE PROBE 5 20 pF

92CL-27S94RI

Fig. 6 — Dynamic characteristics test circuit.

734



TV/CATV Circuits

CA3170E
2.7 M OOI

O-AA/V
TO TERM.*

HORIZ.KEY PULSE

INPUT
RESISTANCE VALUES ARE IN OHMS.

UNLESS OTHERWISE INDICATED, ALL CAPACITANCE
VALUES LESS THAN I ARE IN MICROFARADS.
I OR GREATER ARE IN PICOFARADS.

92CL-2760BRI

Fig. 7 —Outboard circuitry of a typical two-package chroma system for

color-TV receivers utilizing the CA3121E and CA3170E.

DYNAMIC TEST PROCEDURE

1. With S2 in "OFF" position, short termi-

nals 11 and 12. Then with S1 in 1 posi-

tion, adjust CX for a frequency of.

3.579545 MHz ± 5 Hz. Measure the

frequency using the frequency counter or

by zero beat indication on the oscillos-

cope.

2. Remove short from terminals 11 and 12,

and adjust "APC" control for zero beat

on the oscilloscope. With S2 in "ON" po-

sition, pattern on oscilloscope must lock.

3. With S2 in "OFF" position adjust "ACC"

control to give output reading of ± 2

mV between terminals 15 and 16. Then

with S2 in "ON" position, read "ACC"
output.

Example of pull-in testing to ± 200 Hz:

With S2 in "OFF" position, adjust CX
for frequency of 3.579545 + 200 Hz.

Then with S1 in position 1 and S2 in

"ON" position, pattern on oscillos-

cope must lock.

Repeat Step 4 with CX adjusted to - 200

Hz.
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92CS-2769IRI

Fig. 8 — Static characteristics test circuit
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CA3172E

14-Lead Dual-ln-Line

Plastic Package

"E"-Suffix Type

TV Chroma Demodulator

SYSTEM FEATURES:
Synchronous detector with color-

difference matrix

m Emitter-follower output amplifier with

short-circuit protection

m Typical R-Y output ratio of 0.95 and 89°

G-Y output ratio of 0.33 and 244°,

and B-Y output ratio of 1.0 and 0°

The RCA-CA3172E is a monolithic silicon integrated circuit

intended for use as a chroma demodulator in TV

applications. It is operated from a 24-volt supply.

The device has synchronous detectors with matrix circuits

to achieve the R-Y, G-Y, and B-Y color-difference output

signals. The chroma input signal is applied to terminal Nos.

3 and 4, while the oscillator injection signal is applied to

terminal Nos. 6 and 7. The color-difference signals, after

matrix, have a fixed relationship of amplitude and phase.

The outputs of the CA3172E 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

amplifiers have short-circuit protection.

The CA3172E is supplied in a 14-lead dual-in-line plastic

package.

UNLESS OTHERKISE INDICATED ALL CAPACITANCE VALUES

LESS THAN I ARE IN MICROFARADS

I OR GREATER ARE IN PICOFARADS

92CM-29067

Fig 1 — Functional diagram of RCA-CA3172E.
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CA3172E
MAXIMUM RATINGS, Absolute Maximum-Values at TA =25°C

DC SUPPLY VOLTAGE (Terminal 8 to Terminal 14) 27 V
REFERENCE INPUT VOLTAGE \\ 5 v
CHROMA INPUT VOLTAGE

5 V
P~P

DEVICE DISSIPATION: pp

UptoTA = +70°C 530mW
Above TA - +70°C Derate Linearly at 6.7 mW/°C

AMBIENT TEMPERATURE RANGE:
0peratin9 -40to+85°C
Stora9e -65to+150°C

LEAD TEMPERATURE (During Soldering):

At distance 1/32 in. (3.17 mm) from seating plane for 10 s max +265°C

Maximum Voltage and Current Ratings

at TA = +25°C

Voltage* Current

Terminal

No.
MIN

VOLTS
MAX
VOLTS

Terminal

No.
l
mA

'O
mA

3 +5 3 - -

4 +5 4 - -

6 +12 6 - -
7 +12 7 - —

8 +27 8 - -

9 +20 9 1.0 20

11 +20 11 1.0 20

13 +20 13 1.0 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

Fig. 2 — Schematic diagram for CA3172E.
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CA3172E
ELECTRICAL CHARACTERISTICS, at TA = 25°Cand V+

*

+24 V unless otherwise specified

CHARACTERISTICS SYMBOLS SPECIAL TEST
CONDITIONS

LIMITS
CA3172G UNITS

MIN. TYP. MAX.

Static Characteristics3

Supply Current

With Output Loads •t Sj Closed 16.5 — 28.5 mA
With No Output Loads Si Open - 9 -

G-Y, R-Y, B-Y Outputs v9 vn ,v 13 S<| Closed 13 14.5 15.5

VChroma Inputs V3.V4 S-| Open - 3.6 -

Reference Subcarrier v6.v7 S-j Open - 6.4 -

Dynamic Characteristics'3

Demodulator Unbalance v9.v 11( v 13
V3 = V4 = - - 0.6 VPP

Maximum Color Differ-

ence Output Voltage
V13 V3 = V4 = 0.35Vp.p 5 - -

V
P-P

Chroma Input Sensitivity v3
Adjust ec for 5.0

V
p.p

@ term No.

13 (B-Y)

- 0.2 0.35

R-Y Output Ratio V11 - 0.95 -

G-Y Output Ratio v9
- 0.32 -

Vqc Difference

Between any two

Output Terminals

IVgl-IV-nl

iv9l-iv 13 i

IVnl-lv 13 i

ec
= - - 0.6 V

Input Impedance

Reference Subcarrier

Rj6, 7

Cj6, 7

— 1.7

6

—
pF

Input Impedance at

Chroma Inputs

Rj3,4

Cj3,4 _
0.95

6 _
kft

PF

Output Resistance
R 9,R 11,

R 13
- 180 - ft

a Test circuit Fig. 3

° Test circuit Fig. 4

© © © © © © o

TO 20OO
PUSH PULL
3.53 MHl

GEN. ADJUSTED
TO GIVE

5.0 Vp-p AT
TERMINAL NO.I3

s-y
OUTPUT

o

-REP. SUBCARRIER
GEN. ADJUSTED FOR |v6|*|vT |* |l.0 Vp-p|

(PHASE SEPARATED BY 104*1

NOTE:
ALL CAPACITORS GIVEN IN pF
UNLESS OTHERWISE NOTED.
ALL RESISTANCES IN OHMS.

Fig. 3 — Static characteristics test circuit Fig. 4 — Dynamic characteristics test circuit
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CA3194E

H-1855

24-Lead Dual-ln-Une

Plastic Package

Single-Chip PAL
Luminance/Chroma
Processor
System Features:

All PAL luminance and chrominance processing

circuitry on a single chip in a 24-lead plastic package
Phase-locked subcarrier regeneration utilizing

sample-and-hold

DC controls for brightness, contrast, and color-

saturation functions

Input for average beam-current limiting

Contrast control having excellent tracking of luma
and chroma channels
Low-impedance RGB outputs with excellent tracking

for direct coupling to video driver circuitry

The RCA CA3194E* is a silicon monolithic integrated

circuit designed to perform all of the signal processing

functions for both thejehroma and luminance signals of

PAL color television receivers.

This circuit performs all the functions needed between the

video detector and the video RGB output stages. DC
contrast, brightness, and saturation controls and average

beam limiting functions are included. The RGB buffer

stages are capable of delivering 5 mA of current into the

video output stages.

The CA3194E is supplied in the 24-lead dual-in-line plastic

package.

•Formerly RCA Dev. No. TA10313.

Circuit Description (See Figs. 1 and 6.)

The chroma signal is externally separated from the video

signal by means of a bandpass or high-pass filter and

applied to pin 4. The burst is separated in the first chroma
stage and applied to the synchronous detector which

provides information to sample-and-hold circuits for APC
(phase-locked loop), ACC (automatic chroma gain control)

and identification and killing. The 4.43-MHz crystal

oscillator is phase-locked to the burst and provides 0° and
90° (via an external phase shifter) carriers to the chroma
demodulators. The burst and chroma amplitude at the

output of the first chroma amplifier is kept constant by the

automatic gain control.

The second chroma stage provides saturation control (pin

3) which tracks the contrast control in the luminance

channel. This stage is also used for color killing.

MAXIMUM RATINGS, Absolute-Maximum Values

DC SUPPLY VOLTAGE AND CURRENT:

Pin 12 Voltage Range 11 Min. to 13 Max. V

Pin 12 Current Range 45 Typ. to 60 Max. mA

DEVICE DISSIPATION:

Up to TA=+55°C 825 mW
Above Ta=+55°C Derate linearly at 8.7 mW/'C

0jC Max.=115 C/W, Tj Max.=150°C

AMBIENT TEMPERATURE RANGE:

Operating —40 to +85° C

Storage -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max +265C C
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CA3194E
TERMINAL VOLTAGE AND CURRENT RATINGS

Terminal
Voltaiie*-V Currant - mA

Mln. Max. •IN •out
1 — — — —
2 13 30
3 8 10 —
4 5 — —
5 Note — —
6 — — 0.1 0.5

7 Note — —
8 Note — —
9 8 — —
10 8 — 0.7

11 13 — 10

12 13 — —
13 12 — —
14 5 — 1.5

15 5 — 1.5

16 13 — 10

17 13 — 10

18 13 — 10

19 Note — —
20 5 — —
21 Note — —
22 8 — —
23 5 — —
24 12 — —

NOTE:
The maximum should not exceed the Vqc voltage.

'Voltage with respect to Terminal 1 for Vqc (Terminal 12)

of 12 V ±10%.

A buffer stage drives the external PAL delay line. The
separated U and V signals are applied to pins 14 and 15,

respectively, and demodulated. A standard G-Y matrix is

included on the chip.

The luminance signal passes through the subcarrier trap

and through the luminance delay line and enters the chip at

pin 20. Contrast and brightness control is provided before
the luminance signal is combined with the color difference

signals in the Y matrix. Average and peak beam limiting

circuits are controlled from pins 24 and 19.

TERMINAL ASSIGNMENT

GND ©- ~@ AVER. BEAM INFO-

CHROMA OUT(T)- -® BRIGHTNESS CONTROL

SAT. CONTR<T)- -^ PICTURE CONTROL

CHROMA INPUTQn- ~"@ LOW PASS FILTER

ACC FILTER-
I

LUMA INPUT

PEAK BEAM LEVEL

r®-APC FILTER- X
L0-

90 # INPin(9)-

CA3194E
R OUTPUT

G OUTPUT

B OUTPUT

0* INPUT (jo)- ~® VR_Y INPUT

VC0 OUTPUT q3~ ~® V8-Y INPUT

VCC ®" -® SANDCASTLE

TOP VIEW

•2CS-330S7

ACC FILTER ACC FILTER

CHROMA ^TV
INPUT V7

CONTR.Vi/

CHROMA (9l
OUT Vf/^

VB-Y (l4VINPUTVlV

VR-Y /

INPUT *

LUMA /

INPUT v

1ST CHROMA
STAGE +
SWITCHING

BGJV
JSLjl

2ND CHROMA
STAGE

BUFFER
STAGE

R-Y
DEMOD

t

LUMA
AMPLIFIER

SYNCHRONOUS
DETECTOR
FORAPCaACC

8G
JL- 1

ACC Jl;

SAMPLE
AND
HOLD

LL

APC FILTER

BG

APC FILTER

SAMPLE
AND
HOLD

COMPARATOR
+ LEVEL SHIFT

FLIP FLOP tfU
FF

r
1
AMPLIFIER
PHASE EQ

AMPLIFIER +
PAL SWITCH
+ PHASE EQ

uT

BLANKING L-==

SAMPLE
AND
HOLD

BG
-IT

-JL

90«
AMPLIFIER AMPLIFIER H^iVOUTPUT

90"
CARRIER

)|NPUT

i
1

AVERAGE
BEAM LIMITER

SANDCASTLE
DECODER

BRIGHTNESS
COMPARATOR

PEAK BEAM
LIMIT

COMPARATOR

PICTURE
CONTROL

AVER.
BEAM INFO.

BRIGHTNESS
CONTROL

/O)L0W PASS
ViV FILTER

PEAK
BEAM LEVEL

BUFFER.^-0 |N

9
p°J

(13) SANDCASTLE

-*(^)R OUTPUT

|-©vcc

1 rr\ GROUND
rVV(SUBSTRATI

92CL-32909R2

Fig. 1 - Block diagram.
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CA3194E
ELECTRICAL CHARACTERISTICS at TA=25°C, Vcc=12 V, V8=2.85 V
VC=2.85 V, VAB=VpB=Vcc. Vfl adjusted lor V18=6.3 V,

Cx adjusted for Fosc=4-43361875 MHz, Sandcaatla: VBQ=8.0 V,

VBLANK=3.5 V-Burst Gate cantered on Burst.

Thesa conditions axlst excapt as otharwlsa noted. Saa Fig. 5 for test circuit.

CHARACTERISTIC TEST CONDITIONS

LUMINANCE SECTION

TYPICAL
VALUE

Input Impedance-Term. 20

Luminance Channel Input Voltage

Bandwidth of Luminance Channel

Brightness Control Range-Term. 23

Output Black Level:

Range

Offset

Contrast Control Range-Term. 22

Luminance Gain Control Range

Luma Input Signal=30% Sync
Luma Input Signal: 0.5 Vp.p (30% Sync) modulated CW
Adj. modulation frequency for —3 dB at color outputs

For control characteristics, See Fig. A
Luma Input Signal: 0.5 Vp.p (30% Sync)

VbO-5V
Measured at Pin 18 black level. See Fig. A.

Luminance input: 0.5 Vp.p (30% Sync), for control

characteristics. See Fig. B.

RGB Output Swing

CHROMINANCE SECTION

Luminance Input: 0.5 Vp.p (30% Sync),

Vc=0.5 - 5 V measure Pin 18 black level

to maximum white level. See Fig. C.

Luminance Input: 0.5 Vp.p (30% Sync), Vc=5 V,

read black level to peak white. See Fig. D.

0.5

0-3.5

5.9 - 9.7

0.6 Max.

0-5

32

Input Impedance-Term. 4

Chroma Channel Input Voltage

ACC Range

Input Burst Level for Kill

Contrast Control Chroma/Luma Tracking

Saturation Control Range-Term. 3

Max. Chroma Output Voltage-Term. 2

See Fig. E.

Chroma

Burst

Adjust chroma input Pin 4 until Pin 2 < 25 mVp.p.
Measure Burst level at Pin 4.

Chroma Input: Burst=100 mVp_p
Chroma=220 mVp.p
Luminance Input: 0.35 Vp.p
Vs adjusted for Chroma at Pin 18=2 Vp.p
Vc is adjusted for luminance at Pin 18=2 Vp.p .

Vq is again adjusted for luminance of +6 and -9 dB.
Then read chroma percentage difference. See Fig. F.

4.5

5

220

100

+6 - -20

10*

For control characteristic, see Fig. G.

Chroma Input: Burst=100 mVp.p
Chroma=220 mVp.p . Adjust Vq and Vs
for max. Pin 2 output.

*lf a different value is desired, see the Threshold Adjustment Circuit of Fig. 3.

±5

0-5

2.5

UNITS

kO

-EL

Ifitfi-

MHz

Vdc

Vdc

Vdc

dB

'P-P

kO
PF

mV££.
mVn-i£-p_

dB

mVp-p

%

Vdc

'P-P
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CHARACTERISTIC TEST CONDITIONS
TYPICAL
VALUE

UNITS

OSCILLATOR SECTION

Pull-In Range

Chroma Input: Burst=100 mVp.p
Chroma=220 mVp.p. Adjust Cx for HI/LO fosC
without Chroma signal. Apply signal to lock.

±500 Hz

Static Phase Error 2 DEG/100 Hz

DEMODULATOR SECTION

R-Y Demodulator Conversion Gain

Chroma Input: Burst=100 mV
Chroma=220 mVp.p , V</>. Adjust Vq for V18=1 V.

Read V15. Calculate V18/V15.

10 Ratio

B-Y Demodulator Conversion Gain

Chroma Input: Burst=100 mVp.p , U<p. Read V16 and

V14. Calculate V/16/V14. Vq remains

as for R-Y gain

18 Ratio

G-Y/B-Y Matrix Ratio

Chroma Input: Burst=100 mVp.p ,

Chroma=220 mVp.p , U# read V17 and V16.

Calculate V17/16. Vc remains as above.

0.2 Ratio

G-Y/R-Y Matrix Ratio

Chroma Input: Burst=100 mVp.p
Chroma=220 mVp.p , V0. Read V17 and V18.

Calculate V17/18. Vc remains as above.

0.5 Ratio

Sub-Carrier and Harmonic Content

at Outputs

No Chroma or Luma Input.

Read residual carrier at outputs.
30 mVp-p

SANDCASTLE PULSE

Horizontal and Vertical

Blanking Pedestal
2-5 V

Burst Gate Pulse 6.5 - VCC V

NOTE:
Use of the circuit of Fig. 4 is suggested to

The reference voltage can be adjusted by

prevent increased color saturation at low level RF signals,

changing the values of the voltage divider.

TYPICAL CHARACTERISTICS (Refer to Fig. 5 for Test Circuit)

A. BRIGHTNESS CONTROL (Vb)
II

IO

> 9 ;

rf 8 :

g7 :

-1 I

s 6
-

z
a.

5

4

3

4 VS -2B5V

£ Vcc-IZV

g PIN 4: BURST- 10

CHROMA •ZZOmV

1 2 3 4 5

PIN23-BRIGHTNES CONTROL — V(Vb)

92CS-32902R2

Measured at Pin 18 output terminal.

PIN22-C0L0R CONTRAST CONTROL— V(VC )

92CS- 3290IKI

Measured at 2nd chroma amplifier output terminal.
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CA3194E

B. CONTRAST CONTROL (Vc)

TYPICAL CHARACTERISTICS (Cont'd)

C. LUMA GAIN VS. SUPPLY VOLTAGE (Vqc)

PIN 2005Vpp( 30 1i SYNCH) ''---'-'-- --'-"-^i
-'--'-'-'-

= « -* f
l

°j 2 i + —

^iiiiifl iiiiiii

PIN 22-CONTRAST CONTROL — V(VC )

92CS-32898RI

Measured at Pin 18 output terminal.

32 V(; .

,«
V

'8
"

28 v B S

24 :::::

2VPP ATVCC .|2V
ET TO BLACK LEVEL-7V

1 2° :::::

a -----

j ls :::::

J :::::

I'll::
1 :::::

* :::::

PINI2-VCc SUPPLY— V
92CS-32807R2

Measured at luma amplifier output terminal.

D. LINEAR OPERATING RANGE AS A FUNCTION OF VCC

Vs -2 85V
VB ANO Vc ADJUSTED FOR MAX.

LINEAR V|6
PIN 4. BURST' lOOmVpp

CHROMA < 220 mVpp

92CS-32900R2

Measured at Pin 16 output terminal.

PIN 22-CONTRAST CONTROL — V (Vc )

92CS-32897R2

Measured at Pin 18 output terminal.

E. ACC CHARACTERISTICS

92CS- 33098
V4 INPUT (dB)

Measured at Pin 2 output terminal.

« 6

3.

£ 5

X
*
o 4

>
u 3

m z

>
<
i I

CHR(

C
LUM
ADJl
THEt
CHR

)MA IN

HROMA
k INPU

ST Vc
AOJUi
OMA(R

PUT
•22
ro
FOP
TV
ED E

E

5

\

S
A

URST « ICO mVpp
|||||||l|||||||ft|[|||||||

mV
"9 ll 1 1 1 1 1 1 1 1 1 Mir 1 1 1

1

'
1 1 1

1

Vpp 130 % SYNCH) ^^^^^^^^ffl
18- 2 Vp LUMA, fiHSaJflllflflfll
FOR V|8 -2 Vp llllilllillllillifffiftffl

J) ffiffiffl

I 2 3 4 5
PIN 22 -CONTRAST CONTROL — V(VC )

92CS-32905RI

Measured at Pin 18 output terminal.
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TYPICAL CHARACTERISTICS (Cont'd)

F. LUMA/CHROMA TRACKING
WITH CONTRAST CONTROL G. SATURATION CONTROL (Vs)

4 vc

5
Pl

CD

2.85V

C-I2V

4 4 : BURST* I0O

CHROMA -220 m

H j ...

:::

PIN3-CHROMA SATURATION CONTROL— Vpp <VC)

92CS-32896RI

Measured at Pin 18 output terminal. Measured at chroma amplifier output terminal Pin 2.

H. DIFFERENTIAL BLACK-LEVEL TRACKING I. PIN 18 OUTPUT VS. PIN 2 VOLTAGE

Vc
- VS "2.85V

VCc 12 V

i
« :::::::£

PUT SIGNAL

i::::::::

s
K
O
>
ffi

CENTER DIFF COF
TO ZERO AT 7.0 V

RECTED
- PIN IB

S' o p!iii

R- OUT (PIN IS)

BLACK LEVEL REFERENCE — V (VbADJ)

92CS-32B94R2

PIN 2 -CHROMA OUTPUT — Vpp (RED BAR)
92CS-3290SRI

Measured at RGB output terminals. Measured at chroma output terminals and R output.
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J. AVERAGE BEAM LIMITER (Vab)

io

5*
PIN 20LUMA.0.5 Vpp(30% SYNCH):

| [ J
[

-

QTT"

»- it-
Ml:

444--

3'
"d
!5S
tie3Uo<
• •
is

6

^EAK W)

"ftp

ITE L :velU- 4ttj

"rnE

INIl LEVE

~f|~|~

IAL BLAO 9 T 7.0 V

CKJLUM i [-[j^KbLA -EVEL

PIN 24 -AVE. BEAM LIMITER —V(VAB )

S2CS-3ZS99AI

13

12

T-
t-

Q.

S'°
o

i 9

go g
z
0.

7

6

5

white

EVEL-|h

7 hj JM vec" i£V

wTTM Vr " 5V

f I | |
|
VB >35V

inttj PIN 20:LUMA-0.3 Vpp( 30% SYNCH)
+H+H Rc - CONTRAST TERMINAL
-H-H-fl RESISTANCE »47kn

Measured at Pin 18 output.

PIN24-AVERAGE BEAM LIMITER— V(VAB )

92C9-32904R2

Measured at Pin 18 output.

PIN 24- AVERAGE BEAM LIMITER — V (VAB )

92CS-32893RI

Measured at Pin 18 output.

BG PULSE

H+

V

BLA
PEDESTAL

VBG 65VT0VCC

VBLANK 2VT0SV

STAL

1 I o V

92CS-330M

Fig. 2 - Sandcastle input waveform.

©

J
KILLER THRESHOLD LEVEL CONTROL

92CS-349I6

Fig. 3 - Killer-threshold level control.

SATURATION
CONTROL

-* * NOMINAL VALUES USED
IO/iF IN NTSC SYSTEM

*tt SMALL SIGNAL N-P-N

92CS-345I7

Fig. 4 - External overload detector.
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LIMIT
lV B' <VC

>

(Vab) info brightn. contrast

I5K> l5K>Rc

Or Og Ob
(vPB)

LUMA
INPUT j

o—|^
I6/1

tLTTtC
I2.2M I 2- 2M' II

1

SAND
OCASTLEv

INPUT

AV. BRIGHT- CON- LP LUMA PEAK ROUT GOUT BOUT Vo_v Vq-Y SANO
BEAM NESS TRAST FILT. INPUT BEAM CASTLE
LIMIT LIMIT

CHROMA CHROMA
GND OUT SAT. INPUT ACC

VCQ Vco Vco
APC APC go* 0* OUT

DELAY LINE XI K
AMPLITUDE

NOTE • TRIM C FOR ZERO PHASE T
TRIM R FOR QUAD PHASE L

(VAB)
BEAM ... .

LIMIT <VB> <VC )

INFO BRIGHTN. CONTRAST

IOK> I5K,

Fig. 5 - Test circuit.

+I2 v

KB
<VPR>

92CM-32893R2
* 4.4336I875 MHz

Or Og Qb

LUMA
INPUT +O—Ir

1"

if
—

'+E

AV. BRIGHT- CON- LP LUMA PEAK R OUT G OUT B OUT VR_Y V__Y SAND
BEAM NESS TRAST FILT. INPUT BEAM CASTLE
LIMIT LIMIT

CA3I94E

CHROMA CHROMA
GND OUT SAT. INPUT ACC ACC APC

¥C0
OUT

DELAY LINE XI K
AMPLITUDE

* 3-57561 1 MHZ
92CM-32908R2

Fig. 6 - Application circuit for PAL M.
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24-Lead Dual-ln-Llne Plastic Package

CA3201E

Single Chip TV Chroma
Processor/Demodulator
System Features

All chroma processing and demodulating circuitry

on a single chip in a 24-lead plastic package

Phase-locked subcarrier regeneration

Linear dc controls for chroma gain and tint

Defeatable dynamic "flesh correction"

Three color-difference demodulators

First chroma amplifier with ACC control

and killer sensing

m Second chroma amplifier with gain control and color killer

Operates from +12 V
An input (Pin 20) is provided that can be used as a variable

or fixed voltage source for dc level

adjustment of the R-Y, B-Y, and G-Y outputs

The RCA-CA3201E* is a monolithic silicon integrated

circuit that performs the complete chroma processor and

demodulating functions for color TV. The single chip

contains all the features of the CA31 58* chroma processor

and the CA3145§ chroma demodulator.

The CA3201E is supplied in a 24-lead dual-in-line plastic

package.

•Formerly ACA Developmental No. TA10660.

•The CA3158 is described in RCA data bulletin File No. 1170.

§The CA3145 is described in RCA data bulletin FNe No. 1175.

OSCILLATOR OUTPUT

APC FILTER

OSCILLATOR INPUT

OSCILLATOR INPUT

GROUND

ACC FILTER

I

ST CHROMA AMR INPUT

COLOR KILLER

l

ST CHROMA AMP. OUTPUT

2NDCHROMA AMP. INPUT

COLOR LEVEL CONTROL

Z^CHROMA AMR OUTPUT

1 24

2 23

3 22

4 21

5 20

6
CA320IE

7

19

18

8 17

9 16

10 15

II 14

12 13

VCC
TINT CONTROL
SUBCARRIER REFERENCE
OUTPUT
BURST GATE INPUT

DEMOO. LUMA INPUT

G OUTPUT
G-Y SUBCARRIER
INPUT 225"

R OUTPUT
.B-Y SUBCARRIER
INPUT 180*
B OUTPUT

DEMOD CHROMA INPUT

AUTO SWITCH

TERMINAL DIAGRAM

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE
15 V

OPERATING SUPPLY-VOLTAGE RANGE 108 to 132 V

DEVICE DISSIPATION:

,, , T „„« 1.25 W
Up to Ta=55 C

t eeo/-» Derate linearly at 13.3 mW/°C
Above Ta=55°C

AMBIENT TEMPERATURE RANGE:
„ -40to+85°C
Operating

-65to+150°C
Storage

LEAD TEMPERATURE (During Soldering):

At distance 1/16 ± 1/32 in (1.59 ± 0.79 mm) from case for 10 seconds max +265°C
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CA3201E
ELECTRICAL CHARACTERISTICS at Ta=2S°C unless otherwise specified (see Fig. 1 for test circuit)— " —

CHARACTERISTIC
TEST CONDITIONS

UNITS
V1 V2 V3 K1 K2 GND 3.58 MHz 3.56 MHz Note Test

LIMITS

Mln. | Tvd. I Max.
STATIC

Supply Current 6.0 V 12.0 V 6.0 V P24 40 55 70 mA
1st Chroma Bias

i

1 '

'

'

P7 2.7 3.3 3.9

V

2nd Chroma Bias Close P10 3.1 3.5 3.9
ACC Out P6 6.1 7.0 7.9
APC Out P2 6.9 7.8 8.7
Demodulation Bias P14 3.0 3 4 3.8
Subcarrier Bias P18 5.2 5.6 60
Tint Control 6.0 V 12.0 V 6.0 V P23 7.2 7.7 8.3

DYNAMIC

RGB Out 6.0 V 12.0 V 6.0 V P14
e1

2Vp-p
P15.17.19 5.4 5.9 6.3 V

AR-B, R-G, B-G
±350 mV

1st Chroma Max. Gain
e2

P9 5.0 6.6 8.3 Ratio.25 Vp-p

2nd Chroma Max. Gain
P11,

P14

e3
P12 14.5 21 26 Ratio

.1 Vp-p

VCO Output P14
e4

1Vp-p
P1 530 650 780 mV rms

VCO Norn. Phase Shift Close

'
'

P1-P3 53 72 90 degrees
APC Det. Offset Close 1 P2 -25 _ +25 mV
Tint Control Out P23 480 605 730 mV
B-Y Conv. Gain 7.8 V e1 e5

.3 Vp-p

P15/P14 10 15 19 Ratio
R-Y Conv. Gain 2V^-p P17/P15 70 83 95 %
G-Y Conv. Gain P19/P15 18 23 28 %
R-Y Output Phase Relative to

B-Y Output 85 90 95 degrees

G-Y Output Phase Relative to

B-Y Output -120 -107 -95 degrees

NOTE 1
. Reference to P2 without gate pulse

Typical Pull-In = ± 350 Hz.

Typical Kill Level = 20 dB (100 mVp-p burst reference).

vi O

'2 J- «3

O.OI^F
<62K

92CM- 34746

Fig. 1 - Test circuit.
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OOOUF
CHROMA c^^Jl^T)

CHROMAO 1( (§>
IN OOOI

KEY o-k
PULSE ^J

CA3201E

APC © © ® GFILTERT T IT f T T

J.AUTO~ FLESH

IpF^ 92CL-34743

TO PIN 16

SUBCARRIER
INPUT TO PINI8

Fig. 2 - Functional block diagram of the CA3201E (see Figs. 3, 4, 7, 8 and 9).

3

>

1
2

o

2
O
X

CJ 1

CL

AMBIENT TEMPERA ruRE <TA ).2V.SEEFIG. lg|g

B CHROMA • 200 mVp-p
S BURST 100 mVp-p

PIN 1 1- VOLTS
MCS-34747

Fig. 3 - Typical saturation control vs. chroma output.

FREQUENCY-Hl

50--

TEMPERATURE
•C

92CS- 34743

Fig. 4 - Typical oscillator frequency-temperature drift.

(IC subjected to temperature only.)
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CA3201E

© ©
2 CHR. IN COLOR LEVEL

Fig. 5 - Schematic diagram of the CA3201E (Cont'd).
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CA3201E
225* IN

G OUT@ @YIN
f

I HQiis Qii6]

—

r- out Qiiej-i

«-fOI62 QI6y—HQI64 QI65 -f-VW-l

I—Joieo ois^j—
<RI7

<—[oi82 oiey-

o!7x >RI78 £RI808KI ^284K £
| 8K -®

(g)
3 "" CHROMA

F/g. 5 - Schematic diagram of the CA3201E (Cont'd )

Circuit Description

The chroma input to pin 7 is amplified and, depending on
the ACC voltage, is applied to pin 9. When the ACC voltage

demands full gain to R59 and pin 9, the actuating signal for

the color killer is developed on R60. The signal from pin 9 is

applied to pin 10 for use by both the second chroma
amplifier and the phase detectors. The signal swing at pin

10 is limited by Q94 and Q95. The gain of the second
chroma amplifier to pin 12 is controlled by pin 11 voltage.

The signal at pin 1 is applied to the two phase detectors at

Q46 and Q57. The current sources to the two phase
detectors are turned on only during burst time as determined

by the burst-gate input at pin 21 . The oscillator signals for

the phase detectors are derived from the oscillator signals

at pin 3 and pin 4 and the quadrature phase difference is

achieved the same way as in the oscillator. Both phase
detectors convert their balanced outputs to single-ended

outputs by use of current mirrors. The ACC voltage is

753



Linear Integrated Circuits

CA3201E
developed across R33 and is filtered by an external capacitor
at pi n 6. ACC action is delayed by the small voltage applied
to R33 by divider R35 and R38 (auto mode off). This delay
offset is modified by R36 and Q48 when the "auto mode"
switch is on. Because the duty cycle of the phase detectors
is small, the base current of the ACC circuit (emitter
follower Q71) is a drain on the ACC filter capacitor, and
Q72 provides a compensating base current to the other side
of the mirror. A similar circuit is used for the APC detector.

The external circuit of the oscillator, when tuned properly,
provides a 90-degree phase shift from pin 1 to pin 3 and an
additional 45-degree phase shift between pin 3 and pin 4.

The voltage at pin 4 is shifted 45 degrees by an RC phase
shifter and this voltage is applied to a series-tuned circuit
comprised of a crystal and capacitor to pin 3, a resistor
between pin 3 and pin 4, and a capacitor between pin 4 and
ground. With the same current flowing through the resistor
and capacitor, the voltage across the capacitor (pin 4 to

0.22uF
LUMINANCE H'
OUTPUT -*A

INPUT(
Z
7vI

A
k T&?

E OPTIONAL
I N PUT( 7V p-p TYP) SHARPNESS
82KQ£Y f-^/piX

BRIGHTNESS 10 Kfl _
LIMITER >_WV-(D-

5+I2V

CHROMA
CONTROL -<3h

CHROMA^f^
82 K _^VCV—CD-

CHROMAO 1(
©-

IN O.OOI

O-*
0.0

1

mF £33K

flC
II pF= =

92CL- 34750

Fig. 6 - Typical two-package chroma-luma system for color TV receivers
utilizing the CA3201E and CA3135.
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ground) is in quadrature with the voltage across the resistor

(pin 3 to pin 4). The differential amplifier, Q22 and Q23, is

switched in quadrature with the differential amplifier, Q20

and Q21 . Although the ac voltage amplitudes are different

in all these places, the differential amplifiers are switched

hard, and their current sources determine the amplitudes of

currents combined in the oscillator. The combination can

be varied by the APC control voltages to give a total phase

of 90 degrees.

The complements of the oscillator quadrature currents are

applied to another dc-controlled combination circuit (Q9-

Q12) for tint control.

The CA3201E uses three color demodulators. The 3.58-

16 AMBIENT TEMPERATURE (TA )'25'C,SEE FIG 1 ;
-I--

o.

a.

3

II 1 1 1 1 1 1 IJtTIII 1 1 II 1 1 CHROM/V OUTPUT vi BURST INPUT

<
ios

|

z
a. 0.4

-III
PIN 7 INPUT ( BURST)— mV p-p

92CS- 34748

CA3201E
MHz reference signals at 1 80 degrees and 225 degrees are

matrixed to obtain the three phases for the demodulators. A
"switchable automatic flesh" system modifies the B-Y

demodulator out for fleshtone correction. The three

demodulators are identical except for gain. The differential

output current from the demodulators are filtered and

processed to single-ended currents. Current mirrors provide

a current gain of three and a current output for the auto-

flesh circuit.

The auto-flesh comparator, Q182 and Q183, sees the R-Y
signal on the Q183 side (when pin 13 is grounded—auto
switch on) and the sum of the G-Y and B-Y signals on the

other side. The auto-flesh output current is applied to the

mid-point of the B-Y demodulator load.

E«I60

Z2 I20

§2 SO

ir 40

£5

go-40

35-80

o£h20

° -teo

AMBIENT TEMPERATURE <TA >-29*, SEE FIG 1

||||||||||||||

Fig. 7 - Typical ACC curve (burst-chroma ratio - 0.5).

»6 II 11.4 118 12 2 126 13 13.4

Vcc
- VOLTS 92CS-3475I

Fig. 8 - Typical oscillator frequency deviation vs. VCC

E 20

O

< l0

>

o 10

x. 20

o
° 30

i§flffififrrm,e,REEJlgg]

2 3(i> 4 50 is 70 80

I

TEMPERATURE- # C

Fig. 9 - Typical dc output deviation vs. temperature.
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CA3217E

28-Lead Dual-in-line

Plastic Package
(E SUFFIX)

CA3217E

Single Chip TV Chroma/Luminance
Processor

System Features:

All chroma processing and
demodulating circuitry on a single
chip in a 28-lead plastic package
Phase-locked subcarrier
regeneration utilizingsample-and-hold
techniques

Supplementary ACC with overload
detector to prevent over saturation
of the picture tube

Linear dc controls for chroma gain
and tint

The RCA CA3217E* is a monolithic silicon integrated
circuit. It contains all the required circuits functions between
the video detector and the picture tube RGB driver stages of

a color television receiver. The CA3217E decodes the
chrominance signals and then produces three different
color signals that are internally combined with the
luminance to develop the RGB signals. The picture
saturation, hue and brightness DC controls are externally
adjustable by the viewers. The AFPC, ACC, Dynamic flesh

control, Beam limiting and Gate black level (Brightness)
control are servo loops used to stabilize the RGB output
and reduce frequent manual adjustment. The automatic
beam limiter circuit reduces picture contrast and brightness
to prevent excessive drive output at the picture tube.

The CA3217E is supplied in a 28-lead dual-in-line plastic
package, (E Suffix).

•Formerly RCA Dev. Type No. TA10806.

CHROMA OUT

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
Automatic beam limiter

Chroma luminance tracking picture
control

BEAM LIMITER

92CS-34653

TERMINAL ASSIGNMENT

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE
Between Terms. 23 and 8 140V

DEVICE DISSIPATION:
Up to TA = 55° C

1 27 w
AMmE

V

NT^EMTE
C
RATURi'RANGE:-

Derate lineraly at 13.3 mW/°C

Operating -40 to +85°C
Storage _65 to + -| 50 o CLEAD TEMPERATURE (During Soldering):
At distance 1/16 ± 1/32 inch

(1.59 ± 0.79 mm) from case
for 10 seconds max +265° C
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CA3217E

ELECTRICAL CHARACTERISTICS at TA = 25"C

CHAR-
ACTER-

TEST CONDITIONS
LIMITS UNITS

ISTIC

Test 32 S3 S4 s5 S6
mVp.p I

mVp-p

Chroma Burst Tn

nVp.n
Luma

Relays

Energized Mote Mln. Typ. Max.

STATIC (Test 1-5)

Dissipation

Pin 1 Bal

Pin 23

XPT1
6.3 V
1.2 V

11.2V

11.2V

4.0 V (

4.0 V (

3.3 V
3.3 V

11,2V
11.2V

30 48
10.5

2.2

66 mA

Pin 3 Bal

Pin 17 Bal

Pin 13 Bal

XPT1
XPT9
XPT13

1.2 V
1.2 V
1.2 V

11.2V

11.2V

11.2V

4.0 V
4.0 V
4.0 V

3.3 V
B.3V

B.3V

11.2 V
11.2V
11.2V

3.0

7.5

Vdc

DYNAMIC ('rest 6-26)

Oscillator

Pull-In "D" 6.3 V 11.2V 4.0 V 6.3 V 11.2V 25 25 K4, K7 1 -350 +350 Hz

Oscillator

Level

100% Acc

200% Acc

"D"

P21

P21

6.3 V
Varv

T8

11.2V

11.2V

11.2V

4.0 V
4.0 V
4.0 V

6.3 V
6.3 V
6.3 V

11.2V
11.2V
11.2V

125

250
125
250

K7
K4. K7
K4. K7

2

3

0.7

1.5

100

Vp.p

%
20% Acc

Tint Center

R-Y

Maximum

P21

S5

P21

P21

T8
Vary

11.2V

11.2 V

11.2V

11.2V

11.2V

11.2V

4.0 V
4.0 V

6.0 V
4.0 V

6.3 V

Vary

T11

T11

11.2V
11.2V

11.2V
11.2V

25
250

250
25

25
125

125
12.5

K4, K7
K4. K7

K1.K4. K7
K4. K7

3

4

90

6.5

6.0

4.5

Vdc

Vp-p

Kill

Chroma
P21

P21

11.2V

11.2 V

11.2V

11.2V

4.0 V

4.0 V

T11

T11

11.2V

11.2V

25

12.5

2.5

125

K4. K7

K2, K4, K7 2.0

150 mV/p-p

Vp.p

%
Maximum
Luma P21 11.2V

112 V

11.2V

63 V
4.0 V
40 V

T11

T11

11.2V
11.2V

125

125

K1.K3. K7
K1.K3. K7

5

6

2.2

50

Linearity

T19 =

P21

P21

11.2V

112 V

Vary

T18

3.0

3.0

T11

T11

11.2V

11.2V

425

212.5

K3, K7

K3. K7

7 4

50

Ve
%

4.78 MHz
P21 11.2V 11.2V 4.0 V T11 11.2V 125 K3, Kft K7 8 -3 3 dB

Contrast

P24 11.2 V 11.2V 4.0 V T11 11.2V 250 K3. K5. K7 9 3.9

Vdc
Contrast

Limit 2 P26 11.2V 11.2V 4.0 V T11 11.2V 250 K3, K5, K7 9 8.2

Bright

Limit 1 P24 11.2V 11.2V 4.0 V T11 11.2V 250 K3. K5, K7 10 3.1

Bright

Limit 2 P26 11.2V 11.2V 4.0 V T11 11.2V 250 K3, K5, K7 10 5.6

G-Y Ratio

B-Y Ratio

P20

P22

Vary

T25

11.2V

11.2V

4.0 V
4.0 V

T11

T11

11.2V
11.2V

250
250

125

125

11

11

0.33

1.20
R

Notes:

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

With K7 energized and frequency counter at D vary C1 for 3.579175
i
MHz Then

,

with
,

K<
I
energized, check for pull-in.

Repeat for frequency tuned to 3.579875 MHz. For all other tests tune to 3.579545 MHz ±10 Hz.

Vary S2 for 1.5 Vp.p at Pin 21.

?dfuVtC1
%
fo

A
r

C
3
C
579545 MHz ±10 Hz. Adjust S2 for 1.6V Vp.p at Pin 22 and reference; then adjust S5for minimum at P21.

Read and record S5 voltage

Black to White.

T17 = T17/T16.

Adjust S3 for 4.0 Vp-p.

AC amplitude = 50 mVp-n reference 15 kHz.

Adjust beam limiter to 1077 V.

Adjust beam limiter to 9.8 V. „,„,„.
Adjust S2 for 1.5 Vp-P at Pin 21, then calculate P20/P21 and P22/P21.
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CA3217E
TYPICAL PERFORMANCE OF THE CA3217E

Function

Nominal Supply
Nominal Dissipation
Oscillator Stability

Supply Variation 1
0'14 y

Variation with Temperature
(AT = 50° C)

AFPC Characteristics
dc Loop Gain
Pull-in Range

ACC Characteristic

100% Chroma Input Level
S3B Point

~

Hue-Control Range
Saturation-Control Range"

Demodulator Characteristics:

R - Y
B - Y
G - Y

Bandwidth (Chroma)
Flesh Control
Chroma Overload Control
Picture Control
Brightness Control
Beam Limiting

Luma Bandwidth
Sandcastle Input

1.2 — 2.3 V
>3.3 V

Maximum Linear Output

Typical Data

11.2V
500 mW

5 Hz

25 Hz

33 Hz/degree
±500 Hz

250 mVp.p on red bar
at 20% nominal input level

100
40 dB min

Relative

Amplitude Angle

1.0

_L2_
93°

0.3

900 kHz
258°

Primary control in the +1 half-plane
Two levels

4Q dB
Black level clamped on 3 V to 5 V level
On picture and brightness controls
5 MHz min

Blanking

Burst gate

5 V
3 V
3.7 V
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IMPOSITE ,, ^-N H
CHROMA 0-\H 3 ) *

COMPOSITE o—1 1—( vi}
luma inChk 27

;

jntrol|*v^_

CA3217E

•®-4"&

BAND PASS
FILTER

-»(20) OGREEN
OUT

-+(22)—

O

BLUE
OUT

92CL-34644RI

F/'g. 7 - Functional block diagram of the CA3217E.
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CA3217E

Fig. 2 - Schematic diagram of the CA3217E.
(Cont'd on next page).
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CA3217E

Fig. 2 - Schematic diagram of the CA3217E.
(Cont'd from previous page).
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CA3217E

+ 26 V ISK 33K „...
O W\ • V\A "EAM

T CURRENT

CHROMA "J?
"*

IN u ll

-OG OUT

H. 2V HUE SAT

Fig. 3 - Typical application circuit.

92CM-34647

LUMA INPUT

270pF5fc

4.78 pHz
2.83 MVPP

28 27 26 25 24 23 22 21 20 19 18 17 16 it

o—-j—W <
0.001 -p 100k >

100 k XPTI3

^r nnni

0.001 -p 100k > Q S2— CHROMA
CONTROLCHROMA

INPUT
o

|
,

P KEY \

- f°n on/ooff i-^i Xoc

"=±=- -±" OXPT3 1-9 5 V J L "^"

3 mA MAX
(OVERLOAD)

Fig. 4 - Test circuit for the CA3217E.
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CHROMA
SIGNAL

LUMA
SIGNAL

L>

L- 2 24/iS

—J4/iS

BLACK LEVEL

\r~T~

6 5/iS

—41 1— 4/xS

3
KEY AND
BLANKING
SANDCASTLE
PULSE

^M
L- IO>xS

-3 7MS

52.5/iS-

T

PEDESTAL
i BLACK

II l/iS

BLANKING
92CS-34654

F/'g. 5 - Tesf signals for the CA3217E.

CA3217E

55

i4.5
>

z 35
<
z
2
3 25

z
" IS

0.5

AMBIENT TEMPERAT
LUMA INPUT = 0.5 V

p

BRIGHTNESS = 4.0 V

PIN 28 = II8 V

URE (TA)-25*C 1
]

1 1

1

1

1

1 1 1

[ ]
j

I (

I

.p (30% SYNC)
IIIIIIIIIIIIIHI

SATURATION 6.3 V

iiih miii I in miii

BRIGHTNESS CONTROL-VOLTS

10 12 14

CONTRAST CONTROL-VOLTS
92CS- 34652

Fig. 6- Typical P21 black level versus

brightness control.

Fig. 7 - Typical P21 luminance output versus

contrast control.

PIN 28 BEAM LIMITER—VOLTS 92CS-34650
SATURATION CONTROL- VOLTS

Fig. 8 - Typical beam limiter versus contrast

and brightness.

Fig. 9 - Typical P1 chroma output versus

saturation control.
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CA3217E

3

D
a.
H
D
O
- 2

BURST =125 mV
p
.p" P

LUMA*0.5 V... (30% SYNC)
HUE *6.3 V
BRIGHT' 4.0 V

-H-Jluminance-

-pCHRpMA--":

z

I

A0J0ST PIX CONTROL FOR 1 V„ „
LUMA (BLK TO WHT) v v

ADJUST SAT CONTROL FOR 1 VD _„

CONTRAST CONTROL-VOLTS 92CS-34S49 PICTURE CONTROL -VOLTS

92CS-34655

Fig. 10 - Typical P1 chroma output versus

contrast control.

Fig. 1 1 - Typical luma/chroma track.
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16-Lead Dual-in-Line

Plastic Package
"E"-Suffix Type

CA3221E

TV Chroma Amplifier/

Demodulator

Provides Complete System for Processing Chroma
When Used with RCA-CA3070 or CA3170

FEATURES:
Excellent linearity in dc chroma gain-controlled circuit

m Improved filtering resulting in reduced 7.2-MHz output

from the color demodulators

m Current limiting for short-circuit protection

High tolerance to B+ supply variations

High temperature coefficient stability

The RCA-CA3221 E is a monolithic silicon integrated circuit

chroma amplifier/demodulator with ACC, saturation
control, and killer control for use in NTSC color TV
receivers. It is designed to function compatibly with the

CA3070 or CA31 70 in a 2-package chroma system. The
CA3221E is functionally identical to the industry standard

CA3121, but has a modified saturation control as well as a

modified color difference matrix.
v

The CA3221 E is supplied in the 1 6-lead dual-in-line plastic

package.

CHROMA
INPUT TO

BANDPASS DEMOD.
FILTER

-®--@ ©~-

R-Y
I OUTPUT

—(SH-O

I OUTf
—®-o

I

TO ACC a
APC OET.

ON CA3070 AMPLIFIED CHROMA
OR CA3I70

SATURATION REF
- SU,i».™RRIER

Fig. 1 — Functional block diagram of the CA3221E.
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CA3221E
MAXIMUM RATINGS at TA = 25°C

Supply Voltage 30 V
Device Dissipation:

Up to TA = 55°C 1 W
Above TA = 55°C derate linearly 10.5 mW/°C

Operating Temperature Range —40 to +85 C
Storage Temperature Range —65 to +150 C
Lead Temperature (During Soldering)

At distance 1/16" ±1/32" (1.59 ±0.79 mm) from case for 10 s max +265°C

--

- ---
£

-

:::
}_ 2000

o

3

100 200 300 400 500 600 700

NTSC CHROMA INPUT SIGNAL (TERM.2)— mV D -D¥ v 92CS-22687

Fig. 2 —Typical ACC plot for the CA3221E when
used with the CA3070.

AMBIENT TEMPERATURE < Ta)-25»C +

2 -
; ^-_ :

TERMINAL 6 VOLTAGE-Vdc «cs-30IM

Fig. 3 — Saturation control characteristic.

X

62 k <22k =p

•-OB

0.05

iuu i
-= 2.7 k — OUTP

-t rA/W-t -1
I I I I I I r-—»VVV t O

^0.05 (J6)(i5)(i4)(i3)(j2)(fV)(jp)(?) <ZZk J^pF

2.7 k

I °
=fc47pF

J_ R-V^ OUTPU"

4=47pf
J_ G-Y

2.7 k = OUTPUT

=
2.7 k — OUTPUT

-r VW-

,^Wvl J -fr°5 L SoOOlT r*OI J470 1.470

30pF 8 3.9 kfl VALUES MAY BE ADJUSTED TO
GIVE THE DESIRED RESPONSE

Tl: PRIMARY a SECONDARY WINDINGS =75M H,
= 22, PRIMARY WINDING CENTER TAPPED

SUBCARRIER
INJECTION

90" PHASE DIFFERENCE
IV

p-p

note:
2.2-kil LOADS ONLY FOR TEST PURPOSE, 3.3-kfl LOADS RECOMMENDED FOR APPLICATIONS.

RESISTANCE VALUES ARE IN OHMS.
CAPACITANCE VALUES ARE IN MICROFARADS UNLESS OTHERWISE INDICATED.

Fig. 4 — Typical characteristics test circuit for the CA3221E.
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CA3221E
ELECTRICAL CHARACTERISTICS at TA = 25°C and Referenced to Test Circuit (Fig. 4)

CHARACTERISTIC,

TERMINAL MEASURED,
AND SYMBOL

TEST CONDITIONS LIMITS UNITS

Min. Typ. Max.

Supply Current, Ij
- - 40 50 mA

Input Sensitivity, V2 Vary Eg; set V
1 1 for 2 V RMS

S3 = 1

4 12 20 mV RMS

Second-Stage Sensitivity, V4 Vary Eg; set V^ , for 2 V RMS
S3= 1

30 53 75 mV RMS

Output Voltage (Killer off)

Switch Positions: S1=2, S2=2,

S3=1 Adjust killer potentiometer

until output drops

- - 70 mV RMS

Saturation Control

Characteristics:

*V11

50% Gain

Vary Eg; set V^ -| for 2 V RMS
with S3 = 1. Set S3 = 2

measure V-j-j 0.71 0.95 1.16 VRMS

0% Gain Same as above, S3 = 3 - - 20 mV RMS

Demodulator Characteristics:

Output Voltages,

Vg, V10 , V-, •,

13.5 14.5 15.5 V

DC Output Balance

(Between any 2

outputs) -0.6 +0.6 V

Unbalance,

Vg.V 10.Vn Eg=0; Switch Position: S1 = 1,

S2=1,S3= 1 0.8 Vp-p

Relative Outputs—

R-Y, V 10

Vary Eg; set V1
}
for 2 V RMS,

S3= 1 1.75 1.85 1.95 V RMS

G-Y, Vg 0.6 0.7 0.8 VRMS

Relative Phase —

RY,V 10

Vary Eg; set V-,
}
for 2 V RMS;

read phase of V-|g and Vg

with V11 as reference

— 90 - degrees

G-Y, Vg - 244 - degrees

Max. Output Voltage, V11 Eg = 750 mV 2.8 - - VRMS

*See Fig. 3 for saturation control characteristic.

CIRCUIT

The CA3221 E 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

OPERATION
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

CA3221E 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.
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CA3221E
27M OOI

TO TERM. 6
024V

HORIZ.KEY PULSE
+ 4V,4.5

/,s

INPUT
RESISTANCE VALUES ARE IN OHMS.

UNLESS OTHERWISE INDICATED, ALL CAPACITANCE
VALUES LESS THAN I ARE IN MICROFARADS 92CL-30I4I
I OR GREATER ARE IN PICOFARADS.

Fig. 5 — Outboard circuitry of a typical two-package chroma system for color-TV
receivers utilizing the CA3221E and CA3170.
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0®-r
IN I

© © ®—

^

92CM- 30142

92CM- 30142

Fig. 6 — Simplified functional diagram of a two-package TV chroma

system utilizing the CA3221E and CA3070 or CA3170.

CA3221E
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CA3221E

KILLER

©adImstvDinput

CHROMA INPUT
j+- TO DEMODULATOR R„ OUTPUT

© ©fcUBCARRIER .© ©OUTPUT

TOACC.AND fj\
APC DET. Otiy^i

rU?TO°" ^PLIFIEDCA3I7Q CHROMA

(^SATURATION
^-' rnwTDni

NOTE: ALL RESISTANCES IN OHMS
92CL-30I40

Fig. 7 — Schematic diagram of CA3221E.
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16-Lead Dual-ln-Line

Plastic Package

H-1622

CA920AE

TV Horizontal Oscillator

For Color and Monochrome Receivers

Features:

Sync separator

Noise gate input

Internal precision timing ramp
Dual-time-constant phase-locked loop
Output suitable for transistor or

thyristor deflection systems
Reduced power dissipation

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-constant switching in the fly-

wheel loop. It also generates automatic phase control
between 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 industry type TBA920
in both lead arrangement and electrical operation, although
the CA920AE features reduced operating current.

The CA920AE is supplied in the 16-lead dual-in-line plastic
package.

TERMINAL ASSIGNMENT

POSITIVE _
SUPPLY VOLTAGE (V+)(T)

HORIZONTAL OUTPUT 0RIVE(2)—

HORIZONTAL FLYBACK PHASEf?)
CONTROL INPUT v^

PHASE DETECTOR OUTPUT Q)

HORIZONTAL FLYBACK PULSE (5)

SHAPED- SYNC PULSE INPUT(I)

COMPOSITE ^
SYNC PULSE OUTPUT(>)

VIDEO SIGNAL INPUT (?)

@ GROUND (V")

(T5) OSCILLATOR FREQUENCY^^ CONTROL

(i3) RAMP- PRODUCINGv-x CAPACITOR

(J3)
OSCILLATOR DECOUPLING

—(l2) PHASE DETECTOR^ OUTPUT

—(lT) DUAL MODE FLYWHEEL FILTER^^ TIME CONSTANT CONTROL

rt3) COINCIDENCE DETECTOR^ DECOUPLING

—© NOISE GATE INPUT

• Formerly Dev. Type No. TA6773.

S\J^

COMPOSITE
SYNC

OUTPUT
O

VIDE0 « c
INPUT 68 nF

CHWV-* )\~

OSCILLATOR
PHASE
OETECTOR

'I

EV i

POSITIVE
NOISE
INPUT

I5K <

CLOSE FOR
VIDEO CASSETTE
RECORDER ALL RESISTANCES ARE IN OHMS

Fig. 1 - Functional block diagram of the CA920E with typical peripheral circuitry.

S2CM- 27480
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CA920AE

Fig. 2 - Schematic diagram of the CA920AE (cont'd on next page).
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CA920AE

—

©

92CL-3I005

Fig. 2 - Schematic diagram of the CA920AE (cont'd from previous page).
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CA920AE
MAXIMUM RATINGS, Absolute Maximum Values:

DC SUPPLY VOLTAGE 13.2 V
DEVICE DISSIPATION:

Up to TA = 55°C 750 mW
Above TA = 55 C Derate linearly at 7.9 mW/°C

AMBIENT TEMPERATURE RANGE:
Operating —40 to +85 C
Storage -65to+150°C

LEAD TEMPERATURE (During soldering):

At a distance not less than 1/32" (0.79 mm) from case for

10 seconds max +265 C

ELECTRICAL CHARACTERISTICS at TA = 25°C, and Supply Voltage (V+ ) = 12 V,

Unless otherwise specified. See Fig. 1.

CHARACTERISTIC
TEST

CONDITIONS

LIMITS
UNITS

Min. Typ. Max.

Supply Current, Term. 1 ,

1

+ Term. 2 t>pen 22 mA
Video Characteristics (Term. 8):

Input Voltage V8

Input Current Is

Peak to peak

Peak

1.5 3 6

10

V

mA
Noise Gate Characteristics

(Term.9):

Input Current Ig

Reverse Input Current Ig

0.03 10

-10
mA
mA

Horizontal Flyback Positive

Pulse Characteristics (Term.5)

:

Input Voltage V5
Input Current I5

Input Impedance Z5

1

0.05 1

0.4

3

10

V
mA
kft

Positive Sync Characteristics

(Term.7):

Output Voltage V7
Output Impedance Z7

Output Impedance Z7

Peak to peak

Leading edge

Trailing edge

10

50

100

V

Horizontal Output Charac-

teristics (Term.2):

Output Current I2MAX
Output Current I2AV
Output Pulse Width %
Output Impedance Z2

Output Impedance Z2

Peak

Average

Leading edge

Trailing edge

12

2.5

15

200

20

32

mA
mA
MS

Q.

ft

Horizontal Oscillator Char-

acteristics (Term. 15):

Free-Running Frequency fQ
Free-Running Frequency fQ
Oscillator Cut-out Voltage

Oscillator Pull-in Range

Phase Control (Note 2)

No sync input

V+ = 4.5 V

V"
1" varied

14.84

14.06

15.625

(Note 1)

4.0

±1.0

16.41

17.19

15

kHz

kHz

V
kHz

MS

Note 1 : Free-running frequency at 1 2 V adjusted to 1 5.625 kHz.

Note 2: External delay between the leading edge of output pulse at Term. 3 and the start of

the horizontal flyback pulse.
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&>,

8 LEAD DUAL-IN-LINE
PLASTIC (Mini-DIP)

CA1391E, CA1394E

TV Horizontal Processors

CA1391E - Positive Horizontal Sawtooth Input

CA1394E - Negative Horizontal Sawtooth Input

Features:

Internal shunt regulator

Linear balanced phase detector

Preset hold control capability

±300-Hz pull-in (typ.)

Low thermal frequency drift

Small static phase error

Variable output duty cycle

Adjustable dc loop gain

The RCA-CA1 391 E and CA1 394E are mono-

lithic integrated circuits designed for use in

the low-level horizontal section of mono-

chrome or color television receivers. Func-

tions include a phase detector, an oscillator,

a regulator, and a pre-driver.

The CA1391E and CA1394E are electrically

equivalent and pin compatible with industry

types 1391 and 1394 in similar packages.

These types are supplied in an 8-lead dual-in-

line plastic (Mini-DIP) package, and operate

over an ambient temperature range of to

+85°C.

PHASE
DETECTOR
OUTPUT

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

DC SUPPLY CURRENT 40 mA
DC OUTPUT VOLTAGE 40 V
DC OUTPUT CURRENT 30 mA
SYNC INPUT VOLTAGE 5 V

. 5V
P-P

P-P

HORIZONTAL-
SAWTOOTH (4)-

© ©

PHASE
DETECTOR

OUT

SAWTOOTH INPUT VOLTAGE .

DEVICE DISSIPATION:

Up to TA = 25°C 625 mW
Above TA = 25°C derate linearly . 5 mW/°C

AMBIENT TEMPERATURE RANGE:
Operating to +85°C

Storage -65to+150°C
LEAD TEMPERATURE (During Soldering):

At distance 1/16 ±1/32 in.

(1 .59 ± 0.79 mm) from case

for 10 seconds max +260°C

THERMAL RESISTANCE .... 200°C/W

©

OSCILLATOR

REGULATOR

© I

-©"

-©OUTPUT

92CS-25647

Fig. 1 - Functional block diagram of the CA 1391 E, CA 1394E.
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CA1391E, CA1394E

Fig.2 - Schematic diagram of CA 139 IE, CA 1394E.

+25V
o-

^'^

CAI39I/CAI394

Ti z[ Ti 2 i

-i- <56kO -i

92CM-2B749

F/p.3 — DC test circuit.
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CA1391E, CA1394E

(T\ REGULATOR

*— f » t t WV f—t—'

—

f'

PHASE-
DETECTOR

(3) NOTE: ALL RESISTANCES ARE
SYNC m 0HMS
INPUT

Fig.2 - Schematic diagram of CA 1391E, CA1394E (Cont'd).

92CM-28730

Fig.4 — Typical circuit application.
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CA1391E, CA1394E
ELECTRICAL CHARACTERISTICS at Ta = 25°C (See Fig.3)

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS
Min. Typ. Max.

Supply Voltage
S1,S5,S6 = 2

S2, S3, S4, S7, S8 = 1

Measure term. 6 to Gnd
8 - 9 V

Free-Running

Frequency

S1,S5,S6 = 2

S2,S3, S4, S7, S8 = 1

Counter to term. 1

14734 - 16734 Hz

Output Leakage
S2, S3, S6, S8 = 1

S1,S4, S5, S7 = 2

Measure term. 1 to 25 V
- 10 - mV

Output Saturation

S2, S3, S5, S6, S8 = 1

S1,S4, S7 = 2

Measure term. 1 to Gnd

- 60 - mV

Phase Detector Bias

S2, S5, S6, S8 = 1

S1,S3,S4,S7 = 2

Measure term. 3 to Gnd

- 1.9 - V

Phase Detector Leak
S5,S8= 1

S1,S2, S3, S4, S6, S7 = 2

Measure term. 5 to +4 V
-2 - +2 mV

Phase Detector Low
S1,S5, S8 = 1

S2, S3, S4, S6, S7 = 2

Measure term. 5 to +4 V
-0.55* - - V

Phase Detector High
S1,S5, S6,S8 = 1

S2,S3,S4,S7 = 2

Measure term. 5 to +4 V
+0.55* - - V

Phase Detector Balance VDET2 + VDET3 -100 - +100 mV

Sync Diode
S1,S2,S3,S4,S6,S7= 1

S5,S8 = 2
0.3 - 1.2 V

Static Phase Error

See Fig.

4

- 0.5 - Ms

Oscillator Pull-in Range - ±300 - Hz

Oscillator Hold-in Range - ±900 - Hz

Polarity reversed in the CA1391.

POSITIVE PULSE WIDTH A TERM I —pi

Fig.5 — Duty cycle at the pre-drive output (term. J)

as it is affected by the input at term. 8.
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CA1391E, CA1394E

CIRCUIT OPERATION
(See schematic diagram, Fig.2)

The CA1391 and CA1394 contain the oscil-

lator, phase detector, and predriver sections

necessary for the television horizontal oscil-

lator and AFC loop.

The oscillator is an RC type with terminal 7

used to control the timing. If it is assumed

that Q7 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 Q8 by resistors

R11 and R12, Q7 turns on, and Q6 supplies

base current to Q5 and Q10. Transistor Q5
discharges the capacitor through R4 until

the base bias of Q7 falls below that of Q8,

at which time, Q7 turns off, and the cycle

repeats.

The sawtooth generated at the base of Q4
appears across R3 and turn off Q3 whenever

the sawtooth voltage rises to a value that

exceeds the bias set at terminal 8. By ad-

justing the potential at terminal 8, the duty

cycle at the pre-drive output (terminal 1)

may be changed.

The phase detector is isolated from the

remainder of the circuit by R31, Z2, Q15
and Q16. The phase detector consists of

the comparator Q22 and Q23, and the gated

current source Q18. Negative-going sync

pulses at terminal 3 turn off Q17, and the

current division between Q22 and Q23 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 Q22
and Q23 during each half of the sync pulse

period. The current in Q22 is turned around

by current mirror Q20 and Q21 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 VgE and zener multiplier. Re-

sistors R13 and R14 multiply the VbE of

Q11, and the ratio of R15 and R16 mul-

tiplies the voltage of the zener diode Z1.
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CA3154E

16-Lead Dual-ln-Line

Plastic Package
E-Suffix type

TV Sync/AGC/Horizontal
Signal Processor

FEATURES:
Horizontal oscillator with AFC

u Sync separator with noise immunity
m Strobed AGC system
m IF AGC output

Delayed outputs for forward or reverse AGC
tuners

m Internal noise threshold

The RCA-CA3154E is a monolithic integrated circuit TV
signal processor designed for use in color or monochrome
receivers. Circuit functions include a horizontal oscillator

with AFC, a sync separator, and a key AGC system. The
AGC system provides output signals for IF (reverse) and
tuner (forward and/or reverse). The wide frequency-range
horizontal oscillator has high stability at 503.3 kHz. When
the CA3154E is used in conjunction with the CA3157E
horizontal/vertical countdown circuit, the need for
horizontal and vertical hold controls is eliminated.

High-impedance video input

Choice of dual external time constants for

sync separator noise immunity
RF AGC delay externally controlled

Output short-circuit protection

The CA3154E is supplied in a 16-lead dual-in-line plastic

package.

AGC
DELAY

+ I2V
TUNER POWER
FWD AGC SUPPLY

I

TUNER /TA
'REV AGC Ul;

TUNER
FWD AGC
AMP

©

VIDEO
INPUT T

o^r-wv .

(s)-*-a/Wt_ n X

AAAr—

O

32XH0RZ FREQ
HORZ OUTPUT

92CM-3I69I

Fig. 1 — Functional block diagram of CA3154E.
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CA3154E

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE 15 V

DEVICE DISSIPATION:

UptoTA = 55°C 760 mW
Above TA = 55°C derate linearly 7.9 mW/

C

AMBIENT-TEMPERATURE RANGE:
Q

Operating -40to+85
o
C

Storage -65 to +150 C

LEAD TEMPERATURE (During soldering):
o

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265 C

(£) <S> (5) © (5) <Si> © ®
HORIZ
PULSE
INPUT

)

VIDEO
INPUT

A6C
FILTER

IF GAIN
CLAMP

IF
AGC

TUNER
REV. AGC.

TUNER
FWD AGC

HORIZ
AFC

FILTER

SUPPLY
VOLTAGE

SYNC
SEP

COMP
SYNC
INPUT

HORIZ
SAWTOOTH

INPUT GND

OSC
PHASE
INPUT

OSC
QUAD
INPUT

OSC
OUTPUT

JD © ® 3T (|J © sr

~]0.0I /*F

I

OSCILLATOR LOOP TO BE USED AS INDICATED IN THE
ELECTRICAL CHARACTERISTICS CHART, WITH COIL
ADJUSTED FOR TYPICAL UNIT TO 503.5 kHz FOR f6FR

92CS- 3I690

Fig. 2 — Electrical characteristics test circuit.

VDELAY
V, 4IF(MA»GAIN BIAS

V
|5
(MIN)-V|4 -0.7V

V|3 (MIN)»V|4 -2.I V

IF MAX. GAIN AT I IF GAIN RED.|

LOW SIGNAL LEVELI RANGE

RF INPUT SIGNAL-

TUNER GAIN
REDUCTION RANGE

Fig. 3 — Typical operation of AGC circuits using the CA3154E.
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CA3154E
ELECTRICAL CHARACTERISTICS, at TA =25°C, terminal 5 to Gnd, and terminal 9 to

+ 12 V unless otherwise specified.

CHARACTERISTIC

TEST CONDITIONS

UNITSTerminals Connected
j

As Shown Below

LIMITS

Min. Typ Max.

Power Supply Current, Ig Measure (9) 10 - 22 mA

Video Inverter Voltage, V2 (1)to+14V, (2) 12kfttoGnd,

(3) 27 kft to Gnd, Measure (2) 5.2 6.4 V
Sync Separator High Output

Voltage, V3H
Same as above 10.7 - - V

Sync Separator Low Output

Voltage, V3L

(1)to+4V, (3) 27 kft to Gnd,

Measure (3) _ 1.3 V

Video Noise Clamp Voltage,

V3 Clamp

(1)to+3.1V, (3) 27 kI2 to Gnd,

Measure (3) 10.7 _ V

AGC Discharge Current,

1 15 Discharge

(1)to+4.4V, (2) 10kfttoGnd,

(15) 470 ft to +6V, (16) 27kft

to 12V, Measure (15) 0.6 1.4 mA
AGC Charge Current.

1 1
5 Charge

(1 ) to +3.45V, otherwise same as

above -2.1 — -4.8 mA

AGC Comparator Leakage,

1 15 Leakage

(1)to+3.45V, (2) 10kfttoGnd,

(15) 4.7 kft to +6V, Measure (15) -20 — +20 MA

AGC Threshold Voltage,

V1TH

Adj. (1)forli 5 = 0±0.1 mA, (2)

10kfttoGnd, (15) 4.7 k£2 to

+6V, (16)27kftto+12V,

Measure (1) 3.8 4 4.3 V

Minimum IF AGC, V13L (11) 10kft to Gnd, (12) 10kftto

+12V, (l3)22kftto+5V, (14)

1 kftto+2.95V, (16) 1 kftto

+2.2V, Measure (13) 0.75 1.25 V

Forward Tuner AGC Leakage

Current, In Leakage

(11) 10kfttoGnd, (12) 10kft

to 12V, (13)2.2kft to+5V,

(14) 1 kftto+2.95V, (15) 1kfi

to +5.3V, Measure (11) -20 +20 MA

Reverse Tuner AGC Leakage,

1 1 2 Leakage

Same as above, but

Measure (12) -10 — +10 ma

IF AGC High Voltage,

V 13H
Same as above, but

Measure (13) 3.65 _ 4.15 V

Forward Tuner AGC Low
Voltage, V||(_

(1 1) 3.6 kft to Gnd, (12)3.16

kftto+12V, (13) 2.2kftto

+5V, (14) 1 kftto+2.95V, (15)

1 kft to +7.9V, Measure (11) 0.8 3.2 V

Reverse Tuner AGC Low
Voltage, V12L

Same as above, but

Measure (12) 1.65 — 3.25 V

Maximum IF AGC Voltage,

V13H

(11) 10kfttoGnd, (12) 10kf2

to+12V, (13)2.2kftto+5V,

(14) 1 kftto+2.95V, (15) 1 kft

to +7.9V, Measure (13) 4.85 5.2 V
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CA3154E

(continued)

ELECTRICAL CHARACTERISTICS, at TA = 25°C, terminal 5 to Gnd, and terminal 9 to

+ 12 V unless otherwise specified.

CHARACTERISTIC
TEST CONDITIONS

UNITSTerminals Connected

As Shown Below

LIMITS

Min. Typ. Max.

Phase Detector Leakage

Current, I-jql

(2) 10 kft to Gnd, (3) to Gnd,

(4) 5 kft to +3.8V, (10) 10 k« to

+6V, Limit Gnd at (3) to 10 sec,

Measure 10 -5 +5 ma

Phase Detector Bias Voltage,

4 v4 2.65 - 3.1 V

Oscillator Output Voltage, V5 Connect osc-loop shown in test

circuit to (6),(7),(8); (3) to Gnd

for 10 sec. max., Measure (6) 0.6 _ 1.6 Vp.
p

Oscillator Free-Running

Frequency f6FR Same as above 475 - 535 kHz

Oscillator Frequency High,

f6H

Connect osc-CKT shown in test

CKTto(10),(7),(8);(2) 10kftto

Gnd, (4) 5kftto+18V,

Measure (6) 520 kHz

Oscillator Frequency Low,

*6L

Same as above except

(4) 5 kf2 to +3.8 V _ — 485 kHz

Sync Separator Short

Circuit, I3 Max. (3) 1 £2 to Gnd 1 sec. max. - - 40 mA

Oscillator Output Short

Circuit, I3 Max.

(8) 10 £1 to Gnd for 10 sec. max.

(3) 10 Q to Gnd for 10 sec. max. [T - 130 mA

©I2V

R4l R6l lR38iRI0 >R40
9. 5 K? 500? £|5K?7.5K ?I6.6 K

RW SYNC
si* >-H0 HOR

SYNCf?)

92CM-3I692

Fig. 4(a) — Schematic of sync separator section of the CA3154E.
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CA3154E
VIDEO REF SYNC
FROM VIDEO I BIAS I FROM

"BUFFER AMP "(4V) " SYNC SEP
DELAY^IF^

R22'
15 K :

®£5%c ©**

_HK® ® IF GAINi ^^ W CLAMP 92CM-3I693

Fig. 4(b) — Schematic of AGC section of the CA3154E.

HORIZ.
SAWTOOTH

INPUT Q5Q

SYNC SEP
= 0.5 mA 047^

92CM-3I694

Fig. 4(c) — Schematic of AFC-oscillator section of the CA3154E.
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CA3154E

«..„,, - i
SYNC SEPARATOR

0.0047 fiF -±- OUTPUT-POSITIVE
SYNC TIPS 32 X HORIZ.

FREO.
(503.5 kHz)
OSC. OUTPUT

Fig. 5 — Typical application of the CA3154E.
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CA3157E

14-Lead Oual-ln-Line

Plastic Package
"E" SuffiX H-1517

TV Horizontal/Vertical

Countdown Digital Sync
System

FEATURES:
Dual-Mode Operations:

Standard NTSC signals

Non-standard signals (video games,
video tape, etc.)

m Automatic mode recognition

m Clock input

Vertical ramp (sawtooth) generator
m Vertical amplifier m Horizontal drive pulse output

Vertical blanking generator u Ratio-voltage regulator

The RCA-CA31 57E is a monolithic l
2L integrated circuit TV

digital sync system designed for use in consumer
applications. It features dual-mode operation and accepts
either standard NTSC signals or non-standard signals. An
automatic mode-recognition system forces the CA-3157E
into the standard mode for NTSC signals or into the non-
synchronous mode for non-standard sync signals. Other
on-chip functional blocks include a vertical-ramp
(sawtooth) generator, a vertical amplifier, a ratio-voltage
regulator, and a countdown and phasing circuit that
eliminates the need for an external vertical-hold control.

Excellent noise immunity
m Inherent interlace for NTSC signals

m Vertical-hold control eliminated

m Supply-voltage range = 8.6 to 14.2 V
Rapid pull-in

Cochannel sync lockout for NTSC signals

m PL logic

The CA3157E is supplied in the 14-lead dual-in-line

plastic package.

©-4*
COMPOSITE

VIDEO
INPUT

HORIZ. DEFLECTION
CIRCUIT

SYNC
SEPARATOR -<z)

VERT SYNC
PROC.

10 STAGE
BINARY
COUNTER
DIVIDE BY

525 (NORMAL)
OR 684

(DE-FAULT)

MODE
STABLE

VERT. OSC.

RESET
LOGIC
a FF

MODE
SELECTOR

J

RAMP
GEN

, n VERT. J..
V V HT.®

> RAMP
-±. CHARGE

"

CAR

OUT- OF-
PHASE
DET.

RATIO
RFG.

12 V TO
5 V

VERT.
OUTPUT
AMP.

VERT
BLANKING
PULSE GEN.

N+I2 V POWER
J^~ SUPPLY

+5V
BIAS
LOAD

19 HORIZ, LINES
60 Hi - SYNC
46HZ-W/0SYNC

$irVERT
BLANK

, , .

OUTPUT * hd...,

vvv IUI\C

q J]
.

,]
1
«W«HT

-WV-i-A/W—*-A/W^i_

VERT.
DEFLECTION

CIRCUIT

92CM-3I688RI

Fig. 1 —Functional block diagram of the CA3157E horizontal/ vertical countdown integrated circuit.
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(continued from page 1)

and a countdown and phasing circuit that

eliminates the need for an external vertical-

hold control.

The CA3157E is supplied in the 14-lead in-

line plastic package.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE 15

DEVICE DISSIPATION:
,. , T -,n°r 530
Up to TA = 70 C

Above TA
= 70°C derate linearly at 6.7

AMBIENT TEMPERATURE RANGE:
n ... to 70
Operating
_. -55 to +150
Storage

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case

for 10 seconds max

mW
mW/°C

ELECTRICAL CHARACTERISTICS at TA = 25°C, all switches open unless otherwise specified.

See Fig. 2, Test Points 2 and 14 = Gnd

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS

Min. Max.

Amplifier Gain, V6 S2,S5,S6 Closed, Note 1, Test

pt. 1 = 12V, 16= 1VRMS at

1 kHz

0.178 3.16 VRMS

Horizontal Frequency Divider

Ratio, fg-^ f
1

1

S3,S7,S8 Closed, Note 7, Test

pt. 1 = 14.4V,
32 32 RATIO

Horizontal Pulse Width,

Term. II

S3,S7,S8 Closed, Notes 9,10,

Test pt. 1 = 8.4V
30 37

MS

S3,S7,S8 Closed, Notes 9,10,11,

Testpt. 1 = 14.4V
30 36

Asynchronous Non-Coincident

Frequency Divide Ratio,

f9- f3

S3,S7,S8 Closed, Notes 9,1 2,1 3,

14,15, Testpt. 1 = 14.4Vi

8 = 0.2V, 12= 1.5 V

10944 10944 RATIO

Ramp Charge Pulse Width,

Term. 3

S3,S7,S8 Closed, Notes

13,15, Testpt. 1 = 14.4V,

8 = 0.2V, 12= 1.5V

185 315 jus

Asynchronous Coincident Noise

Immunity, Hold-Off Freq.

Divider Ratio, fs ^ f3

Notes 9,12,13,15,16,17,

Test pt. 1 = 14.4V,

8 = 0.2V

7872 7872 RATIO

Synchronous Divider Ratio,

fg- f3

S3,S7,S8 Closed, Notes 9, 1 3, 1 5,

18,19, Testpt. 1 = 14.4V,

8 = 0.2V, 12= 1.5V

8400 8400 RATIO

Ramp Charge Pulse Width,

Term. 3

S3,S7,S8 Closed, Notes 9, 10, 13,

15,18,20, Test pt. 1 = 14.4V,

8 = 0.2V, 12= 1.5V

192 192 CLOCKS

Vertical Blanking Pulse Width,

Term. 7

S3,S7,S8 Closed, Notes 9, 10, 13,

15,16,21, Testpt. 1 = 14.4V,

8 = 0.2, 12= 1.5V

608 608 CLOCKS
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(continued from page 2)

ELECTRICAL CHARACTERISTICS at TA = 25°C, all switchesopen unless otherwise specified.
See Fig. 2, Test Points 2 and 14 = Gnd

CHARACTERISTIC TEST CONDITIONS

Mode Recognition Field

Count, Freq. Divider

Ratio, fg -f f3

S3,S7,S8 Closed, Notes 9,13,

14,15,18,22, Test pt. 1 = 14.4V,

8 = 0.2V, 12= 1.5V

Initial Fields 9 Serrations

First Field, 8 Ser.

Second Field, 8 Ser.

LIMITS

Min. Max.

8400

8400

Third Field, 8 Ser.

Confidence of Coincidence

Field Count, Freq.

Divider Ratio, fg ± f^

Fourth Field, 8 Ser.

Fifth Field, 8 Ser.

Sixth Field, 8 Ser.

Seventh Field, 8 Ser.

Eighth Field, 9 Ser.

S3,S7,S8 Closed, Notes 9,13,

15,18,23, Test pt. 1 = 14.4V

8 = 0.2V

8400

8400

8400

8400

8400

8400

8400

UNITS

8400

8400

8400

8400

10944

8400

First Field

Second Field

Third Field

Fourth Field

Fifth Field

Sixth Field

Seventh Field

Eighth Field

4200

8400

10944

8400

8400

8400

8400

8400

8400

8400

8400
Ninth Field 4200

4200

RATIO

8400

8400

8400

8400

8400

8400

8400

4200

RATIO

Notes:

1

.

Stop clock when terminal 7 is high
2. Stop clock when terminal 9 is low
3. Stop clock when terminal 9 is high

4. Stop clock when terminal 7 is low
5. Stop clock when terminal 1 1 is high
6. Stop clock when terminal 1 1 is low
7. Clock frequency = 600 kHz; clock amplitude:
low <0.45 V, high >0.95 V (5 V max.)

8. Frequency at terminal 9 (clock) divided by
frequency at terminal 1 1 (hor. out)

9. Clock frequency = 500 kHz, clock amplitude
same as in note 7

10. Pulse width measured at 2 V point on output
waveform

1 1

.

Total capacity = 50 pF when measuring pulse
width

12. Sync serrations = 8 (See Fig. 4)

13. Sync amplitude: low state < 1.2 V; high state
^4 V (6 V max. with positive sync tips)

14. Frequency at terminal 9 (clock) divided by
frequency at terminal 3 (ramp control)

15. Initialize or repeat initialization procedure
before doing this test (See Fig. 2)

16. Apply a pulse 1 clock wide, 7808 clocks after
first positive transition at terminal 3 (See Fig. 5)

17. Default count determined by 684 x 16(H) = 10944
18. Sync serrations = 9
19. Hold-off count determined by 492 x 16(H) = 7872
20. Number of clocks occurring within ramp gate

period (See Fig. 6)

21. Number of clocks occurring during the blanking
gate period (See Fig. 7)

22. This series of tests checks the mode recognition
circuit. The first test after initialization applies

9 serrations at the sync input terminal. The IC
should go to the synchronous count ratio of
8400. During the next seven fields only 8
serrations are applied. TheCA3157 should
maintain the synchronous count ratio of 8400
for the first six fields. At the seventh field the
CA3157 should go to default count of 10944.
The test concludes with a 9 serration input. The
CA31 57 should revert to a synchronous count
of 8400 (See Fig. 8)

23. This test checks the operation of the out-of-sync
detector by applying out-of-phase sync pulses
to terminal 12. The CA3157 will count eight
fields before resetting to the sync pulse (See
Fig. 9)
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STATIC ELECTRICAL
specified. See Fig. 2.

CHARACTERISTICS at TA = 25°C, V+ = 12 V, Switches open unless otherwise

Test Points 2,8,12, and 14 grounded unless otherwise specified

CHARACTERISTIC TEST
CONDITIONS

CONNECT TEST POINTS

AS SHOWN BELOW LIMITS

U
N
1

T
S

TEST POINT NOS.

1 3 4 5 6 10 11 13 Min. Max.

Ratio Regulator

Voltage, V4 :

Load S2 Closed, Note 1
12V

-20
mA 2V 4.9 5.5 V

No Load 14.4V 2V 5.8 6.8

Vertical Blanking

Output, V7:

Unblanked S2 Closed,

Notes 1 ,4

12V
-20
mA G 2.5 5 V

Blanked 12V G 0.09 0.5

Horizontal Output

Voltage, V-j -j

:

High

Testpt. 15=8V,

S2 Closed,

Notes 5,6

14.4 G 7 8.1 V

Low 12V G
20
mA 0.09 0.32

Vertical Output

Voltage, V& : Off S4 Closed, Note 1 12V G
1

mA 0.6 1.4 V

On S3 Closed, Note 1 12V G
-20
mA 3.1 5.1

Difference Voltage,

V3-V5 S2 Closed, Note 1 12V 4V
-20
mA -0.1.5 0.15 V

Supply Current, 11 S2 Closed, Note 1 14.4V 2V 10 35 mA

Clock Input

Current, 19:

Clock High S2 Closed, Note 3 14.4V 2V 65 150 MA
Clock Low S2 Closed, Note 2 14.4V 2V -7 7

Composite Sync

Input Current,

113: Sync High
S2 Closed, Note 3

12V 2V 4V 100 700 ma

Sync Low 14.4V 2V OV -25 25

Forced Asynchronous

Current, 18

S2 Closed, Note 3,

Testpt. 8 = 4.5V 12V 2V 100 700 ma

Ramp Current, 13 S3 Closed, Note 1,

Testpt. 2 = 50 mA 12V 4.5V 45 57 ma

A Ramp Current,

A 13

S3 Closed, Note 1,

Testpt. 2 = 50 mA' 12V 1.5V -3 3 ma

Async Time Constant

Current, 110:

Charge
S2 Closed, Note 4

12V 2V 3V 10 40 ma

mADischarge 12V 2V 4.5V 1 5

Vert. Sync. Input

Current, 112:

Normal

S2 Closed, Note 4,

Testpt. 12 = 2.3V 12V 2V 75 300 ma

mAOverdrive
S2 Closed, Note 4,

Testpt. 12 = 3V 12V 2V 0.1 3
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0.02 MF+5vAe 220fl
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92CS-3I683

Fig. 2 — Electrical characteristics test circuit.

r
RAMP GATE 4.5 Vl

TERM. 8 0-2 vTT
MODE

I

TERM. 9
CLOCK

J~L

^DON'T CARE EXCEPT
1200 CLOCKS MAX.

STOP CLOCK AT
SECOND POS.—j TRANSITION

r
RETURN LOW MODE

500 kHz CLOCK PULSES

NOTE: STOP CLOCK AT SECOND POSITIVE TRANSITION OF TERM. 3. RETURN
TERM. 8 TO GROUND. THIS CLEARS ALL INTERNAL COUNTERS.

92CS- 31682

Fig. 3 — Initialization timing diagram (applies to all

tests referenced to Note 15).

TERM. 3-

TERM. 13

SYNC"

(CLOCKS AT TERM. 9)

—*j~t*- PULSE WIDTH +2 V
r
r
in.

COUNT* 10944

_n_

-SERRATIONS = 8

92CS-3I685

Fig. 4 — Asynchronous non-coincident divide ratio

(applies to all tests referenced to Note 12).

TERM. 3_J L
RAMP GATE

TERM. 12 I'

INTEGRATED VERT.

_ COUNT * 7872 _
(CLOCKS AT TERM. 9) "I

-7808 CLOCKS -f1~ 1 CLOCK WI DTH

TERM. 13,_IIL
-SERRATIONS = 8 -I U-

92CS-3I684

Fig. 5 — Asynchronous coincident noise immunity
hold-off (applies to test referenced to

Note 16).

_ COUNT #
(CLOCKS AT TERM. 9)r -1

TERM. 3
RAMP GATE

TERM. 13

SYNC

- COUNT # (CLOCKS AT TERM^TL_
-9 SERRATIONS- -J

92CS- 31686

Fig. 6 — Synchronous non-coincident divider ratio and ramp gate pulse width

(applies to test referenced to Note 20).
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- COUNT #( CLOCKS AT TERM.9)-

TERM.7
BLANKING

TERM. 13

SYNC

-COUNT# (CLOCKS AT TERM. 9)

-J u. -9 SERRATIONS -I k"

F/ff.
7 - Blanking synchronous divider ratio and blanking pulse width

(applies to test referenced to Note 21).

COUNT # (CLOCKS AT TERM. 9)

TERM 3 __J-|_8^0f\8400P 8400
[
~| 8400 l~1

8400
l~i 8400j~Li0gl±J~L812°J

R ™^_« hi m. '

ll111

"
'

SYNC 9 8 8 8

FIELDS INITIAL

8

92CS-3I68I

Fig. 8 - Mode recognition field count test (applies to test referenced to Note 22).

r
FIELD
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I

I

2 3, |
4 | 5 8

I
9

..iruTjuuuuuuui-nJi-
JIIL_1IIIL

JIIIL—IIIIL

1ST 2ND 3RD 4TH 5TH 6TH 7TH 8TH 9TH I0TH

9 SERRATIONS EACH

RM ,2 n n n n n—n—n—n

—

il

SYNC PULSES ARE ONE CLOCK WIDE

92CS-3I680

Fig. 9 - Out-of-sync detector test for confidence of coincidence field count

at terminal 3 (applies to test referenced to Note 23).

Circuit Operation

Fig. 1 shows the major functional elements

of the CA3157E. An external oscillator

(CA3154E) supplies an input to terminal 9

of the CA3157E that is 32 times the hori-

zontal rate. An internal divide-by- 16 counter

converts this input (32f|_|) to 2f|_| for use

elsewhere in the CA3157E. This 2f|_| signal

is further divided to f|-|, which is available at

terminal 1 1 to drive the horizontal deflection

circuits. A divide-by-525 counter further

divides the 2fh signal to generate the vertical

ramp generator timing pulses and the vertical

blanking pulse.

A phasing circuit (part of the mode recog-

nition and vertical regeneration circuits)

insures that the 525 counter is reset in

coincidence with the vertical sync. It does

this by comparing the internally generated

vertical pulse with an external integrated

vertical sync signal applied to terminal 12.

The automatic mode recognition circuit

forces the CA3157E into the standard mode

for NTSC signals or into the non-synchro-

nous mode for non-standard sync signals

such as video games. An input control signal

(or no connection) at terminal 8 places the

CA3157E into non-synchronous operation.

The vertical retrace signal is converted to a

ramp if a capacitor is connected between

terminal 3 and ground. The slope of the

ramp corresponds to vertical size and is con-

trolled by changing the input current to

terminal 2. The ramp is connected to the

inverting input of a difference amplifier.

The output of this amplifier is connected to

terminal 6, and is used to drive the vertical

output stage. The non-inverting input of the

amplifier is at terminal 5, and a voltage

derived from the yoke current may be

applied to this terminal for improvement of

linearity.

The pulse width of the vertical blanking

signal at terminal 7 is 608 clocks wide in the

synchronous mode, and is adjustable in

width by changing the monostable re net-

work at terminal 10 for the non-synchronous

mode.

The proportional voltage regulator output at

terminal 4 is about 43% of the supply voltage

at terminal 12. The maximum external load

currejit is 20 mA peak.
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16-Lead Dual-ln-Line

Plastic Package
"E" Suffix

'

1

H 1622

Horizontal Processor

and AGC Detector

FEATURES:
AGC voltage

m Separated sync

m 31.5 kHz oscillator

Gates AGC and sync for noise immunity

The CA31 59E is a monolithic integrated circuit 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 CA3159E is supplied in a 16-lead dual-in-line plastic
package.

220 kO 3.9 Kfl

92CM-3I035RI

Fig. 1 — Functional block diagram of CA3159E.
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CA3159E
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE +30 V

DC SUPPLY CURRENT 30 mA
DEVICE DISSIPATION:

UptoTA = 55°C 750 mW
Above TA = 55°C Derate linearly at 7.9 mW/ C

AMBIENT TEMPERATURE RANGE:
o

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)
o

from case for 10s max +265 C

ELECTRICAL CHARACTERISTICS at TA = 25°C, V+ = 28 V, all switches open unless

otherwise specified. (See Fig. 2)

CHARACTERISTIC TEST CONDITIONS
TERM.
MEAS.

TYPICAL
VALUES UNITS

AGC Voltage S1.S9 closed 1 1.85 V

Noise Inverter 1 S2, S9 closed 1 0.7 V

Shift Threshold 1 S2, S3 closed 1 20 V

Sync Level S1 , S9 closed 4 18 V

Positive Pulse^ S5 closed 7 25 V

Positive Sawtooth"' S5, S6 closed 8 3 V

Sync Low S3, S4 closed 6 1.5 V

Supply Current 16 20 mA
Free-Running Freq.^ S7,S8,S9 closed 15 31.5 kHz

Duty Cycle S7,S8,S9 closed 15 48 %

1. A = 3 V, B = 1.2 V,

2. C= 0.2 mA
— 1 mA to term. I 3. C = 0.2 mA, D = 5 mA

4. Adjust LI, V+ = 20V

QV +

92CS- 31037

CA3159E
TERMINAL ASSIGNMENT

AGC OUTPUT 0-
FILTER (f)-

VIDE0 INPUT CD-
SYNC P0S. SIGNAL ©-

SYNC INPUT (S)-

SYNC OUTPUT (S)-

H0R. KEY PULSE (7)-

SAWTOOTH (?)-

-©v+
-@ 3I.S kHi OUTPUT

-@ 3I.5 kHi OSC.

-@ OSC. CONTROL

-© OSC. CONTROL

-(JT) PHASE DET. INPUT

-<§) PHASE DET. REF

-®6ND

fig. 2 — DC test circuit.
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92CL-3t038

Fig. 3 — Schematic diagram of the CA3159E.

Circuit Description

The negative sync video input at terminal 3
is the detected video if. This video signal is

buffered and VDe compensated by emitter-

followers Q28, Q27, and Q26. The buffered
video signal is applied between the base
of Q21 and a temperature-stable 2-V refer-

ence. Q21 is normally in saturation, and the
negative sync pulse imparts a positive swing
to the base of Q20. Q20 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

Q21 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 Q32 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,

Q32 conducts and pulls the base and emitter

of Q30 low. Without noise, Q23 conducts

0.5 mA with its collector at 7 V, which holds

Q22 in cutoff. Q23 has an emitter load

provided by an external 1 kJ2 resistor and a

series capacitor: when its base is switched
low, its collector switches high. The resulting

flow of current in Q23 overrides the normal

negative-going pulse in the direct signal path

and holds Q21 in saturation.

The video input to terminal 3 also operates

the sync channel, beginning with Q31. Be-

cause Q32 is normally cut off, Q31 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 Q32, the base of

Q30 is pulled down as discussed above. In

addition to operating the AGC noise inverter,

the Q30 current passes through Q25 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 Q38 to clamp the positive peaks, so

the most positive part of the signal is ampli-

fied by Q38 while the rest is beyond cutoff.

The separated sync, a negative pulse at the

collector of Q38, follows two paths. First,

the sync operates an output driver to terminal
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CIRCUIT DESCRIPTION (cont'd)

6, which drives the outboard diode phase

detector. Second, the negative pulse cuts off

the current through Q36, which otherwise

holds Q35 in saturation, thus enabling a

current in R41 to turn Q34 on and thereby

shift the noise threshold voltage.

Terminal 7 receives a positive flyback pulse

that supplies R41 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 Q43 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 Q9 and Q10, which are part of the

voltage controlled oscillator. The oscillator

consists of the current source 0.11, differ-

ential amplifier Q12 and Q13, and differ-

ential amplifier Q9 and Q10. 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 Q10 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 Q9 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 Q12

provides base drive for the 31.5 kHz output

at terminal 15.
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CA3190E

14-Lead Dual-ln-Llne

Plastic Package
(E Suffix)

TV Horizontal/Vertical

Countdown Digital Sync
System

Features:

Dual-Mode operation:

625-line standard and

non-standard signals

Automatic mode recognition

The RCA-CA3190* is a monolithic l

2
L

integrated circuit TV digital sync system
designed for use in 625-line applications. It

features dual-mode operation and accepts
either standard signals (B and G or equi-
valent)** or non-standard signals. An auto-
matic mode-recognition system forces the
CA3190 into the synchronous mode for

standard signals or into the non-synchro-
nous mode for non-standard sync signals.

Other on-chip functional blocks include a
vertical-ramp (sawtooth) generator, a verti-

cal amplifier, a ratio voltage regulator, and a
countdown and phasing circuit that elim-
inates the need foran external vertical-hold

control.

The CA3190 is supplied in the 14-lead dual-
in-line plastic package.

Clock input

« Vertical ramp (sawtooth) generator

Vertical amplifier

Vertical blanking generator

Horizontal drive pulse output

Ratio-voltage regulator

Excellent immunity to noise and interference

Inherent interlace for standard signals

Vertical-hold control eliminated

Supply-voltage range = 8.6 to 14.2 V
Rapid pull-in

I
2L logic

'Formerly RCA Developmental No. TA10692.
**Referto CCIR Standards.

©—
COMPOSITE

VIDEO
INPUT

(OPEN TO
FORCE

. ASYNC )

®—

-®
10 STAGE
BINARY
COUNTER
DIVIDE BY

625 (NORMAL)
OR 684

(DE-FAULT)

92CM-32109

Fig. 1 - Functional block diagram of the CA3190 horizontal/vertical countdown
integrated circuit.
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE 15

DEVICE DISSIPATION:

UptoTA = 70°C 530

Above TA = 70°C derate linearly at 6.7

AMBIENT TEMPERATURE RANGE:
Operating to 70

Storage -55 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

CA3190E

mW
mW/°C

ELECTRICAL CHARACTERISTICS at TA = 25° C, all switches open unless otherwise specified-

See Fig. 2, Test Points 2 and 14 = Gnd

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS

Min. Max.

Amplifier Gain, V6 S2,S5,S6 Closed, Note 1, Test

pt. 1 = 12V, 16 = 1VRMS at

1 kHz

0.178 3.16 VRMS

Horizontal Frequency Divider

Ratio, fg "^ f
1

1

.S3,S7,S8 Closed, Note 7, Test

pt. 1 = 14.4V,
32 32 RATIO

Horizontal Pulse Width,

Term. II

S3,S7,S8 Closed, Notes 9,10,

Test pt. 1 = 8.4V
30 37

Ms

S3,S7,S8 Closed, Notes 9, 1 0, 1 1,

Testpt. 1 = 14.4V
30 36

Asynchronous Non-Coincident

Frequency Divide Ratio,

'9-^3

S3,S7,S8 Closed, Notes 9,1 2,13,

14,15, Test pt. 1 = 14.4Vi

8 = 0.2V, 12= 1.5 V

10944 10944 RATIO

Ramp Charge Pulse Width,

Term. 3

S3,S7,S8 Closed, Notes

13,15, Testpt. 1 = 14.4V,

8 = 0.2V, 12= 1.5V
,

185 315 MS

Asynchronous Coincident Noise

Immunity, Hold-Off Freq.

Divider Ratio, fg-^ f3

Notes 9,12,13,15,16,17,

Testpt. 1 = 14.4 V,

8 = 0.2V

7872 7872 RATIO

Synchronous Divider Ratio, S3,S7,S8 Closed, Notes 9, 1 3, 1 5,

18,19, Test pt. 1 = 14.4V,

8 = 0.2V, 12= 1.5V

10000 10000 RATIO

Ramp Charge Pulse Width,

Term. 3

S3,S7,S8 Closed, Notes 9,10,13,

15,18,20, Test pt. 1 = 14.4V,

8 = 0.2V.12=1.5V

192 192 CLOCKS

Vertical Blanking Pulse Width,

Term. 7

S3,S7,S8 Closed, Notes 9, 10, 13,

15,18,21, Testpt. 1 = 14.4V,

8 = 0.2, 12= 1.5V

608 608 CLOCKS
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CA3190E
ELECTRICAL CHARACTERISTICS at TA = 25°C, all switches open unless otherwise specified.

See Fig. 2, Test Points 2 and 14 = Gnd

CHARACTERISTIC TEST CONDITIONS LIMITS
UNITS

Min. Max.

Mode Recognition Field

Count, Freq. Divider

Ratio, fg -f f3

S3,S7,S8 Closed, Notes 9,13,

14, 15,22, Testpt. 1 = 14.4V,

8 = 0.2V, 12= 1.5V

RATIO

»

Initial Fields 8 Serrations 10000 10000

First Field, 7 Ser. 10000 10000

Second Field, 7 Ser. 10000 10000

Third Field, 7 Ser. 10000 10000
Fourth Field, 7 Ser. 10000 10000

Fifth Field, 7 Ser. 10000 10000

Sixth Field, 7 Ser. 10000 10000

Seventh Field, 7 Ser. 10944 10944

Eighth Field, 8 Ser. 10000 10000

Confidence of Coincidence

Field Count, Freq.

Divider Ratio, fg t fo

S3,S7,S8 Closed, Notes 9,13,

15,18,23, Test pt. 1 = 14.4V

8 = 0.2V

RATIO

First Field 4200 4200

Second Field 10000 10000

Third Field 10000 10000

Fourth Field 10000 8 ,0

Fifth Field 10000 10000

Sixth Field • 10000 10000
Seventh Field 10000 10000

Eighth Field 10000 10000

Ninth Field 4200 4200

Notes:

1. Stop clock when terminal 7 is high

2. Stop clock when terminal 9 is low
3. Stop clock when terminal 9 is high

4. Stop clock when terminal 7 is low
5. Stop clock when terminal 1 1 is high

6. Stop clock when terminal 1 1 is low
7. Clock frequency = 600 kHz; clock amplitude:

low <0.45 V, high >0.95 V (5 V max.)

8. Frequency at terminal 9 (clock) divided by

frequency at terminal 1 1 (hor. out)

9. Clock frequency = 500 kHz, clock amplitude

same as in note 7

10. Pulse width measured at 2 V point on output

waveform

1 1 . Total capacity = 50 pF when measuring pulse

width

12. Sync serrations = 8 (See Fig. 4)

13. Sync amplitude: low state <1.2V; high state

^4V (6 V max. with positive sync tips)

14. Frequency at terminal 9 (clock) divided by

frequency at terminal 3 (ramp control)

15. Initialize or repeat initialization procedure

before doing this test (See Fig. 2)

16. Apply a pulse 1 clock wide, 7808 clocks after

first positive transition at terminal 3 (See Fig. 5)

17. Default count determined by 684 x 16(H) = 10944
18. Sync serrations = 8

19. Hold-off count determined by 492 x 16(H) = 7872
20. Number of clocks occurring within ramp gate

period (See Fig. 6)

21
.
Number of clocks occurring during the blanking

gate period (See Fig. 7)

22. This series of tests checks the mode recognition

circuit. The first test after initialization applies

8 serrations at the sync input terminal. The IC

should go to the synchronous count ratio of

10000. During the next seven fields only 7

serrations are applied. The CA3190 should

maintain the synchronous count ratio of 10000
for the first six fields. At the seventh field the

CA3190 should go to default count of 10944.

The test concludes with an 8 serration input.

The CA3190 should revert to a synchronous
count of 10000 (See Fig. 8)

23. This test checks the operation of the out-of-sync

detector by applying out-of-phase sync pulses

to terminal 12. The CA3190 will count eight

fields before resetting to the sync pulse (See

Fig. 9)
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CA3190E

STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C, V+
= 12 V, Switches open unless otherwise

specified. See Fig. 2. Test Points 2,8,12, and 14 grounded unless otherwise specified

CHARACTERISTIC TEST
CONDITIONS

CONNECT TEST POINTS

AS SHOWN BELOW LIMITS

U
N
1

T
S

TEST POINT NOS.

1 3 4 5 6 10 11 13 Min. Max.

Ratio Regulator

Voltage, V4:

Load S2 Closed, Note 1
12V

-35
mA 2V 4.9 5.5 V

No Load 14.4V 2V 5.8 6.8

Vertical Blanking

Output, V7:

Unblanked S2 Closed,

Notes 1 ,4

12V
-35
mA G 2.5 5 V

Blanked 12V G 0.09 0.5

Horizontal Output

Voltage, V-j -|

:

High

Testpt. 15=8V,

S2 Closed,

Notes 5,6

14.4 G 7 8.1 V

Low 12V G
20
mA 0.09 0.32

Vertical Output

Voltage, V6 : Off S4 Closed, Note 1 12V G
1

mA 0.6 1.4 V

On S3 Closed, Note 1 12V G
-20
mA 3.1 5.1

Difference Voltage,

V3-V5 S2 Closed, Note 1 12V 4V
-20
mA -0.15 0.15 V

Supply Current, 11 S2 Closed, Note 1 14.4V 2V 10 35 mA

Clock Input

Current, 19:

Clock High S2 Closed, Note 3 14.4V 2V 65 150 MA
Clock Low S2 Closed, Note 2 14.4V 2V -7 7

Composite Sync

Input Current,

113: Sync High
S2 Closed, Note 3

12V 2V 4V 100 700 ma
Sync Low 14.4V 2V 0V -25 25

Forced Asynchronous

Current, 18

S2 Closed, Note 3,

Testpt. 8 = 4.5V 12V 2V 100 700 /iA

Ramp Current, 13 S3 Closed, Note 1,

Testpt.2 = 50juA 12V 4.5V 45 57 HA

A Ramp Current,

A 13

S3 Closed, Note 1,

Testpt.2 = 50juA 12V 1.5V -3 3 /iA

Async Time Constant

Current, 110:

Charge
S2 Closed, Note 4

12V 2V 3V 10 40 ma

mADischarge 12V 2V 4.5V 1 5

Vert. Sync. Input

Current, 112:

Normal

S2 Closed, Note 4,

Testpt. 12 = 2.3V 12V 2V 75 300 ma

mAOverdrive
S2 Closed, Note 4,

Testpt. 12 = 3V 12V 2V 0.1 3
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CA3190E

lO^F:
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92CS-32IIO

Fig. 2 — Electrical characteristics test circuit.

^DON'T CARE EXCEPT
./ I200 CLOCKS MAX.

STOP CLOCK AT
SECOND POS.
TRANSITION" "1"

nTERM. 3
. .

RAMP GATE 4.5 V RETURN LOW MODE

TERM. 8 02 vr
MODE

n^
TERM. 9 500 kHz CLOCK PULSESCLOCK

NOTE: STOP CLOCK AT SECOND POSITIVE TRANSITION OF TERM. 3. RETURN
TERM. 8 TO GROUND. THIS CLEARS ALL INTERNAL COUNTERS.

92CS- 31682

Fig. 3 — Initialization timing diagram (applies to all

tests referenced to Note IS).

COUNT* 10944
[ (CLOCKS AT TERM. 9)

-—(—)«- PULSE WIDTH + 2 V

TERM. 13

SYNC

n
-SERRATIONS

92CS-32III

Fig. 4 — Asynchronous non-coincident divide ratio

(applies to all tests referenced to Note 12).

COUNT # 7872

TERM. 3 j~|
RAMP GATE

TERM. 12 I"

INTEGRATED VERT.

(CLOCKS AT TERM. 9)

_n
-7808 CLOCKS

-

—

T

}- 1 CLOCK WI DTH

TERM. 13'

-SERRATIONS = 7 -I U-
92CS-32U2

Fig. 5 — Asynchronous coincident noise immunity
hold-off (applies to test referenced to

Note 16).

r
TERM. 3

RAMP GATE

_ COUNT #
(CLOCKS AT TERM. 9)

COUNT # (CLOCKS AT TERM 9)

-A u —I8 SERRATIONS

92CS- 32II3

Fig. 6 — Synchronous non-coincident divider ratio and ramp gate pulse width

(applies to test referenced to Note 20).
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CA3190E

r
— COUNT #( CLOCKS AT TERM. 9)

+2 V- - - -COUNT# (CLOCKS AT TERM 9)

TERM. 13

SYNC
-J i- 8 SERRATIONS J u

92CS-32II4

Fig. 7 - Blanking synchronous divider ratio and blanking pulse width

(applies to test referenced to Note 21).

COUNT # (CLOCKS AT TERM. 9)

TERM 3 n'Qooonio.ooonio,ooon 'o.ooonio.ooon io,o<»^^
RAMPGATE

i i
8

TERM. 13
,

SYNC 8
SERRATIONS

FIELDS INITIAL 8

92CS-32II5

Fig. 8 - Mode recognition field count test (applies to test referenced to Note 22).

h— INITIALIZE—

H

FIELD

..Lruuuuuuuuui-riJi-
llll MIL

1ST 2ND 3RD 4TH 5TH 6TH 7TH 8TH 9TH IOTH

8 SERRATIONS EACH

J fl IL _n n n n_

SYNC PULSES ARE ONE CLOCK WIDE

92CS-32II6

Fig. 9 — Out-of-sync detector test for confidence of coincidence field count

at terminal 3 (applies to test referenced to Note 23).

Circuit Operation

Fig. 1 shows the major functional elements

of the CA3190- An external oscillator

(CA3154G) supplies an input to terminal 9

of the CA3190 that is 32 times the hori-

zontal rate. An internal divide-by- 16 counter

converts this input (32f j_j) to 2f^ for use

elsewhere in the CA3190. This 2fn signal

is further divided to f|_), which is available at

terminal 1 1 to drive the horizontal deflection

circuits. A divide-by-625 counter further

divides the 2f|_] signal to generate the vertical

ramp generator timing pulses and the vertical

blanking pulse.

A phasing circuit (part of the mode recog-

nition and vertical regeneration circuits)

insures that the 625 counter is reset in

coincidence with the vertical sync. It does

this by comparing the internally generated

vertical pulse with an external integrated

vertical sync signal applied to terminal 12.

The automatic mode recognition circuit

forces the CA3190 into the synchronous

mode for standard signals or into the non-

synchronous mode for non-standard sync

signals such as video games. An input control

signal (or no connection) at terminal 8 places

the CA3190 into non-synchronous opera-

tion.

The vertical retrace signal is converted to a

ramp if a capacitor is connected between

terminal 3 and ground. The slope of the

ramp corresponds to vertical size and is con-

trolled by changing the input current to

terminal 2. The ramp is connected to the

inverting input of a difference amplifier.

The output of this amplifier is connected to

terminal 6, and is used to drive the vertical

output stage. The non-inverting input of the

amplifier is at terminal 5, and a voltage

derived from the yoke current may be

applied to this terminal for improvement of

linearity.

The pulse width of the vertical blanking

signal at terminal 7 is 608 clocks wide in the

synchronous mode, and is adjustable in

width by changing the monostable re net-

work at terminal 10 for the non-synchronous

mode.

The proportional voltage regulator output at

terminal 4 is about 43% of the supply voltage

at terminal 12. The maximum external load

current is 35 mA peak.

801



Linear Integrated Circuits

CA3202E

14-Lead Dual-in-Llne

Plastic Package

H-1517

TV Horizontal/Vertical

Countdown Digital Sync
System

Features:

Automatic forced asynchronous mode to remove jitter

Improved low voltage start-up operation

Lower zero-state horizontal-drive pulse output

Improved symmetry for horizontal-drive output
Improved automatic standard operation

Noise detector

Handles standard NTSC and non-standard signals

Automatic mode recognition

Clock input

The RCA CA3202E is an improved version of RCA CA31 57.
In some video playback units, there are incorrect frequency
relationships between horizontal and field frequencies.
Automatic forced asynchronous mode eliminates jitter

when equalizer pulses are correct, but these incorrect
frequency relationships exist.

Automatic standard mode occurs upon detection of nine or
more equalizing pulses during a six-line-width vertical

driving period after seven fields of coincidence between
integrated vertical (IV) sync and internal counter output.
Standard mode is retained for seven fields of missing or
mutilated vertical sync pulses.

If two or more noise pulses are detected at terminal 12
during a 384-line active scan time, a noise detector reverts
the system to standard mode at the next field of coincidence
(without the seven fields of coincidence delay). Thus, the
unit stays in standard mode during tuner channel changes.

As in the CA3157, an automatic mode-recognition system
places the unit in standard mode for NTSC signals or into
non-synchronous mode for non-standard sync signals.

Fig. 1 shows that the chip includes a sawtooth generator,
vertical amplifier, ratio-voltage regulator, and a countdown
and phasing circuit that eliminates an external vertical hold
control.

An external oscillator (CA31 54) supplies an input to terminal
9 that is 32 times the horizontal rate. An internal divide-by-
16 counter converts this input (32fj-|) to 2f(H for use
elsewhere. This 2fh signal is further divided to fh. which is

available at terminal 11 to drive the horizontal deflection
circuits. A divide-by-525 counter further divides the 2fH
signal to generate the vertical ramp generator timing pulses
and the vertical blanking pulse.

A phasing circuit (part of the mode recognition and vertical
regeneration circuits) insures that the 525 counter is reset
in coincidence with the vertical sync. It does this by
comparing the internally generated vertical pulse with an
external integrated vertical sync signal applied to terminal
12. The automatic mode recognition circuit forces the

Vertical ramp (sawtooth) generator

Vertical amplifier

Vertical blanking generator

Horizontal drive pulse output

Ratio-voltage regulator

Inherent interlace for NTSC signals

Vertical-hold control eliminated

Supply-voltage range=10.8 to 13.2 V
Rapid pull-in

Co-channel sync lockout for NTSC signals

m fit logic

CA3202E into the standard mode for NTSC signals or into

the non-synchronous mode for non-standard sync signals
such as video games. An input control signal (or no
connection) at terminal 8 places the CA3202E into non-
synchronous operation.

A phasing and timing logic circuit checks to see if the line

counter is in sync with the IV signal at terminal 12. Seven
consecutive fields of in-phase coincidence with the IV

signal are needed to achieve standard mode unless two or
more noise pulses are de-detected at input terminal 12
during the active scan time. In this case, normal mode will

be acquired in one field.

In the standard divide-by-525 mode, the integrated vertical

pulse is used only to provide coincidence with the 545
count (counter preset=20, 545-20=525) in the phase
detector circuit. The vertical ramp is timed by the output of

the 525 counter. In standard mode, the CA3202E will

maintain the divide-by-525 count for six fields of lost or

mutilated sync. If the seventh field does not have the
correct coincidence, the unit will switch to non-standard
mode. In this mode, the vertical sync is derived from the

integrated vertical pulse on a field-to-field basis. A noise

immunity of 384 lines is provided. In the absence of sync
pulses, the count will be 684 instead of 525 so that rapid

vertical capture may be achieved when sync is restored.

Non-standard mode still may be selected by removing
ground from terminal 8.
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The vertical retrace signal is converted to a ramp signal if a
capacitor is connected between terminal 3 and ground. The
ramp's slope corresponds to vertical size and is controlled
by changing the input current to terminal 2. The ramp is

connected to the inverting input of a difference amplifier.

The output of this amplifier, connected to terminal
6, is used to drive the vertical output stage. The non-
inverting input of the difference amplifier is at terminal 5. A
voltage derived from yoke current may be applied to this

terminal for linearity improvement.

CA3202E
The pulse width of the vertical blanking signal at terminal 7

is 608 clocks wide in the synchronous mode, and is

adjustable in width by changing the monostable re network
at terminal 10 for the non-synchronous mode.

The proportional voltage regulator output at terminal 4 is

about 43% of the supply voltage at terminal 12. The
maximum external load current is 20-mA peak.

The CA3202E is supplied in the 14-lead dual-in-line plastic

package.

HORIZ. DEFLECTION
CIRCUIT

COMPOSITE
VIDEO
INPUT

-<z>

MANUAL
MODE
SELECT

.

N
»o (OPEN TO

^°H FORCE
. ASYNC.) (OPTIONAL)

VERT SYNC
PROC.

IO STAGE
BINARY
COUNTER
DIVIDE BY

525 (NORMAL)
OR 684

(DE-FAULT)

RESET
+-I LOGIC

a FF

MODE
STABLE

VERT. OSC.

MODE
SELECTOR
V

RAMP
GEN

, n VERT, jl+ V HT©

j)
+'

OUT- OF-
PHASE
DET.

ZJ

RATIO
RFG.

12 V TO
5 V

VERT.
OUTPUT
AMP

s>

VERT
BLANKING
PULSE GEN.

+ 5V

N+I2V POWER
J* SUPPLY

+ 5V EXT.
BIAS
LOAD

19 HORIZ. LINES
60 Hz - SYNC
46HZ-W/0SYNC

<Pi r 5 V

RAMP|
X. CHARGE "^

CAP '

VERT,
BLANK \OUTPUT + y... v

VERT DR

H I f r i] l
""

-vw^-vw-i-vw-^

1 YOKE
J_
CURRENT

VERT.
DEFLECTION

CIRCUIT

92CM- 34780

Fig. 1 - CA3202E horizontal/vertical countdown integrated circuit.
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Linear Integrated Circuits_____
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE 15 V

DEVICE DISSIPATION:

Up to TA=70°C 530 mW
Above TA=70°C derate linearly at 6.7 mW/°C

AMBIENT TEMPERATURE RANGE:

Operating to 70°C

Storage -55 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

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

ELECTRICAL CHARACTERISTICS at

See Fig. 2, Test Points 2 and 14=Gnd.
Ta=25° C, all switches open unless otherwise specified.

CHARACTERISTIC TEST CONDITIONS
LIN ITS

UNITS
Mln. Max.

Amplifier Gain, V6 S2,S5,S6 Closed, Note 1, Test pt. 1=12 V,

16=1 VRMSaf kHz 0.178 3.16 VRMS

Horizontal Frequency Divider Ratio,

fg-fH
S3,S7,S8 Closed, Note 7, Test pt. 1=14.4 V

32 32 RATIO

Horizontal Pulse Width, Term. 11 S3,S7,S8 Closed, Notes 9,10,

Test pt. 1=8.4 V 28 34
fJS

S3,S7,S8 Closed, Notes 9,10,11,

TestDt. 1=14.4 V 28 34

Asynchronous Non-Coincident
Frequency Divide Ratio,

fg-f3

S3,S7,S8 Closed, Notes 9,12,13,14,15,

Test pt. 1=14.4 V, 8=0.2 V, 12 =1.5 V 10944 10944 RATIO

Ramp Charge Pulse Width, Term. 3 S3,S7,S8 Closed, Notes 13,15,

Test pt. 1=14.4 V, 8=0.2 V, 12=1.5 V 585 985 /US

Asynchronous Coincident Noise
Immunity, Hold-Off Freq.

Divider Ratio, fs -J- f3

Notes 9,12,13,15,16,17,

Test pt. 1=14.4 V, 8=0.2 V 7872 7872 RATIO

Synchronous Divider Ratio, fg
-j- f3 S3,S7,S8 Closed, Notes 9,13,15,18,19,

Test pt. 1=14.4 V, 8=0.2 V, 12=1.5 V 8400 8400 RATIO

Ramp Charge Pulse Width, Term. 3 S3,S7,S8 Closed, Notes 9,10,13,15,18,20,

Test pt. 1=14.4 V, 8=0.2 V, 12=1.5 V 190 194 CLOCKS

Vertical Blanking Pulse Width, Term. 7 S3,S7,S8 Closed, Notes 9,10,13,15,18,21

Test pt. 1=14.4 V, 8=0.2, 12=1.5 V 606 610 CLOCKS
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CA3202E
ELECTRICAL CHARACTERISTICS at Ta=25°C, all switches open unless otherwise specified.

See Fig. 2, Test Points 2 and 14=Gnd.

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS
Min. Max.

Mode Recognition Field

Count, Freq. Divider Ratio, fg -r- f3

Synchronous to Non-Synchronous

S3,S7,S8 Closed, Notes 9,13,14,15,18,22,

Test pt. 1 =1 2.0 V, 8=0.2 V, 1 2=1 .5 V

RATIO

Initial Fields 9 Serrations 8400 8400

First Field, 8 Ser. 8400 8400

Second Field, 8 Ser. 8400 8400

Third Field, 8 Ser. 8400 8400

Fourth Field, 8 Ser. 8400 8400

Fifth Field, 8 Ser. 8400 8400

Sixth Field, 8 Ser. 8400 8400

Seventh Field, 8 Ser. 10944 10944

Mode-Recognition Field Count,

Freq. Divider Ratio, fg -r- T3

Non-Synchronous to Synchronous

S3,S7,S8 Closed, Notes 9,13,15,18,23,

Testpt. 1=12.0 V, 8=0.2 V

RATIO

First Field 8384 8384

Second Field 8384 8384

Third Field 8384 8384

Fourth Field 8384 8384

Fifth Field 8384 8384

Sixth Field 8384 8384

Seventh Field 8384 8384

Eighth Field 8400 8400

Ninth Field 8400 8400

Fast Standard-Mode Resynchronization S3,S7,S8 Closed, Notes 9,13,15,

Testpt. 1=12.0 V, 8=0.2 V

NOTES:

1. Stop clock when terminal 7 is high.

2. Stop clock when terminal 9 is low.

3. Stop clock when terminal 9 is high.

4. Stop clock when terminal 7 is low.

5. Stop clock when terminal 11 is high.

6. Stop clock when terminal 11 is low.

7. Clock frequency=600 kHz; clock amplitude: low < 0.45 V,

high > 0.95 V (5 V max.).

8. Frequency at terminal 9 (clock) divided by frequency at

terminal 11 (hor. out).

9. Clock frequency=500 kHz, clock amplitude same as in Note

7.

10. Pulse width measured at 2 V point on output waveform.

11. Total capacity=50 pF when measuring pulse width.

12. Sync serrations=8 (see Fig. 4).

1 3. Sync amplitude: low state < 1 .2 V; high state> 4 V ( 6 V max.

with positive sync tips).

14. Frequency at terminal 9 (clock) divided by frequency at

terminal 3 (ramp control).

15. Initialize or repeat initialization procedure before doing this

test (see Fig. 2).

16. Apply a pulse 1 clock wide, 7808 clocks after first positive

transition at terminal 3 (see Fig. 5).

17. Default count determined by 684 x 16(H)=10944.

18. Sync serrations=9.

19. Hold-off count determined by 492 x 16(H)=7872.

20. Number of clocks occurring within ramp gate period (see

Fig. 6).

21

.

Number of clocks occurring during the blanking gate period

(see Fig. 7).

22. This series of tests checks the mode recognition circuit. The

first test after initialization applies 9 serrations at the sync

input terminal. The IC should go to the synchronous count

ratio of 8400. During the next seven fields only 8 serrations

are applied. The CA3202E should maintain the synchronous

count ratio of 8400 for the first six fields. At the seventh field

the CA3202E shQuld go to default count of 10944. The test

concludes with a 9-serration input. The CA3202E should

revert to a synchronous count of 8400 (see Fig. 8).

23. This test checks the operation of the out-of-sync detector by

applying out-of-phase sync pulses to terminal 12. The

CA3202E will count eight fields before resetting to the sync

pulse (see Fig. 9).

24. Initialize by 8384 sync for eight fields before test.

25. This test verifies the operation of the fast resync performance

by simulating a noise pulse (5 to 50 clocks wide) applied to

the I .V. terminal 4000 to 6000 clocks (8 ms to 12 ms) after I.V.

sync. Initialize to non-sync mode before performing this

test. The IC should resync in the next field and be maintained

for the standard confidence count of seven fields.

805



Linear Integrated Circuits

CA3202E
STATIC ELECTRICAL CHARACTERISTICS at TA=25°C, V+=12 V, Switches open unless otherwise specified.

See Fig. 2. Test Points 2, 8, 12 and 14 grounded unless otherwise specified.

CHARACTERISTIC
TEST

CONDITIONS

CONNECT TEST POINTS
AS SHOWN BELOW

UNITS
TEST POINT NOS.

LIMiis

1 3 4 5 6 10 11 13 Mln. Max.

Ratio Regulator Voltage,

V4 :

Load S2 Closed, Note 1 12V

-20

mA 2V 4.9 5.5 V

No Load 14.4V 2V 5.8 6.8

Vertical Blanking Output,

V7 :

Unblanked S2 Closed,

Notes 1, 4

12V

-20

mA G 2.5 5 V

Blanked 12V G 0.09 0.5

Horizontal Output

Voltage, V-|i:

High

Testpt. 15=8V,

S2 Closed,

Notes 5, 6

14.4 G 7 8.1 V

Low 12V G
20

mA 0.12

Vertical Output

Voltage, Vq:

Off S4 Closed, Note 1 12V G 1 mA 0.6 1.4 V

On S3 Closed, Note 1 12V G
-20

mA 3.4 5.1

Difference Voltage,

V3-V5 S2 Closed, Note 1 12V 4V

-20

mA -0.15 0.15 V
Supply Current, I-| S2 Closed, Note 1 14.4V 2V 10 35 mA
Clock Current, Ig: Low Test pt. 9=GND

S2 Closed, Note 2
14.4V 2V -180 -70 //A

Voltage, Vg S2 Closed, Note 3 14.4V 2V — 0.75 V
Composite Sync Input

Current, I13:

Sync High S2 Closed, Note 3 12V 2V 4V 100 700 A/A

Sync Low 14.4V 2V OV -25 25

mA

Forced Asynchronous

Current, Is

S2 Closed, Note 3,

Test pt. 8=4.5V 12V 2V 1 3.2

Ramp Current, I3 S3 Closed, Note 1,

Test pt. 2=50 /jA 12V 4.5V 45 57 A/A

A Ramp Current, AI3 S3 Closed, Note 1,

Test pt. 2-50 //A 12V 1.5V -3 3 A/A

Async Time Constant

Current, I-|q :

Charge S2 Closed, Note 4 12V 2V 3V 10 40 A/A

Discharge 12V 2V 4.5V 1 5 mA
Vert. Sync. Input Current,

112:

Normal
S2 Closed, Note 4,

Test pt. 12=2.3V 12V 2V -0.1 5 A*A

Overdrive 32 Closed, Note 4,

Testpt. 12=3V 12V 2V 0.1 3 mA
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IO MF=f= ft

a (ji E] s [s]

14) (J3) (12) (ii) (jo) ® W
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92 CS- 3478

1
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F/g. 2 - Electrical characteristics test circuit.

CA3202E

^D0N"T CARE EXCEPT
1200 CLOCKS MAX.

RAMP GATE 4.5 Vl

TERM. 8 0.2 vTT
MODE

n
STOP CLOCK AT
SECOND POS.

—1 TRANSITION

I RETURN LOW MODE

TERM. 9
CLOCK 500 kHz CLOCK PULSES

NOTE: STOP CLOCK AT SECOND POSITIVE TRANSITION OF TERM. 3. RETURN
TERM. 8 TO GROUND. THIS CLEARS ALL INTERNAL COUNTERS.

Fig. 3 - Initialization timing diagram (applies to all tests

referenced to Note 15).

COUNT* I0944~ (CLOCKS AT TERM. 9)

—*f-y- PULSE WIDTH +2 V

TERM.
SYNCJ?

—

W-
-SERRATIONS ' 8 U-

92CS-3I685

Fig. 4 - Asynchronous non-coincident divide ratio (applies

to all tests referenced to Note' 12).

r-
TERM 3_J |_

RAMP GATE

TERM. 12 h
INTEGRATED VERT

TERM. 13 UllilL

COUNT * 8080
(CLOCKS AT TERM. 9)

_TL
5623 CLOCKS

-

-^fr— 1 6 CLOCK WI DTH

-SERRATIONS = 9 A U-
92CS-34782

Fig. 5 - Synchronous non-coincidence noise recovery

(fast resync).

TERM. 3
RAMP GATE

TERM. 1

3

SYNC

(CLOCKS AT TERM. 9)

- COUNT # (CLOCKS AT TERM. 9)

-9 SERRATIONS—
92CS-3I686

Fig. 6 - Synchronous non-coincident divider ratio and

ramp gate pulse width (applies to test referenced

to Note 20).

COUNT # ( CLOCKS AT TERM.9)

-

COUNT# (CLOCKS AT TERM. 9)

-4 k -9 SERRATIONS

_IIIII

92CS-3I687

Fig. 7 - Blanking synchronous divider ratio and
blanking pulse width (applies to test referenced

to Note 21).

COUNT # (CLOCKS AT TERM.9)

TERM 3 [~| 8400 |

~
1 8400

1

~
| 8400 |

~
| 8400 [

~
1 8400 [

~
] 8400 f

~
| 10944 [

~
l 8400

RAMP GATE

term. i3 _jniiii iiii tun iiiiii min iiii nil n
SYNC 9888888 8

FIELDS INITIAL

SERRATIONS
3 4

92CS- 31681

Fig. 8 - Mode recognition field count test (applies to test referenced to Note 22).
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CA3202E

808
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)
|l|2|3|4|5|6|7|8|9|
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—

mi—mi nit iiii m mil im
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n
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SYNC PULSES ARE ONE CLOCK WIDE

92CS-3I680

Fig. 9 - Out-of-sync detector test for confidence of coincidence field count

at terminal 3 (applies to test referenced toNoteY3).
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t%
H-1855

24-Lead Dual-In-Line

Plastic Package

CA3210E, CA3223E

TV Horizontal/Vertical

Countdown Digital Sync System
For 525-Line (CA3210E) or 625-Line (CA3223E) Operation

Features:

Horizontal Driver

Two Phase-Lock Loops
m Horizontal Oscillator

Vertical Countdown
Vertical Blanking

Vertical Ramp Generator
Pulse-Width Voltage Regulator

Tape-Recorder Skew Compensation
Internal Shunt Regulator

The RCA-CA3210E and CA3229E* are MSl integrated-

circuit digital sync systems, designed for use in consumer
TV applications which combine horizontal oscillator and

vertical countdown sections, as well as a pulse-width

voltage-regulator driver for color or monochrome receivers.

They feature dual-mode operation and accept either

standard signals or nonstandard signals. An automatic

mode-recognition system forces the operation into the

nonsynchronous mode for non-standard sync signals. The
CA3210E is intended for use with 525-line systems and the

CA3223E is intended primarily for use with 625-I ine systems.

The CA3223E will also operate in the direct sync mode with

525-line signal sources.

The CA3210E and CA3223E are supplied in the 24-lead

dual-in-line plastic package.

V SYNC

V BLANKING

S. SHAPING

V- RAMP

V. INPUT

V FEEDBACK

V DRIVE

. V. B +

H. DRIVE

DUTY CYCLE SW

DUTY CYCLE SENSE

LOOP 2

• Formerly RCA Dev. Type Nos. TA10955 and TA11324,

respectively.

92CS-34950

TERMINAL DIAGRAM

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY:
Terminal 17 10 v

Terminal 22 15 v

Terminal 5 — Shunt Regulator 30 mA
DEVICE DISSIPATION:

Up to +70°C 695 mW
Above +70°C Derate linearly at 8.7 mW/°C

AMBIENT TEMPERATURE RANGE:
Operating 0to+70°C

Storage -55 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 ± 1/32 in. (1.59 ± 0.79-mm) from case for 10 s max +265°C
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CA3210E, CA3223E
ELECTRICAL CHARACTERISTICS at Ta=+25 to +70° C
See Fig. 3, Test Points 4 and 18=27 V, Test Point 16=2.3 V, and Test Point 20=10 V.

CHARACTERISTIC TEST CONDITIONS LIMITS
UNITS

Min. Max.

Supply Current
Note 1, Test pt. 5=9 V,

Test pt. 4=adjusted
8 16 mA

Shunt Regulator Output Test pt. 5 8.7 11 V

4fH Coincidence Note 2, Test pin 21 24 45 US

V. Count (+262.5)

V. Count (+312.5)

Note 3, Test pin 21 16.6

19.9

16.7

20.1

ms

V. Count 7 Fields after

Loss of Sync:

(+262.5)

(+312.5)

Note 4, S1=2, Test pin 21

16.6

19.9

16.7

20.1

V. Count 8 Fields after

Loss of Sync:

(+296)

(+232.5)

Note 5, S1=2, Test pin 21

18.7

22

18.9

22.2

V. Count Low

(+232)

(+232.5)

Note 6, S1=2, Test pin 21

14.6

14.7

14.9

15

V. Ramp Pulse Width at 7 V Note 7, Test pin 21

503

506

516

518

us

V. Blanking Pulse Width Note 8, Test pin 23

1.140

1.148

1.148

1.156

ms

V. Blanking Sat. Voltage Note 9, Test pin 21 1.2 1.8

V

V. Sync SVC SW.
Note 10, Test pt. 20=0.7 V,

Test pin 21
12 14

Vertical Loop Gain:

Low

Medium

High

Note11(a),(b)

Test pin 18=0.3 V

Test pin 18=4.5 V

Test pin 18=8 V

11

10.89

10.89

11.7

11.81

11.85

Regulator Driver Out Test pin 7 6.2 7.5

Horizontal Pulse Width Note 12, Test pin 16

31.5

31.7

34.6

34.9

ns

Horizontal Drive Shutdown Note 13, Test pin 16, Clock disabled 4.9 5.1
V

Horizontal Drive Sat. Voltage Note 14, Test pin 16 at 15 mA — 0.42

Nominal Loop Phase Note 15, Test pin 16 11.25 13.6 ns

Ramp Voltage (p-p) Test pin 12 3.8 7.5 Vp-p

"CA3210E—525-Line system.

**CA3223E—625-Line system.

NOTES:
1. Adjust 27-V supply for pin 5 voltage=9 V i 0.1 V and

measure current into pin 5.

2. Measure of the time delay between the output pulse at pin 21

and the input vertical sync at J1.

3. Measure the period of the waveform at pin 21 . The frequency
at pin 16 should be 262.5* or 312.5** times the frequency at

pin 21. This corresponds to a frequency of 59.939* or
50.000** Hz at 21 when 16 is 15734* or 15625** Hz.

4. Remove vertical sync (SW1=2), and remeasure period of

waveform at pin 21 6 fields later (100* or 120** ms). Period
should remain the same as in previous test.

5. Keep vertical sync off and remeasure period of waveform at

pin 21 after 2 additional fields. The frequency at pin 16

should be 296* or 346** times the frequency at pin 21.

6. With no vertical sync and pin 24 connected through 1 KCl to

+5 V, measure the period of the waveform at 21. The
frequency at pin 16 should be 232* or 232.5** times that at

pin 21.

7. Measure pulse width of waveform in pin 21 at +7-V trip

points.

8. Measure pulse width at pin 23 at 4-V trip point.
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CA3210E, CA3223E
FILTER I, LOOP I

© ® ®
TO SCR
GATE +5 -5 r°

II
«' I

SIZE
COMP

92CL-34943

SERVICE
SWITCH 5

Fig. 1 - Functional block diagram of the CA3210E (525 line).

NOTES: (Cont'd)

9. Measure voltage at pin 21 when pin 23 is at low state. Clock

may be stopped during measurement or measurement may

be made on the "fly".

10. Set test point 20 to 0.7 V. Measure voltage at pin 21.

11. (a) Adjusttestpoint16untilpin18is0.3V.Measurevoltage

at pin 19.

(b) Adjust so that the voltage on pin 18 is 4.5 and 8.0 V,

respectively.

12. Measure width of negative-going pulse at pin 16 at the 2-V

level.

13. When pin 16 goes low, disable clock by applying 18 V. The

purpose of this test is to verify that pin 16 will then go from

low to high with the clock (pin 14) disabled.

14. Measure amplitude of pulse at pin 16 at its low state.

15. Measure delay of horizontal sync pulse (positive leading

edge) with respect to the positive leading edge of pin 16.
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CA3210E, CA3223E
FILTER I, LOOP I

TO SCR
GATE

22) (2O (20) ({9)

92CL-34944

SIZE > SERVICE
COMP > SWITCH 5

Fig. 2 - Functional block diagram of the CA3223E (625 line).

Horizontal/Vertical Processor

Circuit Operation

Figs. 1 and 2 of the block diagrams show the major
functional elements of the RCA-CA3210E and CA3223E.

The master oscillator operates at 16 times the horizontal
rate, fH, as determined by an external LC tank connected
between pins 4 and 5. The master oscillator is divided by 4,

8, and 16. The divide by 16 output is used to compare its

phase with the incoming horizontal synchronization signal
in the first APC loop which acts to synchronize the system.
This output is also used to generate a horizontal ramp

whose output is used to control the phase of the horizontal
output pulse with respect to a flyback pulse input in the
second APC loop. The deviation of the horizontal output
pulse is adjusted and then connected to the horizontal
driver stage. The divide by 4 and 8 outputs are used to drive
a 10 section counter for the vertical circuits. The use of the
countdown system and associated logic circuits assures
good noise immunity and the absence of a vertical hold
control in the TV receiver.
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As shown in Figs. 1 or 2 the 464th (CA3210E) or 465th

(CA3223E) clock pulse is used to set a SYNC WINDOW
generator. If the incoming SYNC signal occurs at the same
time the 525th (CA3210E) or 625th (CA3223E) clock pulse

occurs, the YES output of a coincidence gate is used to

reset a 3-bit counter and to generate the start of vertical

blanking and vertical sweep. If the incoming SYNC pulse is

removed (by noise, for example), the 10-stage counter will

continue to provide an output pulse at the 525th (CA321 OE)

or 625th (CA3223E) clock but the 3-bit counter will count

the number of fields where no coincidence occurred. If

incoming SYNC is regained before the 3-bit counter

accumulates 8 fields, the 3-bit counter will reset and normal

action will continue. If no coincidence is detected in 8

CA3210E, CA3223E
sequential fields, the 3-bit counter energizes the toggle

which shifts the mode of operation from countdown to

synchronization.

In the sync mode, vertical scan is initiated by the sync

pulse. If no sync pulse is present, the system will free run at

a frequency determined by the 592 (CA3210E) or 692

(CA3223E) count. A non-standard sync signal circuit

operates if the incoming sync occurs regularly between 464

(CA3210E) or 465 (CA3223E) and 592 (CA3210E) or 692

(CA3223E) counts.

The divide by 16 output is also used in the pulse width

modulator which generates a triggered constant pulse

width signal which in turn drives the deflection circuit.

+ IOV

NTSC V. SYNCA—

3IK
NON- STANDARDA VW-
V. SYNC

IJ3^ 0.002X (*)24

V.SYNC V BLK S. SHAPING V. RAMP VERT VERT VERT
INPUT FEEDBACK DRIVE

CA3ZI0E
CA3223E

SKEW LOOP I CLOCK SHUNT FLYBACK REG
SW FILTR TANK REG. IN DRIVE

1

HOR DUTY DUTY
DRIVE CYCLE CYCLE

SW SENSE

)I3

LOOP 2

FLTR

REG
FLTR

B+ SIZE
SENSE COMP

NTSCMl DV, ,>

H. SYNCT"

I

FROM IC
PIN# 16

92CS-34938

Fig. 3 - Testing circuit.

813



Linear Integrated Circu its

CA3210E, CA3223E
Circuit Description

Start-up Circuit

The start-up circuit provides power to the integrated circuit
at turn-on until horizontally derived B+ is sufficient to
power the chip. The start-up circuit protects the horizontal
system of the TV receiver by insuring the IC is in the correct
mode by delaying operation until the chip supply voltage
has reached 8.0 V. After the circuit starts, should the chip
supply decrease to 4.0 V, the start-up circuit will turn the IC
off.

Skew Switch

A frequency selector circuit is used to route two frequency
signals to the AFC (see Figs. 1 and 2). Vertical signals
control both the selector circuit and the external Filter 1

time constants. During most of the vertical scan time, signal

fH is routed to AFC and the Filter 1 time constant is selected
for a slow loop 1 response time. For the remaining part of
the vertical scan, signal 2fn is fed to the AFC and the Filter 1

time constant is selected to give the loop a fast response
time. This dual time constant feature allows the system to
phase synchronize rapidly with non-standard signals
generated by equipment such as a VCR.

Internal Shunt Regulator

The shunt regulator maintains the IC's main supply rail at

constant voltage. As the voltage V+ (Fig. 4) increases from
zero, the zener voltage eventually becomes conductive,
and current flows through R50, R51, and R52. As the
voltage across R51 increases, transistor Q119 becomes
conductive, maintaining a fixed voltage between the
collector and emitter of Q119. Increasing voltage V+ still

further increases the voltage across resistor R52, eventually
turning on Q120. At this point, voltage V+ becomes
regulated due to the varying conduction of shunt transistor
Q120.

92CS-34942

Fig. 4 - Shunt regulator.

©VERTICAL
BLANKING @~ + (^K ©USE ©ft

i^D20

92CM- 34945

Fig. 5 - Vertical system signals.
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CA3210E, CA3223E

92CL-34949

Fig. 6 - 1st loop phase detector of master oscillator.

?
<rW ]t_

?6VBE
REF

MR2

J LrC 0I77J ^ Dl2

J0172 I N * '

~k 800 J0173 "00^1

92CL- 34946

Fig. 7 - Regulator driver and pulse width modulator.
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CA3210E, CA3223E
+VCC (J3) @RAMP

FLYBACH „,, , ii r-m »

- *-?—-

if023

92CL- 34949

DUTY
CYCLE
SENSE

Fig. 8 - Horizontal ramp, control, and drive.
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CA3210E, CA3223E

IO=J= 0.033;

92CL-34947

Fig. 9 - Application circuit.
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CA3210E, CA3223E

(-— 8/iS

I

I

I

PIN 16

HORIZONTAL
DRIVER

PIN IS

DUTY
CYCLE SWITCH

I 1——I 1 1 H 1 1 1 1-

HORIZONTAL SCALE = 20/is/DIV
VERTICAL SCALE =5.0 V/DIV. EXCEPT AS NOTED.

VERTICAL SCALE '5 V/DIV.
EXCEPT AS NOTED.

-I

LINE VOLTAGE -8C V

LINE VOLTAGE = 100 V

}

LINE VOLTAGE* II 5V

LINE VOLTAGE » 125 V

NOTE : 1

0.5 V/DIV. 1

HORIZONTAL SCALE = IO>»»/DIV.

SCR DRIVER
OUTPUT (PIN 7)

. SCR DRIVER
OUTPUT (PIN 7)

SCR DRIVER
OUTPUT (PIN 7)

SCR DRIVER
OUTPUT (PIN 7)

HORIZONTAL DRIVER
OUTPUT (PIN 16)

92CS-34939

92CS-34940

Fig. 10- Timing relationship between various waveforms for

typical circuit application.

Fig. 11 - Relationship between SCR driver output and
horizontal driver output vs. line voltage.

CH1 = 850mV/DIV CH2 = 50 V/DIV

I

a 1

^3 CH 2

HORIZONTAL SCAL E = 2 34rns/D IV.

92CS-3494I

Fig. 12 - Relationship between the vertical sync pulse

and the vertical ramp.
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^^
16-Lead Oual-in-Line

Plastic Package

TV/CATV Circuits

CA3120E, CA3142E

TV Signal Processors
("Jungle" Circuits)

For Color and Monochrome Receivers

FEATURES:
Internal impulse noise processing

m Sync separator — low impedance, dual polarity

m Strobed AGC system m IF AGC output

Delayed outputs for forward or reverse AGC tuners

u Automatic noise threshold and AGC detector level control

High-impedance video input

Low-impedance video output

u Choice of external time constants for sync separator

Negative power supply not required

m RF AGC delay externally controlled

The RCA-CA3120E and CA3142E are monolithic silicon

integrated circuit TV signal processors for use in color or

monochrome receivers. These circuits provide low-

impedance video output signals, stripped synchronization

signals in both polarities, and AGC output signals for IF

(reverse) and tuner (forward and/or reverse).

The circuit designs of the CA3120E and CA3142E feature

impulse noise inversion, delay techniques to reduce the

deleterious effects of impulse noise in the receiverAGC and

sync circuits. In addition, they incorporate standard AGC
strobing techniques. The AGC noise lockout circuit is

deleted in the CA3142E.

VIDEO rs

LOW Z

VIDEO
OUPTPUT

._ --. IF GAIN,-^

AGC
ENABLE
SWITCH

H-®
NEG

e © Sio© ©Stor ©^

JL "IT

H® O in

AGC ENABLE
SYNC
NPUT

GROUND OUTPUT

Fig. 1 - Simplified block diagram of the CA3120E and CA3142B.
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CA3120E, CA3142E
ELECTRICAL CHARACTERISTICS at TA = 25°C, Supply Voltage (V+) = 24 V and

Referenced to Test Circuits and Test Conditions (Figs. 6, 7, and 8).

CHARACTERISTICS

TERMINAL
MEASURED

AND
SYMBOL

CA3120E
CA3142E
LIMITS UNITS

Min • Typ . Max

Supply Current (Pulse Test) 'T24 20 - 40 mA

AGC Threshold (Sync Tip Level at Video Input) v-m 4.5 - 5.5 V

Video Input Amplitude (White Positive) v8 - 3 - Vp-p

Video Output Amplitude (Low Impedance) v9 - 3 - Vp-p

Noise Cancelled Video Output at Vjh
(Black Positive, Gain == 2)

v5 3.6 -
9.2 V

AGC to Noise Separation VTH (SEP) 1.1 - 2.2 V

Sync Input Current for Full Amplitude Outputs U (ON) - - 100 MA
Maximum Leakage Current at Terminal 4 U (OFF) - - ±6 HA
Sync Outputs:

V2(L) 2.6 V
Negative Sync Low

Negative Sync High V 2(H) 23.8 - 24 V

Positive Sync Low V3(L) — 0.2 V

Positive Sync High V3(H) 20.1 - 24 V

AGC Filter:

'H(CH) 12 36 mACharge Current (Pulse Test)

Discharge Current
'H(DISCH) 1.1 _ 2.6 mA

Leakage Current
'H(LEAK) - _ ±6 MA

AGC Enable:

V 16(ON) 3 6 V
Horizontal Keying

Negative Sync Input Current
'1 (ON) -

1 - mA
Maximum IF Gain-Clamp Voltage vn 4.8 - 5.7 V

Maximum IF Gain Bias v 12 4.2 - 5.2 V
IF AGC Voltage:

V 13(LOW) 3.3 V
Low

High V 13(HIGH) 5.7 - 6 V
Tuner Currents:

Reverse AGC (FET) OFF Current
'14(0FF) _ _ ±6 IJiA

Reverse AGC (FET) ON Current
'14 (ON) 1.8 - 5.5 mA

Forward AGC (n-p-n) OFF Current
'l5(OFF) - - ±6 MA

Reverse AGC (n-p-n) ON Current
'15(0N) 4.5 - 15 mA

Internal Noise-Lockout Time (CA3120E only) T 1 - 63 Us

820



TV/CATV Circuits

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 (VjH

)

is approximately 5 volts. The level is main-

tained at 5 volts by the AGC loop in the cir-

cuit, comprised of the CA31 20E or CA31 42E

and the TV receiver RF and IF amplifiers. A
low source impedance video signal is available

from the emitter of Q1 (Terminal 9 in Fig. 2).

The external resistor (Rxi in Fig.9) reduces

the dissipation of Q1. The emitter-follower

output of Q1 is directly coupled to a differ-

ential comparator stage (Q2, Q3). Unless a

negative-going pulse is present, Q2 functions

as an emitter follower and also cuts off tran-

sistors Q3, Q5, and Q1 2.

The output of Q2 is applied through a signal

delay network, consisting of transistor Q60

and associated resistors, to the Darlington

followers (Q1 3 and QI4). The delayed video

signal at Q14 is fed via its emitter to an AGC
comparator Q19 and to the junction of a

noise-cancelling amplifier stage (Q16). The

noise-cancelled video signal is inverted and

amplified by Q16 and then connected to

a Darlington emitter-follower output stage

(Q57,Q58).

If impulse noise is present on the video signal,

Q3 conducts and turns on transistors Q5 and

Q12. Q5 inverts and "stretches" the noise

pulse width. The output of Q5 is applied to

an emitter follower stage (Q12). The signal

from Q12, in turn, is applied to the summing

junction to the noise-cancelling amplifier

Q16. The noise pulse, which has now been

amplified, inverted and stretched, is added

to the delayed video signal from the emitter

of Q14.

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 3) - The sync

separator stage (Q56) clamps the detected

sync tips to a fixed reference voltage

(= 0.7 V) across its base-emitter junction,

and amplifies a portion of the sync signal

to provide dual polarity sync-signal outputs

at Terminals 2 (negative) and 3 (positive).

The output signals are derived from low-

impedance complementary emitter-follower

stages; a base current of 100 microamperes

into Terminal 4 is sufficient to generate full-

amplitude sync signals.

The choice of coupling the noise-cancelled

video-signal from the emitter-follower (Ter-

minal 5) to the sync separator (Terminal

4) is a user option. Fig. 4 shows three typical

coupling networks.

Fig. 5 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. 5) 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. 5), 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 toD).

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 Terminpl 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 1970, pp. 185-195, Vol. BTR No. 3.

Also refer to ICAN6302.
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CA3120E, CA3142E

' ^^ArpW^A^|\AA^A^A*VvU—

—

~

LOWZ
VIDEO
OUTPUT

RESISTANCE VALUES ARE IN OHMS
e INCLUDEO IN CA3I20E ONLY

FILTER GAIN BIAS DELAY
BIAS a
FORWARD
IF AGC
OUTPUT

Fig.2 - Schematic diagram of the CA3120E and CA3142E.

MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C
DC SUPPLY VOLTAGE 30 v
DEVICE DISSIPATION:

Up to TA = 55°C
, 750 mW

Above TA = 55°C Derate linearly at 7.9 mW/°C
AMBIENT TEMPERATURE RANGE:
Operating -40 to +85 °C
Storage

• -65 to +150 °C
LEAD TEMPERATURE (During soldering):

At a distance not less than 1 /32" (0.79 mm)
from case for 1 seconds max +265 °C
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CA3120E, CA3142E

JUL V.,,T (TERMI4)

inr

V, N (TERM. II)

Vn ,, T (TERM.I5)

V,,, IT (TERM. 13)

V, N (TERM. II)

92CS- 22646

92CS-22644

Fig.3 — Sync separator stage.

Fig.5 — Typical operation of the AGC circuits using

the CA3120Eand CA3142E.

NOISE- >"xs
CANCELLED >
VIDEO > SYNC
output r x4

C X | I SEP INPUT

©-wHh-*—

©

RX4 C XI

0-aaJv-"

CX2

«—

©

7) [To] [TTJ [Tz] Qa] (aoj (IT) [is] pi]

92CS-2264IRI

92CS-22645RI

Fig.4 — Typical coupling networks

(Term. 5 to Term. 4).

Fig.6 — Test circuit tor measuring electrical charac-

teristics of the CA3120E and CA3142E.
Refer to Figs. 7 and 8 for switch selector

positions.
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CA3120E, CA3142E

CHARAC-
TERISTIC

TEST CONDITIONS

TERMINAL
MEASURED

SWITCH NUMBERS

A 2|j| 4\ 5\ s\ 9\ 11\ 12\l3\l4\l5\l6\l7\l8\l9\20
SWITCH POSITION

'T24 2 3 1 2 1 2 3 1 1 3 2 1 2 2 2 1 5 2 6 7 9 14

VTH 2 1 2 1 1 4 3 4 4 3 1 2 2 2 2 1 3 8
v5 2 1 2 1 1 4 3 4 4 3 1 2 2 2 2 2 3 19
VTH(SEP) 3 1 2 1 1

* 3 3 4 1! 1 2 1 2 2 2 *

U(OFF) 3 1 2 4 2 1 1 1 1 2 1 2 2 1 u
V2L 1 2 2 3 2 1 1 1 1 2 1 1 2 1 Vn
v2h :3 3 1 1 2 1 1 1 1 2 1 1 2 1 V17
v3l :3 3 1 1 2 1 1 1 1 2 1 2 1 1 via
v3h :i 3 1 3 2 1 1 1 1 2 1 2 1 1 V18

>n(CH) ;> 1 2 5 2 1 1 5 4 3 1 2 2 2 2 1 5 hi
hl(DISCH) ^> 1 2 5 1 2 3 6 4 3 1 2 2 2 2 1 5 '11

'H(LEAK) 2 1 2 5 2 1 1 6 4 3 2 2 1 2 2 1 5 '11

V-11 2 1 2 5 1 2 3 2 3 3 1 2 2 2 2 1 5 . vn
V12 2 1 2 5 2 1 1 3 4 3 1 2 1 2 2 1 5 V12
v13(LOW) 3 1 2 5 2 2 3 1 1 2 1 2 1 2 2 1 2 V13
V 13(HIGH) 3 1 2 5 2 2 3 7 4 3 2 1 1 2 2 1 4 V20
'14(0FF) 3 1 2 5 2 2 3 3 4 3 3 1 1 2 2 1 5 "14

'14(0N) 3 1 2 5 2 2 3 8 4 3 3 1 1 2 2 1 5 '14
( 15(OFF) 3 1 2 5 2 2 3 3 4 3 2 3 1 2 2 1 5 '15

•15(0N) 3 1 2 5 2 2 3 8 4 3 2 3 1 2 2 1 5 '15

CAUTION: Remove power before selecting or adjusting switches.

Reduce voltage at Terminal 8 until V^ g decreases. VtH(SEP) = VTH - Vg.
NOTE: Switch numbers in italics correspond to numbers in square boxes in Figs. 6 and 8.

Fig.7 - Test condition values for associated switches 1 through 20 (switches 6, 7, and 10 are omitted).
Refer to Figs. 6 and 8 for test circuit and test-condition selector-switch arrangements.
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CA3120E, CA3142E

Eh 2 60—(mM—OSV

4

9<^Cy^HShL
3 ° H |

~
O0.22 MF i

Hi o-AAAr-«> 24y

400 fl

100 kfl

1

100 /iA DC
-=fc- ~2 V CURRENT SOURCE

4 SW
20

3
sw
a

-O 6V

MEASURE VOLTAGE

MEASURE VOLTAGE

O MEASURE VOLTAGE

^-J.

MEASURE VOLTAGE

92CL-22689RI

NOTE: The italicized numbers in the square boxes refer

to the 1 7 switches (switches 6, 7, and 1 are

omitted) of the test circuit and correspond to

those given in Figs. 6 and 7.

CAUTION: Remove power before selecting or adjust-

ing switches

Fig.8 — Test condition selector switch arrangement for measuring the

electrical characteristics of the CA3120E and CA3142E.
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CA3120E, CA3142E

RESISTANCE VALUES
ARE IN OHMS

OUTPUT

Fig.9 - Typical application using the CA3120E and CA3142E.
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16-Lead Dual-in-Line

Plastic Package

"E"-Suffix Type

TV/CATV Circuits

H-1622

CA3135E

TV Luminance Processor

FEATURES:
u Single gain control for luminance and chrominance channels

m 100% dc restoration with "back porch" clamp

m Vertical blanking of both luminance and chrominance channels

Automatic brightness limiting

m Operates from a 12-V supply

m Silicon-nitride passivated

m Platinum-silicide ohmic contacts

The RCA-CA3135E monolithic silicon integrated 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 amplification and allows the

gain of both channels to be adjusted with a single control

voltage. The dc level of "black" is maintained by clamping

the level of the "back porch" (back-level reference) of the

blanking interval. This clamping feature provides for 100%

dc restoration. Vertical blanking is applied to the luminance

as well as to the chrominance channel so that vertical

interval test signals (VITS) interference is eliminated.

Automatic brightness limiting (ABL) is accomplished by

gain reduction in the luminance and chrominance channels

while maintaining black level.

The CA3135E is supplied in the 16-lead dual-in-line plastic

package (E suffix).

BRIGHTNESS 10 KO
LIMITER
(ABL)

CHROMINANCE ->_|l_/7>-
input -^ir-\Z/^

0.0 IpF

INPUT (7Vpp TYP) SHARPNESS

r ®HP'(8),,E*KING

&
-J,

-

"BACK PORCH'
CLAMP

|amk>
1

fjS OPTIONAL
Y*ABL ® 5 <§tt

7
(l

XgovfT +k v- *r ,.,,

-r -4F B+ "#• Pitt

II-
OOl^F

JW\

J
CHROMA
OUTPUT

TO CA3I2IE

l_T (2Vp-pTYP)

92CM-28080NI

Fig. 1 — Block diagram.
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CA3135E

VOLTAGE AUTOMATIC GNO CHROMINANCE
REF ^BRIGHTNESS OR INPUT

LIMITER OPTIONAL
(ABL) ABL

*2CL-2*OTMI2

Fig. 2 - Schematic diagram {cont'd on next page).

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE:
At terminal 9 28 V
At terminal 14 15V

DC SUPPLY CURRENT*
At terminal 9 30 mA
At terminal 14 50 mA

DEVICE DISSIPATION:
Up to TA = 55°C 750 mW
Above T/v = 55 C . Derate linearly at 7.9 mW/°C

AMBIENT TEMPERATURE RANGE:
Operating -40 to +85°C
Storage -65to+150°C

LEAD TEMPERATURE (During Soldering)

:

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10seconds max +265°C

828
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CA3135E
BUFFERED
CLAMPED HORIZ
VIDEO PULSE INPUT

ALL RESISTANCES ARE IN OHMS

92CL-2S0T9M

Fig. 2 - Schematic diagram (cont'd from previous page).

VOLTAGE REF.(T)

AUTOMATIC BRKSHTNESS/T)
LIMITER (ABL) W

GROUND CS)
(OR OPTIONAL ABLIW
CHROMINANCE INPUT®

GROUND (?)

CHROMINANCE OUTPUT®
VERTICAL PULSE (7)IUBIIT V^/

»0-INPUT
PIX PEAKING I

—@ GAIN CONTROL

—@LUMINANCE INPUT

-@B*
—(^LUMINANCE OUTPUT

—@ CLAMP

__/77\ BUFFERED CLAMPED-
\!D VIDEO

H^>
HORIZONTAL PULSE

S' INPUT

—(?)LUMI NANCE OUTPUT

Terminal Assignment
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CA3135E
STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C (See Fig. 3)

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS
Min. Typ. Max.

Supply-Voltage Drop

S2 = closed S3 = open

S1,S4,S5,S6,S7,S8 = 1

Measure across 10 H resistor

130 215 300 mV

First-Stage Bias

S2.S3 = closed

S1,S6= 2

S4,S5,S7,S8 = 1

Measure term. 13 to ground

1.7 2.7 3.7 V

Chroma Bias

S2,S3 = closed

S1,S4,S5,S7= 1

S6,S8 = 2

Measure term. 6 to ground

7.3 8 9.1 V

Clamp Video Level

52 = open Ref.= +12 V

53 = closed

S1,S4,S5,S6,S7,S8= 1

Measure across 82 kH

- -8.7 — V

Video Bias Level

52 = open

53 = closed

S1 = 1

S4,S5,S6,S7,S8 = 2

Measure across 1 kii

- 9 - V

Luminance Blanking

52 = open

53 = closed

S1,S8= 1

S4,S5,S6,S7 = 2

Measure across 1 kS2

- -50 - mV

Chroma Blank
Setup same as above,

measure term. 6 10.38 11.2 11.58 V

Chroma Input

Impedance

Max. horizontal input = 10 V
p_p

Max. vertical input = 2 Vp.p

- 2.5 - kft

Chroma Output

Impedance - 150 - n.

Luminance Input

Impedance - 50 - si

Luminance Output

Impedance - 10 - kQ,

+ I2V O f

-H5V
O <82Ka

<2 8KO H„
I 2„ „l 21

16 IS 14 13 12 II 10 9

CA3135E

I 2 3 4 5 6 7 8

±

+ iav 92CS-2(OS2

Fig. 3 — Static characteristics test circuit.
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CA3135E
DYNAMIC ELECTICAL CHARACTERISTICS at TA = 25°C (See Fig. 4)

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS
Min. Typ. Max.

Min. Video Gain

S1,S2 = 1;S3, S4 = 2

V )N = 70mVRMS ,

f = 100 kHz, V 16 = 12 V
0.2 0.35 0.5 V RMS

Max. Video Gain

S2 = 1; S1, S3, S4 = 2

V| N = 70mV RMS ,

f = 100 kHz, V 16 = V
1.6 2.1 2.6 VRMS

Limited Video Gain

S2, S4 = 1,S1,S3 = 2

V )N
= 70mVRMS ,

f = 100 kHz, V 16 = V

- 0.3 - V RMS

Min. Chroma Gain

S1,S3= 1;S2, S4 = 2;

Vig = 12 V; chroma in = 530mV R |y|g,

f = 3.58 MHz

- 0.095 - V RMS

Max. Chroma Gain

S3 = 1 ; S2 = 2, V 16 = V; chroma in;

S1 = 2, S4 = 2

530mV RMS,f = 3.58 MHz
0.5 0.65 0.8 VRMS

Video Freq. Response

S2= 1, SI, S3, S4 = 2

V| N = 70mVRMS;V 16 = 0V;
f = 3.58 MHz

1 1.9 2.8 V RMS

Chroma Phase Angle

S3 = 1;S2 = 2; V 16 = V;

chroma in; S1 = 2, S4 = 2

530mV RMS ,f = 3.58 MHz
12 19.5 27 Degrees

Chroma Gain

with V+
Variation

Vary V+ from 10.8 V (REF.) to 13.2 V
V

1 6 = 50%of V+;S1,S3= 1

S2, S4 = 2

- 1.5 - dB

Video Gain

with V+
Variation

Vary V+ from 10.8 V (REF.) to 13.2 V
V 16 = 50%of V+ ;S1,S2 = 1

S3, S4 = 2

- 1.5 - dB

Typical max. luminance input before clipping (f = 100 kHz):

V16 INPUT

+ 12 V 2.5V
p .p

+6V 0.75 Vp.p

V 0.45 Vp.p

92CS-2IOC3RI

Fig. 4 — Dynamic characteristics test circuit.
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CA3135E

SUPPLY VOLTAGEIV"*")—

V

n

Fig. 5 — Typical chroma amplifier maximum
linear voltage as a function of
supply voltage.

30 i

I

F

I'll l|
NPUT AT TERM.4 = 530mVRMS

-4- -1—

1

1- hf-t—

1^25-
w
£

3° +
Si :

t

s i- i-t-+H

«* :
-4+-+ :t::^:::::::::::::
—J * = - :r::::::i:::::—

:

_ H J

SUPPLY VOLTAGE (V+ )— Vn 92CS-30873

Fig. 7 Typical chroma amplifier phase shift as a

function of supply voltage.

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 not the point at which the final "black"-

level clamping, or dc restoration, is per-

formed). The capacitor at term. 15 is charged

on the most negative excursions of the signal

by conduction of Q4. Positive signal excur-

sions lift the emitter of Q4 into cutoff. The
signal voltage on R3 develops a signal current

in Q6. The current passes through Q7 and
Q8, 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 Q14 into R9, and fed into the cur-

rent mirror, Q15, Q16, and Q17. The output

of the current mirror develops a voltage across

R13. The dc level is shifted by withdrawing

some current from the input to the mirror.

The fixed dc-level shifting current is de-

veloped in R6 and its diode string and is

mirrored in Q13. Because the dc level is

altered by adjustment of the gain, compen-
sating dc currents that depend on these ad-

justments are fed into the mirrors through

4

I

3

- 2

<

o
>

Z

AMB
FREC

-|
LtfrM. «»ov ;

SUPPLY VOLTAGE (V+> —VDC ,

92 cs-30872

Fig. 6 — Typical maximum linear luminance volt-

age at terminal 15 as a function of supply
voltage.
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OUTPUT AT TERM. 9 - V„ -
p „„_ 30e7,

Fig. 8 — Input voltage as a function of output

voltage.
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Fig. 9 — Typical gain-bandwidth response.

R13 and R29. The compensations are ar-

ranged so that, as gain is varied, the dc level

of "black" is approximately constant at the

output term. 13. The output is driven by
emitter follower Q18, which has a short-

circuit pulldown protection circuit, R14 and
Q19. A constant-current source Q20 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 R15 prevents

serious interaction with another current

source mirrored from this point in case Q20
saturates.
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CA3135E
The video output signal at term. 1 3 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, Q29 is not conduct-

ing, and the base of Q24 goes up to the

supply voltage so that term. 12 can be at any

voltage between ground and the supply.

While the flyback pulse is positive, that is

during the blanking interval, the base of Q24
is held at about 2.8 volts. The most positive

signal excursion during that time will cause

Q24 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 3.5 volts.

The most positive part of the signal during

blanking is the "back porch" or black-level

reference. During trace time, the signal

swings more positive, but the dc level of

black is preserved regardless of the levels

of sync or video signals. Term. 12 is a high-

impedance point, and the emitter-follower

Q26 is used to bring the signal out to term.11.

The signal voltage at term. 1 1 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

Q51, Q52, and Q53. Blanking during the

vertical retrace interval is accomplished at

Q50 via term. 7. Term. 7 is normally high

enough to keep Q49 in saturation. A nega-

tive pulse from the vertical circuit cuts

Q49 off, allowing some of the current

through R51 to saturate Q50. When Q50
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-

matic chroma control (ACC) and coupled

through a capacitor to term. 4. The signal is

attenuated by R38 and R37 and applied to

an emitter-follower amplifier which drives

the emitter of Q43. The current is steered

through Q40 and Q41 depending on the

gain-control conditions to the load resistors.

An emitter-follower Q46 feeds term. 6, and

R46 and Q45 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 Q44 (as well as the base

of the video blanker, Q50). When Q44 satu-

rates, the current is cut off in Q43 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 Q31 loaded by a current

source Q32. The voltage on term. 16 then

determines whether the flow of current in

R31 goes through Q36 or through Q33 to

the resistors R24 and R26. The current on

the Q33 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

Q34 and Q35 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

Q34 with respect to the reference voltage at

the base of Q35. The gain can also be

changed by altering this reference voltage.

This change in reference voltage is also used

for "brightness limiting"! The picture-tube

current is sensed, and, when it exceeds some
predetermined level, a voltage applied to

term. 2 turns Q38 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 Q38.
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CA3143E

14-Lead Dual-in-Line

Plastic Package

TV Luminance Processor

Features:

Black-level clamping

Linear dc controls for brightness,

contrast, and peaking

Horizontal and vertical blanking

Operates with standard or tapped delay line

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 CA3126Q chroma processor and the

CA3137E chroma demodulator, will pro-

vide a luminance/chrominance system hav-

ing excellent tracking of controls. The
CA3143E is supplied in a 14-lead dual-

in-line plastic package.

MAXIMUM RATINGS, Absolute-Maximum Values;

DC SUPPLY CURRENT (Into Terminal^)* 59.5 mA
DEVICE DISSIPATION:*

Up to TA = 55°C 750 mW
Above TA = 55°C derate linearly 7.9 mW/°C

AMBIENT-TEMPERATURE RANGE:
Operating -40 to +85°C
Storage -65to+150°C

LEAD TEMPERATURE (During soldering):

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm)
from case for 10 s max +265°C

* Although the CA3143E is rated for maximum by external circuit resistance to 39 mA for

dissipation of 750 mW, it is recommended a typical voltage at terminal 13 of 11.8 volts,

that the current into terminal 13 be limited
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CA3143E
ELECTRICAL CHARACTERISTICS at TA~ 25°C

Characteristic

Bias

Volts

(V)

Test Conditions

LIMITS

U
N
1

T
S

Switch Numbers

S1|S2JS3|S4|S5|S6|S7|S8|S9|S10J S11

Switch Positions

For Characteristics Measurements Min. Typ. Max.

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+11V) (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 4:

Note 1: Set 50-kHz generator for 100 mVp-p. Adjust R1 Peaking Control (See Fig.2) for

minimum setting. Measure wide-band gain at terminal 7.

Note 2: Set 50-kHz generator for 100 mVp-p. Adjust R1 for minimum setting. Measure

contrast gain reduction at terminal 7.

Note 3: Set 50-kHz generator for 100 mV-p-p. Adjust R1 for maximum setting. Measure

peaking gain reduction at terminal 7.

Adjust R1 for minimum setting. With S2 at switch position 1 and S7 at switch

position 3, set 50-kHz generator for 2 Vp-p. Then with S2 at switch position

2, set 1 MHz generator for 100 mVp-p. Then with S7 at switch position 2,

measure downward modulation of the 1-MHz signal due to the 50-kHz signal.

A = Amplitude of 50 kHz signal at deepest trough

bulateo B = Peak amplitude of 50 kHz signal

Downward Modulation = B—

A

B

92CS-27422

Note 5: Repeat step 4 except that the 50-kHz generator must be set at 3 Vp-p.
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CA3143E

VIDEO INPUT CLAMP INHIBIT INPUT

II. 8 VOLTS
REGULATOR
VOLTAGE

50 kfl
BRIGHTNESS
CONTROL

CLAMPED
7) VIDEO

OUTPUT

92CL-274 24

Fig. 1 — Functional block diagram.

92CL-27426 ALL RESISTANCE VALUES IN OHMS

Fig. 3 - Schematic diagram of CA3143E (cont'd on next page).
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CA3143E

GENERAL RADIO
IJ09A

OR EOUIVALENT

>600n

~ 680 pF

SI 2^F

GENERATOR

HEWLETT
PACKARD
606 A

OR EOUIVALENT

OR EOUIVALENT

HIGH -PASS
FILTER

(SEE NOTE I

OSCILLOSCOPE

,9

NOTE : ATTENUATION AT 50 kHz MUST
BE AT LEAST 66 dB GREATER THAN
THE ATTENUATION AT I MHz

Fig.2 — Test circuit.

©CLAMP® ©
CLAMP TINHIBITT T8"10"™^

_JN£E'_ JNPUT_ CONTROL

92CL-2M25RI

^. SHUNT REGULATOR >*@ AND BIAS SUBSTRATEQS)

ALL RESISTANCE VALUES IN OHMS 92CL-27426

Fig. 3 — Schematic diagram of CA3143B (cont'd from preceded page).
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CA3143E
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

VSUM' VB + VC

9JCS-27423

Fig. 4 — Tapped delay line.

taps B and C are summed where Va + Vg
= Vsum . The signal (Vsum ) is then applied

to the parallel connection of the peaking
input terminals, 2 and 3. The video input

signal is applied to a non-inverting input of

the peaking amplifier while the peaking input

signal (Vsum ) is applied to an inverting in-

put of the peaking amplifier.

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-\ minus Vsum . At low
frequencies, the signal at terminals 2 and

3 is unattenuated, and the peaking ampli-

fier produces no output at these frequen-

cies. However, at high frequencies the signal

at terminals 2 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 dc
quiescent voltage at terminal 4.

The low-impedance video amplifier output
is at terminal 4. The signal is fed through an
external coupling capacitor to terminal 6, the

black-level clamp input. The action of the

black-level clamp is such that it clamps to

the black level rather than to the sync level.

Refer to the circuit diagram in Fig.3. Con-
sider the situation where no signal is applied

to terminal 12. Terminal 6 is biased through
diode D2. The signal at terminal 6 will

clamp its most negative excursion (sync

pulse) to the anode voltage of D2. How-
ever, if a positive pulse is applied to termi-

nal 12 during the sync interval, the anode
of D2 is forced to ground due to saturation

of Q17. The clamp is thus disabled, and

terminal 6 will clamp to the next lower

signal level, the black level.

The clamped video signal at terminal 6 is

amplified and inverted at terminal 7. Blank-

ing is accomplished by applying horizontal

and vertical sync pulses to terminal 9. The
pulses turn ON p-n-p transistor Q6 which

shorts the base of transistor Q1 5 to the

terminal 13 supply voltage. The bright-

ness control function is accomplished by

varying the voltage on terminal 8. The gain

of the inverter stage remains constant, but

the dc reference voltage follows the terminal

8 voltage. The contrast control function is

accomplished by varying the voltage of ter-

minal 10. Increasing the voltage on termi-

nal 10 lowers the gain of the video ampli-

fier. This reduction in gain does not sub-

stantially affect the dc quiescent voltage at

terminal 4.
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"E" Suffix Type
16-Lead Dual-ln-Line

Plastic Package

CA3144E

TV Luminance Processor

FEATURES:
Black-level clamping

m Linear dc controls for brightness,

contrast, and peaking
Horizontal and vertical blanking

"Hermetic Chip" construction

a Silicon nitride passivated

Platinum silicide ohmic contacts

m Operates with standard or tapped delay line

The CA3144E is a monolithic silicon integrated circuit that

performs the luminance processing functions of amplifica-

tion; contrast, 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
excellent tracking of controls. The CA3144E is supplied in a

16-lead dual-in-line plastic package ("E" suffix).

TERMINAL ASSIGNMENT

VIDEO INPUT(T)

PEAKING! (?)
INPUTS J 0_

VIDEO OUTPUT (J)

SUBSTRATE (?)
1

CLAMP INPUT (?)

CLAMPED VIOEOfTV-
OUTPUT W

BLANKING INPUT(T)

—

CA3144E

—(J6)NC
—© NC

-@NC
-(iS) SHUNT REG 8 BIAS

/O^CLAMP
TVlJ/lNHIBIT INPUT

-(h) PEAKING CONTROL

-@CONTRAST CONTROL

-/^BRIGHTNESS
V2/ CONTROL

NC"

TOP VIEW

NO CONNECTION
92CS-28I07

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY CURRENT (Into Terminal 13)* 57 mA
DEVICE DISSIPATION:*

Up to TA = 55° C 750 mW
Above TA = 55°C derate linearly 7.9 mW/°C

AMBIENT TEMPERATURE RANGE:
Operating -40 to +85° C
Storage -65 to +1 50° C

LEAD TEMPERATURE (During soldering):

At distance 1/1.6 ±1/32 inch (1.59 + 0.79 mm)
from case for 1 s max +265° C

'Although the CA3144E 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.
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CA3144E

92CL-28I06RI

Fig. 1 - Schematic diagram (cont'd on next page).

CIRCUIT DESCRIPTION

Fig. 1 is a block diagram of the CA3144E
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-

Fig. 2— Tapped delay line.

3144E. In referring to Fig. 2, the signal

from the delay line tap A is applied to the

video input at terminal 1. The signals from
taps B and C are summed where V/\ + Wq =

Vsum- Tne s'9na ' (Vsum) is then applied to

the parallel connection of the peaking input

terminals, 2 and 3. The video input signal is

applied to a non-inverting input of the

peaking amplifier while the peaking input

signal (Vsum ) is applied to an inverting input

of the peaking amplifier.

Low-frequency video components are un-

attenuated, while high-frequency components
are attenuated as a function of the delay-line

tap points. The peaking amplifier is a dif-

ferential amplifier, so that the output is pro-

portional to Vi 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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CA3144E

VIOEO OUTPUT®
(J)

AMC CLAMP
PUT /
D © €(^BRIGHTNESS CONTROL

(iS)SHUNT REGULATOR^a BIAS

ALL RESISTANCES ARE IN OHMS
92CL-28I06

Fig. 1 - Schematic diagram {cont'd from previous page).

minals 2 and 3 is attenuated thus, the peaking

amplifier output consists of high-frequency

video. The peaking control setting determines

the amplitude of the peaking signal which is

then fed to the video amplifier, where it is

added to the video input signal and amplified.

The setting of the peaking control does not

substantially affect the dc quiescent voltage

at terminal 4.

The low-impedance video amplifier output

is at terminal 4. The signal is fed through an

external coupling capacitor to terminal 6,

the black-level clamp input. The action of

the black-level clamp is such that it clamps

to the black level rather than to the sync

level. Refer to the circuit diagram in Fig. 1.

Consider the situation where no signal is

applied to terminal 12. Terminal 6 is biased

through diode D3. The signal at terminal 6

will clamp its most negative excursion (sync

pulse) to the anode voltage of D3. However,

if a positive pulse is applied to terminal 12

during the sync interval, the anode of D3 is

forced to ground due to saturation of Q13.

The clamp is thus disabled, and terminal 6

will clamp to the next lower signal level, the

black level.

The clamped video signal at terminal 6 is

amplified and inverted at terminal 7. Blanking

is accomplished by applying horizontal and

vertical sync pulses to terminal 8. The pulses

turn ON p-n-p transistor Q18 which shorts

the base of transistor Q20 to the terminal 13

supply voltage. The brightness control func-

tion is accomplished by varying the voltage

on terminal 9. The gain of the inverter stage

remains constant, but the dc reference voltage

follows the terminal 8 voltage. The contrast

control function is accomplished by varying

the voltage of terminal 10. Increasing the

voltage on terminal 10 lowers the gain of the

video amplifier. This reduction in gain does

not substantially affect the dc quiescent

voltage at terminal 4.
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CA3144E
ELECTRICAL CHARACTERISTICS at TA == 25°C

Characteristic

Bias

Volts

(V)

Test Conditions

LIMITS

U
N
1

T
S

Switch Numbers
S1|S2|S3|S4|S5|S6|S7|S8|S9|S10| S11

Switch Positions

For Characteristics Measurements Min. Typ. Max.

STATIC

Voltage:

AtTerm.13(V13) 6.5 2 1 1 2 2 4 1 2 2 1 1 11 12.3 13.2 V

Quiescent Voltage

At Term.4(V4) 6.5 2 1 1 2 2 3 1 2 2 1 1 3.3 4 5.7 V

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 V

Current into Term.13
(Term.13 Connected

to+11V) (113) 6.5 2 1 1 2 2 3 1 2 2 1 2 10 18 30 mA
DYNAMIC

Wide-Band Gain

(Note 1) 7.3 1 1 1 2 1 2 1 1 1 2 1
|

1 3
.

IB dB

Contrast Gain

Reduction

(Note 2) 7.3 1 1 1 2 1 2 1 1 2 2 1 27 30 dB

Peaking Gain

(Note 1) 7.3 1 1 2 2 1 2 1 1 1 2 1 9 13 17 dB

Peaking

Gain Reduction

(Note 3) 7.3 1 1 2 2 1 2 1 1 1 2 1 16 18 dB
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 mVfms . Adjust R1 peaking control for minimum setting (see Fig. 2).

Measure wide-band gain at terminal 7.

Note 2:

Set 50-kHz generator for 200 mVrms . Adjust R1 for minimum setting. Measure contrast gain reduction
at terminal 7.

Note 3:

Set 50-kHz generator for 200 mVrms . Adjust R1 for maximum setting. Measure peaking gain reduction
at terminal 7.

Note 4:

Adjust R1 for minimum setting. With S2 at switch position 1 and S7 at switch position 3, set 50-kHz
generator for 3.8 V

p.p
. Then with S2 at switch position 2, set 1-MHz generator for 200 mVrm$ . Then

with S7 at switch position 2, measure downward modulation of the 1-MHz signal due to the 50-kHz signal.

modulated A = Amplitude of 50-kHz signal at deepest trough
i-mhi signal B = Peak amplitude of 50-kHz signal

B-A
Downward Modulation =

92CS-27422 °
Note 5:

Repeat step 4 except that the 50-kHz generator must be set at 5 VD _.
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CA3144E

GENERAL RADIO
I309A

OR EQUIVALENT

I MHz
CW

GENERATOR

HEWLETT
PACKARD
606A

OR EQUIVALENT

OR EQUIVALENT

HIGH- PASS
FILTER

(SEE NOTE)
OSCILLOSCOPE

NOTE : ATTENUATION AT 50 kHz MUST
BE AT LEAST 66 dB GREATER THAN
THE ATTENUATION AT I MHz

92CL-28I09RI

Fig. 3 — Test circuit.

VIDEO INPUT CLAMP INHIBIT INPUT

*30V 3kn
O-AA/V 1 <

+ 30V
12.3 VOLTS
REGULATOR
VOLTAGE

50 kQ
BRIGHTNESS
CONTROL

POSITIVE
BLANKING I—OHORIZONTAL

POSITIVE
I O VERTICAL

Fig. 4— Functional block diagram.
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CA3156E

16-Lead Dual-lnLlne

Plastic Package

H-1622

Video/Chroma Processor

Features:

Automatic black-level control

Automatic controls for contrast

and peaking
Automatic color-level control

u Horizontal and vertical blanking
Automatic beam-current limiting

m Positive or negative vertical blank-
ing pulses

m Internal noise protection for auto-
matic functions

The RCA-CA3156E is a monolithic silicon integrated circuit
that performs the luminance processing functions in color
TV receivers. This circuit amplifies chroma signals, pro-
vides horizontal and vertical blanking, and automatically
controls contrast, brightness, peaking, and black and
chroma levels.

The CA3156E is well-suited for color TV receiver applica-
tions which use the CA3159E horizontal processor, the
CA3216Q chroma processor, and the CA3172E color
demodulator.

The CA3156E is supplied in a 16-lead dual-in-line plastic

package.

APERTURE
,_, CORRECTOR
'2J CONTROL®

.TJX V^S oc CONTRO
VIDEO (&)+-* APERTURE

PEAKING
THRESHOLD
CONTROL

DC CONTROLLED

CORRECTOR

I

—

VIDEO /TjNj
INPUT V_l^H

PEAKING
SIGNAL
AMPL.

AUTO
PEAKING
DETECTOR

BUFFER
FEEDBACK
AMPL

NOISE
SEPARATOR

VARIABLE
GAIN VIDEO
CONTROL
AMPL.

'&+-+ CHROMA
AMPL.

<Dr-

BUFFER AMPL
ACL
THRESHOLD
ADJ.

* AUTO -COLOR
" LEVEL (ACL)
CONTROL DET.

AND AMPL.

ACL
OUTPUT
AMPL.

VIDEO
OUTPUT
AMPL

AUTO- BLACK
LEVEL
CONTROL
DETECTOR

HORIZ. AND VERT
8LANKING
GATE

HORIZ.AND VERT
ADDER
AMPL.

CONTRAST
CONTROL

VERT.
BLANKING

HORIZ.
BLANKING
AND PULSE
SHAPER

i 1__;
© © ®

<l) vcc

©VIDEO
OUTPUT

/^LEVEL
M/TEEDBA

/T) VIDEO
DC LEVEL
AND
BRIGHTNESS
CONTROL

HORIZ.
-j_/TS\ KEYING
*-r\z) INPUT

CHROMA CONTRAST
OUT CONTROL, BRT

LIMITER,
LDR CONTROL
INPUT

VERT.
BLANKING
PULSE

HORIZ.
PULSE
OUTPUT

92CL-33043

Fig. 1 — Block diagram of CA3156E.
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CA3156E

ELECTRICAL CHARACTERISTICS at Ta = 25°C and V+ =24 V and Referenced to

Test Circuit (See Fig. 3)

CHARACTERISTIC TEST CONDITION
LIMITS

UNITS
Min. Typ. Max.

Static Characteristics

Total Supply Current 13 16.0 19 mA

Reference Bias Level Pin 7 5.25 V

Reference Level Pin 2 S2 = 2 12.2 V
(with 1 mA into Pin 1) S3 = 2

Dynamic Characteristics , —

Max. Video Gain—Read e ein = 1 Vp-p

f = 100 kHz 13.5 dB

S5 to Pos. 1

Min. Video Gain—Read e em = 1 vp-p
f = 100 kHz -4.4 dB

S5 to Pos. 2

Relative Freq. Response—Read eo ejn = 1 vp-p
f = 3.58 MHz -0.2 dB

S5 to Pos. 1

Contrast Gain Reduction—Read eo ejn = 1 vp-p
f = 100 kHz -17.9 dB

S5 Pos. 1 to Pos. 2

Auto-Peaking Level-Read P3 to P13 ein = 1 Vp-p

S5 to Pos. 1

165 mV

Auto-Peaking Level-Read P3 to P13 ein =0.5 Vp-p

S5 to Pos. 1

115 mV

Auto-Peaking Level-Read P3to P13 ein = Vp-p

S5 to Pos. 1

mV

Max. Chroma Out Level—Read Pq ec = 1 Vp.p

f = 3.58 MHz 5 V

E5 = 5 Vdc S4off

Min. Chroma Out Level—Read Ps ec = 1 Vp.p

f = 3.58 MHz 10 V

E5 = 5Vdc S4on
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CA3156E

G>

©
ok5

rK-j2

inn*
>3.4K

92CL- 33044

Fig. 2 - Schematic diagram of CA3156E

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE 30V
DC SUPPLY CURRENT

21 mA
DEVICE DISSIPATION:

UptoTA = 25-C 750mW
».«™J^ 25 "C Derate linearly at 11.1 mW/"C
AMBIENT TEMPERATURE RANGE:
°Peratin9 0to60°C
Storage - 55 to 150°C

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 ± 1/32 in. (1.59 + 0.79 mm)
from case for 10 seconds max + 265 °c
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CA3156E

R43
220

R44 RS2< Sl"3«
220 2005 SI80K

H<V^5ifE

0© © ©
Fig. 2 - Schematic diagram (cont'd h

© ©
92CL- 33044

{£)

BRIGHTNESS CONTROL-

—

I 16 HORIZONTAL KEY PULSE

VIDEO OUTPUT 2 15 HORIZONTAL PULSE OUTPUT

PEAKING THRESHOLD 3 14 ± VERTICAL BLANK

vcc — 4 13 APERTURE CORRECTOR

VIDEO OUTPUT 5 12 PEAKED VIDEO INPUT

CONTRAST CONTROL 6 II VIDEO INPUT

CHROMA INPUT 7 10 GND

CHROMA OUT 8 9 ACL

TOP VIEW
92CS-33042

Terminal Assignment
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CA3156E

® ® ©

^^

v
IOK

AW- 7

»79K

+24V 6«o

V <&

KK +2*V
O-fAMrO

000I MF

92 CM- 33043

Fig. 3 - CA3156E test circuit.

m* mk

Fig. 4 - CA3156E typical application circuit.
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CA758

^Pffr

16-Lead Dual-in-Line

Plastic Package

RC Phase-Lock-Loop
Stereo Decoder
For FM Multiplex Systems

Features: ,

Low distortion (THD): 0.4% (typ.)

Excellent SCA rejection: 70 dB typ.

RC oscillator

High-audio-channel separation: 45 dB

Power supply range: 10 to 16 V dc

Requires only one adjustment for complete alignment

Low-impedance outputs

Stereo indicator lamp drive: 150 mA typ.

RCA-CA758E is a monolithic silicon integrated circuit RC
phase-lock loop stereo decoder intended for FM solid-state

stereo multiplex systems.

The CA758E is pin compatible and electrically equivalent to

industry types uA758, 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 (storecast) transmissions when present in the

composite stereo signal.

detector/^
input \&-

co

® © ® @ ® ©

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 +85°C.

osc.
RC NETWORK

PHASE
-LOCK

DETECTOR

PILOT
PRESENCE
DETECTOR

@

76- KHz
TO

38-kHz
DIVIDER

INPUT
BUFFER

38-kHz
TO 19 kHz

QUADRATURE
DIVIDER

38-kHz
TO 19-kHz
IN-PHASE
DIVIDER

STEREO
DEMODULATOR

__j OUTPUT
_j^ BUFFER

GROUND
®

OUTPUT
BUFFER

I
^ 19-kHz

-(JT) TEST SIGNAL

—©LEFT
CHANNEL
OUTPUT

4 RIGHT

©
LEFT RIGHT
CHANNEL

DE-EMPHASIS
92CM -23508

Fig. 1 — Functional block diagram of the CA758E.
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MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25°C

DC Supply Voltage

DC Supply Voltage (for <a 15-second period)

DC Voltage at Term. 7 (Lamp Driver Circuit with Lamp "OFF") ....
Device Dissipation:

Up to TA = 70°C

Above TA = 70°C derate linearly

Ambient Temperature Range:

Operating

Storage

Lead Temperature (During soldering):

At a distance not less than 1/32" (0.79 mm)
from case for 10 s max

+18 V

+22 V

+22 V

730 mW

9.1 mW/°C

-40 to +85°C

-65 to +150°C

+265°C

CA758

ELECTRICAL CHARACTERISTICS

CHARACTERISTIC

TEST CONDITIONS
(Referenced to Fig. 3 unless otherwise specified)

UNITS

V" = 12 V,TA = 25°C
Multiplex Input Signal (L=R, pilot "OFF")

= 300 mV RMS
19-kHz Pilot Level = 30 mV RMS
f (modulation) = 400 Hz or 1 kHz

LIMITS

Min. Typ. Max.
Static Characteristics

Total Current Lamp "OFF" _ 26 35 mA
Maximum Available Lamp Current 75 150 mA
DC Voltage at Term. 7 (Lamp Driver) I (Lamp) = 50 mA -

1.

3

1.8 V
DC Voltage Shift at either Term. 4

or 5 (Output) Stereo-to-Mono Operation 30 150 mV
Dynamic Characteristics

Power Supply Ripple Rejection For a 200-Hz, 200-mV RMS Signal 35 45 _ dB
Input Resistance 20 35 _ kn
Output Resistance

0.9 1.3 2.0 kft

Channel Separation (Stereo) Atf = 100 Hz _ 40 _ dB

f = 400 Hz 30 45 _ dB

f= 10 kHz _ 45 dB
Channel Balance (Monaural) _ 0.3 1.5 dB

Voltage Gain At f = 1 kHz 0.5 0.9 1.4 V/V
Pilot Input Level:

19-kHz Input Lamp "ON" 15 20 mV RMS
19-kHz Input Lamp "OFF" 2.0 7.0 _ mV RMS
Hysteresis Lamp "OFF" 3.0 7.0 _ dB

Capture Range (Deviation from

76-kHz Center Frequency) ±2.0 ±4.0 ±6.0 %

Total Harmonic Distortion
Multiplex Input Signal = 600 mV RMS

(Pilot "OFF")
- 0.4 1.0 %

19-kHz Rejection 25 35 - dB

38-kHz Rejection 25 45 _ dB

SCA (Storecast) Rejection
Measured Composite Signal: 80% Stereo,

10% Pilot, 10% SCA
- 70 - dB

Voltage-Controlled Oscillator (VCO)
Tuning Resistance

Total Resistance (Term. 15 to 8)

required to set

fREF = 19 kHz ±10 Hz (Term. 11)

21.0 23.3 25.5 kn

Voltage-Controlled Oscillator 0°<TA <25°C - +0.1 ±2 %
Frequency Drift 25°<TA <70°C - -0.4 ±2 %
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CA758
rETECToHl TO PHASE-LOCK

INPUTl LOOP FILTER
=LIFIER -y / \

rPUT \ / ^

(2) @®@

© ©
RESISTANCE VALUES ARE IN OHMS

Fig. 2 - Schematic diagram of the CA758E.
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COMPOSITE
MULTIPLEX-
INPUT

LED WL\STEREOj r\»
INDICATOR^
LAMP

Fig.2 - Schematic diagram of the CA758E (Cont'd).

NOTES:

Tolerance on resistors is ±5%
and tolerance on capacitors is

± 20% unless otherwise specified.

OSCILLATOR C
1 " + 1 <>0%, -20%

Cg = ± 1% in test circuit and

±5% in typical application-

R-> = ±1%

R4
5kil

C9
-0 47MF

92CM- 23509

Fig. 3 - Test circuit for measurement of dynamic characteristics.

R4 = ±10%

Rl and R 2 = ± 1% in test cir-

cuit and ±5% in typical

application.
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CA758
TYPICAL PERFORMANCE CHARACTERISTICS (Referenced to Fig. 3)
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F/p. 4 — Channel separation vs. audio frequency.
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92CS-235M;

Fig. 5 - Channel separation vs. oscillator free running frequency error.
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40
14-Lead Dual-in-Line

Plastic Package

RC Phase-Lock-Loop
Stereo Decoder
For FM Multiplex Systems

Features:

Low distortion [THD]: 0.3% typ.

m Excellent SCA [storecast] rejection:

75 dB typ.

m RC oscillator

High audio channel separation:

40 dB
Operates from a wide range of

power supplies: 8 to 16 V dc

CA1310E

Requires only one adjustment for

complete alignment

Drives a stereo indicator lamp up to

75 mA - surge current limiting

Stereo separation maintained with

8-volt supply voltages

RCA-CA1310A is a monolithic silicon integrated circuit RC
phase-lock-loop stereo decoder intended for FM solid-state

stereo multiplex systems. It is a direct replacement for in-

dustry 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 CA1310A is unilaterally interchangeable with the

CA131 and offers improved and controlled distortion char-

acteristics. A maximum limit of 1% is guaranteed over the

V cc range of 8 to 16 volts under any conditions of modula-

tion (L = R, L = -R, L = 1 , R = O, or L = 0, R = 1 ). The local

oscillator stability has also been improved so that stereo

separation is maintained with supply voltages as low as 8

volts.

The CA1310A is supplied in a 14-lead dual-in-line plastic

package and operates over an ambient temperature range

of -40 to +85° C.

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

DC SUPPLY VOLTAGE 16 V

CURRENT (LAMP) AT TERM. 6 75 mA

DEVICE DISSIPATION:

n„«„T -oi;or 625 mWUp to T* = 25 O

Above TA - 25° C derate linearly • 5 mW/° C

AMBIENT TEMPERATURE RANGE:

Operating
-40to+85°C

Storage
H55to+150°C

LEAD TEMPERATURE (DURING SOLDERING):

At distance not less than 1/32" (0.79 mm) from case for 10 s max * +265°

C
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CA1310E

REGULATOR AND BIAS INPUT AMPLIFIER LOOP DETECTOR
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'~vr^

X
4hf
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© ! ©©© ©

R4
8.4 k
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2.4k

© ©
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RI6
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j-tjM* Q47jW^49
Jl

KQ48L R!
^—vw -VSAi—

*

G) ©
STEREO SWITCH

92CL- 32999

Fig. 1— Schematic diagram of the CA1310A

.
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CA1310E

Fig. 2—Schematic diagram of the CA1310A (cont'd).
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CA1310E
ELECTRICAL CHARACTERISTICS

CHARACTERISTIC

TEST CONDITIONS
(Referenced to Fig. 3)

UNITS

V+ = 12 V TA = 25°C
Composite Multiplex

Input Signal

2.8 V p-p.

LIMITS

Min. Typ. Max.

Static Characteristics

DC Supply Voltage For 8-V operation, reduce
load to 2.7 k£2

8 — 16 V

Total Current Lamp "OFF" — 13 — mA
Dynamic Characteristics

Input Impedance 20 50 — kQ

Channel Separation
(Stereo) 50 Hz — 15 kHz 30 40 dB

Audio Output Voltage
(For any one channel) 485 _ mVRMS

Channel Balance
(Monaural) Pilot Tone "OFF" 1.5 dB

Capture Range
(Permissible tuning
error of internal

oscillator ±3.5 %
Total Harmonic Distortion — 0.3 1.0 %
Ultrasonic Frequency

Rejection:

19 kHz 34.4 dB
38 kHz — 45 — dB

SCA (Storecast) Rejection f = 67 kHz, 9-kHz beat note
measured with 1-kHz

modulation "OFF"

"""~ 75 — dB

Stereo Switch Level:

19-kHz Input Level

(For lamp on) 20 mVRMS
19-kHz Input Level

(For lamp off) 5 — — mVRMS

INPUT SIGNAL

PHASE -LOCK Is]
OSCILLATOR

LOW- PASS
FILTER ft

DC AMPL.

SCHMITT
TRIGGER

MUICAIUH V"*-

LAMP Q-6M 38-kHz
STEREO
SWITCH
(PILOT

TONE OET I

Fig. 2— Functional block diagram of the CA1310A system.
92CS-23500
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CA1310E
LEFT , RIGHT
CHANNEL _ CHANNEL
OUTPUT O U OUTPUT

RESISTANCE VALUES ARE IN OHMS.
CAPACITANCE VALUES ARE IN MICROFARADS.

92CS-2350I

Fig. 3— Test circuit for measurement of dynamic characteristics.

NOTES for test circuit of Fig. 3.

A buffered 3-volt positive-going square
wave is available at Term. 10. The align-

ment of the free-running oscillator frequen-

cy may be checked at this point with a fre-

quency counter.

C1: A lower-value input coupling
capacitor may be used in place of the

2-jjF value if reduced separation at

low frequencies is acceptable.

C4: The time constant for the stereo-

switch level-detector circuit is

calculated by C4 x 53,000 ohms
±30% with a maximum dc voltage

drop across C4 of 0.25 volt (Term. 8
positive) and a pilot-level voltage of

100 mV RMS. Signal voltage across

C4 is negligible.

C5: The recommended 0.05-mF capacitor

provides a 1.75° phase lead at 19

kHz.

R3, C6, C8: C8 may be omitted, R3 = 100

ohms and C6 = 0.25 \jF, if

relaxed circuit performance
is acceptable.

R4, R5, C7: If a capture range greater

than ±3% typ. is required,

reduce value of C7 and in-

crease values of R4 and R5
proportionally. However,
beat-note distortion is in-

creased at high signal levels

because of oscillator-phase

jitter. The tolerances of R4
and C7 are ± 1 % in the-test

circuit and ±5% in typical

application circuits.

£ :

1 * :

uj 4.5 :

1 4

2

2 5
II 12 13 14 15 16

SUPPLY VOLTAGE (Vcc)-V

Fig. 4—Maximum load resistance vs. supply voltage.
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CA3090AQ

16-Lead quad-in-line plastic package

H-1706

Stereo Multiplex Decoder

For FM Stereo Multiplex Systems

FEATURES:
Requires the use of only one low-inductance tuning coil

m Automatic stereo switching

m Directly drives a stereo indicator lamp up to 100 mA
m Includes driver for stereo-lamp indicator

Operates from a wide range of power supplies: 10 to 16 volts

m Requires only one adjustment for alignment

m Switching from monaural to stereo and stereo to monaural produces no audible

thumps

RCA-CA3090AQ*, a monolithic silicon integrated circuit, is

a stereo multiplex decoder intended for FM multiplex
systems.

The CA3090AQ is the successor to the CA3090Q; it offers

three major advantages over the CA3090Q as follows:

1

.

Can directly drive a stereo indicator lamp with a current
drain of up to 100 mA.

2. Stereo Defeat/Enable control-voltage specifications.

3. Capable of operation with lower distortion.

This stereo multiplex decoder requires only one 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 CA3090AQ. The
input signal from the detector is amplified by a low-
distortion preamplifier and simultaneously applied to both
the 19-kHz and 38-kHz synchronous detectors. A 76-kHz
signal, generated by a local voltage-controlled oscillator

(VCO), is counted down by two frequency dividers to a 38-

kHz signal and to two 19-kHz signals in phase quadrature.
The 19-kHz pilot-tone supplied by the FM detector is

compared to the locally generated 19-kHz signal in a
synchronous detector. The resultant signal controls the
voltage controlled oscillator (VCO) 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 CA3090AQ from monaural to stereo operation.
The output signal from the 38-kHz detector and the
composite signal from the preamplifier are applied to a

Low distortion: under 0.5%
Separate dc 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.

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 CA3090AQ may be used without the stereo defeat/
enable function (see Fig. 6) if a control voltage for this

function is not readily available. In this case, TerminaJ 4
should be grounded.

The CA3090AQ utilizes the 16-lead quad-in-line plastic

package and operates over the ambient temperature range
of-40°Cto+85°C.

'Formerly Developmental Type No. TA6262G.

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

DC Supply Voltage 16 V
Current at Term. 12 1 00 m

A

Input Signal Voltage (Composite)* 400 mV
Ambient Temperature Range:

Operating -40 to +85° C
Storage -65 to +1 50° C

Lead Temperature (during soldering):

At distance not less than 1/32" (0.79 mm)
from case for 1 s max +265° C

l For stereo operation, a minimum input signal voltage (composite) of

40 mV is required.
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ELECTRICAL CHARACTERISTICS CA3090AQ

CHARACTERISTIC

TERMINAL
MEASURED
AND

SYMBOL

TEST CONDITIONS LIMITS

UNITS

Typ.

Char.

Curve

Fig. No.

TA = 25°C

V+ = 12 V (unless

specified otherwise)

Cir-

cuit

Fig.

No.

Min. Typ. Max.

Static Characteristics

Total Current (Terms. 9, 10, 11) 'total
Lamp OFF 3 - 22 27 mA

DC Voltage:

Term. 1 V
1

3 1.6 2.3 3.1 V

Term. 6 (Indicator Lamp OFF) V6 3 - 2.1 3.6 V

Terms. 9 and 10 V9& 10 3 3.7 5.4 7.4 V

Term. 12 (Indicator Lamp OFF) v 12 V+ = 16 V 12.7 - - V

Voltage Differential (Term. 2—Term. 1) V 2 V
1

3 - 0.1 V

Current at Term. 12 (In actual use external circuit

resistance (e.g. lamp should limit Term. 1 2 to the

maximum rated value of 100 mA.)
4 V, N (at f = 19 kHz) = 18 mV 1 75 100 - mA

Dynamic Characteristics

Input Impedance Z IN 7 - 50k - ft

Channel Separation (L + R Reference)*

V jN
= 180 mV

7 25 40 - dB

Channel Balance (Monaural) 7 _ 0.3 3 dB

Monaural Gain 3 6 9 dB

Stereo/Monaural Gain Ratio* 7 _ ±0.3 ±3 dB

Indicator Lamp — Turn-ON Voltage 5 19-kHz pilot-tone @ Term. 1 7 - 4 - mV
Capture Range (Deviation from 76-kHz center

frequency) 7,8
19-kHz pilot-tone

voltage = 18 mV 7 ±6.6 ±10 - %

Distortion (75-/us de-emphasis)

:

2nd Harmonic V |N
= 240 mV 7 - 0.2 - %

3rd, 4th, and 5th Harmonic 7 - <0.1 - %
19-kHz Rejection 7 _ 35 _ dB
38-kHz Rejection 7 - 25 _ dB
SCA (storecast) Rejection 7 _ 55 _ dB
Stereo Defeat Voltage (V4 ) - <0.9 V

Stereo Enable Voltage (V4 ) >1.6 - V

NOTE: For improved pilot sensitivity and overload characteristics, replace the .039 /jF capacitor

between Terminals 7 and 8 with a Series L-C Network (L = 4.7 mH, C = 0.015 //F).

Under these conditions, Indicator Lamp Sensitivity: 'ON' = 3.3 mV , OFF' = 2.0 mV

!

For stereo operation, test conditions require a composite!

stereo input signal (modulated at 1 kHz) including a

19-kHz (18 mV) pilot-tone signal.

Fig. 1 — Functional block diagram of the CA3090AQ.
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CA3090AQ

R68<
50K< + n 76 kHz TO" D8 38 kHz

VD9 DIVIDER
19 kHz DIVIDER Vdio

Vdii

ISCHMITT TRIGGER.LAMP
| SUBCARRIER DETECTOR

B

_J

-©

INTERNAL REGULATOR

[SUBCARRIER DETECTOR, MATRIX, POST AMPLIFIER

PRESENCE© ©—-SENSITIVITY—>©
FILTER

W W
ADJUST ^ RESISTANCE VALUES ARE IN OHMS

92CL-22497

Fig. 2 - Schematic diagram of the CA3090AQ {cont'd from previous page).
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®
NOTE I

THE BYPASS CAPACITOR MAY BE OMITTED WITH AN
APPROXIMATE LOSS OF ONLY I <JB IN GAIN

NOTE 2
IF TERMINAL 3 IS FLOATING OR GROUNDED, THE
CIRCUIT WILL FUNCTION IN STEREO REGARDLESS
OF THE VOLTAGE ON TERMINAL 4. IF TERMINAL 3
IS CONNECTED TO TERMINAL 6 (THROUGH A
47,000 OHMS RESISTOR), THE CIRCUIT CAN THEN
DEFEAT OR ENABLE THE STEREO FUNCTION

TO OSC. |
©~

TUNING
CIRCUIT

!

^9j*F:3

© ©

,R4IA
>I.5K

3
[lamp driver

(

INPUT

O—

|__PR£AMPLIFIER/ PHASE SPLITTER

CA3090AQ

/S INPUT
NOTE I ©CIRCUITw

BYPASS

| STEREO DEFEAT

(|)NOTE 2 'DEFEAT/ENABLE ©I

Fig. 2 - Schematic diagram of the CA3090AQ (cont'd on next page).
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CA3090AQ

O©®©©©©©

-Ov+

p pi Imp
92CS-22550

Fig. 3 — Test circuit for DC characteristics.

0039^F

rfei/.F

V4 > 1.6 V TO ACTIVATE STEREO
V4< 09 V TO DEACTIVATE STEREO

92CS-22552

Fig. 5 — Test circuit for use with stereo defeat/enable.
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Fig. 4 — Indicator lamp characteristics IIq vs. Vq^).
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Fig. 7 — Test circuit for measurement of dynamic characteristics.
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CA3090AQ

Fig.

VOLTAGE-CONTROLLED OSCILLATOR (VCO) FREQUENCY
(NO PILOT TONE APPLIED)— kHz 92CS-I9056

8 — Pilot-tone voltage level vs. VCO frequency with no
pilot-tone applied.

Fig. 9

68 72 76 60 84
VOLTAGE-CONTROLLED OSCILLATOR (VCO) FREQUENCY
(NO PILOT TONE APPLIED)— kHz

92CS- 19055

- Filter capacitance vs. VCO frequency with no
pilot-tone applied.

A—Foil side. B—Component side.

Fig. 10 — Photographs of the CA3090AQ and outboard components mounted on a 2 X 2'/i-inch

printed-circuit board to constitute a complete stereo multiplex decoder.
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CA3195

16-Lead Dual-in-Une
Plastic Package

RC Phase-Lock-Loop
Stereo Decoder
For FM Multiplex Systems

Features:

Low distortion (THD): 0.4% (typ.)

m Excellent SCA rejection: 70 dB typ.

RC oscillator

m High-audio-channel separation:

45 dB
m Power supply range: 10 to 16 V dc
m Requires only one adjustment for

complete alignment
m Low-impedance output: 40 Cl (typ.)

resistance

u Stereo indicator lamp drive:

150 mA typ.

RCA-CA3195 is a monolithic silicon integrated circuit RC
phase-lock loop stereo decoder intended for FM solid-state
stereo multiplex systems.

The CA3195 is similar to the CA758. The CA3195 output
resistance is much lower, making it capable of driving low
impedance loads without buffering.

The CA3195 decodes the multiplexed stereo input signal
into left and right channel audio output signals. The de-
coder also suppresses SCA (storecast) transmissions when
present in the composite stereo signal.

The decoder uses a minimum of external components, and
requires one adjustment (oscillator frequency) for com-
plete alignment. In addition, the CA3195 provides auto-
matic mono-stereo mode switching and energizes a stereo

indicator lamp.

The CA3195 is supplied in a 16-lead dual-in-line plastic

package and operates over an ambient temperature range
of -40 to +85° C.

"®—<

"©— -

*©-

©
SWITCH
FILTER

© ®

PHASE
-LOCK

DETECTOR

PILOT
PRESENCE
DETECTOR

© © © ©

76-kHj
TO

38-kHz
DIVIDER

56-kHl
TO 19 k Hi

QUADRATURE
DIVIOER

38-kH;
TO 19 kHi

IN- PHASE
DIVIDER

©
LEFT RIGHT
CHANNEL

DE -EMPHASIS

-©T

"^
OUTPUT

)RIGHT-©R

Fig. 1 — Functional block diagram of the CA3195.
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CA3195
MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25°C

DC Supply Voltage +18V
DC Supply Voltage (for « a 15-second period) +22V
DC Voltage at Term. 7 (Lamp Driver Circuit with Lamp "OFF" +22V
Device Dissipation:

Up to T a = 70°C 730mW
Above TA = 70°C derate linearly 9.1 mW/°C

Ambient Temperature Range:
Operating —40to +85°C
Storage —65 to +150°C

Lead Temperature (During soldering):

At a distance not less than 1/32" (0.79 mm) from case for 10 s max + 265°C

ELECTRICAL CHARACTERISTICS

CHARACTERISTIC

TEST CONDITIONS
(Referenced to Fig.3 unless

otherwise specified)

UNITS
V+ = 12V, TA = 25°C

Multiplex Input Signal (L = R,

pilot "OFF') = 300 mV RMS
19-kHz Pilot Level = 30 mV RMS
f (modulation) = 400 Hz or 1kHz

LIMTS

Min. Typ. Max.

Static Characteristics

Total Current Lamp "OFF" — 26 35 mA
Maximum Available Lamp

Current
75 150 — mA

DC Voltage at Term. 7 (Lamp
Driver)

1 (Lamp) = 50 mA — 1.3 1.8 V

DC Voltage Shift at either

Term .4 or 5 (Output)
Stereo-to-Mono Operation — 30 150 mV

Dynamic Characteristics

Power Supply Ripple Rejection
For a 200-Hz, 200-mV

RMS Signal
35 45 — dB

Input Resistance 20 35 — kQ

Output Resistance — 40 150 Q

Channel Separation (Stereo) At f = 100 Hz — 40 — dB

f = 400 Hz 30 45 — dB

f = 10 kHz — 45 — dB

Channel Balance (Monaural) — 0.3 1.5 dB

Voltage Gain At f = 1 kHz 0.5 0.9 1.4 V/V

Pilot Input Level:

19-kHz Input Lamp "ON" _ 15 23 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 Frequency)
±2.0 ±4.0 ±6.0 %

Total Harmonic Distortion
Multiplex Input Signal =600 mV
RMS (Pilot "OFF")

— 0.4 1.0 %

19-kHz Rejection 25 35 — dB

38-kHz Rejection 25 45 — dB

SCA (Storecast) Rejection
Measured Composite Signal:

80% Stereo. 10% Riot, 10% SCA
— 70 — dB

Voltage-Controlled Oscillator

(VCO) Tuning Resistance

Total Resistance (Term. 15 to 8)

required to set fp^p = 19 kHz
±10 Hz (Term. 11)

21.0 23.3 25.5 kQ

Voltage-Controlled Oscillator

Frequency Drift

0° < TA < 25°C — + 0.1 ±2 %
25°<TA < 70°C — —0.4 ±2 %
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CA3195

PLIFIER \ / \

Fig. 2—Schematic diagram of the CA3195 (cont'd on next page).

5kfl
OSCILLATOR

ADJ.

Fig. 3— Test circuit for measurment of dynamic characteristics.
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CA3195
TO OSCILLATOR

©TUNING
CIRCUIT

SWITCH FILTER

Fig. 2-Schematic diagram of the CA3195 (cont'd from preceded page).
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CA3195
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Fig. 8—Lamp turn-on and turn-off sensitivity vs.

ambient temperature.
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ambient temperature.
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CA270

16- Lead Staggered Quad-in-Line
Plastic Package

TV Synchronous
Demodulators
For Color and Black-and-White TV Systems

Features:
Synchronous detector with single tuned coil

Provides rf and if age (forward)

Tuner afc available with single quadrature coil

Dual-polarity noise inverters

Video amplifier

Positive- and negative-polarity buffered video

Differential if input

Optional use of gating pulse

Low-voltage, single-polarity power supply

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

inversion and sync inversion systems force

overshoots in the video waveform to be

returned to accurately defined potentials.

This design effectively removes dependence
on both the degree of overshoot and tempera-

ture variations. In addition, reduced current

consumption assures lower over-all power
dissipation, thereby improving reliability.

The three types are electrically identical in

most parameters. The CA270B has the most
stringent limits on white level, video in-

version, and afc dc offset. The CA270C has
the least stringent limits on white level and
video inversion, and no afc limits.

The CA270 series is supplied in a 16-lead

staggered quad-in-line plastic package ("W"
suffix).

IF IN

IF IN

V*(SUPPLY)

AGC (TUNER)

AGC(IF) —
AGC (FILTER)

GATE (NEG.)

N.C.

TOP VIEW

Terminal assignment.

— V-(GND)

— DEMOD COIL

DEMOD COIL

— AFC COIL
AFC COIL

— AFC OUTPUT
-VIDEO OUTPUT
R + SYNC
VIOEO OUTPUT

92CS-26935

AGC OUTPUTS
TUNER

AFC
QUADRATURE OUTPUT
TUNING

—-$-$-— J

H. TnGATE pulse
T ,r; ^ INPUT

^I^AWAND ««
ER -y—|j- (opT|ONAL)

92CM-26927

Fig. 1 -Functional block diagram of CA270AW, CA270BW. and CA270CW
TV synchronous demodulator.
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CA270
MAXIMUM RATINGS,
Absolute-Maximum Values at T^=25°C:
DC SUPPLY VOLTAGE (Between Terminals 3

and 16 for 10 s max., with current limited

to 100 mA) 18 V
DEVICE DISSIPATION:
Up to TA = 55°C 750 mW
Above TA - 55°C . . . derate linearly 7.9 mW/°C
OPERATING TEMPERATURE RANGE

-40 to +55°C
STORAGE TEMPERATURE RANGE

-65to+150°C
LEAD TEMPERATURE (During Soldering)

At distance 1/16" ±1/32" (1.59 ±0.79 mm)
from case for 10 s max +265°C

Fig. 2—Supply-current test circuit.

TUNER RF STAGE

Q + I2 V

IF CONTROL STAGE

DIFF. INPUT- V
°

x 1 ~ 1 1+1 " fi 5J~^(|)(2)(p(4)(5)(6)(7)(i)

-OOPTIONAL LINE GATING

O

S"
(J*)

(ft
(J3)

u
(J2) (jj) (JO) (9)

I AFC*
i OUTPUT

^yCJr

HM°'
6pF

HH a6pFH7

f4

^KjyuLr

S2
VIDEO OUTPUTS

, ~sZS^_
^28 V STABILIZED

t
TUNING POTENTIOMETERS

r n

<270kn
r

1_^__ + ^ |

> ka »
! . ' i

S TUNING I
|

DEM0D. AFC
TANK QUAD

CIRCUIT CIRCUIT

*L1 = L2 = 7 turns 26 swg tna wire

= 0.3 uh; Q (unloaded) = 125
Coil O.D. = 0.220" (5.6 mm) -±- VOL IAGE _±_ ^_
Freq. = 38.9 MHz

ACA270CW is not specified for AFC.

Fig. 3— Typical application circuit for CA270AWand CA270BW.

92CL-26929
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CA270
ELECTRICAL CHARACTERISTICS at TA = 25°C, Supply Voltage (V+ ) = 12 V, and Referenced to Test Circuit (Fig. 4).

CHARACTERISTIC TEST CONDITIONS MIN. TYP. MAX. UNITS

Supply Voltage, V+ V+=12V 10.2 12 13.8 V

Supply Current, l

+

(See Fig. 2)

V+=12 V 22 40 56 mA

Video Characteristics:

DC Output Voltage,

Term.9 (See Fig. 5) Zero Signal

CA270AW
CA270BW
CA270CW

5.7

5.8

5.5

6

6

6

6.3

6.2

6.5

V

DC Output Voltage,

Term. 10 (See Fig. 5) Zero Signal

CA270AW
CA270BW
CA270CW

5.6

5.7

5.5

6

6

6

6.4

6.3

6.5

V

Sync Tip Output

Voltage, Term.

9

Output=AGC thres-

hold (non-gated)

— 3 — V

AC Input Voltage,

Terms. 1,2

Input for output=

AGC threshold

50 70 100 mV

Input Res.,Term.

1

- 3.3 - Kft

Input Res., Term.

2

- 3.3 - Kft

Video Bandwidth,

Term.

9

At output = -3dB — 5 — MHz

Differential Gain See Note 1
- - 10 %

Differential Phase See Note 1
- - 10 deg

Intermod. Products:

Beat Freq.,1.6 MHz
Beat Freq.,2.8 MHz

See Note 1 (95% sat.

blue colour bar)

- - -60
-67

dB

dB

Rejection at Carrier

Freq., Terms.9,10,1

1

F=Video Carrier;V||^

for Term.9(dc)=3.7V

-40 — ~ dB

Rejection,Twice Carrier

Freq.,Terms.9,10,11

F=2X Video Carrier;

V||\j for Term.9(dc)

=3.7 V

-40 dB

AGC Characteristics:

Sat.Voltage, Term.4 Zero Sig.; I4 = 10 mA _ — 0.3 V

Sat. Voltage, Term.

5

Zero Sig.; I5 = 10 mA 0.7 - 1.2 V

Breakdown Voltage,

Terms. 4,5

I4 or 15=1 mA (sink) 14 — — V

Control Current,

Terms. 4,5

10 — — mA

Current Ratio I4/I5 I5 = 1 mA 6 - -

Input Signal Increase

with resp. to AGC
Threshold (See Fig.7)

AGC from threshold

to max.

0.5 dB

AGC Gating Pulse Input,
1

Term. 7 (optional)

Pulse voltage=V
+
to 0;

See Note 2

2 — V + V

Input Res.,Term.

7

- 1.8 - Kfi

AFC Characteristics:

(See Fig. 6)

Output Voltage,

Term. 1

1

f = fo
±0.2MHz

CA270AW
CA270BW
CA270CW

10

10

-
- Vp.

p

Output Voltage,

Term. 1

1

f = fQ ± 1.2 MHz
CA270AW
CA270BW
CA270CW

10

10 - - Vp.p

DC Offset Voltage,

Term. 1

1

Zero Sig.; measured

across R|_ =

50 Kft to +6 V

CA270AW
CA270BW
CA270CW

-1.7

-1 -
1.7

1 V

(V
+

).
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CA270
ELECTRICAL CHARACTERISTICS at TA - 25°C, Supply Voltage (V+ ) = 12 V, (Cont'd)
and Referenced to Test Circuit (Fig. 4).

CHARACTERISTIC TEST CONDITIONS MIN. TYP. MAX. UNITS
Noise Inverter

Characteristics:

Inversion Threshold,

Term. 9

Positive noise pulses - 6.6 - V

Inversion Threshold,

Term. 9

Negative noise pulses - 2.2 - V

Noise Inversion

Sensitivity,Term. 9

Signal inversion threshold

for complete inversion

10 mV

Video Inversion

Characteristics:

Video Inversion,

Term. 9 (at

low carrier levels)

Carrier increase

from to 5 mV
(appx.8% carrier)

CA270AW
CA270BW
CA270CW

- - 0.2

0.1

0.3

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 L1 for maximum differential output
between terminals 9 and 10. The input sig-

nal is then reduced to 25 mV and L1 is re-

adjusted for maximum output.

AFC Detector

The afc quadrature tank circuit should be
tuned only after the detector adjustment has
been made. Using the same input signal, in-

ductor L2 should be adjusted for 6 V dc
output at terminal 1 1 . The 0.5-pF quadrature
phase-shift coupling capacitors can affect
symmetry and actual values will depend on
the layout used. When L1 and L2 are properly
tuned, the output swing at terminal 11 will

be 10 volts minimum for frequencies of
±0.2 MHz to ±1.2 MHz about the if carrier

frequency.

AGC Detector

The 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-

sistor.

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 dc coupled,
but the maximum peak value must not ex-
ceed the dc supply voltage at terminal 3. If

dc coupling is used, the potential during fly-
back should be less than 0.5 volt and during
scan, greater than 1.5 volts.

Noise Inverter

Noise pulses in excess of 6.6 volts at terminal
9, which would result in "white spots", are
processed in the device by inverting and
clamping them to near black level (approx.
3.6 V). Noise pulses at levels of less than 2.2
volts at terminal 9 which would result in

sync noise interference, are inverted and
returned to black level.

Complete inversion occurs for signals 10 mV
above the inversion threshold.
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CA270
(CA270AW AND
CA270BW ONLY

)

o

«—

o

GATE PULSE
INPUT (OPTIONAL)

Fig. 4-Test circuit for CA270AW, CA270BW, and CA270CW.

TIME— fta

HOR. SCAN

92CS-2693I

-O.I fo +0.1

FREQUENCY— MHz
92CS-26932

Fig. 5— Typical waveforms for video outputs. Fig. 6— Typical AFC characteristic.

AGC
THRESH DLO

— .3

1

db-_^ V4 (RF)

//

/v5 (IF)R

•^v5TifTr"

lOkfl

"l.Tkfl"

i

SIGNAL INPUT— mV
92C5-26933

100
SIGNAL INPUT— mV

92CS-26934

Fig. 7— Typical AGC characteristics. Fig. 8— Typical transfer characteristics.
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CA1352E

14-Lead Dual-ln-Line

Plastic Package

TV IF Amplifier

With AGC and Keyer Circuit

Features:

Gain = 52 dB (typ.)

m Gain reduction — 66 dB (min.)

u Gated AGC accepts either positive
or negative video

Adjustable delay for tuner AGC

The RCA-CA1352E is a monolithic integrated cir-

cuit designed for use as the if amplifier in color or
monochrome TV receivers. It incorporates a high-
gain gated-AGC system with a range of 66 dB
(min.), and the rf AGC delay may be adjusted ex-
ternally. Separate inputs are provided for positive
and negative video; the gated AGC circuit will ac-
cept either, depending on the input terminal used.

The CA1352E is supplied in a 14-lead dual-in-line
plastic package, and is directly interchangeable
with the industry type 1352 in similar packages.

|F
OOOI„F

INPUTCHf

MAXIMUM RATINGS, Absolute-Maximum Values at TA
INPUT VOLTAGE (Terminal 1 or 2)

AGC INPUT VOLTAGE (Terminal 6 or 10)

HORIZONTAL KEYING VOLTAGE (Terminal 5)

SUPPLY VOLTAGE:

Between terminals 4 and 11

Between terminals 7 or 8 and 4

DEVICE DISSIPATION:

Up to TA = 55° C

Above TA = 55° C

AMBIENT TEMPERATURE RANGE (TA )

Operating

25° C:

VIDEO/BIAS

Fig. 1 — Block diagram.

10 Vp-p

6 V

10 to -20 VDC

18 V

18 V

750 mW
derate linearly at 7.9 mW/°C

-40 to +85° C

.-65 to+150°C
Storage

LEAD TEMPERATURE (During Soldering):

At distance 1/16 + 1/32 in. (1.59 ±0.79 mm) from case for 10 seconds max +265°
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TV/CATV Circuits

ELECTRICAL CHARACTERISTICS at TA = 25°C, V+ = 12 Vdc, f = 45 MHz

®"F © © © (®

(j) © ® ©0001© © ©

4 70pF;L ^;470pF

CA1352E

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS
Min. Typ. Max.

Power Gain V|N = 100juV,seeFig.3 43.5 52 - dB

AGC Range See Fig.

3

66 - - dB

Total Current (I7 + ls + hi) No signal, see Fig.

3

19 - 35 mA

Output Stage Current (I7 + Is) 4.6 - 7.4 mA

Tuner AGC
Voltage at Terminal 12

No signal - - 0.6
V

Max. signal 6.5 - -

Single-Ended Input Capacitance V|N = 30 mV at 45 MHz - 10 - pF

Single-Ended Input Resistance
- 0.9 - kD.

Single-Ended

Output Capacitance V|N = 100 mV at 45 MHz _ 2.5 — pF

Single-Ended

Output Resistance V|N - 100 mV at 45 MHz 20 - kJ2

rh 3
T,:

I (J)
PRIMARY, 2 5 TURNS *20 WIRE

~ -6V SECONDARY, 7 5 TURNS *25 WIRE

T2:

PRIMARY, 13 5 TURNS + CT*2SWIRE

SECONDARY 1.5 TURNS* 20 WIRE

CORES

PER MACOR S7-623O-0

TURN POWER OFF BEFORE SETTING SWITCH POSITIONS

SET SWITCHES TO POSITIONS SHOWN :

92CM-28II3

CHARACTERISTIC S5 S9 S10 S13 V| MEASURE

Power Gain 1 2 1 1 100 /iV V UT1

AGC Range 2 2 2 Note 1 V UT2

Total Current

<I 7 -H8 +I11> 1 1 1 No Sig. l7+'8 + l 11

Output Stage Current
<l7 + '8> 1 1 1 No Sig. '7 +'8

Tuner AGC Voltage:

At V-J2 Low 3 2 2 100 mV V12 Max.

At V! 2 High
I

2 1 | 2
I

2 100mV V-|2 Min.

Note t: Increase input signal until VquT2 = vOUT 1
<v

l
5*200 mV).

Fig.2 — Test Circuit.
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CA1352E

f©-

AGC PROCESSOR
AGC

STORAGE

©

"V®

—

i

VIDEO/ BIAS

'A_rh ^—<

®

Fig.3 — Schematic diagram.

CIRCUIT DESCRIPTION

As shown in the block diagram. Fig. 1, the

CA1352E consists of a high-gain if ampli-

fier (52 dB typ.), an AGC processor which
accepts either polarity video signal (approx.

3.5 Vp.p), and an rf AGC amplifier with
delay circuit. For proper operation the
AGC processor requires three inputs:

( 1

)

A negative-going keying pulse of approxi-

mately 8 Vp.p applied to terminal 5.

(2) A video signal suitably biased.

a) If a white positive video signal is

used, it is applied to terminal 6.

The sync tip should be biased at

+ 2 V.

b) If a white negative video signal is

used, it should be applied to termi-

nal 10. The sync tip should be
biased to +4.5 V. It is recommended
that an additional external resistance

of 3.9 k£2 be inserted in series with
the key input (terminal 5) when white
negative video is used.

(3) The third input to the processor is a dc
bias potential.

a) For white positive video signals the

bias is applied to terminal 10. The
value of the bias is +1 to +4 Vdc, with

a nominal value of +2 V.

b) For white negative video signals, the

bias is applied to terminal 6. The
value of the bias is +8 to +1 Vdc, with

a nominalvalue of +4.5 V.

The AGC processor charges the AGC storage

capacitor, connected externally to terminal

9, during the keying pulse. The amount of

charge is determined by the amplitude of the

video signal and the dc bias potential. As
shown in the schematic, the current is dis-

charged through Q7. The AGC potential

across the external capacitor is applied to

the if amplifier and to the AGC delay and
control circuits.

The if amplifier consists of a modified cas-

code-balanced amplifier. The input stages

Q21 and Q25 operate at a fixed bias point
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CA1352E

ALL RESISTANCE ARE IN OHMS

92CL-28II

Fig.3 — Schematic diagram.

to reduce the input impedance variations as

a function of signal level. At maximum if

gain the total collector current of Q21 and

Q25 flows through the ac grounded-base tran-

sistors Q17 and Q20, respectively. When
the signal level at the input increases and

the AGC becomes functional, part of the

collector currents are diverted to dummy
loads Q18 and Q19. The if signal at the

collectors of Q17 and Q20 are connected

to the balanced output amplifier consisting

of Q29 through Q36. The output im-

pedance is held nearly constant because the

output stages are operated at a constant

current determined by Q36.

The delayed rf AGC voltage at terminal 12

varies from less than 0.6 V with no signal

input to greater than 6.5 V at high input-

signal conditions.

The tuner AGC threshold point can be

changed by the voltage applied to terminal

13. Increasing V13 "delays" the rf AGC
so that turn-on occurs with higher input-

signal levels.

I©"IF INPUTS ;=r
—@IF AGC FILTER

—@ DELAY ADJUST

GNO (?)- —(15) TUNER AGC OUT

gnd(7)- CAI352E r©v*
ORIZ KEY(T)— —(lO)viDEO/BIAS

>t O/BIAS (?)— —(?) AGC STORAGE

F OUTPUT (?)— —(a) IF OUTPUT

TOP VIEW

92CS-28II4

Fig. 4 — Terminal assignment.
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CA3068

20-lead quad-in-line

plastic package

Television Video IF System
FEATURES:

High-gain wide-band IF amplifier: 75 dB typ. at 45 MHz
Gain reduction with excellent stability: 50 dB typ. at 45 MHz
Video detector with linear characteristics

Video amplifier: 12 dB gain

Impulse noise limiter

Keyed AGC with noise immunity circuits

Delayed AGC for tuner

Buffered AFT output

Separate sound IF intercarrier amplification

Sound carrier detector

4.5 MHz sound carrier amplifier

Isolated zener reference diode for regulated voltage supply

RCA-CA3068* is a monolithic integrated circuit that in-

corporates an entire video TV-IF subsystem on a single chip.

Innovations in integrated circuit design, in addition to the

many active devices- and closely matched components uti-

lized in the circuit, make the CA3068 ideally suited for use

in color and black-and-white TV receivers.

The primary functions performed by the IF subsystem are

video IF amplification, linear detection, video output ampli-

fication, AGC from a keyed supply, AGC delay for tuner,

sound carrier detection, sound carrier amplification, and a

buffered AFT output. The advanced circuit design of the

CA3068 also includes secondary functions for improved

noise immunity and minimal airplane flutter. An isolated

zener reference diode, incorporated in the IC, provides a

convenient and economical means for controlling the regu-

lated voltage supply. The inherent wide bandwidth capability

(10-70 MHz) and high overall gain (87 dB) make the CA3068
suitable for other AM IF applications whose frequencies

range within this bandwidth.

The CA3068 utilizes a unique 20-lead quad-in-line plastic

package. This package also includes a wrap-around shield

that serves to minimize interlead capacitances.

Formerly Developmental No. TA5914

I

st PIX-
IF-
TUNER-

4 5MHI
SOUND
OUTPUT

KEYING
PULSE

-@-^/W-«-0

Fig. 1 Functional block diagram of the CA3068.
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CA3068
MAXIMUM RATINGS, Absolute Maximum Values, at T/\ = 25°

C

DC Supply Voltage:

Between Terminals 1 5 and 5* 11-3 V

Terminal 7 (Collector to ground) 20 V

Terminal 9 (Collector to ground) 20 V

DC Current (into Terminal 18) 2 mA

Device Dissipation:

Up to TA = 60°C 600 mW

Above Ta = 60°C derate linearly 6.7 mW/°C

Ambient Temperature Range:

Operating -40 to +85 °C

Storage - 65 to +150 °C

Lead Temperature (During soldering):

At distance not less than 1/32" (0.79 mm) from case for 10 seconds max +265 °C

* This rating does not apply when using the internal zener reference in

conjunction with the pass transistor.

NOTE : Q|9 THROUGH Q29 are
EMITTER FOLLOWERS.
ALL RESISTANCE VALUES

\ 2 c

ARE IN OHMS
ALL CAPACITANCE VALUES
ARE IN pF

Fig. 2 - Simplified schematic diagram of the CA3068.
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CA3068
ELECTRICAL CHARACTERISTICS at TA = 25°C

CHARACTERISTIC SYMBOL

TEST CONDITIONS LIMITS

UNITS
CIRCUIT

Fig. No. Min. Typ. Max.

Static (DC) Characteristics

Quiescent Circuit Current '15 - 3 15 - 45 mA
DC Voltages:

Terminal 2 (Sound) V2
_ 5 _ 6 V

Terminal 3 (Keying Input) V3 - 3 6.4 - 10 V

Terminal 7(1) (AGC) V7 - 3 16 - 21 V

Terminal 7 (2) (AGC) v7
- 4 -

1
- V

Terminal 8 (AGC Delay) V8 - 4 - 4 - V

Terminal 9 (Cascode Collector) Vg - 3 - 8.5 - V

Terminal 16 (Bias) V16 - 3 1.1 - 2.3 V

Terminal 18 (Zener) V18 v5
= v 17 = V, l 18 = 1 mA - 10.6 11.9 13.2 V

Terminal 19 (White Level) V19 - 5 6 - 10 V

Dynamic Characteristics

Video Sensitivity e| f = 45.75 MHz, Mod. (AM) = 85%
at 400 Hz; Adjust e| for 4 Vpp at

Term. 19

6

40 100 200 fiV

Sync. Tip Level Voltage V19 f = 45.75 MHz, e|(CW) = 10 mV 6 0.4 0.8 1.6 V

Automatic Fine Tuning (AFT)

Drive Level Voltage

V14 6 - 15 - mV

Delay Bias Voltage:

Ate| = 10 mV
V7

f = 45.75 MHz, e|(CW) = 20 mV;

Adjust Ri for V7 - 14 V
6

16 V

At e| = 30 mV 0.5 - 2 V

3.58 MHz Chroma Output
Voltage

V19 f = 45.75 MHz, e|(step mod.) =

10mV;

fl =42.17 MHz, e|(step mod.) =

3.33 mV

6 0.5 0.8 -
V

4. 5-MHz Sound Output Voltage V2 f = 45.75 MHz, e|(step mod.) =

10 mV;
f2 = 41.25 MHz, e|(step mod.) =

2.5 mV

6 50 200 - mV

Parallel Input Impedance:

Resistance at Term. 6

Capacitance at Term. 6

R|-6

c
l
-6

fQ = 45.75 MHz

Impedance and Admittance

measured at bias conditions

as developed by circuit

shown in Fig. 7

7 4

2

-

pF

Resistance at Term. 12

Capacitance at Term. 12

R|-12.

C|-12

7 - 4.5

4

- kn

pF

Resistance at Term. 13

Capacitance at Term. 13

R| 13

C|-13
7

- 5

4 :
kQ.

pF

Parallel Output Impedance:

Resistance at Term. 9

Capacitance at Term. 9

Ro-9

Cq-9
7 30

3

- kQ.

pF

Cascode Transfer Characteristics:

Magnitude of Forward

Transadmittance

|Vf| 7 - 50 - mmho

Reverse Transfer Capacitance Cr 7 - 0.001 - pF
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V*=II.3V

T®rr

—

n©©©©©©©©

©©©(3®©©©®®

ALL RESISTANCE VALUES ARE IN OHMS
92CS-I754I

Fig. 3 - Test circuit for measurement of quiescent current

(1 15), keying terminal voltage (V3), bias voltage (V16), AGC
terminal voltage 1 (V7), and cascode collector voltage (Vg)

TV/CATV Circuits

CA3068
V + =II.3V

n
I7J © Oy Of) (I3) Q.

(2) (3) (4) (5) (6

ALL RESISTANCE VALUES
ARE IN OHMS

92CS-I7542

Fig. 4 - Test circuit for measurement of AGC terminal

voltage 2 (V7) and terminal 8 voltage (Vg).

_r

n
i9)®(r?)©Q5)(!3)(S)(l

TYPE
2N5I83

340 "

^ OI^FX 0l«F 6.8K

2) (3) (4) (5) (6) (7

ALL RESISTANCE VALUES
ARE IN OHMS

92CS-I7543

Fig. 5 - Test circuit for measurement of white level (V,g) and terminal 2 voltage (V2A
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CA3068

4.5MHz AFT VIDEO OUTPUT
OUTPUT DRIVE 3.58 MHz OUTPUT

R| = 50 Kfl POTENTIOMETER
L| =2.2 M H: ADJUST No OF TURNS FOR ALIGNMENT
L2«I5 M H: ADJUST No- OF TURNS FOR ALIGNMENT
C £ I pF : ADJUST FOR PROPER ALIGNMENT

ALL RESISTANCE VALUES ARE IN OHMS
UNLESS OTHERWISE INOICATED, ALL CAPACITANCE VALUES
LESS THAN 1.0 ARE IN MICROFARADS
1.0 OR GREATER ARE IN PICOFARADS

HP 608C
OR EQUIVALENT
RF GENERATOR

TEST
CIRCUIT

-0

O 92CS-I7537RI

(a) Test setup for measurement of video sensitivity, sync, tip level, delay bias, AFT drive voltage.

H.P 608C
OR EQUIVALENT
45.75MHz

H. P 60SC
OR EQUIVALENT

41.75 OR
42.17 MHz

H.R I0534A
MIXER —OTOTEST CIRCUIT e

e mod
-o

ALL RESISTANCE VALUES ARE IN OHMS

I- ADJUST LEVEL "a" TO GIVE
6dB ATTENUATION OF MIXER

2 -ADJUST LEVEL "b" SO THAT
THE STEP (a-b) AT VIDEO
OUTPUT TERM. IS 3 VOLTS
APPLY ONLY 45.75 MHz TO
ADJUST STEP WAVEFORM.

(b) Test setup for measurement of sound and chroma outputs.

Fig. 6 - Typical dynamic test circuit diagrams.
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CA3068
V + =30V

FROM
TUNER
(» ^VW

ALL RESISTANCE VALUES ARE IN OHMS.
ALL CAPACITANCE VALUES ARE IN MICROFARADS

UNLESS OTHERWISE SPECIFIED.

Fig. 7a - Color TV-IF amplifier test circuit.

PIX CARRIER
45.75 MHz

47.25 MHz
ADJACENT CHANNEL
SOUND TRAP

41.25 MHz
CO-CHANNEL
SOUND TRAP

Alignment of the I F Amplifier

1. Apply a 2 to 4 mV signal from a sweep generator, Telonic

SV13 or equivalent to the input of the IF amplifier.

2. Apply a negative DC supply voltage, to the Gain Adjust

Terminal.

3. Set the gain supply voltage to provide a peak-to-peak

output of 6 volts.

4. The overall response curve should conform to the

waveform shown in Fig. 7b.

92CS-I7549

Fig. 7b - Color TV-IF amplifier with associated waveform

and test circuit.
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CA3068
A TYPICAL COLOR-TV VIDEO SYSTEM

REMOTE
CONTROL
RCVR
CA3035

3 58
MHz
OSC

92CL -I7539B

Fig. 8 - Block diagram of a typical color TV receiver utilizing the CA3068.

Application Information
A block diagram of a typical color TV application of the

CA3068 is shown in Fig. 8. The input from the TV tuner is

applied to the IF cascode amplifier of the IC. The cascode

amplifier has a gain reduction of 50 dB typ. and a gain of 35
dB typ. The cascode output is coupled to succeeding stages

via the IC lead interconnections. Associated with the cascode
amplifier is an AGC delay network that provides gain control

for the RF amplifier. This arrangement enables the circuit

designer to introduce the desired bandpass-shaping circuitry

between the cascode input stages and the remaining IF

stages. These IF stages provide an additional gain of 40 dB
typ. The output, taken from the emitter of the second IF

stage, also provides a buffered AFT signal that is designed to
drive the RCA-CA3064 TV Automatic Fine-Tuning IC.

The IF detector circuit provides an extremely linear output
signal that is DC coupled to the first video amplifier. The
first video amplifier has a voltage gain of 12 dB typ. The
detector and video amplifier circuits provide a signal which

has in addition to its linear output an extremely sharp

limiting characteristic. The maximum video output level is

approximately 7 volts peak-to-peak. The sharp limiting action

of this circuit clips any signal (e.g. impulse noise) that

exceeds this 7-volt value.

The video amplifier also provides a signal which drives a

keyed AGC signal. The unique keyed AGC circuits utilize

active devices that virtually eliminate noise from interfering

with the action of the AGC. A separate sound section

provides amplification at intercarrier frequencies, sound

carrier detection, and sound carrier amplification. This sound

section is designed to drive the RCA-CA3065 TV Sound
System IC.

A color IF circuit with associated performance data is shown
in Fig. 7. For a more detailed description of the CA3068 and

related performance and IF printed circuit construction

information, refer to the RCA Application Note AN-4544.

886



TV/CATV Circuits

!%

ff
i

i

16-LEAD Plastic

"Pdwer-Slab"
Diial-ln-Line

Package H-1902

CA3136P

TV Video IF

Phase-Locked-Loop
Synchronous Detector
for Color TV Receivers

FEATURES:
PLL carrier oscillator with wide pull-in and hold-in range

Excellent low-level detector linearity

Noise inversion at video output

Wide range, variable zero-carrier level adjustment

Automatic Fine Tuning (AFT) Detector

Separate output for sound take-off

m 12-volt power supply

The RCA-CA3136P is a linear IC synchronous detector

employing a phase-locked oscillator to demodulate the

45.75-MHz video IF signals in color-TV receivers. The

CA3136P features AFT voltage for dc control of the tuner;

an adjustment for the zero-carrier dc level at the video

output terminal; an amplifier arrangement for inverting

noise impulses toward the black level; and a separate

output terminal (non-inverting) for the sound IF.

The CA3136P is supplied in a 16-lead plastic "power-slab"

dual-in-line package.

The "power slab" package has an inherently low junction-

to-case (slab) thermal resistance and lends itself to a wide

variety of heat-sink methods, depending on the application

requirements.

MAXIMUM RATINGS, Absolute-Maximum Values:

Power Supply Voltage • •
1
j* ^

Power Supply Current
iuu rrm

Input Signal Voltage
1 Vrms

Device Dissipation:
• |

. -y AfiO C* .
' "^ "*

AkveTV=45°c7.!!""l"""!^"!""!'^^ derate linearly at 13.3 mW/°C

Thermal Resistance: 7K°r/w
R'&JA (Junction to Ambient) •

7b °/w

Ambient Temperature Range:
^ .

.

-40 to +85 O

S^.::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
-—«»°

Lead Temperature (During Soldering):

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

for 10 seconds max 265 c
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CA3136P
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
INPUT (Terminal 4). While monitoring the
VIDEO OUTPUT (Terminal 10), make the
following adjustments in the indicated se-
quence; (1) adjust the VCO TUNING coil
for a dc signal (lock). (2) Adjust the LIM-
ITER TUNING coil for a minimum dc volt-
age 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
dc voltage at the AFT OUTPUT (Terminal
12). (5) Return the AFT DEFEAT switch to
its open position, and adjust the AFT TUN-
ING coil for the same dc voltage noted
when the AFT DEFEAT switch was closed.
(6) Remove the rf input and adjust the
ZERO CARRIER BIAS potentiometer for 7
volts dc on the VIDEO OUTPUT (Terminal
10). This final adjustment completes the
alignment procedure.

AFT DEFEAT

>OOI

AFT OUTPUT .„. _„,.„
VC0 VN INli ZERO CARRIER

V0|_ APC FILTER ^L vtQBIAS ADJUST
680 IsVl L" ° 2 "H

r-'vw-i ,_»__,, Q=ioo iok;

X MF
(fe © f

(p X© (7)

VIDEO IF INPUT

Fig. 1 - Block diagram of the CA3136 in a typical circuit application.

ISO mVrmt
(MODULATION
ENVELOPE)

Fig. 2 - Typical detector output linearity.
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CA3136P

Fig. 3 - Schematic diagram (cont'd on next page).

LIMITER /T\
TUNING \U

LIMITER rT\-—
TUNING vi/

GROUND (V")(D

VIDEO IF fl\__
INPUT ^-V

APC FILTER (?)

VCO TUNING (I)—

VCO TUNING (7)

(«) AFT TUNING

(j?) AFT TUNING

(J4)
AFT DEFEAT

(j3)GROUNO<V~)

@ AFT OUTPUT

x^n ZERO-CARRIER
\iD BIAS ADJUST

I/O. VI DEO OUTPUT
k5> (NEGATIVE-

GOING SYNC )

(a) SOUND^TAKE-OFF
OUTPUT

92CS-28845RI

TERMINAL DIAGRAM

889



Linear Integrated Circuits

CA3136P

Fig. 3 - Schematic diagram (cont'd from previous page).

> '°

>- 8

<

d e

<

2

SUPPLY VOLTAGE (V+l-ia V |j||

f

I^WMPiMPirSli^S
45 25 453 45.4 45 5 456 457 458 459 46

CARRIER FREOUENCY (f c )— MHz

2CS- 26846

Fig. 4 - Typical AFT output of CA3136P.
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CA3136P

TYPICAL ELECTRICAL CHARACTERISTICS

At V+ = 12 VDC, fc = 45 MH;z, TA = 25'>C

TEST VALUE

CHARACTERISTIC SYMBOL CONDITIONS Min. Typ. Max. UNITS

Supply Current Is + lio 60 80 mA

Video-Output Voltage V10 Zero Carrier

Bias Adjust

7 Vdc

Noise-Inversion Offset V10 Referenced to Zero- -0.2 0.3 + 0.8 Vdc

Voltage Carrier Level

Sound IF-Take-Off Output v9 V10 = 7 Vdc 7.7 Vdc

Voltage

AFT Output Voltage Vl2 AFT Defeat

Switch Closed

2.4 3 3.6 Vdc

Oscillator Pull-In Range 3 MHz

Oscillator Hold-In Range 6 MHz

Detector Conversion Gain 26 30 dB

Video Bandwidth 9 MHz

Carrier Rejection at Video

Output:

fc = 45 MHz 30 dB

2 fc = 90 MHz 40 dB

Video IF

Parallel Input Impedance:

Resistance at Term. 4 R P
4 kQ

Capacitance at Term. 4 C P
5 pF

Sound Take-Off Output

Resistance at Term. 9 Ro 1 MHz 50 O.

Video Output Resistance at

Term. 10 Ro 1 MHz 50 a

891



Linear Integrated Circuits

CA3153E

E-Suffix Type
16-Lead Dual-in-Line

Plastic Package H-1622

Television Video
IF System

FEATURES:
Improved age m Internal shunt regulator

Fast response m For color or monochrome
Sample and hold keyed

m High gain wideband IF amplifiers

m Delayed age output for tuner

Gain reduction with excellent stability

m Linear video detector

m Video amplifier

u Low noise

The RCA-CA3153E is a monolithic 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

* The CA3068 is described in RCA data bulletin

File No. 467.

performance has also been improved through the use of a

sample and hold keyed system. The RCA-CA3153E is

designed to interface with the RCA-CA3139# Automatic
Fine Tuning (aft) circuit, and intercarrier amplifier.

#The CA3139 is described in RCA data bulletin

File No. 905.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE:
Between Terms. 15 and 4 16 V
Between 470O connected to Term 12 and 14 35 V

DC SUPPLY CURRENT:
At Term. 15 20 mA
At Term. 12 30 mA

DEVICE DISSIPATION:
Up to TA = +55°C 750 mW
Above Ta = +55° C Derate linearly at 7.9 mW/° C

AMBIENT TEMPERATURE RANGE:
Operating -40 to +85° C
Storage -65 to +150° C

LEAD TEMPERATURE (During Soldering):

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max +265°C
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ELECTRICAL CHARACTERISTICS at TA = 25°C

CA3153E

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS
Min. Max.

Operating Supply

Voltage, V15
See Note 1

12 14.2 V

Supply Current, I15 3 15 mA

Shunt Regulator

Voltage, V12 10.9 13 V

Shunt Regulator

Current, 1 1

2

V 12
= 10.5 V

6 20 mA

Tuner AGC High

Voltage, V-|q 18.5 21 V

Tuner AGC Low
Voltage, Vig 0.3 1.3 V

AGC Current, I2 Non-Keyed 80 500 MA

AGC Current (Peak), I2 Keyed Source Current 0.7 3 mA

AGC Current (Peak), l2 Keyed Sink Current 150 680 ma

Horizontal Key Input Through 100 k£2

connected to Term. 1 25 35 V

Video Output High

Voltage, V-|g

At Zero Carrier

7 10 V

Video Output Low
Voltage, V15

At 30 mV Input

0.9 2 V

Sensitivity Voltage, V^jg At400uV Input 0.9 5 V

Noise - 12 mv(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 15k« connected

to Term. 7. See note 2 Vl5 V

Note 1 :
v 15 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 m » (RMS).

TERMINAL DIAGRAM

KEY PULSE INPUT (7)-

AGC FILTER©-
Al INPUT®- TOP

gnd£> vcw

X CA3153E
CLAMP CAPACITOR (5>-

Al OUTPUT. A2 INPUT ©-
AGC DELAY 0-
IF AGC BIAS (t}-

j?)V»EO OUTPUT

®+YS2
@SUBST
@DET.BIAS

-@ +VS | SHUNT REG.

-(jT) A3 INPUT a OCT

-® TUNER AGC

-®A2 OUTPUT

•2C3-3KMZ
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CA3153E

®-

® ®®

oiir

©-

f»s Q2 f*.

(z> 5='

![D2

QM ± CI QI3
IOpF £ R|7

I.4K

IF AMPLIFIER AND AGC OUTPUT SYSTEM

|
Q) —— QI 5]

03,6,7,8, 12, 13, AND 0I5 ARE EMITTER FOLLOWERS.

JR27
'740

*-© ©
92CL-3I067

T
Fig. 1 — Schematic diagram for the CA3153E (cont'd on next page).
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CA3153E
THIRD IF-AMPUFIER STAGE, DETECTOR,
AND VIDEO-AMPLIFIER SYSTEMS

QI6,I7,I9,2I,22, 25,27,30, AND Q3I ARE EMITTER FOLLOWERS

032,33,35, AND Q36 ARE EMITTER FOLLOWERS

92CL-3I067

Fig. 1 — Schematic diagram for the CA3153E {cont'd from previous page).
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CA3153E

-.

|

t U i r—1
1—4> r-ll-H

Tw*1 ^
T BEADS

[

1

—

X >2KTYP

92CL-3I066

F/g. 2 - Functional block diagram of the IF amplifier-system of CA3153E with typical peripheral circuitry.

AGC System (See Fig. 3)

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 locked to the sync

signal (for example, during channel selection).

The negative-going sync signal at the video

output, Terminal 16, is applied to transistor

Q41 through resistors R51 and R52 which

act as current-limiting and filtering compo-

nents. The sync signal is inverted and ampli-

fied by transistor Q41. The video portion of

the signal is cutoff by the saturation voltage

of Q41. When the TV system is in synchroni-

zation, the positive sync pulse at the collector

of Q41 is coincident with the key input at

Terminal 1 , Transistor Q42 is turned off by

the key pulse. Capacitor C13 is charged by

the positive sync pulse through diode D9.

The amplitude of the potential at C13 is pro-

portional to the video-signal amplitude. The

voltage is transfered through transistors Q40,

Q38, Q36, and Q35 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 Q37 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 D8 provides a

lower-gain age path for turn-on during chan-

nel acquisition.

Noise-Gate System (See Fig. 3)

The circuit components, C11, R54, Q32,

Q33, and Q43 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.
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CA3153E

TO OUTPUT
STAGES

(IF AMPLI.AND
AGC OUTPUT
SYSTEMS,

FIG. 4)

032,33,35, AND Q36 ARE
EMITTER FOLLOWERS.

±- 92CM-3I063

Fig. 3 — Noise-gate and AGC system of CA3153E (Q34-Q43).

4r POT-K-H
SENS).JTL

T "-T—' "T*—'

' « T * Tfr-I if
"

I

-.— -_

riiMpfO ri\ Al fT^AI OUTPUT A2 (g\ ft\ AGC (Tl AGC DELAY Oo)Tyj?^RCLAMP (5) (3)|NPUT WA2 INPUT INPUTW Sc^BIAS_ _ ^_ _T_ S^ AGC
.

Vk)(AGC)

-+I3V * I I

-vdelay >! l>

^

5?D2

I

NOTE: 03,6,7,8,12,13, AND Q15 ARE EMITTER FOLLOWERS

»2CL- 31064

NOR? | SVC

+ 15

Fig. 4 — IF amplifier and AGC output system of CA3153E (Q1-Q15).
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CA3153E

+_
VS2 §>3^T

VI2* 1 * 1
1

016,17,19,21,22,25,27,30 AND 031 ARE EMITfER FOLLOWERS.

Fig. 5 — Third IF-amplifier stage, detector, and video-amplifier systems of CA3153E (Q16-Q31).
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16-Lead Dual-ln-Line

Plastic Package

CA3191E

Television Video IF Amplifier,

Sync Separator, and
AGC Processor

Features:

High-gain wide-band if amplifiers

m Sample-and-hold keyed age
Composite sync separator with

noise immunity

Fast age using PIN diodes

Gain reduction with excellent stability

Internal varactor pole shift

at max. gain

The RCA-CA3191 E* is a monolithic silicon

integrated circuit designed to perform if

amplification, forward and/or reverse tuner
age, and composite sync-separation
functions in color or monochrome TV
receivers.

PIN diodes are used in the if amplifiers for

gain control, resulting in increased
dynamic range and better signal-to-noise

ratio. The CA3191 also includes a varactor
in the first if amplifier to improve receiver

performance at weak signal conditions and
a high-performance sync separator with

integral noise inverter protection. In

addition to the above new -high
performance features, the age performance
has been improved through the use of a

better sample-and-hold keyed system in

comparison to other widely used amplifier-

detector video if IC types with integral age
systems.

Delayed forward and reverse

tuner age
Low noise - > 55-dB S/N
84-dB gain typical when used
with CA3 192
+ 12-Vsupply

The CA3191E is designed to interface with

the RCA-CA3192E* linear video detector,

automatic fine tuning (aft), and intercarrier

mixer/amplifier.

The CA3191E is supplied in the 16-lead
dual-in-line plastic package (E suffix).

^Formerly Dev. Type No. TA10273.

•Refer to the RCA technical data

bulletin on the CA3192E.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE:
Between Terms. 11 and3, 13 14V
Between 24K connected to Term. 6 and 3, 13 25 V

DC SUPPLY CURRENT:
At Terms. 1 + 2 + 1 1 + 14 at Max. Gain 60 mA
At Term. 6 (Open Collector) 2 mA

DEVICE DISSIPATION:

Up to TA=+55°C 750 mW
Above Ta=+55° C Derate linearly at 7.9 mW/° C

'

AMBIENT TEMPERATURE RANGE:
Operating -40 to +85° C
Storage -65 to +1 50° C

LEAD TEMPERATURE (During Soldering):

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm)
from case for 10 s max +265° C
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CA3191E
ELECTRICAL CHARACTERISTICS at Ta=25°C, +12-V Supply, Test Circuit - Fig. 7

CHARACTERISTIC TEST CONDITIONS
LIMITS

UNITS
Mln. Typ. Max.

Operating Supply Current
See Note 1

h+12+1-11+1-14

- 40 60 mA

Supply Current
See Note 2

h+12+111 + 114
15 20.5 30 mA

Initial Alignment
See Note 3

Fixture Tune Volt.
8 15 V

Bandwidth

45.75-MHz Response
See Note 4 55 70 85 %

Skew (Pole Shift) See Note 5 35 60 85 %
Maximum Gain See Note 6 — 80 — dB
AGC Gain Reduction See Note 16 — 80 — dB
Sensitivity See Note 6 1.5 3 — AV
AGC Delay 1 See Notes 7, 9 0.75 1 mA
AGC Delay 2 See Notes 8, 9 100 150 /*A

Noise See Note 10 — 9 11 mV(rms)

Picture/Noise See Note 1

1

55 57 — dB
See Note 12 4.5 5 6

Vp.p
4.5 5 6

A@ 50 mV See Note 13 — 6Vp-p — Ref.

IF AGC B@ 5 mV 95 — 110
%

C@100 mV 90 — 105

Bar (100 IRE) To Sync See Note 14 2 2.5 3 Ratio

Sync Tip See Note 15 1.4 1.8 2.2 V
Input Impedance See Note 1 - 1K - n

Notes:

1. No signal, age bias = ground (maximum gain).

2. No signal, age bias = +10 V (minimum gain).

3. Adjust sweep generator for 50 mV (rms) across an external 50-ohm termination and sweep width of

10 MHz centered at 44 MHz.Apply sweep signal(without50-ohmtermination)to test-fixtuie input.

Apply positive voltage (0 V to 10 V) to age bias input on fixture and adjust for a peak response (44

MHz) of 3 V above ground while adjusting fixture tune voltage so that the response at 42.1 7 MHz and
45.75 MHz are equal. This corresponds to a 5 to 8-V peak-to-peak response curve on an oscillo-

scope. Measure the fixture bandwidth tune supply voltage.

4. Retain tune voltage and age bias voltage from previous test. Measure response at 45.75 MHz with re-

spect to peak response (44 MHz).
5. Retain tune voltage. Reduce amplitude of sweep signal 34 dB [1 mV (rms) across 50 ohms]. Adjust

age bias voltage so that the response at 45.75 MHz is 3 V above ground. Measure response at 42.17

MHz with respect to 45.75 MHz.
6. Retain tune voltage. Remove sweep signal. Apply +10 V to age bias input. Measure video output,

vOH- (The voltage will depend on the individual unit of RCA-CA3192E used in the test circuit and will

be between 8 and 1 1 volts.) Remove +10 volts at age bias input, and ground the age bias input. Apply
a 200-juV signal at 45.75 MHz (as measured across an external 50-ohm termination), and measure the

change in the video output voltage with respect to Vqh- Note that the actual sensitivity in a TV re-

ceiver can be higher because the test fixture includes a 5.2-dB attenuator.

7. Retain tune voltage. With age bias open and video input switch closed, apply a 15-mV (rms) signal

(as measured across an external 50-ohm termination) at 45.75 MHz. As the age delay current is varied

from to 1 mA, the reverse tuner output voltage should go from high to low, and forward tuner output
from low to high.

8. Same as note 7, except increase input signal to 60 mV (rms). As the delay current is varied from to

150 /uA, the reverse tuner output voltage should go from high to low and forward tuner output from
low to high.

9. The reverse tuner age output is an open collector. A 12 Kn resistor may be connected to a +12-V
supply or a 24 Kfl resistor to a +24-V supply. The output high voltage will be within 1 volt of the supply
voltage.

10. Apply a 45.75-MHz, 50-mV (rms) signal (as measured across an external 50-ohm termination) to the

fixture input. Apply a positive dc voltage to the age bias input and close the video input switch. Adjust

the age bias for a 2-V reading at the video output. Measure the ac rms noise.
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CA3191E
Notes: (Cont'd)

11. Apply a 100 IRE bar-modulated if signal to the fixture if input. Modulation should be set at 87.5%.

Close the video input switch. Using an external 75-ohm to 50-ohm matching pad and 50-ohm step

attenuators, adjust the modulated if signal to a 50-mV equivalent (141 .5-mVp.p signal on a wide-band

oscilloscope). Apply a key pulse to fixture input. Measure amplitude of 100 IRE bar signal (black level

to white level) at video output. (S+N)-^N=20 Log-jo (BaH-Noise).

12. Signal conditions same as note 11. Measure amplitude of sync output. Repeat test with if input at-

tenuated 20 dB (14.15 mVp.p). Output at terminal 12 is 9 V
p
-
p
to 12 V

p
.
p

.

13. A. Signal conditions same as note 11. Measure amplitude of 100-IRE bar.

B. Repeat test with if input attenuated 20 dB. B% = 100 x Test 13B-Mest 13A.
C. Repeat test with if input increased 6 dB (283 mVp.p ). C%=100 x Test 13C^-Test 13A.

14. Same signal and conditions as note 11. Measure ratio of 100 IRE-bar signal to sync signal of com-
posite video output. Repeat test with input if signal increased 6 dB.

15. The sync tip to ground voltage is equivalent to the keyed age threshold. The test signal and condi-

tions are the same as note 11. Measure the sync tip to ground voltage at the video output.

16. In a typical application circuit which includes a tuner having at least 20-dB age gain reduction.

TERMINAL ASSIGNMENT

MAX. GAIN BIAS (7)—

I

st AMP OUTPUT @-
INPUT GROUND (?)-

I
st AMP INPUT (4)-

AGC FILTER (5)-

REVERSE AGC OUT (£)-

FORWARD AGC OUT (7)-

KEY PULSE IN (£)-

—(ii) 2 nd AMP INPUT

-@ AGC DELAY

—@ 2 nd AMP OUTPUT

—@ SUBSTRATE GROUND

-@ SYNC OUTPUT

—(|T) +12 V SUPPLY

-(jo) VIDEO INPUT

-(£) SYNC FILTER

92CS-33I95

I

st AMP IN (7)-

INPUT GND (?)-

REV AGC OUT (?)-

GAIN
I
STAMP

BIAS OUT ^T"

Q © ^
2nd AMP

OUT" + V

AGC DELAY @-

FWD AGC OUT (7)-

VI DEO IN (IO>

r + vc

2ND

AMP

X

X

BIAS

LEVEL
SHIFT

VIDEO
BUFFER

1- NOISE INVERTER

ACTIVE DELAYf

i r-1

KEY
PULSE
GEN

SYNC
SEP

SUBSTRATE
GND

J7T\
AGC

-\5) FILTER

-(S) FLYBACK

^^ SYNC
-{9) FILTER

"©(

92CM-33I96

Fig. 1 - Block diagram of CA3191E.
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CA3191E

-TEST^. 'i *•
I

I Fin&T_STffifcAMeHfilF,BL _I |

Fig. 2 - Schematic diagram of CA3191E. (Cont'd on next page.)

IF Amplifiers

Fig. 3 shows the schematic of the if

amplifier section of the CA31 91 E. Improved
performance is obtained by the use of PIN
diodes to control the gain, and an internal
varactor to control the tuning of the
amplifier at low input signal conditions. The
input terminal, terminal 4, is connected to
the emitter-follower Q1 whose output is

connected to the base of amplifier Q2. The
emitter of Q2 is connected to a parallel
combination of R6 (700 ohms) and the
"anode" of PIN diode Q4. The PIN diode
acts as a current-controlled variable
resistor which has been designed to
minimize its self-capacitance.

At low signal levels the age voltage applied
to terminal 4, through R5 and R1, is high.
This high voltage forces Q2 to a high-gain,
high-dc-current condition. The high
current flows through the anode of PIN
diode Q4 to ground, with the result that the
PIN diode resistance is low and the gain of
the amplifier stage Q1 , Q2, and Q3 is high.
As the signal level is increased, the age
voltage at terminal 4 is reduced, the
operating current of Q2 is decreased, the
PIN diode impedance increases, and the
amplifier gain is reduced. The degeneration
at the emitter of Q2 by the impedance of the
PIN diode allows a higher signal level to
exist at terminal 4 before overload
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Fig. 2 - Schematic diagram of CA3191E. (Cont'd from previous page.)

conditions. The emitter resistance of Q2
and the PIN diode resistance are about 4.5

ohms each at maximum current (and gain).

The impedance of the PIN diode rises faster

than the Q2 emitter resistance as the

current is reduced because of the current

shunted through R6. At minimum current

(and gain), the Q2 emitter resistance is

about 40 ohms and the PIN diode
resistance is approximately 130 ohms. The
linearity and signal-to-noise performance
is thus improved in comparison to an
amplifier system in which the input signal

must be attenuated to prevent overload

conditions. The high signal-handling

capability of the amplifier is enhanced by

the characteristic of the PIN diodes, which

can operate with a signal level about three

times as high as the base-emitter signal

level of Q2 before distortion commences.
The shunt resistor R6 is chosen in

conjunction with the PIN diode, Q4, to force

most of the input signal, at high levels, to be

across the PIN diode and only about one
fourth to one ninth across the Q2 emitter-

base junction.

The collector of amplifier Q2 is connected
to the emitter of the cascode amplifier Q3.

The output of amplifier Q3 is connected to

terminal 2, and to the series connection of
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SIMPLIFIED
BANO PASS

Fig. 3 - IF amplifier and tuner age circuit.

R3 and voltage-variable capacitance CV1 to

the +V supply. The capacitance is reduced
at low signal levels; as a result, the response
of the amplifier is peaked in the region of

the picture carrier. An external tuned circuit

is connected through a small resistor from
terminal 2 to the +V supply. The output of

the tuned circuit is ac coupled to the input

of the second stage of the IF amplifier at

terminal 16. This stage is similar in

operation to the first stage just described,

except that no varactor is used at the

output. The second stage amplifier consists

of Q8, Q10, Q9, PIN diode D3, and
associated components. A tuned circuit is

also connected between the output of the
second amplifier, terminal 14, and the +V
supply, and the amplified signal is ac
coupled to the input of the CA3192E
amplifier/detector.

The age voltage at terminal 5 (refer to Fig.

4(b)) is buffered by emitter followers Q14,
Q13, and Q12 and connected to the
feedback inverting amplifier Q5 and Q6
through resistor R8. The inverting amplifier
also usesa PIN diode in theemitterof Q6to
provide temperature compensation.
Transistor Q7 acts as a low-voltage zener
(=4.2 V or 6 Vbe) to translate the if age
potential at the collector of Q6 (and the
bases of Q1 and Q8) to the base of the
grounded-base cascode amplifiers Q3 and
Q9.

At very low signal levels, the age voltage at

terminal 5 is low, and the dc voltage level at

Q6 collector is high, about 3 Vbe (
bb2 '

1 v )

above ground. For these conditions, the if

amplifiers operate at maximum current and
gain. The current may be adjusted by
selecting the value of an external resistor

connected between terminal 1 and +V
supply. The voltage at the bases of Q3 and
Q9 are at approximately 9 Vbe {""G-S V)

above ground. As the signal level increases,

the age voltage increases at terminal 5, and
the inverted output at the collector of Q6
decreases. This action reduces the if

amplifier currents, and the PIN diode
impedance rises, reducing if amplifier gain

as previously described.

Near the level of maximum reduction in if

gain, the tuner age may be set to start gain

reduction for stronger signal levels. For
best S/N and overload performance, this

age action should be set to start when the
input and output signal levels at terminals 4

and 16 are approximately 40 mV (gain«* 1).

The tuner age delay point may be adjusted
by changing the injection current into

terminal 15 of the CA3191 E. Tuner delay is

decreased for a high injection current into

terminal 15 because the base current at Q16
is insufficient to maintain Q16 collector
saturated. The tuner delay is increased for

low injection currents into terminal 15
because the base current is sufficient to

keep Q16 saturated at low collector

currents.
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|«4

SYNC SEPARATOR

042Xfi)
VIDEO
INPUT 92CL-33I99

Fig. 4(a) - Sync separator and key pulse circuit.

A6C PEAK DETECTION
SAMPLE- AND- HOLD

92CL- 33200

Fig. 4{b) - Keyed age circuit.
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Sync Separator

Fig. 4(a) shows a simplified schematic of

the noise-protected sync-separator circuit

of the CA3191E.

The video input (negative-going sync) at

terminal 10 is buffered by emitter follower
Q42, which is emitter-coupled to the noise
inverter and the sync separator. The input
(sync tips <* 1.8 V) to the sync separator is

through an active RC delay circuit

consisting of resistors R43, R76, C7, C8,
Q37, and Q58.

The output of the noise inverter at Q35 is

combined with the delayed video signal at

the base of Q37, resulting in a noise-
cancelled video signal. (The noise inverter,

Q31, Q32, Q35 and associated
components, inverts negative-going noise
puis ,s when they become more negative
than the reference bias at the base of Q32.)
Because the inversion occurs before the
delayed signal appears at the junction of

the delay circuit and the base of Q37, the
leading edge of the noise pulse is cancelled
before reaching sync tip amplitude. The
noise-cancelled signal is amplified by Q37
and Q58. Feedback from Q58 is applied to

filter capacitor C8 in order to improve the
rise time of the sync pulses. The output
signal at Q58 is applied to the base of Q55,
which acts as a peak detector, and also to

the base of Q38 through resistor R55. A
voltage divider consisting of R54 and R55
assures that the dc level of the signal at the
base of Q40 is higher than that of the base
of Q38. The emitter of Q55 is one Vbe
above the emitter of Q58. During the time
that sync (or equalizing) pulses are present,
the external capacitor is discharged toward
the potential at the emitter of Q55. The
negative-going sync pulse at the base of

Q38 quickly falls below the slicing level set
by the peak detector. The time constant
(and slicing level) of the peak detector is

user selected by the components
connected to the sync filter at terminal 9. A
resistor is also normally connected from
terminal 9 to a positive voltage to supply the
bias current required for Q55.

Thermal noise detection may be minimized
by connecting an inductor and damping
resistor in series with the peak-detector
capacitor connected to terminal 9. The
inductor reduces the bandwidth of the peak
detector.

The output of the peak detector is applied
to the base of Q40 through resistor R74.
Transistors Q38, Q39, and Q40 form a
differential amplifier with Q39 acting as a
constant-current sink for the emitters of

Q38 and Q39. As noted previously, the
delayed noise-inverted video signal is

applied to the base of Q38 (normally on)
and the output of the peak detector is

connected to the base of Q40 (normally
off).

The differential-amplifier transistors Q38
and Q40 act as a threshold detector, and the
output at the collector of Q40 consists of a
"slice" of the sync signal. The reference
voltage at the base of Q40 varies according
to the input sync amplitude, thus tracking
the sync input at the base of Q38 to

maintain optimum sync separation. This
action prevents "sidelock" which could
result if the amplitude of the sync signal
became high enough to cross the noise-
threshold bias. The noise inverter would
then treat the sync as a noise pulse and
invert it.

The output of the differential amplifier at

the collector of Q40 is connected to a p-n-p
inverter/amplifier, Q6, which, in turn, is

connected to an age keying circuit and to

the base of the output cascade emitter
followers Q45 and Q46 and then to terminal
12 of the CA3191E. The output at terminal
12 consists of stripped positive-going
composite vertical and horizontal sync
pulses. An external load resistor is

connected between terminal 12 and
ground.

An output from the AGC keying circuit is

connected to the base of Q54. Transistors
Q54 and Q41, together with resistors R51,
R52, and diode D1 1 , form a recovery circuit

for the sync separator.

During a sudden signal fade, or during
channel switching from a strong channel to

a weak channel, the tips of the sync pulses
may momentarily rise above the slice level.

Until the age circuit returns the video signal
to normal levels, the sync will be missing.
The recovery circuit reduces this time
interval by responding to the loss of sync
condition from the age keying circuit, when
the sync pulses are not coincident with
keying pulses. During the loss of sync
condition, the output of the age keying
circuit couples pulses from the keying
pulse source tothe base of Q54. Transistors
Q54 and Q41 are consequently turned on
and the current from Q41 rapidly charges
the external filter capacitor at terminal 9.

The sync slice level is then raised so that
peak detection can commence, and normal
sync separation is quickly restored. This
circuit, therefore, allows a higher
capacitance value for the filter, which
minimizes ripple on the slicing level without
the penalty of a long recovery time.

At low level signal conditions, thermal
noise from the antenna, tuner, and if

amplifiers tend to degrade separation. To
improve the performance of the sync
separator under such conditions,
transistors Q55 and Q43 are constructed to
have narrow bandwidth which attenuates
high-frequency noise in the peak detector.
The noise bandwidth can also be reduced
by using an RL coupling network between
terminal 9 and the capacitor.
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Noise Inverter and Anti-Side-Lock Circuits AGC Keying Circuit

In normal operation the video signal

(negative-going sync) applied to terminal

10 is coupled through emitter follower Q42
and R42 to the noise detector consisting of

the comparator circuit Q31, Q32, and Q33.

At terminal 10, the tip of the sync pulse is

nominally at 1.8 volts, while the black level

is nominally 3.8 volts. The voltage-

translated sync tip level at the base of Q31 is

2.5 volts and is compared to a nominal 1.3-

volt reference at the base of Q32. In the

event that negative-going noise pulses fall

below the reference voltage, transistors

Q32 and Q35 conduct and apply a positive-

going inverted noise pulse at the base of

Q37, which is added to the delayed signal

from the active filter formed by R43, R76,

R50, C7, and C8.

Because the video signal containing sync

and noise has been delayed by the filter, the

leading edge of the noise pulse is cancelled

before the noise pulse reaches the sync tip

level. The inverted noise pulse also charges

capacitors C7 and C8 in the filter, thus

stretching the inverted pulse to totally

encompass and invert the original noise

pulse.

The dc coupling used in the noise-

threshold detector could result in an

improper operating mode known as

"sidelock" under certain operating

conditions, e.g., receiver turns on or

channel changes when the amplitude of the

video signal is momentarily high, and the

sync tips could fall below the noise inverter

threshold. The noise inverter would treat

the sync pulses as noise and remove them

by the action of the inverter. The front and

back porches of the horizontal line would

appear to be two sync pulses, and the

horizontal oscillator in the receiver would

lock up to one of them. This mode is

prevented by the anti-sidelock circuit

consisting of another comparator (Q61,

Q63, and associated components). Under

normal signal-level conditions, the front

and back porches and the black level

portion of the video signal are above 4.5

volts at the emitter of Q58. The reference

voltage at the base of Q61 is 4.1 volts so that

Q61 supplies current to Q62 and R81. The
base of Q62 is reference-biased to 1 Vbe
and the emitter of Q62 is, therefore, 2 Vbe
above ground (1 .3 V) and the noise inverter

functions as previously described.

If, during turn-on or channel-changing, the

amplitude of the video signal momentarily

increases and the sync porches fall below

4.1 volts at the base of Q63, then Q61 turns

off, the voltage at the base of Q32 collapses

to zero volts, and the noise inverter is

disabled until the age circuit restores the

video to normal levels.

The age keying circuit in the CA3191E
utilizes the coincidence existing between

the video sync pulse and the horizontal

flyback (retrace) pulse to provide improved

noise immunity, higher response speed,

and reduction of "set up" at vertical sync

time. An internally processed keying signal

begins upon coincidence of the sync pulse

and ends upon termination of the retrace

pulse, thus maintaining the key pulse

essentially constant and independent of the

length of the sync pulse which can vary

from 2.5^s for the equalizing pulses to 29 /xs

for the vertical serration pulses. The circuit

also provides an out-of-lock signal for the

age circuit and the sync-separator recovery

circuit.

Fig. 4(b) shows a simplified schematic of

the age circuit. In normal operation the key

pulse (width » 1 2 us) applied to terminal 8 is

in coincidence with the sync pulse, derived

from Q43, R59, R71, and R70 in the sync

separator and applied to the base of Q53.

Transistors Q52 and Q53 form a latch

circuit that is turned on by the leading edge

of sync and remains in its conducting state

until the keying pulse decays to zero volts.

The keying pulse, clamped by Q47 to Vs +

1

VBE- is coupled to the latch circuit by R62

and also to the collector of Q50. The sync

pulse (constant width by the action of the

latch circuit), is applied to the base of Q51

,

turning on this transistor and preventing

outputs to the age and sync recovery

circuits. The base of Q48 is held at cutoff by

the low potential at Q51 through resistors

R66 and R64. The keying pulse for the age

circuit, therefore, flows through R63, and

the age circuit is then keyed normally.

If the key pulse and sync pulse are not

coincident (out of sync), the normal age

pulse is disabled and an out-of-lock signal

is coupled to the age and sync recovery

circuits as follows: The latch formed by

transistors Q52 and Q53 does not operate

unless current is supplied to the emitter of

Q52 at the same time that a sync pulse is

supplied to the base of Q53. When a

horizontal key pulse is applied to terminal 8

without a coincident sync pulse, transistors

Q50 and Q48 are turned on by the key pulse

through R62, R67, R68, and R64. Transistor

Q48 then prevents the flow of the key pulse

current to the age circuit. The keying pulse,

attenuated by Q49 (also turned on), is

applied to the age recovery circuit where it

turns on Q23 and slightly discharges the

age filter capacitor at terminal 5 and

increases the gain of the if and rf stages.

The key pulse, as previously explained, is

coupled from the emitter of Q50 to the sync

recovery circuit.

In the event of receiver turn-on or channel

907



Linear Integrated Circuits

CA3191E

r ° 00i
|6 LI/

P
/JL2 Q.

-77?Ht -©

—

IS

I-©- J

r? H. KEY INPUT ^5K~~®"

SYNC OUT

JUL

AGC
LEVEL
SHIFT

OLY <36K

SYNC
SEP

^
<9>-*-^\A/V

<^jok-^Hvw

INDUCTOR RCA
stock no- INDUCTOR RCA STOCK No-

li 146195 L7 I46I99
L2.L3 146196 L8 I46200
L4 146197 L9 I4620I
L5.LII 146198 LIO I46202
L6 146203 LI2 I46204

LI3 143897

/ / * 92CL- 33201
- Apphcatton crcuit for CA3191E and CA3192E. (Cont'd on next page.)

changes, a very strong video signal may
accompany an out-of-lock condition.
Under these conditions the input to Q53
remains at a high dc level and the latch
provides a key pulse to the age circuit to
assure quick recovery of normal operation.
Transistor Q51 also prevents coupling of
the out-of-lock signal to the age circuit so
that the gain is not increased during an
overload condition.

AGC Peak Detecting Sample-and-Hold
Circuit — Fig. 4(b)

The sync negative-going video signal
applied to terminal 10 is translated
approximately 0.65 volts positive by the
emitter follower Q42.

One output is connected to the noise
inverter, while an attenuated portion is

connected to the input of the age circuit by
resistors R41 and R40.
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The input of the age circuit is a switch

consisting of Q30A and Q30B. The signal is

inverted by Q30A and applied to multiple

emitter follower Q28.

At conditions of zero or very weak signals,

Q30A tends to saturate. This saturation of

Q30A is prevented by the conduction of

Q30B. The load resistance, R38, for the

inverter is connected to an 8.5-volt supply

to correctly bias C6. The peak sync signal

charges the storage capacitor C6 through

resistor R33.

Under normal operation a key pulse is

applied simultaneously to the base of Q22

which turns on to reverse bias D8sothatC6
will not discharge through R32, R30, and

R31. The voltage stored on C6 should be

dependent only on the amplitude of the

sync component of the video signal and not

be influenced by the widths of the sync

pulses (2.5 mS to 29 /us). The impedance of

an emitter follower increases at low emitter

currents and the charge on C6 would not

follow short equalizing pulses. This action
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(B)

"O-l 680 VCO

Fig. 6 - Application block diagram of CA3191E and
CA3136E synchronous detector.

is corrected by the output from the second
emitter on Q28, resistors R34, R35, D9, and
Q27 which acts to keep theemitter-follower
impedance low as the capacitor C6 is

reaching full charge. At high signal levels,

current from trie second emitter is forced
into R35 and D9 through R34. This current
is fractionally mirrored into Q27, which acts
to lower the output impedance of the first

emitter of Q28 by providing a current path
through the collector and emitter of Q27. At
the end of the sync time, Q27 and Q28 are
turned off because the emitter-base
junction is back-biased by the peak sync
voltage charge on C6.

When the key pulse is applied to the base of
Q22, its emitter current also turns on Q21
through resistor R30. The key pulse is

clamped 2 Vbe higher than the peak
voltage stored on C6 so that the current
conducted to the base of Q21 by R30 is

dependent on the detected sync pulse
amplitude. Transistor Q20 is turned on by
Q21, and the output current charges the
external capacitor at terminal 5. Some or all

of the charge current may be diverted by
Q23. When the key pulse is applied to the
base of Q22, it also supplies the emitter

current required for Q24 emitter. The
collector current of Q24 is coupled to the
base of Q23 causing it to conduct. The
amount of conduction of transistors Q20
and Q23 depends on the sync-tip amplitude
stored on C6. For weak signals Q23 sinks
most of the current and the age filter at
terminal 5 is discharged toward ground.
During increasing high signal levels, Q20
supplies charging current to the terminal 5
filter capacitor. This charging increases the
positive voltage on C6 causing reverse bias
to Q26 and Q24 which, in turn, reduces
base current to Q23. Under equilibrium
conditions, Q20and Q23 collector currents
are identical and the voltage at terminal 5
does not change. The net increase of
charge to the filter capacitor at terminal 5
increases the terminal 5 age voltage as the
signal level increases, and the if and rf gains
are decreased to maintain a uniform signal
level at terminal 10.

When the receiver is not in synchronism,
the key pulse is removed from the base of
Q22 by the latch circuit. Under these
conditions, C6 is discharged between
successive TV lines by D8, R32, R30 and
R31. Therefore any noise on the video
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signal does not build up on C6 to cause age

noise set up. Both Q20 and Q23 are turned

on only during the retrace interval and

remain at cutoff during the active trace time

period. As a consequence, the value of the

age filter capacitor at terminal 5 can be a

relatively low value (*» 0.1 n?).

When the keying pulse is not present at the

base of Q22, a small positive pulse from the

latch circuit is applied to the junction of D7

and R80 which, in turn, lets Q23 conduct a

CA3191E
small current to discharge the age filter at

terminal 5 which increases the if and rf gain

to allow the sync separator and latching

circuit to quickly acquire synchronization.

When very strong signals occur (channel

switching, etc.), keying pulses are

continuously applied to the base of Q22
and the input to D7 is grounded reducing

the gain of the if and rf stages to assure

quick return to normal operation.

f-K 1 li 3- L-w^-1 -

i \t ._ T33 3 65K

<D-ao-»-a>a>(T)*- +12 v

FERRITE BEAD RCA STOCK No. 1)6761

92CL- 32203

Fig. 7 - Test circuit.
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16-Lead Dual-ln-Line
Plastic Package

H-1622

Television Video IF

Amplifier System
Includes 3rd Stage IF Amplifier, Video Detector, Video
Amplifier, Intercarrier Mixer/Amplifier (Sound), AFT,
and Shunt Regulator

Features:

Gain 41.5 dB ± 3 dB if input to

video output
m Picture-to-noise - 55 dB min.
m Linearity - ± 5% (5 steps black

to white)

m Zero carrier output -10 V typical

i 4.5 MHz intercarrier output -

30 ml/(RMS ] typical

AFT slope - 72 Vi'MHz min.
Shunt regulator voltage -

13 V typical

Differential gain - 7.5% typical
Differential phase - 7.5° typical

The RCA-CA3192E:): is a monolithic silicon integrated cir-
cuit designed to perform the third stage IF amplification,
video detection, video amplification, sound intercarrier
mixing and amplification, and aft functions in color or
monochrome TV receivers. The circuit also includes a
shunt voltage regulator for use with the if system.

The CA3192E is designed to interface with the RCA-
CA3191E* if amplifier, sync separator, and age processor.

The CA3192E is supplied in the 16-lead dual-in-line plastic
package (E suffix).

{Formerly Dev. Type No. TA10280B.
*The CA3191E is described in RCA data
bulletin File No. 1268.

Terminal Assignment

AFT TANK I (7)-

IF BIAS (2)-

AFT IN(I)-

+vsi0-
IFIN0-
GN0(6)-

SHUNT REG (7)-

OUT
VIDEO 0_

-(ji)AFT TANK 2

-®?X >AFT FILTER-®»
-® "VjAFT

-® + VS2

-(jo) 4.5 MHz OUT

K9) AFT
-s GAIN/DEFEAT

92CS- 33876

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE:

Between Terms. 4 and 6
14 V

Between Terms. 1 1 and 6
24 V

Between 1 K connected to Term. 7 and 6

DC SUPPLY CURRENT:

At Term. 7
12 mA

At Term. 4
40 mA

At Term. 11
6 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 in. (1.59 ± 0.79 mm) from case for 10 s max +265°C
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ELECTRICAL CHARACTERISTICS at TA = 25° C and referenced to Test Circuit (Fig. 3)

Test Characteristic Measure

Notes or Limits

UnitsTest Conditions Min. Typ. Max.

1 V

TPW
Shunt Regulator Voltage

6

(12)

7.05
~

(14.1)
V

2 !Supply Current 14 V4 = 12 V 13.5 — 38.5 mA

3 >Supply Current 111 V11 = 12 V 1.5 — 5.1 mA

4
*/ideo Output at TP14

Zero Carrier (V8)
No Signal

4.05

(8.1)

- 5.5

(11)
V

5 Change at Video Output AV8
J1 Input Signal

60 itiVrms 45.75 MHz

Respqnse at 3.58

2.5

(5)

— 5

(10)

TP14

V8 AV

6 Video Response TP16 MHz with respect to

Response at 1 MHz N1

-1.5 1.5 dB

7 Noise J4
45.75 MHz CW at

J1. N2
- - 10 itiVrms

8 Sync Tip Voltage TP16
Normally Determined By

AGO Action of CA3191B
1.4 - 2.2 V

9 Linearity TP16 ° N3
F

15 20 25 %

10 £- N3
F

35 40 45 %

11
° N3
F

55 60 65 %

12 1 N3
F

75 80 85 %

13 £ N3
F

106 120 134 %

14 — N3
F

30 40 50 %

15 Intercarrier Output J3
J1 45.75 MHz, 40 mVRMS

J2 41.25 MHz, 10 mVRMs

10 30 50 itiVrms

16 AFT Outputs 45.75 MHz TPJ
N4

J2 f , 20 mVRWS
N5

5.2 6 6.8 V

17 45.75 MHzTPL
N4

J2 f
, 20 mV RMs ....

N5
-0.6 - 0.6

AV WRT*

T16

18 45.25 MHz TPJ
N4

J2 f2 , 20 mV RMs ....
N5

0.03 - 0.6 V

19 44.65 MHz TPJ
N4

J2f1,20mVRMs
N5

0.1 - 4.3
AV WRT

T18

20 45.725 MHz TPJ
N4

J2 f3, 20 mVRMS
N5

- 2.7
AV WRT

T18

21 46.25 MHz TPJ
N4

J2 f5, 20 mVpMS ....
N5

11.2 - 12 V

22 46.85 MHz TPJ
N4

J2 f6, 20 mVRMs
N5

-0.1 - -4.3
AV WRT

T21

23 45.775 MHz TPJ
N4

J2 f4, 20 mVRMs K1CN5
- -2.7

AV WRT
T21

"With respect to
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CA3192E
ELECTRICAL CHARACTERISTICS Continued

Test Characteristic Measure

Notes or

Test Conditions

Limits

UnitsMin. Typ. Max.

24 AFT Outputs 45.25 MHz TPL J2 f2 , 20 mVRMS
N4

N5
11.2 - 12 V

25 44.65 MHz TPL J2 f1, 20 mVRMS
N4

N5
-0.1 - -4.3

AV WRT*
T24

26 45.725 MHz TPL J2 f3, 20 mVRMS
N4

N5
- -2.7

AV WRT
T24

27 46.25 MHz TPL J2 f5, 20 itiVrms
N4

N5
0.03 - 0.6 V

28 46.85 MHz TPL J2 f6, 20 mVRMs
N4

N5
0.1 - 4.3

AV WRT
T27

29 45.775 MHz TPL J2 f4, 20 mVRMS
N4

N5
- 2.7

AV WRT
T27

30 AFT Defeat 45.25 MHz TPL J2 f2, 20 mVRMS
N4

N5
5.2 - 6.8 V

31 AFT Defeat 45.25 MHz TPJ J2 f2, 20 mVRMS
N4

N5
5.2 - 6.8 V

NOTES:

1

.

Frequency Response — combine two signal sources by means of a 3-port 50-ohm resistive
combiner.
Port 1 — 45.75 MHz CW Signal Source.
Port 2 — 44.75 MHz or 42.17 MHz CW Signal Source
Port 3 — J1 (IF input)

With signal generator connected to port 2 set at zero output, adjust the amplitude of the
45.75 MHz signal connected to port 1 until the dc voltage at test point 16, TP16, is 4 volts dc.
Increase amplitude of 44.75 MHz signal at port 2 until the resultant 1 MHz beat at TP16 is 1

V rms. This signal represents db.

Change 44.75 MHz source to 42.17 MHz and measure the amplitude of the resultant 3 58
MHz signal.

This amplitude is compared to the 1 V RMs 1 MHz signal.

2. Noise — Adjust amplitude of CW signal (45.75 MHz) at J1 untilthedcvoltageatTP16is4V
dc. Measure RMS noise using a video voltmeter with its low capacitance probe connected
to J4.

3. Linearity - Apply a 100-IRE, 5-Step 87.5% modulated IF signal to J1 of the test fixture.
Adjust the modulated IF signal amplitude until the sync tip voltage is 1.4 volts.
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4. AFT Response.
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CA3192E

NOTES: (Cont'd.)

5 AFT Tuning - Align "bow tie" curve for best fit to specifications by adjusting varactor

voltages at TP6 and TP7. Most units will have adequate bandwidth when tuned for

maximum Upe at center frequency. Readjust, if necessary, for opt.mum compromise

between slope and bandwidth.

Initial Fixture Alignment - Apply 5.5 volts to TP6 and TP7. Adjust cores L1 and L2 using a

correlation unit for best fit curve.

Test Method: First Alignment - Apply 10.2 V to TP6 (Varactor 1 ). Apply 46.25 MHz at 20

mvl. Vo 52 and adjust Varactor 2 (TP7) voltage for a resultant difference of zero volts

between test points J and L. Hold TP7 voltage and change frequency to 45-76 MHz and

ad ust TP6 voltage for difference of zero volts between test points J and L. Hoid both

varactor voltages for bow tie tests 16 thru 17. If unit fails tests, repeat usmg second

alignment method.

Test Method: Second Alignment - Same as first alignment method except apply 9.7 volts

to TP6, and then repeat balance of first alignment steps.

TANK I

(J)-

TANK 2 (T?

VOLTAGE /^\
REGULATOR \Z/

4 5 MHz^ SOUND
—(lO) INTERCARRIERw OUT

<u) + vS2

V^ (aft FILTER

OUTPUTS

/?) AFT GAIN/ DEFEAT

92CM- 33877

Fig. 1 - Block diagram of CA3192E.

Circuit Description

Figs. 1 and 2 show the block diagram and

schematic, respectively, for the CA3192E.

The video if signal, including the sound car-

rier, is applied to the third stage of the if

amplifier at terminal 5. Transistors Q28

through Q32 amplify the signal. The inter-

nal RC componentsform a low-Q bandpass

amplifier centered at approximately 44

MHz. Transistor Q36 is biased at the thresh-

old of conduction by a temperature

compensated bias circuit consisting of

transistors Q37, Q38, Q39 and Q40.

Transistor Q36 performs the video detec-

tion function. The if carrier is filtered out by

the low-pass circuit components C12, R44,

C10, Q35 and C11.

The detected video signal at the emitter of

Q35 is connected to the current mirrors

consisting of D7, R130, Q42, R58, Q45, and

R60. The amplified video signal appears at

output terminal 8. Zero signal input at ter-

minal 5 results in an output dc level of ap-

proximately 10 volts at terminal 8.

The amplified if signal at the collector of

Q32 is also buffered by emitter-follower

transistors Q34 and Q33. This if signal is

connected to the upper base of the

cascode-connected mixer Q4 and Q5

which converts the picture carrier (nomi-

nally 45.75 MHz) and the audio carrier

(nominally 41.25 MHz) to a 4.5-MHz FM
modulated sound carrier. The high-fre-

quency carriers are filtered by the RC com-

ponents associated with transistors Q1 and

Q2. The 4.5-MHz sound carrier output is at

terminal 10.

The picture if carrier (45.75 MHz) is applied

to emitter-follower Q3 at terminal 3 of the

CA3192E. The output of the emitter-

follower is connected to the base of the

sound mixer Q5, as previously described,

and to the AFT system comprised of tran-

sistors Q6 through Q27.

The output of transistor Q6 is connected to

the grounded-base amplifiers Q7 and Q8.

External tuned circuits are connected to the

collectors of 07 and Q8 at terminals 1 and
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CA3192E

Fig. 2 - Schematic diagram of CA3192E. 92CM- 33878
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Fig. 3 - Test circuit.

16, respectively. The tuned circuit at termi-
nal 1 is normally tuned to a frequency
slightly higher than the video if carrier fre-
quency, while the tuned circuit at terminal
16 is tuned slightly lower than the video if

carrier.

The amplified signals are applied to the en-
velope detectors Q10 and Q12 by means of
emitter-follower transistors Q9 and Q1 1 , re-
spectively. The external filter is connected
to terminals 14 and 15.
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CA3192E

FROM
TUNER O.OOI

i<yA
-<^dL- -(m)—^AAr-

INDUCTOR RCA
STOCK No INDUCTOR RCA STOCK No

LI I46I95 L7 I46I99

L2.L3 I46I96 L8 I4 6200

L4 • I46I97 L9 I4620I

L5.LII I46I98 LIO I46202

L6 I46203 U2 1 4 6204

LI3 1 4 3897

92CL- 3320IRI

Fig. 4 - Application circuit lor CA3191E and CA3192E. {Cont'd on page 7).

The outputs of the envelope detectors are

applied to the dc amplifiers Q25 through

Q27.

The dc amplifier gain can be controlled by
adjusting the bias current fed into terminal

9, and the AFT can be defeated by reducing

the input current at terminal 9 to zero. (V9 <
0.5 V).

Included in the circuit is a reference shunt

regulator connected to terminal 7.

Applications

Fig. 4 shows a typical application of the

CA3192E used with a CA3191E television

video if amplifier, sync separator, and AGC
processor. Note that no mutual coupling is

used between the inductors L12 and L13.

Fig. 5 is a partial schematic of an alternate

AFT detector circuit using a discriminator

transformer.
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CA3192E

-O—J- < + 23V

Tiooo

VIDEO
OET

45MHI0UT

J-56 <IK

_ON

AFT

—(2>-t—?—vw-
iooo-L 4

fOFF >0* fON

CA3I92E VS2 ^

92CL-3320IRI

Rg. 4 - Application circuit for CA3191E and CA3192E. (Cont'd from page 6).

If only one polarity AFT output is required,
the other IC terminal (12 or 13) may be
grounded and its associated components
can be deleted.

The dc gain of the AFT amplifier can be
increased by reducing the value of the 91-k
resistor connected to terminal 9 (i.e. in-
crease the input current to the current mir-
ror D6, Q27). Reducing the value to 47k will

increase the gain about 6 dB but the dc

offset between terminals 12 and 13 will also
increase.

The AFT may be disabled by opening or
preferably grounding terminal 9. The dc
voltage at terminals 12 and 13 will be about
6 V if the 47-k resistors are matched and
point B is 12 Volts.

Terminal 11 voltage supply may be in-

creased to 24 V maximum if higher ampli-
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CA3192E

tude AFT output swings are desired at ter-

minals 12 and 13. If the voltage at terminal

11 is increased to 24 volts, the four 47k

resistors shown by terminals 12 and 13

should be increased to 100k each.

In the layout of the circuit board incorporat-

ing a CA3192E, care should be taken to

insure that the video output circuits con-

nected to terminal 8 are not in proximity to

or coupled to the input terminals 3 and 5.

The input signal at terminal 3 should be

about 30 millivolts.

Terminal 4 (+ Vs) should be bypassed with

a 1000-picofarad and a 10-microfarad ca-

pacitor having the shortest possible leads.

The 22-picofarad capacitor at terminal 5

should be connected to terminal 6 with very

short leads to reduce FM pickup.

+v Cc

92CS- 33874

Fig. 5 - CA3192E with discriminator transformer.

I
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CA7607E, CA7611E

H1622

16-Lead Dual-ln-Line

Plastic Package

E Suffix

Video IF Amplifier System for Color
and Black and White TV Receivers

Especially Suitable for SAW Filter Applications

FEATURES
High-gain wideband IF output
Excellent S/N ratio

Excellent DG/DP characteristics

Black and white noise inverters

Peak AGC U High gain AFT
Fast uniform AGC action Synchronous video detector
Wide-gain reduction range Negative video output
Synchronous AFT detector VTR switch

RCA CA7607 and CA7611* perform video IF amplification,
video detection and amplification, AFT detection and
amplification and AGC control of video IF and tuner stages.
The CA7607 is suitable for FET applications; the CA761 1 is

used for NPN tuner stages and has a higher value of RF
AGC control current.

A three-stage, wide-band IF amplifier employs an advanced
gain reduction circuit for a wide range of AGC gain control
with excellent stability at ail gain conditions.

A synchronous video demodulator having a low distortion
reference amplifier provides a negative-polarity video
output signal containing negligible intermodulation
products.

Noise inverters prevent ultra white and blacfc spots in the
picture.

A separate synchronous demodulator is used for AFT
detection giving an accurate and sensitive AFT (12 kHz/V
typ.).

A VTR switch permits removing internal video when usina a
VTR. *

y

The CA7607E and CA761 1 E are supplied in a 16-lead dual-
in-line plastic package.

'The CA7607E was formerly RCA Dev. No. TA10770; the CA761 1

E

was formerly RCA Dev. No. TA11025.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE:
Between Terminals 11-13

15 v
Between Terminals 4-13

1 c V
VIDEO OUTPUT CURRENT, 112 '.[

fi „»
DEVICE DISSIPATION:

S* "^-7^ 890 mW
A..£?J?,-r ™;™-„.^ Derate '"nearly 11.2 mW/°CAMBIENT TEMPERATURE RANGE:
°Peratin9 -40to+70°C
St°rage

-65to+150°C

920



RF
INPUT

£3

i—
®-

-©-

!_©-

RF A6C STS
OUT <£/

TV/CATV Circuits

CA7607E, CA7611E

vcc
AFT AFT
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® ©

LvVAr-'

BIAS
CIRCUIT

TTT

AFT
DET

n£>=:

<i>-

AFT
TANK

_ AGC MUV1

-®-

-<a>-

-®-

+ f

no
VIDEO
TANK

RF AGC (7) IF AGC (jjDELAY w ^IF AGC© rtVn
FILTERYLCi

-L VTR ==•

92CM- 34783

-=#- SW

F/g. 7 — Block diagram ot the CA7607E and CA7611E.

2

SWITCH S2

POS FUNCTION

I 4V VIDEO

2 INT AGC

3 VAR AGC

4 5V AGC

ipF I

_J82pF ii j82pF U

i »—i
' »

,8 2pF

92CM-34785

OOOI/lF

p/g. 2 _ Typical application circuit for the CA7607E and CA7611E.
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CA7607E, CA7611E "" ~

—

ELECTRICAL CHARACTERISTICS at TA = 25° C, V+ = 12 V, VIN at TP8 (Fig. 3)

CHARACTERISTIC TEST CONDITIONS

S2 S3

LIMITS UNITS
MIN. TYP. MAX.

Supply Current

112
VIN = 4 42.0 51.0 63.0 mA

Video DC Output Voltage
V12

VIN = 4 5.2 5.5 5.8 VDC

AFT DC Output Voltage
V5

VIN = 4 5.3 6.8 8.3 VDC

AFT DC Output Voltage
V6

VIN = 4 5.3 6.8 8.3 VDC

AFT Output Offset Voltage
V5-V6

VIN = 4 -1.5 0.0 1.5 VDC

RF AGC Residual Output
Voltage V4 SAT

CA7607E 4

4
0.0 0.2 0.5 VDCCA7611E

RF AGC Voltage Drop
V11-V4

CA7607E 2

4
-0.1 0.0 0.1 VDCCA761 1

E

Maximum Video Sensitivity

V12
VIN = 25/iVrms CW 2 2 -0.25 0.25 10 VDC

Minimum Video Sensitivity

V12
VIN = 85/uVrms CW 2 2 1.0 2.0 3.8 VDC

Synch Tip Level Voltage

V12
VIN = 15mVrms 2 2 2.3 2.5 2.7 VDC

Black Noise Threshold Level
Voltage V12

VIN = 50mVrms 45.75 MHz
@30% AM MOD 1kHz

3 2 1.4 1.6 1.8 VDC

Black Noise Clamp Level

V12
3 2 2.9 3.3 3.7 VDC

White Noise Threshold Level

V12
VIN = 60 mVrms 52 MHz

@ 30% AM MOD 1kHz
3 2 6.0 6.4 6.8 VDC

White Noise Clamp Level

V12
3 2 3.7 4.1 4.5 VDC

Video Freq. Response at

3.58 MHz V12
1 2 -2 +1 dB

Video Freq. Response @
4.5 MHz V12

1 2 -3 -2 +2 dB

920 kHz Beat

V12

VIN! = 33mVrms CW
VIN 2 = HmVrmsCW
VIN 3

= 11mVrms CW
1 2 31 38 - dB

Video Amplifier Bandwidth
V12 +BW

1 2 4.5 5.5 10.0 MHz

Suppression of Carrier

V12
VIN = 25mV 45.75 MHz
@ 80% AM MOD. 1 kHz

3 2 40 50 - dB

Suppression of 2nd Harmonic
V12

3 2 35 50 - dB

Differential Phase
V12

2 2 - 3.5 6.0 DEG

Differential Gain

V12
2 2 - 7 10 %

Picture-to-Noise Ratio

PIN12
VIN = 25mV 45.75 MHz CW 1 2 53 58 - dB

Picture-to-Noise Ratio

PIN12
VIN = 7.5 mV 45.75 MHz CW 1 2 50 54 - dB

AFT Sensitivity Af VIN= 15mVrms CW 2 2 6.0 12.0 16.0 kHz/V
V5-V6

AFT Output @ 44.75 MHz
V5

VIN = 15mVrms CW 2 2 11.4 11.9 12.1 VDC

AFT Output @ 44.75 MHz
V6

VIN = 15mVrms CW 2 2 i:e 2.1 2.8 VDC
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CA7607E, CA7611E
ELECTRICAL CHARACTERISTICS (cont'd.)

CHARACTERISTIC TEST CONDITIONS

S2 S3

LIMITS UNITS

MIN. TYP. MAX.
AFT Output @ 46.75 MHz

V5
VIN = 15mVrmsCW 2 2 1.6 2.1 2.8 VDC

AFT Output @ 46.75 MHz
V6

VI N = 15mVrmsCW 2 2 11.4 11.9 12.1 VDC

RF Delay 1

V4

VIN = 15mVrms 45.75 MHz CW
CA7607E
CA761 1

E

2

2

1

2

0.0 1.0 10.4 VDC

RF Delay 2

V4

VIN = lOOmVrms 45.75 MHz CW
CA7607E
CA7611E

2

2

2

1

10.6 12.0 12.1 VDC

RF AGC Leakage Current

I4L

— — 1.0 V*

Maximum Available Current

I4MAX
CA7607E
CA7611E

0.3

7.0

mA

RF Delay LO
V4

CA7607E
CA7611E

2

2

1

2

0.2 5.0 15.0 mV

RF Delay HI

V4
CA7607E
CA7611E

2

2

2

1

100 200 1000 mV

Input Impedance
PIN 1-16

4 — 3.0

3.0

— kO.

PF

* VALUES TO MATCH SAW FILTER
OUTPUT IMPEDANCE

92CL- 34784

Fig. 3 — Test circuit for the CA7607E and CA7611E.
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CA1190

Modified 16-lead quad-In-line plastic

package with wing tabs

H-1825

TV Sound IF and Audio
Output Subsystems

Features:

Nominalpower output: 4WatV+ = 24 V,

RL = 16 O, dist. = 10%, 2WatV+=12 V,

RL = 8Q, dist. = 10°/o

Wide power-supply range: 9 to 28 V
Low quiescent current: 25 mA typ.

5-kHz deviation sensitivity: 1 W output
typ.

3-dB limiting sensitivity: 50 //V typ.

Excellent AM rejection: 50 dB typ.

Differential peak detector - requires
one tuned coil

Electronic volume control with improved
taper and single wire control

The RCA-CA1190Q combines sound IF and audio output
subsystems on a single monolithic integrated circuit to provide
a television sound system. Each device includes 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 CA1190Q is electrically and mechanically equivalent to
industry type TDA1 190Z.

The CA1 1 90Q differs from the TDA1 1 90Z in that it includes
provisions for a lower value volume control.

The CA1190Q is supplied in the 16-lead quad-in-line plastic
package having an integral bent-down wing-tab (Q-suffix)
heat sink intended for PC board mounting.

0.047 fj.F

0.047 >iF;

=p 0.047 fiF
50 fiFX ©

-)l ^A/v
22 /iF 91 ft

REGULATED
POWER
SUPPLY

(6) (J)^120 pF^

X

220 pF~

•(JO)—" =p0.22/i.F

-p 0.001 fJ.F

TABSi-p0.0022 fiF

0.01 /iF-p R >KV0LUME CONTROL
i- < 15 ka

:9 pF

92CM-29273

Fig. 1 - CA1190Q typical application.
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MAXIMUM RATINGS, Absolute-Maximum Values:

CA1190

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 Heak Sink —
UptoTA = 90°C
Above Ta = 90°C derate lineary

With No Heat Sink — (free air) —
Up to Ta = 25° C
Above Ta = 25°C derate lineary

THERMAL RESISTANCE:
Junction to ground tabs

Junction to ambient

AMBIENT TEMPERATURE RANGE:
Operating

Storage

LEAD TEMPERATURE (During Soldering):

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

UNITS

+28 V

1.5 A
2 A
±3 V

5 W
83.3 mW/°C

1.75 W
14 mW/°C

12 °C/W
70 °C/W

-40 to +85 °C
65 to +150 °C

+265

ELECTRICAL CHARACTERISTICS at Ta = 25° C, V+ = 24 V, DC Volume Control Rx = fi,

RL = 16 O unless otherwise indicated. Refer to Fig. 1.

CHARACTERISTIC TEST CONDITIONS

LIMITS

Min. Typ. Max.

Static Characteristics

UNITS

Current into Term. 14 P = o 10 25 40 mA

Dynamic Characteristics

IF Amplifier:

Input Limiting Voltage,

(At — 3 dB point), Vi (lim)

f = 4.5 MHz, fm = 400 Hz
Af = ± 25 kHz

- 50 100 //V

AM Rejection, AMR
f = 4.5 MHz, fm = 400 Hz,

Modulation Index = 0.3,

Vin = 1 mV
40 50 - dB

Deviation Sensitivity

f = 4.5 MHz, fm = 400 Hz
Af = ± 25 kHz, V| = 1 mV
Rx = 0, Deviation necessary

to obtain 4 Vrms across

16 O. (1 W)

- 5 - kHz

Minimum Audio Output
f = 4.5 MHz, fm = 400 Hz
Af = ± 25 kHz, V| = 1 mV
Rx = 15 kO

- - 10 mVrms

Distortion at P = 1.5 W f = 4.5 MHz, fm = 400 Hz
Af = ± 25 kHz, Vin = 1 mV

- - 3 %

Signal to Noise Ratio

Vou t at Af = with Rx
adjusted for Vou t

= 4 Vrms
at Af = ± 25 kHz

50 - - dB
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CA1190
REGULATED POWER SUPPLY

IF AMPLIFIER, LIMITER
92CL-29274

Fig. 2- CA1190Q (cont'd on next page).
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CA1190
DC VOLUME CONTROL

6§.

AUDIO AMPLIFIER

AUDIO AMPLIFIER

92CL- 29274

Fig. 2 - CA1190Q (cont'd from previous page).

RF INPUTS-^ GH
DECOUPLING@—

GND| 4/5
| TOP VIEW

ELECTRONIC ATTENUATOR

—@DE- EMPHASIS

—
(J5)

RIPPLE BY - PASS

—@ V +

FM DETECTOR f ®~ —© AUDI° AMPLIFIER OUTPUT

TUNING
|_ Q_ —(To) AUDIO AMPLIFIER COMPENSATION

92CS-29272

Fig. 3 - Terminal diagram.
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CA1191

16-Lead Dual-in-Line

Webbed Plastic Package

TV Sound IF and Audio
Output Subsystems

Features:

Nominal power output: 4 W at V + — 24 V,

flL = 16 O, dist. = 10%, 2WatV + =12V,
Rl = 8Q dist. = 10%
Wide power-supply range: 9 to 28 V

m Low quiescent current: 25 mA typ.

5-kHz deviation sensitivity: 1 W output typ.

m 3-dB limiting sensitivity: 50 pV typ.

* Excellent AM rejection: 50 dB typ.

m Differential peak detector - requires one tuned coil

m Electronic volume control with improved taper and sin-

gle wire control

The RCA-CA1191E* combines sound IF and audio output
subsystems on a single monolithic integrated circuit to

provide a television sound system. Each device includes a
multi-stage 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 CA1 1 91 E is electrically and mechanically equivalent to

industry type TDA 3190.

'Formerly RCA Dev. No. TA11029

The CA1 191 E differs from the TDA3190 in that it includes
provisions for a lower value volume control.

The CA1191E is supplied in the dual-in-line 16 lead plastic

package with webbed-lead construction for improved dissi-

pation and allows the use of a standard IC socket or printed
circuit board layout.

V+=24 V

0.047 /xF:

0.047 /iF:

;0.0022 /iF

0.0I jtF-p R ^VOLUME CONTROL

9 pF

92CM-34788

Fig. 1 — Block diagram of the CA1191E in a typical application.
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CA1191
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE (Between Term. 14 V
+
and ground tabs)

OUTPUT PEAK CURRENT:

Repetitive

Non-repetitive

INPUT SIGNAL VOLTAGE (Between Terms. 1 and 2)

DEVICE DISSIPATION:

With Infinite Heat Sink —

Up to TA = 90°C

Above T* = 90° C derate linearly

With No Heat Sink — (free air) —

Up to TA = 25° C

Above Ta = 25° C derate linearly

THERMAL RESISTANCE:

Junction to ground pins

Junction to ambient

AMBIENT TEMPERATURE RANGE:

Operating

Storage

LEAD TEMPERATURE (During Soldering):

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

+28 V

1.5 A

2 A

±3 V

4.3 W
71.7 mW/°C

1.6 W
12.8 mW/°C

14 °C/W

80 °C/W

-40 to 4-85 °C

€5 to +150 °C

+265 °C

ELECTRICAL CHARACTERISTICS at 7"
A = 25° C, V* = 24 V, DC Volume Control fix = O, RL = 16 O unless

otherwise indicated. Refer to Fig. 1.

CHARACTERISTIC TEST CONDITIONS

LIMITS

UNITSMIN. TYP. MAX.

Static Characteristics

Current into Term. 14 Po = 10 25 40 mA

Dynamic Characteristics

IF Amplifier:

Input Limiting Voltage,

(At-3dB point), V, (lim)

f = 4.5 MHz, fm = 400 Hz

Af = ± 25 kHz
- 50 100 /"V

AM Rejection, AMR
f = 4.5 MHz, fm = 400 Hz,

Modulation Index = 0.3,

Vin = 1 mV
40 50 - dB

Deviation Sensitivity

fo = 4.5 MHz, fm = 400 Hz

Af = ± 25 kHz, V, = 1 mV
Rx = 0, Deviation necessary

to obtain 4 Vrms across

16 (1 W)

- 5 - kHz

Minimum Audio Output

fo = 4.5 MHz, fm = 400 Hz

Af = ± 25 kHz, V, = 1 mV
Rx= 15 kO

- - 10 mVrms

Distortion at P = 1.5 W fo = 4.5 MHz, fm = 400 Hz

Af = ± 25 kHz, V IN = 1 mV
- - 3 %

Signal to Noise Ratio

Vou , at Af = with Rx

adjusted for Vout = 4 Vrms

at Af = ± 25 kHz

50 - - dB
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CA1191
REGULATED POWER SUPPLY

IF AMPLIFIER, LIMITER

Fig. 2 — CA1191E Schematic diagram.

92CL-29274
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CA1191
DC VOLUME CONTROL AUDIO AMPLIFIER

4/5) (I2/I3)

AUDIO AMPLIFIER

92CL- 29274

CA1191E Schematic diagram (con't.)
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CA2111AE, CA2111AQ

^P,14-Lead

dual-in-line

plastic

package

^^^^rl 1 14-Lead

) quad-in-line

plastic

package

FM IF Amplifier-Limiter and
Quadrature Detector

For FM IF and TV Sound IF Applications

Features:

Direct replacement for U LN21 1 1A and MC1 357

Good sensitivity: Input limiting voltage (knee) (400 juV typ. at 10.7 MHz;

250 mV typ. at 4.5 MHz and 5.5 MHz)

Excellent AM rejection (45 dB typ. at 10.7 MHz)

Provision for output from 3-stage I F amplifier section

Low harmonic distortion

Quadrature detection permits simplified single-coil tuning

Extremely low AFC voltage drift over full operating-temperature

range

Minimum number of external parts required

The CA2111A, on a single monolithic chip, provides a multi-

stage wideband amplifier-limiter, a quadrature detector, and an

emitter-follower output stage. This device is designed for use

in FM receivers and in the sound 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.

The amplifier-limiter features the excellent limiting character-

istics of 3 cascaded differential amplifiers.

The quadrature detector requires only one coil 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 device can be supplied in either dual-in-line or quad-in-

line 14-lead plastic packages (CA2111AE and CA2111AQ,

respectively).

T^n

3pF H(—|CI-l20pF

© 6 ® © ®H(-^

0-®-^
92CS-20769

Fig. 1 -Block diagram of CA21

1

iA and
associated outboard components.

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

DC Supply Voltage

[between terminals 5 <V+) and 3 (V~>] 16 V

Device Dissipation:

UptoTA =60°C 600 mW
Above TA = 60°C derate linearly 6.7 mW/°C

Ambient Temperature Range:

Operating -55 to +125 °C

Storage -65 to +150 °C

Lead Temperature (During Soldering):

At distance 1/16 ± 1/32 in.

(1 .59 ± 0.79 mm)
from case for10s max + 265 °C
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TV/CATV Circuits

CA2111AE, CA2111AQ
ELECTRICAL CHARACTERISTICS at TA = 25°C

CHARACTERISTIC SYMBOL TEST CONDITIONS
LIMITS

UNITS

MIN. TYP. MAX.

DC Voltage:

At Terminal 1 Vl

V+ = 12V
= 8V

-
5.4

3.7

-

VAt Terminals 4, 5,6, 10

At Terminals 2, 12

V
4, 5, 6, 10

v
2, 12

V+ = 8V — 1.35

3.5 -

DC Current (into Terminal 13)

AtV+ = 8V
At V+ = 12V '13

- 14

16 _
mA

Amplifier Input Resistance R4

J = 10.7 MHz

- 7 - kn
Amplifier Input Capacitance c4 - 11 - PF
Detector Input Resistance R 12

- 70 - ktt

Detector Input Capacitance c 12 - 2.7 - PF
Amplifier Output Resistance R 10

- 60 - n
Detector Output Resistance R

1
- 200 - n

De-Emphasis Resistance R 14
— 8.8 — kft

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C
FM Modulation Frequency = 400 Hz, Source Resistance = 50O

CHARACTERISTIC SYMBOL

TEST CONDITIONS

UNITS

TEST CIR-

CUIT OR
CHARAC-
TERISTIC

CURVES
FIG. NO.

/ = 10.7 MHz

A/= ± 75 KHz

f = 4.5 MHz

Af = ± 25 KHz

V+ = 12V

fQ
= 5.5 MHz

Af = ± 50 KHz

V+ = 12VV+ = 12V V+ = 8V

LIMITS

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

AMPL-LIMITER

Vj(lim)

(4)

400 600 400 600 250 400 250 400 V
(RMS)

3,7,8,9Input Limiting

Threshold Voltage

AM Rejection*
*

AMR(1) 45 - 37 - 36 - 40 - dB 3, 4, 5, 6

Ampl. Voltage GainA Av (10) 55 - 55 - 60 - 60 - dB 3

DETECTOR

VQ (AF)

(1)

0.48 - 0.3 - 0.72 - 1.2 - V
(RMS)

3,7,8,9Recovered Audio*

Output Voltage

Total Harmonic*

Distortion THD(1) 1 -
1 - 1.5 - 3 - % 3

+V
;

= 10 mV (RMS) AV|<50/L(V (rms) *100% FM,30% AM
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CA2111AE, CA2111AQ

© ©

92CS-20770

Fig. 2-Circuit schematic-CA21 1 1A

O.I/iFX

UNIVERTER
BOONTON
207E OR

EQUIVALENT

C2

FM SIGNAL
GENERATOR
BOONTON
202 H OR

EQUIVALENT

| ©-VW-© r-f
J-O.l I

Rl T I

AC VTVM
BALLANTINE

3I4
OR

EQUIVALENT

DISTORTION
ANALYZER
HEWLETT
PACKARD
330 B OR

EQUIVALENT

NOTE:

Input to the quadrature coil can be from

either terminal 9 or terminal 10. Terminal

9 is normally used because it lessens the

possibility of overloads during tuning.

The use of terminal 10 increases the

limiting sensitivity significantly and has

been used successfully in these tests.

COMPONENT VALUES
DETECTOR TRANSFER
CHARACTERISTICS

/ 1-1 Cl «1 Q C2 c3 UPPER
PEAK

LOWER
PEAK

MHz KH pF Kf2 - pF uf MHz MHz

4.5

5.5

10.7

14

8

2

120

100

120

20

20

3.9

30

30

20

3

3

4.7

0.003

0.003

0.01

4.58

5.63

10.9

4.42

5.37

10.5

92CS-2077I

Fig. 3— Test circuit.

934



TV/CATV Circuits
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\
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>
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I
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V >
v

^?

INPUT SIGNAL VOLTAGE (Vj)— mV[rms]

CA2111AE,CA2111AQ
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« 50

SUPPLY VOLTAGE (V) = I2 V

AMBIENT TEMPERATURE (TA ) 25°C
REF. SIGNAL

|

INPUT (TERM 10) I

I00%FM,30%AM
f =5.5MHz
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-

2 4 6
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92CS-20762

Fig. 4—AM rejection vs input voltage (4.5 MHz). Fig. 5—AM rejection vs input voltage (5.5 MHz).
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/

/ <
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5 6 8 |
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E

^ 0.9

1

~o Q8>

S 0.7

O 0.6
>

3 0.5
a.

S 0.4

o

1
03

S 0.2
KO
£ 0.1

a

SUPPLY VOLTAGE (V) = I2 V
AMBIENT TEMPERATURE (TA ) = 25»C
f = 4.5MHz
if = ±25 KHz

(TERM 9)

2 4 6 8
|

2 4

INPUT VOLTAGE <V|)— mV [rms]

•
B 10 l

92CS-20764
92CS-Z0763

Fig. 6-AM rejection vs input voltage (10.7 MHz). Fig. 7—Detected audio output vs input voltage (4.5 MHz).
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S 0.5
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g 0.3
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! 1 1

f =5.5 MHz
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6
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o
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5 8
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o e

3
S *

O
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w 10
o 8

6

AMBIENT TEMPERATURE (TA )
= 25•c

f =10.7 MHz
Af = + 75kHz
INPUT CARRIER =lmV

—1 .
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^- 4—
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<<//W /
*"^

£v
—A -

(

j J

/
r

>

.It
" .6 8,00

INPUT SIGNAL VOLTAGE (Vj)— mV[rms]

92CS-20765 92CS-20766

Fig. 8—Detected audio output vs input voltage (5.5 MHz). Fig. 9—Detected audio output voltage vs input voltage (10.7 MHz).
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CA2111AE, CA2111AQ

SUPPLY V
|
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"±r±=x^=3±;
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> -!— ===«+S+gff±=
4- -t-l~\—1-44 In

~ 3.7 — -4 -j M"*^ r+" "
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e>

2 + 4 it ~ f -IrTf itj 3 411 4- 44t it
31 4-X 41 It- 1 1 41 *" ""
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Fig. 10—AFC voltage vs ambient temp.

92CS-20767

s 80

<
K 60

Oz
40

1-

<
z

« 20

AMBIENT TEMPERATURE (TA ) = 25*C

MODULATION FREQUENCY = 1 kHz

Af =25 kHz

j
|

i

,

1
[ ;

iiSs £s 8V| |
s ^

-

| |

j£g,

j&*T
——

y
\

4 6 8q| 2 4 6 8 1

INPUT VOLTAGE (Vj)— mVfrms]
92CS- 20768

Fig. 1 1—Signal-to-noise ratio vs input voltage.
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14-Lead Dual-ln-Line

Plastic Package

H-1517

TV/CATV Circuits

CA2136A

FM IF Amplifier-Limiter and

Quadrature Detector

For FM IF and TV Sound IF Applications

Features:

Direct replacement for ULN2136A and

LM1841
a Good sensitivity: Input limiting volt-

age (knee) (400 nV typ. at 10. 7 MHz;

250 )xV typ. at 4.5 MHz and 5.5 MHz)

m Excellent AM rejection (45 dB typ. at

10.7 MHz)
m Provision for output from 3-stage IF

amplifier section

The CA2136A integrated circuit includes a

multistage wideband amplifier-limiter, a

quadrature detector, an emitter-follower

output stage, and a voltage regulator on a

single monolithic chip. This device pro-

vides a regulated supply voltage for the

tuner stages in FM receivers. It can be

used in any amplifier-limiter or FM
demodulator application.

The amplifier-limiter features the ex-

cellent limiting characteristics of three

cascaded differential amplifiers. The

quadrature detector requires only one coil

in the associated outboard circuit; tuning,

therefore, is a simple procedure.

A unique feature of the CA2136A is its ex-

ceptionally low AFC voltage drift over the

full operating-temperature range.

Low harmonic distortion

Quadrature detection permits simpli-

fied single-coil tuning

Extremely low AFC voltage drift over

full operating-temperature range

Excellent line and load regulation

Minimum number of external parts

required

Pin-compatible with the CA2111A

This device can be supplied in either dual-

in-line or quad-in-line 14-lead plastic

packages.

EXTERNAL
LOAD

20 mA MAX

LI-14^"

to-CW 3pF <—|H'CI-l20pF

{ K JL. I K i I _0 003M F

QUADRATURE
DETECTOR

EMITTER
FOLLOWER

0-0-^ 92CM-33039

Fig. 1 - Block diagram of CA2136A and
associated outboard components
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CA2136A
MAXIMUM RATINGS, Absolute-Maximum Values at TA = 25'C
DC SUPPLY VOLTAGE
[Between Terminals 3 (V + ) and 7 (V-)] 20 V

DEVICE DISSIPATION:
Up toTA = 60°C 600mW
Above TA = 60°C Derate Linearly 6.7 mW/°C

AMBIENT TEMPERATURE RANGE:
Operating - 55 to + 125 °C
Storage - 65 to + 150 °C

EXTERNAL LOAD CURRENT 20 mA
LEAD TEMPERATURE (During Soldering):

At distance 1/16 ±1/32 in. (1.59 + 0.79 mm) from case for 10 s max +265"C

ELECTRICAL CHARACTERISTICS at Ta = 25°C

CHARACTERISTIC SYMBOL
TEST

CONDITIONS
LIMITS

UNITS
Min. Typ. Max.

DC Voltage:

At Terminal 1 V1 V + =12V 3.5 4.3 5.0

VAt Terminals 4, 5, 6, 10

At Terminals 2, 12

At Terminal 13

v4, 5, 6, 10

V2, 12

V13

V+ =12 V
—

1.35

3.8

7.8

—

DC Current (into Terminal 3)

At V+ =12 V "3 21 mA
Amplifier Input Resistance R4

f = 10.7 MHz

— 7 — kQ
Amplifier Input Capacitance C4 — 11 — PF
Detector Input Resistance R12 — 70 — kQ
Detector Input Capacitance C12 — 2.7 — PF
Amplifier Output Resistance Rio — 60 — Q
Detector Output Resistance R1 — 200 — Q
De-Emphasis Resistance R14 — 10.5 - kQ

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C
FM Modulation Frequency = 400 Hz, Source Resistance = 50 Q

CHARACTERISTIC SYMBOL

TEST CONDITIONS

UNITS

TEST CIR-

CUIT OR
CHARAC-
TERISTIC

CURVES
FIG. NO.

f = 10.7 MHz
At = ± 75 kHz

V+ =12V

LIMITS
Typ. Max.

AMPLIFIER-LIMITER

Vj (Mm)

(4)

400 600 yN (rms) 3Input Limiting

Threshold Voltage

AM Rejection* * AMR (1) 40 — dB 3

Ampl. Voltage GainA Av (10) 53 — dB 3

DETECTOR

V (AF)

(1)

0.4 — V (rms) 3Recovered Audio*

Output Voltage

Total Harmonic*

Distortion THD(1) 1 3 % 3

Line Regulator Vreg 5 10 mV/V

+Vj = 10mV(rms) AVi<50 MV(rms) *100%FM,30% AM
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TV/CATV Circuits

CA3011,CA3012

Wide-Band Amplifiers

Features:

Exceptionally high amplifier gain:

power gain at 4.5 MHz/s - 75 dB typ.

m Excellent limiting characteristics -

Input limiting voltage (knee) = 600 pV typ. at 10.7 MHz/s

Wide frequency capability -

100 kHzJs to > 20 MHz/s

92CM-I3780 Q4

Fig. 1 - Schematic diagram for CA3011 and CA3012.

T
88-108 MHz

TUNER
107-MHz

SELECTIVITY

Fig. 2 - Block diagram of typical FM receiver using RCA-CA301 1 or CA3012 integrated circuit wide-band amplifier.
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Linear Integrated Circuits

CA3011, CA3012
ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT TA = 25° C

Indicated voltage limits for each terminal can be applied under the specified voltage
conditions for other terminals. All voltages are with respect to ground (Terminal 8).

o«IIELJ
ERM,NALS 6

'

7
'
AND 9 0F RCA-CA3011 AND CA3012 ARE USED FOR INTERNAL

THESE TERMINAL ^ ^^ V°LTAGES °R MAKE EXTERNAL CONNECTIONS TO

CA3011

TERMINAL VOLTAGE LIMITS
VOLTAGE CONDITIONS AT OTHER TERMINALS

1 2 3 4 5 8 10

1 -3. +3 - Same as 1

Do

Not

Apply

External

Voltage

+2.5 to +7.5 +7.5 Ground +7.5

2 -3 +3 Same as 2 -
+2.5 to +7.5 +7.5 Ground +7.5

3 -3 +3 -3 to +3 Same as 1 +2.5 to +7.5 +7.5 Ground 1

+7.5

4 +2.5 +7.5 -3 to +3 Same as 1 _ +7.5 Ground +7.5

5 +10 -3 to +3 Same as 1 +2.5 to +7.5 _ Ground +7.5

8 -3 +7.5 -3 to +3 Same as 1 +2.5 to +7.5 +7.5 Ground +7.5

10 +10 -3 to +3 Same as 1 +2.5 to +7.5 +7.5 Ground _

CASE INTERNALLY CONNECTED TO TERMINAL N0.8 (GROUND TERMINAL)

CA3012

TERMINAL VOLTAGE LIMITS
VOLTAGE CONDITIONS AT OTHER TERMINALS

1 2 3 4 5 8 10

1 -3 +3 - Same as 1

Do

Not

Apply

External

Voltage

+2.5 to +10 +10 Ground +10

2 -3 +3 Same as 2 - +2.5 to +10 +10 Ground +10

3 -3 +3 -3 to +3 Same as 1 +2.5 to +10 +10 Ground +10

4 +2.5 +10 -3 to +3 Same as 1 - +10 Ground +10

5 +13 -3 to +3 Same as 1 +2.5 to +10 _ Ground +10

8 -3 +10 -3 to +3 Same as 1 +2.5 to +10 +10 Ground +10

10 +13 -3 to +3 Same as 1 +2.5 to +10 +10 Ground _

CASE INTERNALLY CO WECTED TO 7 ERMINAL N0.8 (GROUND TERMINAL ) .

OPERATING-TEMPERATURE RANGE -55 to +125° C

STORAGE-TEMPERATURE RANGE -65 to +150° C

LEAD TEMPERATURE (During Soldering):

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm)
from case for 10 seconds max +265°C

MAXIMUM INPUT-SIGNAL VOLTAGE:
Between Terminals 1 and 2 ±3 V

MAXIMUM DEVICE DISSIPATION
'

300 mW
RECOMMENDED MINIMUM DC SUPPLY VOLTAGE (Vcc ) . . 5.5 V

Example of Use of LIMITS TABLE:

For RCA-3012, a maximum voltage of ±3 volts may beapplied

to Terminal 1 under the following conditions:

Terminal 2 is at the same dc potential as Terminal 1

Terminal 3: do not apply external voltage

Terminal 4 is at any dc potential between +2.5 and +10 volts

Terminal 5 is at a dc potential of +10 volts

Terminals 6, 7, and 9 are at dc potential (NOT USED)
Terminal 8 is at dc ground potential

Terminal 10 is at a dc potential of +10 volts
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TV/CATV Circuits

ELECTRICAL CHARACTERISTICS

CA3011,CA3012

CHARACTERISTICS

(See Page 7 for ,,

Definitions of

Terms)

TEST CONDITIONS LIMITS
TYPICAL

CHARAC-

TERISTICS

CURVESYMBOLS
SETUP

&

PROCEDURE

FREQUENCY

f

DC AMBIENT

SUPPLY TEMPERA-

VOLTAGE TURE

vcc Ta

RCA

CA3011

RCA

CA3012 UNITS

Fig. Mc/s Volts °C Win. Fyp. trfax. Win.
'

ryp. Wax. Fig.

Total

Device

Dissipation*

Pt

- 6

-55 - 80 - 66 80 135 mW

4+25 60 90 133 66 90 121 mW

+125 - 70 - 65 70 121 mW

3 - 7.5

-55 - 130 - 97 130 190 mW

4+25 95 120 187 97 120 167 mW

+125 - 100 - 95 100 167 mW

- 10

-55 - - - 150 210 275 mW

4+25 - - - 150 190 255 mW

+125 - - - 150 160 255 mW

Voltage Gain** A

5 1 6

-55 - 55 - 50 55 -, dB

6+25 60 66 - 60 66 - dB

+125 - 61 - 50 61 - dB

5 1 7.5

-55 - 59 - 55 59 - dB

6+25 65 70 _ 65 70 - dB

+125 - 65 - 55 65 - dB

5 1 10

-55 - - - .55 61 - dB

6+25 - - - 65 71 - dB

+125 - - - 55 66 - dB

5

4.5 7.5 +25 60 67 - 60 67 - dB
7

10.7 7.5 +25 55 61 - 55 61 - dB

Input-Impedance

Components:

Parallel Input

Resistance

Parallel Input

Capacitance

R|N 8 4.5 7.5 +25 3
_ . 3 _ kft 9,

C
IN

8 4.5 7.5 +25 - 7 - - 7 - PF 9

Output Impedance

Components:

Parallel Output

Resistance

Parallel Output

Capacitance

R0UT 10 4.5 7.5 +25 31.5 — 31.S kQ
1

U

cOUT 10 . 4.5 7.5 +25 - 4.2 - - 4.2 - PF 11

Noise Figure NF 12 4.5 7.5 +25 - 8.7 - - 8.7 dB 13

Input Limiting

Voltage (Knee) vi(lim) 5 4.5 7.5 +25 - 30() 45() - 30() 40 ^V 6

* The total current drain may be determined by dividing Py by Vqc-
** Recommended minimum dc supply voltage (Vqc) is 5.5 V. Nominal

load current flowing into terminal 5 is 1.5 mA at 7.5 V.
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CA3011,CA3012

TYPICAL CHARACTERISTICS AND TEST SETUPS

DISSIPATION VS TEMPERATUREDISSIPATION TEST SETUP

- +M:c

TOTAL DEVICE DISSIPATION (PT ) = VCC I
92CS-I38I2

Fig.

3

I25-25 25 50 75 I00

AMBIENT TEMPERATURE (T
ft

) - °C

92CS-I38I3

Fig.

4

VOLTAGE-GAIN TEST SETUP

SIGNAL
SOURCE
Rg = 50fl

t

I

RF VTV.M.
(BOONTON
TYPE 9ID

OR EQUIVALENT)

I

Fig.

5

VOLTAGE GAIN & INPUT LIMITING VOLTAGE
VS TEMPERATURE

PROCEDURES
A - Voltage Gain:

1) Set input frequency at desired value,
vj =100 mV rms.

2) Record v .

3) Calculate Voltage Gain A from
A =20 logio v /vi

4) Repeat Steps 1, 2, and 3 for each
frequency and/or for temperature desired.

B - Input Limiting Voltage (Knee):

1) Repeat Steps Al and A2, using
vj =100 mV

2) Decrease v
j to the level at which v

is 3 dB below its value for v j

= 100 mV.

3) Record Vj as Input Limiting Voltage
(Knee).

VOLTAGE GAIN AND INPUT LIMITING VOLTAGI
VS FREQUENCY

DC SUPPLY V6LTS (VCC ) * 7.5

FREQUENCY (f) = I Mc/s

SOURCE RESISTANCE <RS ) = 50 ft

LOAD RESISTANCE (R L ) = I Kft

m

-50-25 25 50 75 100 125

AMBIENT TEMPERATURE (TA)-">C

92CS- 11809

Fig.6

700 ^
1

?
600 =

a
500 £

_i

o
>

400 o
z
1-

2
300 3

200 |

100

DC SUPPLY VOLTSIVCC)""
SOURCE RESISTANCE ( Rs) - 50a
LOAO RESISTANCE (RL )-IKfl

72

70

CO

1 68
<

z
< 66o

fj
64

O
>

62

60

vo .TAGE GAir 1

INPU T LIMITING VOLTAGE

FREQUENCY (f)— Mc/s

92CS -13783

Fig.7
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CA3011,CA3012

TYPICAL CHARACTERISTICS AND TEST SETUPS

INPUT-IMPEDANCE COMPONENTS
TEST SETUP

R-X
METER

(BOONTON TYPE
250A

EQUIVALENT)
L0

_l_ U.l_l_ —I—'

I "I 1

1

Fig.8

INPUT-IMPEDANCE COMPONENTS
VS FREQUENCY

DC SUPPLY VOLTS (Vcc) 7.9

AMBENT TEMPERATURE (TA) • 25*C

RIN

FREQUENCY (f) - Me/s

Fig.9

OUTPUT-IMPEDANCE COMPONENTS
TEST SETUP

R-X
I HI METER
H-o (BOONTON TYPE

250A

EQUIVALENT)
LO

vcc

Fig. 10

OUTPUT-IMPEDANCE COMPONENTS
VS FREQUENCY

5 10

FREQUENCY (f)-Me*

Flg.U
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CA3011,CA3012
TYPICAL CHARACTERISTICS AND TEST SETUPS

NOISE FIGURE TEST SETUP

+vCc

NOISE FIGURE VS DC SUPPLY VOLTAGE

4.5-Mc/t
NOISE SOURCE

(KAY
THERMA-NODE"
OR EQUIVALENT)

R «soa O.IMF^ ^;O.IM F

Li - 82 tM, center-tapped

L2 = 2.36 iM

Ci,C2 = Afco Type 423 padder, or equivalent

Fig. 12

AMBIENT TEMPERATURE (TA)"25'C Z

SOURCE RESISTANCE (Rs)'200fl I

::::::: :::::

cd -r -1
o 1

,

u.
z ~

UJ "- ' 1

te ~Zt.~
o ~ i i
in 1—i

CO p
i __

z ft0 __..B=:*i_ _:i_ _;__::

L ±
aoh:±::±::±::::i:::::±

7 8
DC SUPPLY VOLTS (Vcc )

Fig. 13

10

92CS-I3788
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TV/CATV Circuits

>'

10-Lead TO-5

CA3013, CA3014

Wide-Band Amplifier Discriminators

Features & Applications:

Exceptionally high gain: power gain

at 4.5 MHz - 75 dB typ.

Excellent limiting characteristics -

input limiting voltage (knee)

= 300 /jV typ. at 4.5 MHz
m Excellent AM rejection: > 50 dB at

4.5 MHz

High audio-voltage recovery -

220 mV typ at 4.5 MHz,
25 kHz deviation

Wide frequency capability -

100 kHz to > 20 MHz
Comprehensive circuit functions: if

amplifier, AM and noise limiter, FM
detector, audio preamplifier

+vcc
OlO Q6 O 7

92CM-IJ779

Fig. 1 — Schematic diagram for CA3013 and CA3014

HORIZONTAL DEFLECTION
8 HIGH-VOLTAGE

CIRCUITS

"DISCRIMINATOR
TRANSFORMER:
FOR DETAILS
SEE SKETCH

BELOW

INTEGRATED-CIRCUIT SOUND-IF AMPLIFIER AND DETECTOR
j

9?CM-I3626

Fig. 2 — Block diagram of typical television receiver using RCA
integrated-circuit sound-if amplifier and detector section
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Linear Integrated Circuits

CA3013, CA3014 ~
"

"

ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT TA = 25° C

Indicated voltage limits for each terminal can be applied under the specified voltage
conditions for other terminals. All voltages are with respect to ground (Terminal 8).

CA3013

TERMINAL VOLTAGE LIMITS
VOLTAGE CONDITIONS AT OTHER TERMINALS

1 2 3 4 5 6 7 8 9 10

1 -3 +3 -
• Same as 1

a>
oo
to

"o>
toe
33
"><

LU
>^
a.
o.
<C

"o
2:
OQ

+2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground AF Output +7.5

2 -3 +3 Same as 2 - +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground AF Output +7.5

3 -3 +3 -3 to +3 Same as 1 +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground AF Output +7.5

4 +2.5 +7.5 -3 to +3 Same as 1 - +7.5 Same as 4 Same as 4 Ground AF Output +7.5

5 +10 -3 to +3 Same as 1 +2.5 to +7.5 - Same as 4 Same as 4 Ground AF Output +7.5

6 +2.5 +7.5 -3 to +3 Same as 1 Same as 6 +7.5 - Same as 4 Ground AF Output +7.5

7 +2.5 +7.5 -3 to +3 Same as 1 +2.5 to +7.5 +7.5 Same as 4 - Ground AF Output +7.5

8 -3 +7.5 -3 to +3 Same as 1 +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground AF Output +7.5

9 +7.5 -3 to +3 Same as 1 +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground - +7.5

10 +10 -3 to +3 Same as 1 +2.5 to +7.5 +7.5 Same as 4 Same as 4 Ground AF Output .

CASE INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL)

CA3014

TERMINAL VOLTAGE LIMITS
VOLTAGE CONDITIONS AT OTHER TERMINALS

1 2 3 4 5 6 7 8 9 10

1 ' -3 +3 - Same as 1

QO

>

"><

LU
_>.
o.
o.
<£

oz
oQ

+2.5 to +10 +10 Same as 4 Same as 4 Ground AF Output +10

2 -3 +3 Same as 2 - +2.5 to +10 +10 Same as 4 Same as 4 Ground AF Output +10

3 -3 +3 -3 to +3 Same as 1 +2.5 to +10 +10 Same as 4 Same as 4 Ground AF Output +10

4 +2.5 +10 -3 to +3 Same as 1 - +10 Same as 4 Same as 4 Ground AF Output +10

5 +13 -3 to +3 Same as 1 +2.5 to +10 - Same as 4 Same as 4 Ground AF Output +10

6 +2.5 +10 -3 to +3 Same as 1 Same as 6 +10 - Same as 4 Ground AF Output +10

7 +2.5 +10 -3 to +3 Same as 1 +2.5 to +10 +10 Same as 4 - Ground AF Output +10

8 -3 +10 -3 to +3 Same as 1 +2.5 to +10 +10 Same as 4 Same as 4 Ground AF Output +10

9 +10 -3 to +3 Same as 1 +2.5 to +10 +10 Same as 4 Same as 4 Ground . +10

10 +13 -3 to +3 Same as 1 +2.5 to +10 +10 Same as 4 Same as 4 Ground AF Output .

CASE INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL)

OPERATING-TEMPERATURE RANGE -55 to +125 °C

STORAGE-TEMPERATURE RANGE -65 to +150 °C

MAXIMUM INPUT-SIGNAL VOLTAGE:

Between Terminals 1 and 2 ±3 V

MAXIMUM DEVICE DISSIPATION 300 mW

RECOMMENDED MINIMUM DC
SUPPLY VOLTAGE (V C c) 5.5 V

Example of use of LIMITS TABLE:

For RCA-CA3013, a maximum voltage of ±3 volts may be

applied to Terminal 1 under the following conditions:

Terminal 2 is at the same dc potential as Terminal 1

Terminal 3: do not apply external voltage

Terminal 4 is at anydcpotential between +2. Sand +7.5 volts

Terminal 5 is at a dc potential of +7.5 volts

Terminals 6 and 7 are at the same dc potential as Terminal 4

Terminal 8 is at dc ground potential

Terminal 9 is used as the af output terminal

Terminal 10 is at a dc potential of +7.5 volts
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TV/CATV Circuits

CA3013, CA3014

ELECTRICAL

CHARACTERISTICS

(See Page 8 for

Definitions of Terms)

TEST CONDITIONS LIMITS
TYPICAL

CHARAC-
r
ERISTICS

CURVES

DC AMBIENT
SETUP FREQUENCY SUPPLY TEMPERA-

YMBOLS & VOLTAGE TURE
PROCEDURE

f vcc TA

RCA

CA3013

RCA

CA3014

1

UNITS

Fig. Mc/s volts °C Min. Typ. Max. Min. Typ. Max. Fig.

Total

Device

Dissipation*

3
- 6

-55 - 80 - 73 80 120 mW
4+25 60 90 133 73 90 110 mW

+125 - 70 - 60 70 110 mW

rT
3

- 7.5

-55 130 - 106 130 1/0 mW

4+25 87 120 187 106 120 150 mW

+125 - 100 - 90 100 150 mW

3
- 10

-55 - - - 165 210 250 mW

4+25 - - - 165 190 230 mW

+125 - - - 150 160 230 mW

Voltage Gain** A

5 1 6

-55 - 55 - 50 55 - dB

6+25 60 66 - 60 66 - dB

+125 - 61 - 50 61 - dB

5 1 7.5

-55 - 59 - 55 59 - dB

6+25 65 70 - 65 70 -
,

dB

+125 - 65 - 55 65 - dB

5 1 10

•55 - - - 55 61 - dB

6+25 - - - 65 71 - dB

+125 - - - 55 66 - dB

5

4.5 7.5 +25 60 67 - 60 67 - dB
7

10.7 7.5 +25 55 60 - 55 60 - dB

Input-Impedance

Components:

Parallel Input

Resistance

Parallel Input

Capacitance

R
IN

8 4.5 7.5 +25 - 3 - - 3 - kft 9

C
IN

8 4.5 7.5 +25 - 7 - - 7
- PF 9

Output-Impedance

Components:

Parallel Output

Resistance

Parallel Output

Capacitance
'

ROUT
10 4.5 7.5 +25 - 31.5 - - 31.5 - kQ 11

COUT
10 4.5 7.5 +25 - 4.2 - - 4.2 - PF 11

Noise Figure NF 12 4.5 7.5 +25 - 8.7 - - 8.7 - dB 13

Input Limiting

Voltage (Knee)
Vj(lim) 14 4.5 7.5 +25 - 300 450 - 300 400 mV 15

Recovered AF Voltage v (af) 14 4.5

6 +25 - 155 - - 155 - mV

15
7.5 +25 128 188 - 135 188 - mV.

10 +25 - - - - 220 - mV

Amplitude-Modulation

Rejection
AMR 16 4.5 7.5 +25 - 50 - - 50 - dB -

Discriminator

Output Resistance
Ro(disc )

4.5 7.5 +25 - 60 - - 60 - fi -

Total Harmonic

Distortion
THD 14 4.5 7.5 +25 - 1.8

- 1.8 - % 17

* Total current drain may be determined by dividing Pj by Vcc-
Nominal load current flowing into terminal 5 is 1.5 mA at 7.5 V.

947



Linear Integrated Circuits

CA3013, CA3014

TYPICAL CHARACTERISTICS AND TEST SETUPS

DISSIPATION TEST SETUP

- +v
fcc

TOTAL DEVICE DISSIPATION (PT ) = VCC I
92CS-I3804

Fig.

3

DISSIPATION vs. TEMPERATURE

-75 -50 -25 25 50 75 I00 I25 I50

AMBIENT TEMPERATURE (TA ) - 'C

92CS-I3797

Fig.4

VOLTAGE-GAIN TEST SETUP

SIGNAL
SOURCE
Rg«50Q

£ X0lM F

PROCEDURE:

1) Set input frequency at desired value, V| = 100 mV rms.

2) Record v
Q

.

3) Calculate Voltage Gain A from A =20 log
1Q

v /v .

4) Repeat Steps 1, 2, and 3 for each frequency
and/or temperature desired.

Fig.5

1-Mc/s VOLTAGE GAIN vs. TEMPERATURE
IDC SUPPLV VOLTS (vcc ) = 7.5

FREOUENCY (f) = I Mc/s

SOURCE RESISTANCE (Rs ) - 50 ft

LOAD RESISTANCE (R L ) =
I Kfl:m

75

|
70-

<t 60-

_5Q|
-50 -25 25 50

AMBIENT TEMPERATURE (TA)-°C

Fig.6

Hs

92CS-I3794

VOLTAGE GAIN vs . FREQUENCY
AMBIENT TEMPERATURE (Ta)«25*C
DC SUPPLY VOLTS (VCc>' 7:5
SOURCE RESISTANCE (Rs)-50fl
LOAD RESISTANCE(RL)-IKa

l n

72

70

ID

J.
68

<

Z
< 66

UJo
2 64
_i
o
>

62

60

FREQUENCY (O-Mc/S

Fig.

7
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CA3013, CA3014

TYPICAL CHARACTERISTICS AND TEST SETUPS

INPUT-IMPEDANCE COMPONENTS TEST SETUP

R-X
METER

(BOONTON TYPE
250A
OR

EQUIVALENT)

Fig.8

OUTPUT-IMPEDANCE COMPONENTS TEST SETUP

R-X
1 HI METER
^~° (BOONTON TYPE

250A

m °RLU
EQUIVALENT)

i

NOISE FIGURE TEST SETUP

+vCc

O.I

4.3-Mc/»
NOISE SOURCE

(KAY
"THERMA-NOOE"
OR EQUIVALENT)

R «500

UT
0.1^:4= ^O.ImF

Li = 82 ^.H, center-tapped

L2 = 2.36 ^H

Ci. C2 = Arco Type 423 padder, or equivalent

Fig.12

INPUT-IMPEDANCE COMPONENTS vs. FREQUENCY

FREQUENCY ( f ) — Mc/s

Fig.

9

92CS-I3795

OUTPUT-IMPEDANCE COMPONENTS vs. FREQUENCY

5 10

FREQUENCY (f)-Mc/»

Fig.ll

NOISE FIGURE vs. DC SUPPLY VOLTAGE

DC SUPPLY VOLTS (Vcc)

Fig. 13

10

92CS-I3788
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CA3013, CA3014

TYPICAL CHARACTERISTICS AND TEST SETUPS
INPUT LIMITING VOLTAGE, RECOVERED AF VOLTAGE, AND TOTAL HARMONIC DISTORTION TEST SETUP

(FM
SIGNAL

GENERA _

R„»50a

~B
O.IMF^

___ .

DISCRIMINATOR TRANSORMER \FOR WINDING INFORMATION —

^

SEE FIG. 18

X^XO.I^F

PROCEDURE:

A - Recovered-AF Voltage Output:

1) Set input frequency =4.5 Mc/s, v
f

= 100 mV rms, modulating
frequency = 1 kc/s, frequency deviation = ±25 kc/s.

2) Record v
Q
as Recovered-AF Voltage Output.

B - Input Limiting Voltage (Knee):

1) Repeat Steps Al and A2, using v
{

= 100 mV rms.

2) Decrease v, to the level at which vn is 3 dB below its value
for Vj = 100 mV.

3) Record v
f

as Input Limiting Voltage (Knee).

Fig. 14

INPUT LIMITING VOLTAGE (KNEE) AND RECOVERED AF VOLTAGE
at 1.75 Mc/s

BAMBIENT TEMPERATURE (TA ) • 25°C
fSIGNAL FREQUENCY 1.75 Mc/s

[MODULATING FREQUENCY » I kc/s

^FREQUENCY DEVIATION » ± 25 kc/s

-0 dB RECOVERED AF VOLTAGE LEVEL FOR V|

0.5 1.5

INPUT SIGNAL LEVEL ( v, )- MILLIVOLTS (RMS)

(a)

at 4.5 Mc/s

INPUT SIGNAL LEVEL ( vj ) - MILLIVOLTS (RMS)

(b)

92CS- 13792

at 10.7 Mc/s

Fig. 15

0.5 I |.5
-2"

INPUT SIGNAL LEVEL ( v, )_ MILLIVOLTS (RMS)

92CS- 13791

(c)
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CA3013, CA3014

TYPICAL CHARACTERISTICS AND TEST SETUPS

AM-REJECTION TEST SETUP

DISCRIMINATOR TRANSFORMER
FOR WINDING INFORMATION

SEE FIG. IS

OVF^:_L4:0.l/»F

PROCEDURE:

1) With Switch S in position "a", set input frequency =4.5 Mc/s,

Vj = 10 mV rms, modulating frequency = 1 kc/s, frequency

deviation = ±25 kc/s.

2) Record v .

3) Place Switch S in position "b", and set input frequency =4.5

Mc/s, vj = 10 mV rms, modulating frequency = 1 kc/s,

% modulation =50.

4) Measure v , and record value in dB below value in Step 2

as AM Rejection.

Fig. 16

TOTAL HARMONIC DISTORTION vs. DC SUPPLY VOLTAGE

AMBIENT TEMPERATURE (Ta)-25*C

SIGNAL FREQUENCY "4.5 Mc/»

MODULATING FREQUENCY « I Kc/«

FREQUENCY DEVIATION • ± 25 Kc/«

Fig.17

DISCRIMINATOR TRANSFORMER SCHEMATIC

(a)

Fig. 18

CONSTRUCTION DETAILS OF DISCRIMINATOR
TRANSFORMERS SHOWN IN FIGS. 2, 14 AND 16

Coil-Form Outside Diameter = 7/32 inch

Slugs: Radio Industries, Inc. Type "E" Material, or equivalent

Wire Type: "GRIPEZE"*, or equivalent

Operating
Frequency

Mc/s

Wire Size

(AWG #)

Turns Cl

PF

C2

pFhA "-2* L
3

1.75 40 44 20 44 total

(22 bifitar

wound)

820 820

4.5 36 18 7 22 total

(11 bifilar

wound)

560 330

10.7 36 18 18 18 total

(9 bifilar

wound)

100 100

* Registered Trade Mark, Phelps-Dodge Copper Products.

A wound bifilar.

NOTE: The mutual coupling between Li and L3 is adjusted

for the desired degree of linearity.

(b)
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CA3041

14-Lead Quad-ln-Line
Plastic Package
Q SUFFIX

H-1596

Wide-Band Amplifier, FM Detector
AF Preamplifier/Driver

Monolothic Silicon

For Sound Sections of TV Receivers Using
Tube-Type AF Output Amplifiers

Features:

High-sensitivity - input limiting volt-

age (knee) = 150 /jV typ. at 4.5 MHz
m Large audio drive voltage capability
m Excellent AM rejection - 58 dB typ

at 4.5 MHz
m Inherent high stability - internally

shielded

Internal Zener-diode-regulated
voltage supply
Low harmonic radiation

Wide frequency capability -

<100 kHz to > 20 MHz
Low harmonic distortion

RCA Integrated Circuit Type CA3041 provides, in a single
monolithic silicon chip, a major subsystem for the sound
sections of TV receivers. As shown in the Schematic Dia-
gram (Fig. 1) and the TV Receiver Block Diagrams (Fig. 2)
the CA3041 contains a multistage wide-band if-amplifier/
limiter section, an FM-detector stage, a Zener-diode-
regulated power-supply section, and an af-amplifier sec-
tion specifically designed to drive directly a 6AQ5 beam
power tube or other audio output tube of similar
characteristics.

In FM receivers, the CA3041 can be used to provide if

amplification and limiting, FM detection, and af pre-
amplification.

The CA3041 provides exceptional versatility of circuit de-
sign because the if-amplifier/limiter section, FM detector
section, and af-preamplifier/driver section can be used in-
dependently of each other.

The CA3041 utilizes a 14-lead dual-in-line plastic package
with leads specially formed to facilitate automatic insertion
of the device in suitably punched printed-circuit boards.
Templates showing recommended layout of printed-circuit
boards for the CA3041 are provided in this bulletin (Fiqs. 13
Hand 15).

Fig. 1 — Schematic diagram.
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TV/CATV Circuits

CA3041

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT TA -25°C

Indicated voltage or current limits for each terminal may be applied under the specified voltage

conditions for other terminals. All voltages are with respect to ground (Terminal 4).

VOLTAGE CONDITIONS AT OTHER TERMINALS

TERMINAL
CURRENT LIMITS

1 2 3 4 5 6 7 8 9 1U 11 12 13 14

1 -3V +3V -

_i 3 _i

2 -3V +3V -3 to +3

3 -3V +3V -3 to +3

. < < <c

4
GROUND (VOLTAGE

REFERENCE TERMINAL)
-3 to +3

ce
LU
K-
co
3Z

#
a:

*
CeO
(—

ce
LU
(-
co
3=

_j
<cz
ce

CT)

_J<z
_J<Z
2

<z
S,

ce
LU
1—
CO

CO

_l<
z:

2 o
h-

H-
1—

co
O 1— ce

LU LU LU O LU lo

5 20 mA -3 to +3 ^ \— < LU 1— CO 1— I—
. 1— (— H- LU

_i z LU Q 1— h- t- Q 1—
<z
ce

LU

_J
Q_

ce
LU
1—

ce

a
a
o
C3

LU
_J
0_

-1 £=

1—

O
1—

Q

LUoX
LU

Q_
LUOX
LU

Q_
LUoX
LU

LU
_l
Q_
CL.<

Q_
LUoX
LU

â
£

CVJ

CO
6 OV +10 V -3 to +3 < LU •"3" < «=c LU :e

t-
CO
<C

LU
CD
<t

LlO>

>-
_l
_1<
ceoz
I—oz

oz
LU
ce
LU
u_
LU
a:
LU
C3
<t
h-
_JO>
OZ

CD

o
ce

>
CD
^3-

C3

o
ce
x:
1—
r-~

_l
<CZ

^ >-

1 1 i <c

*£
Ll_ Z=

_l
Q_

<
>-
_J
_J<
ceo

CVI

_J
<:z
a:
LU
I—
to

CVJ

_J<Z

LU
1—
CO

CVJ

_1
<:z
ce
LU
I—
CO
<C

>-
_l
_J<
ceo
z.

h-Oz

CVJ

_J
<cz
ce
LU
l—
l—<

=>o
ce
n:
l—
oQ
>
C3

7 10 mA -3 to +3

8 10 mA -3 to +3

Q
UJ

<C
CO
1—

co

LU

<
1—
_Jo>

o
1—

o
LU,
1—o

2
ce
LU
h-
o
1—

Q

<C co

LU
CD
<:

5

z
\-oz
CO

LU

LU

<
t—
_Jo>

LU
CD
<t
1—
_J
o>

LU

<
(—
_lo>

CO

LU

•a:

o

LU
CD<
1—
_1O>

+
o
h-
Q
LU
I—

9 10 mA -3 to +3

LU LU > CJ o o o > o
10 10 mA -3 to +3 C3

Zzo O oO
Q
LU

O
LU

Q
LU

oQ
Q
LU

LU
z.
2=

_J

z
ce

o zzoo
_J<
ce
LU

o>
oQ

CO

r-

CO
1—<

CO

<C

<:z
ce
LU

<t
CO

I—

oo
11 + 2.5 V + 5V -3 to +3

1—
X
LU

1—X
LU

t-X
LU

12 + 2.5 V +5V -3 to +3

13 +2.5V +5V -3 to +3

14 50 mA -3 to +3

Any other combination of DC Supply Voltage and Series Resistance which will not cause the Maximum

Device Dissipation Limit or any of the Maximum Voltage or Current Limits for the CA3041 to be exceeded

may be used.

OPERATING-TEMPERATURE RANGE 0° to +85°C

STORAGE-TEMPERATURE RANGE -25° to +85°C

MAXIMUM INPUT-SIGNAL VOLTAGE:

Between Terminals 1 and 3 ±3V

MAXIMUM DEVICE DISSIPATION:

At Ambient | up to +25°C 950 mW

Temperatures^ above +25°C derate at 10.8 mW/°C
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CA3041
ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, TA , of 25°C , and a DC Supply
Voltage, Vcc , of + 140 Volts applied to Terminal 14 through a resistance of 6.2 kil, unless other-
wise indicated. Any other combination of DC Supply Voltage and Scries Resistance which will

not cause the Maximum Dissipation Limit or any of the Maximum Voltage or Current Limits for
the CA3041 to be exceeded may be used.

CHARACTERISTICS

(See Page 7 for Definitions of Terms)
SYMBOLS

TEST CONDITIONS LIMITS

Units

TYPICAL

CHARAC-

TERIS-

TICS

CURVES

SETUP

AND

PROCEDURE
SPECIAL CONDITIONS

TYPE
CA3041

Fig. Min. Typ. Max. Fig.

Total Device Dissipation PT 3

0°C 220 245 270 mW

4TA = +25°C 225 250 275 mW
+ 85°C 230 255 280 mW

Zener Regulating Voltage (DC Sup-

ply Voltage at Terminal 14)
Vi4

-
10.5 11.2 12.1 V -

Quiescent Operating Current

(into Terminal 11)
'11 3 0.25 0.63 1 mA -

9-Volt Current Drain (Quiescent Op-

erating Current into Terminal 14)
114 3

Vcc = +9 V applied directly

to Terminal 14
7 11 16 mA -

Input-Impedance Components:

Parallel Input Resistance Ri 5 _ 11 _ kn

Parallel Input Capacitance Cj 5 - 5 - pF -

Output-Impedance Components:

Parallel Output Resistance R _ _ 100 kfi

Parallel Output Capacitance Co - - 4 - pF -

Input Limiting Voltage (Knee) v
i(lim)

6 - 150 200
mV

(rms)
10

Amplitude-Modulation Rejection AMR 7 45 58 _ dB 8

IF-Amplifier Voltage Gain A(IF) 9 f
=

_ 67 _ dB 10

Recovered AF Voltage:

1. At FM-Detector Output

V (af)

_i

4.5 mi

Rt= 50kH,Af = ±25 kHz

THD = 0.7% (typ.) 250
mV

(rms)

2. At AF-Driver Output

in Test Setup
- THD < 5% 8 9 -

V

(rms)
-

Total Harmonic Distortion THD 6 v
o(af) = 8 V( rms)

- 1.5 5 % -

Discriminator Output Resistance Ro(dis)
-

t

f
=

1 kHz

- 10 - kQ -

AF-Amplifier Input Resistance Ri(af)
- - 100 - kfi -

AF-Amplifier Output Resistance R (af) - - 30 - kfi -

AF-Driver Voltage Gain Aaf 11 1
- 41 - dB 12
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CA3041

1
IF

AMPLIFIER
a

DETECTOR

VIDEO
AMPLIFIER

VERTICAL
DEFLECTION
CIRCUITS

DISCRIMINATOR TRANSFORMER*

© o.oo^l

Y 0.15 _L * FX

=t=O.OI/iF

HORIZONTAL DEFLECTION
a HIGH-VOLTAGE

CIRCUITS

PICTURE
TUBE

v o

* TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent.

Fig.2 - Block diagram of typical TV receiver using CA3041.

PROCEDURES:

Total Device Dissipation:

1. Close S]_, open S2.

2. Measure and record Vj^ and If.

3. Determine Total Device Dissipation from Pf * V^If.

Quiescent Operating Current into Terminal 11:

1. Close S\, open S2.

2. Measure Ijn and record as Quiescent Operating Cur-
rent into Terminal 11.

9-Volt Current Drain:

1. Open Sj_, close S2.

2. Measure I14 and record as 9-Volt Current Drain.

Fig. 3 - Test setup for total dissipation, quiescent operating current

info terminal No. 7 7, and 9-volt current drain.
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CA3041

© 20 30 40 50 60 70
AMBIENT TEMPERATURE !Ta>—*C

92CS-I4880

Fig.4 - Typical dissipation characteristic

forCA304L

r-x o
METER HI

(B00NT0N TYPE
250A O-

OR
EQUIVALENT)

Fig. 5 - Test setup for measurement of

input-impedance components.

BOONTON
TYPE 207H
UNIVERTER

OR EQUIVALENT

BOONTON
TYPE 202H
AM-EM

GENERATOR
OR EQUIVALENT

4.5 MHz
DISCRIMINATOR
TRANSFORMER*

: O.OI h-F
BALLANTINE
TYPE 3000
VOLTMETER

OR EQUIVALENT

AMPL.rO
OUT \

f

PROCEDURES:
Recovered AF Voltage:

1. Set Input Signal Generator as follows:

Output frequency = 4.5 MHz
Modulating frequency = 1 kHz
Deviation = + 25 kHz
Output level for Vjn = 100 mV rms

2. Set volume control for maximum
af output.

3. Measure af output voltage and record
as Recovered AF Voltage.

Total Harmonic Distortion:

1. Adjust volume control for an af output
voltage of 300 mV rms.

2. Measure Total Harmonic Distortion of
the output signal in accordance with
the Operating Instructions for the Dis-
tortion Analyzer.

Input Limiting Voltage (Knee):

1. Decrease Vjn until the af output voltage
is 3 dB less than the value set in Step 1

of the procedure for measurement of
Total Harmonic Distortion
(300 mV - 3 dB ~ 210 mV)

2. Measure resulting value of V;n and re-
cord as Input Limiting Voltage (Knee).

DISTORTION
ANALYZER
(HEWLETT-
PACKARD
TYPE 330

OR

92CS-I4875

* TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent.

Fig. 6 - Test setup for measurement of input limiting voltage (Knee),

recovered AF voltage, and total harmonic distortion.
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AM SIGNAL
GENERATOR

(HEWLETT-PACKARD
TYPE 606A

OR EQUIVALENT)

DISCRIMINATOR
+I40VA TRANSFORMER*

BOONTON
TYPE 207H
UNIVERTER

OR EQUIVALENT

BOONTON
TYPE 202H
AM-FM

GENERATOR
OR EQUIVALENT

WAVE ANALYZER
(HEWLETT-PACKARD

TYPE 3IOA
OR EQUIVALENT)

PROCEDURES:
1. Set FM Signal Generator as follows:

Output frequency = 4.5 MHz
Modulating frequency :

Deviation - ± 25 kHz
Output level for Vin =

1000 Hz

100 mV rms

2. Set AM Signal Generator as follows:

Output frequency = 4.5 MHz
Modulating frequency = 1000 Hz
Per cent modulation = 30
Output level for Vjn = 10 mV rms

3. With Si in Position A measure AF Out-
put Voltage and record as V (PM)-

4. With Si in Position B measure AF Out-
put Voltage and record as V (AM)-

5. Determine AM Rejection from
AMR = V

( FM)/Vo(AM)

TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent.

Fig.7 - Test setup for measurement of AM rejection.

AMBIENT TEMPERATURE <TA>*25°r. Iff:
-H4-
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6
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z
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a 3<

Ul
a. 2(

2
«* K

D

3

3

A MF>LITU[)E MC)DU LAT ON = 3<

j5(
tt

5
-4-H-

mM

3

3

-ft+F rrtr J

S
20 40 60 80 100 120

INPUT SIGNAL LEVEL—mV

92CS-I4889

~

T~ 'mF-t- ^ f T- T 92CS- 14946

PROCEDURE:.
A - Voltage Gain:

1) Set input frequency at desired value, v- = 100 aiV rms.

2) Record v .

3) Calculate Voltage Gain A from A = 20 logiQ v /vj

4) Repeat Steps 1, 2, and 3 for each frequency and/or
for temperature desired.

Fig.8 - Typical AM rejection characteristics

for CA3041.
Fig.9 - Test setup for measurement of I F-amplifie

voltage gain.
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Fig. 10 - Typical IF-amplifier voltage gain and
input-limiting voltage (knee) characteristics.

VTVM
(8ALLANTINE
TYPE 300D

OR EQUIVALENT)

92CS-I4879

Fig. 11 - Test setup for measurement of

AF-amplifier voltage gain.
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.12 - Typical AF -driver voltage-gain characteristic.

DEFINITIONS OF TERMS

Total Device Dissipation (Pj)
The total power drain of the device with no signal applied and no
external load current.

Voltage Gain (A)

The ratio of the signal voltage developed at the output of the device
to the signal voltage applied to the input, expressed in dB.

Input Impedance
The ratio of a change in input voltage to a change in input current,
measured at the input terminal of the device, with respect to ground.

Output Impedance

The ratio of a change in output voltage to a change in output current,
measured at the output terminal of the device, with respect to ground.

Input Limiting Voltaqe (Knee) [vj(lim)]

The input signal voltage which will cause the output signal to de-
crease 3 dB from its maximum level.

Recovered AF Voltage [v (af)]

The rms value of the AF output voltage of the device produced by a
specified frequency deviation of an FM input signal.

Amplitude-Modulation Rejection (AMR)
The ratio of the recovered AF output voltage produced by a speci-
fied frequency deviation of an FM input signal to the recovered AF
output voltage produced by an amplitude-modulated input signal
having the same carrier frequency, expressed in dB.

Discriminator Output Resistance [R()(disc)]

The ratio of a change in AF output voltage to a change in output
current, measured between the output terminal of the devi ce and ground.

Total Harmonic Distortion (THD)
The ratio of the total rms voltage of all harmonics to the rms voltage
of the fundamental, expressed in per cent. These voltages are
measured at the af output terminal of the device, with respect to
ground.
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Fig. 75 - Recommended parts layout
for TV-receiver sound strip

utilizing RCA-CA3041.
(fop View)

Fig.13 - Recommended layout of

printed-circuit board for complete
TV-receiver sound strip utilizing

RCA-CA3041 (Top View).

(Actual Size)

Fig. 14 - Recommended layout of

printed-circuit board for complete
TV-receiver sound strip utilizing

RCA-CA3041 (Bottom View).

(Actual Size)
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CA3042

14-Lead Quad-ln-Llne
Plastic Package
Q SUFFIX

Wide-Band Amplifier, FM Detector

AF Preamplifier/Driver

For Sound Sections of TV Receivers Using
Transistor-Type AF Output Amplifiers

Features:

High sensitivity - input limiting

voltage (knee) = 150 yV typ.

at 4.5 MHz
u 6-mA audio drive capability

m Excellent AM rejection - 58 dB typ.

at 4.5 MHz
m Inherent high stability - internally

shielded

Internal Zener-diode-regulated
voltage supply
Low harmonic radiation
Wide frequency capability -

<100 kHz to >2 20 MHz
Low harmonic distortion

RCA Integrated Circuit Type CA3042 provides, in a single
monolithic silicon chip, a major sub-system for the sound
sections of TV receivers. As shown in the Schematic Dia-
gram (Fig. 1 ) and the TV Receiver Block Diagrams (Figs. 2A
and 2B) the CA3042 contains a multistage wide-band IF-
amplifier section, an FM-detector stage, a Zener-diode-
regulated power-supply section, and an AF-amplifier sec-
tion specifically designed to drive directly an n-p-n audio
output transistor or a high-gain audio output pentode tube.

In FM receivers, the CA3042 can be used to provide if

amplification and limiting, FM detection, and af preamplifi-
cation.

The CA3042 provides exceptional versatility of circuit de-
sign because the if-amplifier/limiter section, FM detector
section, and af-preamplifier/driver section can be used in-

dependently of each other.

The CA3042 utilizes a 14-lead dual-in-line plastic package
with leads specially formed to facilitate automatic insertion
of the device in suitably punched printed-circuit boards.
Templates showing recommended layout of printed-circuit
boards for the CA3042 are provided in this bulletin (Figs. 13
& 14).

Fig. 1 — Schematic diagram.
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CA3042
ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT TA =25°C

Indicated voltage or current limits for each terminal may be applied under the specified voltage

conditions for other terminals. All voltages are with respect to ground (Terminal 4).

TERMINAL
Vfll TAHF OR

VOLTAGE CONDITIONS AT OTHER TERMINALS

CURRENT LIMITS

*
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2 -3V +3V -3 to +3

3 -3V +3V -3 to +3

4
GROUND (VOLTAGE

REFERENCE TERMINAL)
-3 to +3

5 20 mA -3 to +3

6 NO CONNECTION -3 to +3

7 10 mA -3 to +3

8 10 mA -3 to +3

9 10 mA -3 to +3

10 10 mA -3 to +3

11 + 2V + 10 V -3 to +3

12 + 2.5 V + 10 V -3 to +3

13 OV + 10 V -3 to +3

14 50 mA -3 to +3

* Any other combination of DC Supply Voltage and Series Resistance which will not cause the Maximum

Device Dissipation Limit or any of the Maximum Voltage or Current Limits for the CA3042 to be exceeded

may be used.

OPERATING-TEMPERATURE RANGE 0° to +85°C

STORAGE-TEMPERATURE RANGE -25° to +85°C

MAXIMUM INPUT-SIGNAL VOLTAGE:

Between Terminals 1 and 3 ±3V

MAXIMUM DEVICE DISSIPATION:

At Ambient } up to +25°C 950 mW

Temperatures^ above +25°C derate at 10.8 mW/°C
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CA3042

ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, TA , of 25°C, and a DC Supply

Voltage, Vqq, of +140 Volts applied to Terminal 14 through a resistance of 6.2 fcfi, unless other-

wise indicated. Any other combination of DC Supply Voltage and Series Resistance which will

not cause the Maximum Dissipation Limit or any of the Maximum Voltage or Current Limits for

the CA3042 to be exceeded may be used.

CHARACTERISTICS

(See Page 7 for Definitions of Terms)
SYMBOLS

TEST CONDITIONS LIMITS

Units

TYP'CAL

CHARAC-

TERIS-

TICS

CURVES

SETUP

AND

PROCEDURE
SPECIAL CONDITIONS

TYPE
CA3042

Fig. Min. Typ. Max. Fig.

Total Device Dissipation PT 3 TA

o°c 200 230 260 mW

4= +25°C 210 240 270 mW
+ 85°C 220 250 280 mW

Zener Regulating Voltage (DC Sup-

ply Voltage at Terminal 14)
Vh - 10.5 11.2 12.1 V -

Quiescent Operating Current

(into Terminal 11)
'11 3 0.25 0.63 1 mA -

9-Volt Current Drain (Quiescent Op-

erating Current into Terminal 14)
114 3

Vcc = +9 V applied directly

to Terminal 14
8 12 18 mA -

Input-Impedance Components:

Parallel Input Resistance Ri 5 _ 11 _ kfi _

Parallel Input Capacitance C| 5 - 5 - pF -

Output- Impedance Components:

Parallel Output Resistance R _ _ 100 —, kfi

Parallel Output Capacitance Co - - 4 - pF -

Input Limiting Voltage (Knee) v
i(lim)

12 - 150 200
mV

(rms)
9

Amplitude-Modulation Rejection AMR 6 45 58 - dB 7

IF-Amplifier Voltage Gain A(IF) 8 f
= - 67 - dB 9

Recovered AF Voltage:

1. At FM-Detector Output

V (af)

12

4.5 vinz

.

RL = 50 kfi

THD = 0.7% (typ.)
. 250

mV

(rms)

2. At AF-D river Output

in Test Setup 12
R(_=322fi

THD < 5% 500 800 -
mV

(rms)
-

3. At AF-Driver Output

TV-Receiver Soqnd System
2A or 2B

Af =

±25 kHz
R L = 150 kfi

THD = 1.5% (typ.)
- 3 -

V

(rms)
-

Total Harmonic Distortion:

1. In Test Setup

THD

12 V (af) = 500 mV (rms) 1.5 5 %
2. In TV Receiver Sound System 2Aor2B v

o(af)
= u v (rms) - 1 - % -

FM-Detector Output Resistance R
o(det)

-

t

f
=

1 kHz

- - 10 - kfi -

AF-Driver Input Resistance R i(af)
- - 100 - kfi -

AF-Driver Output. Resistance R (af) - - 250 - n -

AF-Driver Voltage Gain A
af 10

1 R s
= 50fi,Ci = - 30 - dB 11
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CA3042

1
AMPLIFIER

DETECTOR

VIDEO
AMPLIFIER

SYNC
CIRCUITS

VERTICAL
DEFLECTION
CIRCUITS

HORIZONTAL DEFLECTION
8 HIGH-VOLTAGE

CIRCUITS

PICTURE
TUBE

0.0047

f Muting can be accomplished by

Grounding Terminal No.

8

* TRW Electronics, Des Plaines, Illinois.

Part No. E023874, or equivalent.

T\ = 2.5 W Transformer, Impedance, 3500 fi

to Spkr., Primary DC = 40 mA

+ 270 v

92CM-I4877

Fig. 2(a) • Block diagram of typical TV receiver utilizing

transistor RCA-40424.

1
AMPLIFIER

a
OETECTOR

VIDEO
AMPLIFIER

VERTICAL
DEFLECTION
CIRCUITS

HORIZONTAL DEFLECTION
a HIGH-VOLTAGE

CIRCUITS

00047

Fig. 2(b) - Block diagram of typical TV receiver utilizing

the CA3042 and a 12FX5, 6EH5, or equivalent.

L*C
PICTURE
TUBE

Muting can be accomplished by

Grounding Terminal No.

8

For XFMR Details see Fig.2(a)

92CM- 14923
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in
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_i

1

g

Q

>
LU

! j

PT -V(4 I I4

10 20 30 40 50 60 70 80 90
AMBIENT TEMPERATURE (TA )

— °C

92CS-I4 888

Fig. 4 - Typical dissipation characteristic.

PROCEDURES:

Total Device Dissipation:

1. Set switch S in position A

2. Measure and record V14 and I14.

3. Determine Total Device Dissipation from Pf = V14I14

Quiescent Operating Current into Terminal lis

1. Turn switch S to position B

2. Measure I11 and record as Quiescent Operating Cur-
rent into Terminal 11.

9-Volt Current Drain:

1. Set switch S in position B

2. Measure 1^4 and record as 9-Volt Current Drain.

Fig.3 - Test setup for measurement of total device dissi-

pation, quiescent current into terminal No.ll, and

9-volt current drain.

R-X O
METER HI

(B00NT0N TYPE
250A O"
OR L0

EQUIVALENT)

92CS -14 890

Fig. 5 - Test setup for measurement of input-impedance

components.

AM SIGNAL
GENERATOR

(HEWLETT-PACKARD
TYPE 606A

OR EQUIVALENT)

4.5 MHz
DISCRIMINATOR
TRANSFORMER*

BOONTON
TYPE 207H
UNIVERTER

OR EQUIVALENT

BOONTON
TYPE 202H
AM-FM

GENERATOR
OR EQUIVALENT

WAVE ANALYZER
(HEWLETT-PACKARD

TYPE 3I0A
OR EQUIVALENT)

: 0.0022 MF

PROCEDURES:
1. Set FM Signal Generator as follows:

Output Frequency = 4.5 MHz
Modulating frequency = 1000 Hz
Deviation = ±25 kHz
Output level for Vjn = 100 mV rms

2. Set AM Signal Generator as follows:

Output frequency =4.5 MHz
Modulating frequency = 1000 Hz
Per cent modulation = 30

Output level for V^n
= 10 mV rms

3. With Si in Position A measure AF Output
Voltage and record as V (fm).

4. With Si in Position B measure AF Output

Voltage and record as V (AM)-
V (FM)

5. Determine AM Rejection from AMR =

V (AM)

* TRW Electronics, Des Plaines, Illinois.

Part No. E023874, or equivalent.

Fig.6 - Test setup for measurement of AM rejection.
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20 40 60 80 100 120

INPUT SIGNAL LEVEL— mV
92CS-I4889

Fig.7 - Typical AM rejection characteristics.

RF VTVM
(B00NT0N
TYPE 91

D

OR EQUIVALENT)

_i- _L_ ;=su

PROCEDURE Voltage Gain:

1. Set input frequency at desired value, vj = 100 /xV rms.

2. Record vQ .

3. Calculate Voltage Gain A from A = 20 log10 v /vj.

4. Repeat Steps 1, 2, and 3 for each frequency and/or for

temperature desired.

Fig.8 - Test setup for measurement of IF amplifier

voltage gain.

4 6

FREQUENCY (f)—MHz

Fig. 9 - Typical IF amplifier voltage gain and input

limiting voltage (knee) characteristics.

30

S 25

1

AMBIENT TEMPERATUF E TA ) = 25°C

-

R s

C|=

= 5C

50

,^\
R s

= 50
=

a,

PH \

\
N

5 20
z
<
a
uj 15

a

§ 10

5

c
5
= I0

= 5C PF

Rs=

C,=C

K

>

a

1 2 'I 6 8 .„3 ,„4

Fig. 10 - Test setup for measurement of AF amplifier

voltage gain.

I
10 10 10 10 IC

FREQUENCY(f)— kHz
92CS-I49I0

Fig. 11 - Typical AF amplifier voltage gain

characteristics.
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4.5 MHz
DISCRIMINATOR
TRANSFORMER 1

BOONTON
TYPE 207H
UNIVERTER

OR EQUIVALENT

BOONTON
TYPE 202H
AM-FM

GENERATOR
OR EQUIVALENT

BALLANTINE
TYPE 3000
VOLTMETER

OR EQUIVALENT

* TRW Electronics, Des Plaines, ILL., Part No.EO 23874 (or equivalent).

PROCEDURES: t . . u • rvoral Harmonic Distortion
Recovered AF Voltage:

1. Set Input Signal Generator as follows

Output frequency = 4.5 MHz
Modulating frequency = 1 kHz
Deviation = + 25 kHz
Output level for Vin

= 100 mV rms
2. Set volume control for maximum af output

DISTORTION
ANALYZER
(HEWLETT-
PACKARD
TYPE 330

OR
EQUIVALENT)

92CS-I49I3

1. Adjust volume control for an af output voltage of
500 mV rms.

2. Measure Total Harmonic Distortion of the output
signal in accordance with the Operating Instructions
for the Distortion Analyzer.

Input Limiting Voltage (Knee):

3
- ^a

?7
ur

,!
af output voltage and record as RecoveredAt Voltage.

1. Decrease Vjn until the af output voltage is 3 dB
less than the value set in Step 1 of the procedure for
measurement of Total Harmonic Distortion (500mV -

3 dB = 350 mV)

2. Measure resulting value of Vjn and record as Input
Limiting Voltage (Knee).

Fig. 12 - Test setup for measurement of input limiting voltage (knee),

recovered AF voltage, and total harmonic distortion.
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Fig. 14 - Recommended parts layout for TV-receiver

sound strip utilizing RCA-CA3042.

(Top View)

Fig. 13 - Recommended layout of printed-circuit board

for TV-receiver sound strip utilizing RCA-CA3042.

(Actual Size, Bottom View)
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CA3065

14-Lead Quad-ln-Llne
Plastic Package

H-1596

IF Amplifier-Limiter, FM Detector,

Electronic Attenuator, Audio Driver
For Television Sound-System Applications

Features:

Electronic attenuator - replaces conventional volume control
Differential peak detector - requires on single tuned coil

Internal Zener diode regulated supply
Inherent high stability

Excellent AM rejection - 50 dB typ. at 4.5 MHz
Low harmonic distortion

High sensitivity - 200 (iV limiting (knee) at 4.5 MHz
Audio drive capability - 6 mA p-p
Undistorted audio output voltage - 7 V p-p

The RCA CA3065* Television Sound System is a monolithic
integrated circuit which combines a multistage 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 n-p-n power
transistor or high-transconductance tube. Because the
circuit is so inclusive, a minimum number of external
components is required. A block diagram of the integrated
circuit television sound system is shown in Fig. 1.

The CA3065 with its advanced circuit design provides a
high-performance multistage subsystem for the sound
system of a television receiver. A particular feature of the
CA3065 is the electronic attenuator which performs the

conventional volume control function. Volume 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 bypassed. In most
cases, only a single unshielded wire is required between
the IF board and the variable resistor (volume control).

The CA3065 utilizes a 14-lead dual-in-line plastic package
with leads specially formed to facilitate automatic insertion
of the device into suitably punched printed-circuit boards.

• Formerly Dev. Type No. TA5814

D047-L (t) ©o.osl

L| = I6 MH NOMINAL,

°( UNLOADED)' 50

ALL RESISTANCE VALUES ARE IN OHMS

Fig. 1 - Block diagram of CA3065 in a typical circuit application.
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CA3065
MAXIMUM RATINGS, Absolute Maximum Values, at TA = 25° C

Input Signal Voltage (between Terminals 1 and 2) . . . ±3

Power Supply Current (Terminal 5) 50

Power Dissipation:

Up to TA = 25°C 850

Above TA = 25°C • Derate linearly 6.67

Ambient Temperature Range:

Operating - 40 to + 85

Storage - 65 to + 150

V
mA

mW
mW/°C

°C

°C

MAXIMUM VOLTAGE RATINGS at TA = 25° C

The following chart gives the range of voltages which can be applied to the terminals

listed vertically with respect to the terminals listed horizontally. For example, the

voltage range of the vertical terminal 9 with respect to terminal 3 is to +4 volts.

MAXIMUM
CURRENT RATINGS

TERM-
INAL
No.

4 5 6 7 8 9 10 11 12 13 14 1 2 3

4 SUBSTRATE CONNECTION - ALWAYS CONNECT TO TERMINAL 3

5
+ 13 + 13 + 13

* *

z
o
h-
O
UJ UJ

_J z
< OZ Q
IT
UJ
1-

z

+ 13 + 13

* * *

NOTE
1

6 * * * * * * * * *

+ 13

-5

7
+ 1

-4 * * * * * *
+ 13

8 * * * * * * * *

9
* * * * * * . +4

10
* * * * * + 4

-5

11

INTERNAL CONNECTION

DO NOT USE

12
+4
-1

* * * *

13
* * * *

14
* * + 3

-5

1

+ 5

-5
+ 5

-5

2
+ 4
-5

3

TERM-
INAL
No.

'in

mA
'out
mA

4

SUBSTRATE:
CONNECT TO
TERMINAL 3

5 50 1

6 1 1

7 1 1

8 0.5 6

9 1 1

10 1 0.1

11
INT. CONN.

DO NOT USE

12 0.5 6

13 1 2

14 1 0.1

1 1 0.1

2 1 0.1

3 0.1 50

Note 1: Terminal No. 5 may be connected to any positive

voltage through a suitable resistor provided that

the current and dissipation ratings of the CA3065

are not exceeded.

*Voltages are not normally applied between these terminals.

Voltages appearing between these terminals will be safe if

specified limits between all other terminals are not exceeded.
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CA3065
ELECTRICAL CHARACTERISTICS at TA = 25° C Vcc =+140V applied to Terminal 5 through

RS = 3.9 kQ, and DC Volume Control (Rx ) = unless otherwise indicated.

CHARACTERISTIC SYMBOL
TEST

CIRCUIT SPECIAL TEST CONDITIONS
LIMITS

UNITS
Fig. No. • Min. Typ. Max.

Static Characteristics

Zener Regulating Voltage

Terminal No. 5
v5

-
10.3 11.2 12.2 V

Current into Terminal 5 '5 - Connect Terminal 5 to +9 V 10 16 24 mA
Total Device Dissipation

?T -
343 370 400 mW

Terminal Voltages: l

6

7

9

12

Vl

v
7

v
9

v
12

-

4

2

4.8

6.1

3.7

5.1 5.8

V

Dynamic Characteristics

IF AMPLIFIER

Input Limiting Voltage

(at -3 dB point)

v
i(lim) 3

f =4.5 MHz. fm = 400 Hz,

Deviation = ±25 kHz, - 200 400 MV

AM Rejection AMR 3
Amplitude Modulation = 30%
f =4.5 MHz

40 50 - dB

Transconductance

Magnitude
IGml(IF) - f = 4.5 MHz

IF Input Terminals: 2,1

IF Output Terminals: 9,3

- 500 - mmho

Phase Angle
*(l F) - -

46 - degrees

Feedback Capacitance c
fb

-
f = 1 MHz; Terminals 2 and 9 - <0.02 _ PF

Input Impedance Components:
Rj(IF) -

Measured between

Terminal Nos. 1 and 2

f = 4.5 MHz

-
17 - kfiParallel Input Resistance

Parallel Input Capacitance Cj(IF) - - 4 - PF
Output Impedance Components:

Parallel Output Resistance
RoOF) -

Measured between

Terminal No. 9 and gnd

f = 4.5 MHz

- 3.25 - kn

Parallel Output Capacitance co(IF) - - 75 _ PF
DETECTOR

Recovered AF Voltage
V (af) 3

f = 4.5 MHz; V
(

= ioo mV
At = ±25 kHz

fm = 400 Hz

0.5 0.75 - V(rms)

Total Harmonic Distortion THD 3 - 0.9 2 %
Output Resistance:

Terminal 7

Terminal 8

Ro - -
7.5

300

- kn
lj n

ATTENUATOR

Max. Attenuation _
3

See Fig. 7

Rx
= oc

60 80 dB
Max. '•Hay-through" Voltage* -

3 Rx= o= - 0.075 1 mV
AUDIO AMPLIFIER

Voltage Gain A(af) 4 V| =0.1 V(rms), f =400 Hz 17.5 20 dB
Total Harmonic Distortion THD 4 Vq = 2 V(rms), f = 400 Hz -

1.5 - %
Undistorted Output Voltage - 4 THD = 5%, f = 400 Hz 2 2.5 _. V(rms)

|

Input Resistance Rj(af) -
f = 400 Hz - 70 _ kn

1 Output Resistance Ro(af) -
f = 400 Hz - 270 - n

*"Playthrough" voltage is the unwanted signal, measured at Terminal 8, when the volume control is set for minimum output.
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CA3065

R45<

(A)
mi <kl &

All resistance values are in ohms, all

capacitance values are in picofarads.

Fig. 2 - Schematic diagram of CA3065

u ~ ara. rp^prvps the rioht to make any changes in the Resistance

The tesistahce values included on the scheme d.ag.am haw teen ^'^Sj'i'^iges do not advetsel, affect the published

designs. The values shown may vary as much a"s ±30%.

AM SIGNAL
GENERATOR

(HEWLETT-PACKARD
TYPE 606A

OR EQUIVALENT) BALLANTINE
TYPE 300D
VOLTMETER

OR EQUIVALENT

BOONTON
TYPE 207H
UNIVERTER

OR EQUIVALENT

BOONTON
TYPE 202H
AM-FM

GENERATOR
OR EQUIVALENT

ALL RESISTANCE VALUES ARE IN OHMS

Li =I6mH NOMINAL

Q(UNLOADEO)
= 50 TERMINALS 11,12, 13,14 NO CONNECTION

92CM-I58I5

Fig. 3 -Input limiting voltage, AM rejection, re-

covered audio, total harmonic distortion, maxi-

mum attenuation, maximum "play-through"

test circuit.

I

TERMINALS 7,8,11,13 NO CONNECTION

ALL RESISTANCE VALUES ARE IN OHMS

Fig. 4 -Audio voltage gain (undistorted output)

test circuit.
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CA3065

3.9 til

WV-O*l40V

VIDEO SWEEP
GENERATOR
(KAY VIDEO 100

MARKASWEEP
MODEL 154 A OR
EQUIVALENT)

TO DIODE
DETECTOR &
OSCILLOSCOPE

E
in

= 100 /iV

03

O

O
<

O
>

a.

<

70

60

50

40

30

20

10

(a) Test circuit

Fig. 5 - Frequency response of IF-amplifier section of CA3065

FREQUENCY (0 - MHi

(b) Response curve

SIGNAL GENERATOR
(HEWLETT-PACKARD

TYPE 606A
OR EQUIVALENT)

BALLANTINE
TYPE 340

VOLTMETER
OR EQUIVALENT

E in = 100 mV

25

20

? 15
<
o

o
<

d io

a:

"S 5

1 1

FREQUENCY - MHi

(b) Response curve(a) Test circuit

Fig. 6 - Frequency response of af-amplifier section of CA3065

REDUCTION

OF

RECOVERED

AUDIO

FROM

MAXIMUM

VOLUME—

dB

^

w

A

ffl

CD

5

O

o

O

O

O

O

AMBIENT TEMPERATURE (TA)«25*C

K
« > ( >* 2 4 6 e 2 4 6 8H

RESISTANCE 'R>
100 K

rR0M TERMINAL 6 TO GND-OHMS

Fig. , - Gain reduction vs. resistance

(terminal 6 to gnd)

OPERATING CONSIDERATIONS

As in all TV receivers, precaution should be

taken to prevent destruction of the CA3065 in the event

of cascade arcs originating in the picture tube or in the

output tube. In the case of arcing in the output tube a

resistor of 150 k in series with terminal No. 12 and the

grid of the tube is usually sufficient protection.

To prevent damage from picture tube arcs, a careful

analysis of board layout and coupling modes (electro-

static or magnetic) may be necessary to suggest alter-

nate layouts or appropriate locations for the placement
of spark gaps to absorb the high energy discharge.
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CA3065

(a) Printed circuit board - bottom view*

Full Size

(b) Parts layout - top view*

Full Size

Fig. 8 - Recommended parts layout for TV receiver

sound strip using CA3065.

* A 200 mil square grid was used in the layout of passive components on the

printed circuit board. The Quad-in-line formed leads conform to a standard

grid spacing of 100 mil centers.
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CA3134EM, CA3134QM

(EM Suffix)

H-1905

(QM Suffix)

H-1906

TV Sound IF and Audio
Output Subsystems

FEATURES:
Output power 3 W (typ.) at V + - 24 V, R L

= 16 Q
Power amplifier with current limiting and
thermal shutdown

m Wide power-supply range: 12 V to 33 V
Low quiescent current: 30 mA typ.

m 5-kHz deviation sensitivity: 1 W output typ.

m 3-dB limiting sepsitivity: 200 p\J typ.

Excellent AM rejection: 50 dB typ.

m Differential peak detector — requires one tuned coil

Electronic volume control with improved taper
Optional unattenuated audio output
Optional power-supply ripple by-pass

The RCA-CA3134 combines the sound +F 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, an FM detector, and an audio power
amplifier that is designed to drive an 8-, 16-, or 32-ohm
speaker.

The CA3134EM and CA3134QM are supplied in the 16-lead
plastic "power slab" package with a tin-plated copper strap
heat sink attached. The CA3134EM issupplied with dual-in-
line leads and the CA3134QM is supplied with dual-quad-
formed leads.

v +Q—
AUDIO AMPLIFIER/£\__
OUTPUT \£J

GROUND (3)

AUDIO AMPLIFIER/^
GROUND to*

no connection(|)

RIPPLE BY- PASS

AUDIO AMPLIFIERS
INPUT ^y
UNATTENUATED/^N
AUDIO OUTPUT Viy

VOLUME CONTROL© FOR ELECTRONIC
ATTENUATOR

-®]
>RF INPUTS

-®i
(13) SUBSTRATE GROUND

(T?) VOLUME CONTROL FORV^ ELECTRONIC ATTENUATOR

—©7
(FM DETECTOR

/-,.( TUNING

^ AUDIO OUTPUT FROM
(9) ELECTRONIC

ATTENUATOR

92CS-25650RI

Fig. 1 — Terminal diagram of the CA3134EM, and CA3134QM.
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CA3134EM, CA3134QM
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE (Between Term. 1,

V* and Terms. 4, audio-output ground and

13, substrate)

INPUT SIGNAL VOLTAGE (Between

Terms. 14 and 15)

DEVICE DISSIPATION:
With Copper-Strap Heat Sink —
Soldered to PC Board

Up to TA = 25° C
Above TA - 25° C derate linearly

Unsoldered

UptoTA = 25°C

Above TA = 25° C derate linearly

THERMAL RESISTANCE

Junction to Slab

AMBIENT TEMPERATURE RANGE:

Operating

Storage

LEAD TEMPERATURE (During Soldering):

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

from case for 10 seconds max

33

±3

-40 to +85
-65 to +150

+ 265

5.0 W
40 mW/°C

2.9 W
24 mW/'C

>C/W

°C
°C

°c

QV+ = 30 v

"1
R—" =4:4700 pF

iF:4= A-L

OPTIONAL
,___« —a O UNATTENUATED
I . T AUDIO OUTPUT

00? (IF NOT USED,

J+
=T™°P^ NC I

I 3.6 k*, GROUND TERM. 8)

-0-
^OPTIONAL

(BY -PASS
DEPENDENT ;

UPON POWER
SUPPLY RIPPLE)

a ,60W
—I V^^OOImF

4700pF=^IOkfl 'R x "= SOOkll

ALTERNATE
VOLUME -CONTROL
CIRCUIT

92CS-24IS5R3

Fig. 2 - Block diagram of the CA3134 in a typical circuit application.
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CA3134EM, CA3134QM
BIAS- CIRCUIT FOR RF SECTIONS

400 <

D4^r

>

AUDIO AMPLIFIER/t\ AUDIO
•V INPUT

RESISTANCE VALUES ARE IN OHMS
92CL-25648RI

Fig. 3 - Schematic diagram of the CA3134 (cont'd on next page).
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CA3134EM, CA3134QM

_ UNATTENUATED
©AUDIO OUTPUT

—QZ)l ATTENUATOR

ATTENUATOR

/CONNECTION

Fig. 3 - Schematic diagram of the CA3134 (cont'd from previous page).
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CA3134EM, CA3134QM
ELECTRICAL CHARACTERISTICS
Test Conditions: TA = 25° C, V + = + 30V (applied to Term. 1), DC Volume Control,

Rx — 75 kQ. Ri = 160 unless ntheru/ico inHir»otorl Oa4ar t^ c;~ r>

CHARACTERISTIC SPECIAL TEST
CONDITIONS

LIMITS UNITS
Min. Typ. Max.

static Characteristics

Current into Term. 1, I, Po = 15 30 45 mA
Dynamic Characteristics

IF AMPLIFIER:

Input Limiting Voltage, fo = 45 MHz
Vis (Dm)

(at -3 db point)

fm = 400 Hz

Af = ±25 kHz

— 200 400 //V

AM Rejection, AMR
fo = 4.5 MHz, fm = 400 Hz,

Modulation Index = 0.3,

V 15 = 20 mV
40 50 - dB

Input Resistance, R, V15 = 35 mV — 25 — kfi
Input Capacitance, Ci Vis = 35 mV — 3 —

^

PF
DETECTOR:

Recovered af Voltage

(Term. 9), Vo(af) fo = 4.5 MHz, fm = 400 Hz,

Af = ±25kHz,V15 = 100mV

— 700 mV
Total Harmonic Distortion,

(THD)
0.8 3 %

Output Resistance, Ro At Term. 9 — 7.5 — kfi
ATTENUATOR:
Maximum Attenuation Rx = 10 15 mV

UNATTENDUATED AUDIO:

Recovered af Voltage

(Term. 8), V (af) fo = 4.5 MHz, fm = 400 Hz.

Af = ±25kHz,V1s = 100mV

— 600 mV
Total Harmonic Distortion(THD) — 0.8 %

AUDIO POWER AMPLIFIER:

Voltage Gain, A(af) f = 1 kHz — 35 — dB
System Total Harmonic

Distortion

THD (System)

Po = 1W(l T = 140mAtyp.) — 1.5 — %
Po = 2W(l T = 180mAtyp.) — 1.6 3 %

Power Output, P THD (System) = 10%

(It = 210 mA typ.)

— 5 — W

Input Resistance, (Ri(af) f = 1 kHz - 100 - kfi
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TV/CATV Circuits

CA3134EM, CA3134QM
iood

8

6

4

<
? 2

H
hIOO-

£ 8

K 8

4

<
t-
O

-

»0

CURRENT LIMIT

^ =#
^i

I lo I

2 4 6 8 2 4 8 •
,

EFFECTIVE LOAD RESISTANCE (R L ) — O
92CS- 30535

OUTPUT POWER <Po> —

W

Fig. 4 - Maximum outpower as a function of

effective load resistance.

Fig. 5 - Total supply current as a function of

output power.

tlo

-10

;
"z0

3 -30
UJ
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Id ^"
a

-50

-«0

^-— _ _

,

B
V

6

EFEREK
OLTA6E
1 -i23

CED
CON
kHz

TO REC
TROLA

OVER
TMAX

ED/

,«C

]

UOIOAT Tl
• 4.9 MHi,

RM 9
fI-400H I

~

k SIGNAL-TO NOISE RATIO IAI-0

POWER OUTPUT (P >— W
2 468 2 488 2 488

I 10

RF INPUT LEVEL AT TERMS 14,19-mV

Fig. 6 - Power dissipation as a function of

output power.

Fig. 7 - Recovered audio, and signal-to-noise

ratio as a function of rf input level.
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CA3163E

14-Lead Dual-ln-Line
Plastic Package

"E" Suffix

VHF/UHF Prescaler

Features:

Broadband operation - 90 to 1000 MHz
m High sensitivity

Standard 5 V power supply
m Dual mode operation - VHF/UHF
m Complementary ECL outputs
m Independent VHF & UHF input terminals

The RCA-CA3163E* is an integrated-circuit prescaler in-
tended for use in TV frequency synthesis tuning systems
over an input frequency 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 harmonic 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 theiba^Tdswitch input terminal, all eight divider stages are

®~L

©

©

©

©-J

©•

AMP/
MULTI-
PLEXER

©

f
©

r-©

r©

©

©

operative, resulting in division by 256. In 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, har-
monic output is reduced above 40 MHz by limiting output
signal rise and fall times and maintaining a balanced load.

The CA3163E is supplied in the 14-lead Dual-in-Line Plastic
Package.

"Formerly RCA Developmental No. TA10535.

TERMINAL DIAGRAM

V+l ©-'
v+z (D—

BANDSWITCH /5\_
INPUT (3>~

OUTPUT ©—
OTJTPTJT ©-

N/C (|)—

V"l ©-

—@ VHF INPUT

—@ VHF INPUT
—© N/C

—© N/C

—® UHF INPUT

—® UHF INPUT

—<D V-2

92CS- 30477
N/C -NO CONNECTION

Fig. 1 - CA3163E block diagram.
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CA3163E
ELECTRICAL CHARACTERISTICS At Ta = 25°C, V

+
= 5VDC, V" = VDC; see Figs. 1 & 2

CHARACTERISTIC TEST CONDITIONS
LIMITS UNITS

Min. Typ. Max.

Supply Current, l

+ Terms. (1+2), Fig. 1 30 60 90 mA

UHF Bandswitch Input Voltage, Vbh High Level 2.4 — — V

VHF Bandswitch Input Voltage, V Bl Low Level — — 0.8 V

UHF Bandswitch Input Current, Ibh Vbh = 20 VDC, Fig. 1
— — 0.5 mA

VHF Bandswitch Input Current, Ibl Vbl = VDC, Fig. 1
— — -1 mA

UHF Sensitivity Level Input

Voltage, V,N (U)

f lN = 450 to 950 MHz,

four = W256, Fig. 2 — 80 mVRMS

VHF Sensitivity Level Input

Voltage, V IN (V)

f,N = 90 to 275 MHz,

four = W64, Fig. 2 — 40 mVRMS

Output Voltage, V Terms, 4 or 5, Fig. 2 0.65 1
— Vp-p

Output Voltage Rise of Fall

Time, t„ t(

- 70 - ns

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE •-

5 '5

20
DC BANDSWITCH VOLTAGE ^

5V
RMS INPUT VOLTAGE

UJ

DEVICE DISSIPATION:

UP TO TA = 70° C
60°

ABOVE TA =70°C
derate linearly at 7.5

AMBIENT TEMPERATURE RANGE:

OPERATING ° t07°

STORAGE -55 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

mW
mW/°C

°C

°C

°C

TOGGLE SOURCE AND
PULSE SHAPER
FREQ « IO MHz
RISE TIME < 4 ns

^=pF 33-

I 1 L^
92CS-30475RI

Includes capacitance of test probe

uhf
gen.

* INCLUDES CAPACITANCE
OF TEST PROBE

92CS-304T8R2

Fig. 2 - DC characteristics test circuit. Fig. 3- AC characteristics test circuit.
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CA3163E

Fig. 3 — Schematic diagram of CA3163E (cont'd, on next page).
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CA3163E

Fig. 3 — Schematic diagram of CA3163E (cont'd, from previous page).
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CA3166E

14-Lead Dual-ln-Line

Plastic Package

Operational Amplifier Bandswitch

BiMOS Input Operational Amplifier, Frequency
Band-Select Switch, and AFT Mode Switch

For Frequency-Synthesizer Television
Tuning Systems

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

The RCA-CA31 66E incorporates bipolar, PMOS, and CMOS
transistors 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
frequency 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.

AFT mode switch utilizes CMOS transmission gate and
enable logic input controls 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 dc

High voltage-rating for wide dynamic control range of
error signals and switch functions

The AFT mode switch is a CMOS transmission 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.

NON
INV.

INPU'

V- input © ©OUTPUT@ AFT

n y.

AFT SWITCH

©
GROUND

BAND
SELECT
SWITCH

<D°C

BANDSWITCH INPUT(8; QCj) <H)lOGIC "B" BANDSWITCH INPUT
LOGIC "A"

BANDSWITCH INPUT 92CS-309O0

Fig. 1 - CA3166E block diagram.
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CA3166E

Fig. 2 - Circuit diagram of CA3166E (continued on next page).

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE. V+ *3! w
DIFFERENTIAL INPUT VOLTAGE ^°Y
DC SUPPLY CURRENT l+ +o*\f
BAND-SELECT SWITCH INPUT VOLTAGE, VBS + < 5 V
AFT SWITCH INPUT, OUTPUT +10 mA
CLAMP DIODE CURRENT, OP AMP 150 mA
BAND SELECT SWITCH SUPPLY CURRENT, l BS °

U

DEVICE DISSIPATION: 700 mW
U
P
t0 +7?° °^ '.'.'.'.'.'.'.'.'.'.'. Derate linearly at Vl.i mW/°C

Above +70° C
AMBIENT TEMPERATURE RANGE: 0to+70°C
Operating "'."'.'.'. '-55 to +150°C
Storage

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for
+265°C

1 s max
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CA3166E

BAND B CHANNEL SW

© (!)<§> <4>

Fig. 2 - Circuit diagram of CA3166E (continued from previous page).

0+I5 VDC

TEST
CONDITIONS (V)

V VCM VBS VREF

Vol 35 18 -15

V02 33 -2 16 -17

V03 29.5 IS -15

V04 35 18 -5

CMRR -201og(V
l

- V02 )

RR - 201og IV 1 V03 )

A0L -201og (V , V04I

92CS-30902RI

Fig. 3 - Operational amplifier test circuit for CMRR, PSRR, Aqu and vIO-
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CA3166E
Operational Amplifier (See Fig. 3)

ELECTRICAL CHARACTERISTICS at Ta = 25°C, V+ = 32.5 V, Vbs = ™ V, Terms 4&5 grounded.

Unless otherwise specified

CHARACTERISTICS TEST CONDITIONS

LIMITS

UNITS

MIN. TYP. MAX.

Input Bias Voltage, V13 h3 = 4 mA, Feedback = 1 Mfi 2.2 2.5 3

vDc

Input Bias Voltage, V13 I-I3 = 6 mA, Feedback = 1 MO 2.2 2.6 3

Input Bias Voltage, V14 I-I4 = 1 Mfi, Feedback = 1 MO 2.75 3.3 3.75

Diode Voltage

(term. 14 to term. 13)

I-I4 = 4 mA,
Term. 13 = Reference

- 0.8 1

Diode Voltage

(term. 13 to term. 14)

1 13 = 4 mA,
Term. 14 = Reference

- 0.8 1

Output Voltage

Low, Vol (Vi)

1 14 = 4 mA, Resistance between
Terms. 1 and 12 = 10 kfi

- 0.2 0.6

Output Voltage

High, Voh (V1)

V14 = V, I-13 = 4 mA,
Resistance between Terms. 1 and
12 = 10 kfi, V+ = 29.5 V

27.4 28 -

Input Offset Voltage, Vio See Fig. 3 - 10 80 mV

Supply Current, l+ (I12) V4 = 1 V, Feedback (Terms. 1 to

14) = 1 Mfi, V+ = 35 V,

V 13 = V
5 14 20

mA

Output Sink Current, Iol I-I4 = 4 mA, V-| = 32.5 V 5 25 -

Output Source Current, Ioh I-I3 = 4 mA, V1 = V14 = V - ' -15 -5

Input Bias

Current, I|b (term. 14)

V-|3 = V, Term. 1 connected
to Term. 14

— 0.5 10 nA

Common-Mode
Rejection Ratio, CMRR

See Fig. 3 55 65 -

dBPower Supply Rejection

Ratio, PSRR
See Fig. 3 65 75 -

Open-Loop Voltage

Gain, Aql
See Fig. 3 65 80 -

Bandswltch Truth Table

LOGIC
INPUTS

OUTPUTS

A B UHF
VHF
LOW

VHF
HIGH

1

1

1

1 1

1

1

92CS-30899

Fig. 4 - Bandswitch test circuit.
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CA3166E
Band-Select Switch (See Fig. 4)

ELECTRICAL CHARACTERISTICS at Ta = 25° C, V+ = 32.5 V, VbS = 18 V

Terms. 4 &5 grounded Terms. 6,7,9= 100 kO. to ground. Unless otherwise specified

CHARACTERISTICS TEST CONDITIONS

LIMITS

UNITS

MIN. TYP. MAX.

Logic Inputs "A" & "B"
Sink Current (Low)

v-io = V-|1 =0.6V -200 -100 -

/"A

Logic Inputs "A" & "B"
Source Current (High) "9

= -90 mA, V-io = V-|i = 2.4 V -150 5 150

Output Leakage Current,
Terms. 6, 7, 9

- 2 7

Output Saturation Voltage:
(Pin 8 Ref) Term. 9 "9

= -90 mA, V-io = V-n = 2.4 V -1.3 0.6

V

Term. 9 >9
= -60 mA, V-io = V-|i = 24 V -0.9 0.3 —

Term. 7 "7
= -90 mA, V-io = V, V-n = 24 V -1.3 0.6 —

Term. 7 "7
= -60 mA, V-io = V, V-n = 2.4 V -0.9 0.3 —

Term. 6 "6
= -90 mA, V-io = 2.4 V, V-n = V -1.3 0.6

Term. 6 "6
= -60 mA, V-io = 24 V, Vn = V -0.9 0.3 —

Logic Inputs,

V|N (0)
-0.6 - 0.6

Logic Inputs,

V|N (I)
2.4 - 8.5

AFT Mode Switch

ELECTRICAL CHARACTERISTICS at TA = 25° C, V+ = 32.5 V, Vbs =18V
Terms 5, 10, 11 grounded. Unless otherwise specified

CHARACTERISTICS TEST CONDITIONS

LIMITS

UNITS

MIN. TYP. MAX.

Logic Input Current Low V2 = V, RjERMS. 3 = 100 MO., V4 = 13.5 V -200 -100 —

//A
Logic Input Current High V2 = 2.4V, RjERMS. 3 = 1 kO, V4 = 1 V -150 2 150

Input Current, I4 V2 = V, RjERMS. 3 (Open), V4 = 13.5 V - 2 20

Output Leakage Current, I3 V2 = 0.6 V, V3 = 8 V, V4 = V —
1 100 nA

Output Rev. Current, I3 V2 = 3 V, V3 = 1.8, V4 = V 1.4 2 — mA
Output Offset Voltage V2 = 3 V, V4 = 3 V, V+ = 29.5 V — 0.1 — V

AFT Switch Resistance V2 = 2.4 V — 800 — O

Logic Input, V|n (0) -0.6 — 0.6 V
Logic Input, V|n (1) 2.4 - 8.5
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CA3166E

Si
TV VARACTOR

TUNER

U- U. li-

V-r X X XVT > > 3

PRESCALER
(CA3I63E)

PROGRAMMABLE
DIVIDER -l-P

REFERENCE
OSCILLATOR

PHASE
DET.

Af

BS
OUT

<?) AFT OUT

OR AMP. OUT

OR AMR IN
@+J

LOGICJ |®*
IN

CA3I66E
AFT 5)*1

ENABLE^
\&-t

V+ VBS AFT

CHANNEL*
DISPLAY

CA3I68E
7-SEGMENT
DECODER/
DRIVER

SWITCHING/
CONTROL LOGIC/

MEMORY

92CS-3090I

Fig. 5 - Block diagram of a typical digital tuning system.

Tuner Operation

Fig. 5 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 connected to a prescaler (CA3163) which

divides the frequency to values that can be processed 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 is then amplified by

the CA3166E and filtered to provide a dc voltage to the

varactors of the tuner voltage-controlled oscillator (VCO).

The VCO frequency 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 4.

An analog switch for AFT operation is included in the

CA3166E for automatic correction of frequency
transmission errors.

CA3166E TERMINAL ASSIGNMENT

OP AMR OUTPUT ®—
LOGIC INPUT, /=\_
AFT ENABLE *£/

AFT OUTPUT (D—
AFT INPUT 0—

GROUND (£)—
BANOSWITCH OUTPUT, /S\_

VHF HIGH v*r^
BANDSWITCH OUTPUT (?)—

VHF LOW

-@ INV. OP. AMP. INPUT

-@ NON-INV. OP. AMP. INPUT

-@V+

-@ LOGIC "B" BANDSWITCH INPUT

—@ LOGIC "A" BANDSWITCH INPUT

—(5) BANDSWITCH OUTPUT, UHF

—® BANDSWITCH INPUT

92CS-30903
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CA3215E

16-Lead Dual-ln-Line

Plastic Package

H-1622

FM-IF Amplifier/Detector Limiter

Features:

Ideal for video disc playback systems
Phase lock loop FM detector
Linear detection for large deviation at video modulating frequencies
Carrier defect detector

Squelch circuitry

Loss of carrier latch circuitry

The RCA CA3215E* monolithic integrated circuit provides
a system for large-deviation FM detection. The device
includes a two-stage limiter/amplifier, phase detector,
voltage controlled oscillator, wide-band amplifier, carrier

defect detector, and output squelch. The phase detector
and VCO are connected to form a phase-lock-loop detector
capable of recovering wide deviation modulating signals.

•Formerly RCA Dev. Type No. TA10641.

The carrier defect detector provides a logic output signal to
control corrective circuitry in the event of an instantaneous
loss or serve distortion of the carrier signal. The wide-band
amplifier is squelched by the same defect detector output or
may be squelched by an external input to the device. In the
event of longer duration carrier loss, a latch condition will
maintain the amplifier in the squelched condition.

Vim-*- <2>

-d>-

LP.
FILTER

&)

PHASE
DETECTOR

f f WIDE BAND
AMPL

DEFECT
DETECTOR

LOSS OF
CARRIER
LATCH

© @

-©-•-

-©->

¥ _c-)l

Fig. 1 - Block diagram of the CA3215E.
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The RCA CA3215E is intended for use as the video and
audio demodulators for video disc playback. It can operate
over the temperature range of -40°C to +85° C.

CA3215E
The CA3215E is supplied in the 16-lead dual-in-line plastic

package.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE:
(Pins 12 or 14 to 4) t6 V

DEVICE DISSIPATION:
Up to TA = 60° C 600 mW
Above Ta = 60°C Derate lineary at 6.7 mW/°C

AMBIENT TEMPERATURE RANGE:
Operating -40 to +85°C
Storage -65 to +150°C

LEAD TEMPERATURE (During Soldering):

At distance not less than 1/32" (0.79 mm) from case for 10 seconds max +265°C

ELECTRICAL CHARACTERISTICS at Ta = 25° C, V+ = 12 Volts

CHARACTERISTIC

LIMITS

UNITS

MIN TYP MAX

Static (DC) Characteristics

Quiescent Current I14 21 28 35 mA
DC Voltage

Terminals 1, 2, and 3 3 3.4 4

V
Terminals 9 and 11 5.4 5.8 6.3

Terminal 8 4 4.3 4.7

Terminal 13 5.8

Terminal 7 6.5

Dynamic Characteristics

Conditions: F Input = 5 MHz, F mod. = 400 Hz, Deviation = ±1 MHz
See Figure 2 for test circuit

Input limiting voltage for -3 dB output (TP1) 5 mVrms

Demodulated Ouput (TP1) 110 240 mVrms

Total Harmonic Distortion, THD (TP1) 2.5 %
Noise (3 MHz BW) (TP1) 1 mVrms

Open Loop Gain * (Pin 9 to P11) (TP1) 66 X

3 MHz response ** (TP1) 3

dB5 MHz suppression *** (TP2) no modulation -40

Squelched demod. output (TP1) -55

Squelched DC shift
*"* (TP6) ±350 mVDC

* Use Gen 2 at f = 10,000 Hz; S3 closed

** F mod = 3 MHz; compare reading to demod. output

*** Close S4; compare reading to demod. output
**** Change in Pin 11 DC voltage under squelched and non-squelched condition
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CA3215E

2
A S2

All capacitances are in fjF unless otherwise noted.

Fig. 2 - Test circuit.

LIMITER INPUT BIAS BYPASS

UMITER INPUT FEEDBACK

LIMITER INPUT

SUBSTRATE

PHASE DETECTOR FILTERs]

DETECTOR OUTPUT

SQUELCH INPUT

TO VIEW

1 16

2 15

3 14

4 13

5 12

6 1 1

7 10

e 9

^
VCO TUNING

SUPPLY VOLTAGE

-DEFECT PULSE OUTPUT
LOSS OF CARRIER OUTPUT SIGNAL

AMPLIFIER OUTPUT

LOSS OF CARRIER TIMING

AMPLIFIER INPUT

92CS-345I3

TERMINAL DIAGRAM
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CA3216E

24-Lead Dual-ln-Llne

Plastic Package

Chroma Processor

Features

Voltage controlled oscillator with wide deviation

and constant output voltage

All frequency conversion on single chip

Phase lock loop control and timing correction

Keyed phase detector

The RCA CA3216E* monolithic integrated circuit provides

the primary functions of converting a "buried sub-carrier"

video signal to a standard NTSC format. Fig. 1 shows a

block diagram of the CA3216E which includes a voltage

controlled oscillator, reference oscillator, two mixer stages,

two wide-band amplifiers, a phase detector and output
circuit, a summing circuit, sync separator, sync clamp and
keying circuits, and voltage sensing and clamp circuits.

The CA3216E takes the separated chrominance signal at a

lower frequency and converts it to the standard TV format

and recombines it with the separated luminance signal. The

necessary timing correction is provided via a phase lock

loop correction of the voltage controlled oscillator driving

the mixers and the sync keying functions. A separate signal

controlled by the PLL is provided for other clocking functions.

External circuitry with the phase detector, VCXO and mixer

form the phase lock loop. All frequencies are determined by
external inputs or components.

The CA321 6E utilizes the 24-pin dual-in-line plastic package
and can operate over the temperature range of —40°C to

+85° C.

Formerly Developmental Type No. TA10642.

MAXIMUM RATING, Absolute-Maximum Values:

DC SUPPLY VOLTAGE:

(Terminal 19 to Terminal 8) 16 V

DEVICE DISSIPATION:

Up to TA=75°C 650 mW
Above Ta=75°C Derate linearly 8.7 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 in. (1.59 ± 0.79 mm) from case for 10 seconds max +265°C
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CA3216E

LUMA
INPUT

•2CL-34929

Fig. 1 - Block diagram for the CA3216E.

SQUELCH INPUT

VIDEO OUTPUT (COMPOSITE)

PHASE DETECTOR HOLDING CAPACITOR

3.58MHz CHROMA INPUT

BIAS REFERENCE
REFERENCE OSCILLATOR OUT

REFERENCE OSCILLATOR IN

SUBSTRATE (GROUND)

1.53MHz CHROMA INPUT

3.58MHz CHROMA OUTPUT

1.53MHz CLOCK OUTPUT

VCXO INVERTING INPUT

PHASE DETECTOR OUTPUT

PHASE DETECTOR GAIN

KEY TIMING NETWORK
LUMINANCE OUTPUT

LUMINANCE INPUT

SUPPLY VOLTAGE

VCXO CONTROL VOLTAGE

VCXO GAIN

VCXO CRYSTAL NEUTRALIZATION

VCXO CRYSTAL DRIVE

VCXO QUADRATURE INPUT

92CS-34923

TERMINAL DIAGRAM
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ELECTRICAL CHARACTERISTICS at Ta=25°C, V+=12 V

CA3216E

CHARACTERISTIC
LIMITS

UNITS
Min. Typ. Max.

STATIC

Supply Current 28 40 52 mA

DC Voltage

Terminal 2 4.6 5.1 5.6 V

Terminal 3 6.5 7 7.5 V

Terminal 4 3.1 " 3.5 3.9 V

Terminal 5 6.6 7 7.4 V

Terminal 7 1.9 2.2 . 2.5 V

Terminal 9 3.1 3.5 3.9 V

Terminal 21 6.4 6.9 7.4 V

Terminal 24 6.5 7 7.5 V

DYNAMIC

Test Condition: See Fig. 2; Dynamic Test Circuit.

VOUT at TP3 (Term. 11) Freq.=1.53 MHz 200 265 330 mV rms

VouT at Term. 10, Freq.=3.58 MHz 340 415 540 mV rms

Chroma Gain (Term. 4 to Term. 2) Freq.=3.58 MHz 1.15 1.40 1.65 X

Luminance Output (Term. 21) 2.6 2.8 3 Vd-d

Luminance Output (Term. 2) 1.9 2 2.1 VD-D

VCXO Offset (Term. 16 to Term. 17)

TPI to Term. 5, RX=0, e(Term. 9)=0
-100 +100 mV

VCXO Gain (Term. 18 at F2 -Term. 18 at F3)

TPI to Term. 5: RX=3000 0.

0.63 1 1.35 V

VXCO Frequency Deviation (TP3) TPI=V Term. 5 ± 50 mV;

RX=470 0; ©(Term. 9)=0
10 11.5 13 kHz

Spurious Voltage at Term. 2

atFreq.=1.53MHz;

e (Term. 9)=90 mV rms

- - 7.5 mV rms

at Freq.=3.58 MHz

e(Term. 9)=0

- - 4 mV rms

atFreq.=5.11 MHz;

e(Term. 9)=90 mV rms

- - 90 mV rms
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CA3216E

zk NTSC

T 620 SKGEN
-i—VVV y

I2 M H

e/um=f.OP-P

TO PIN 92CL- 34924

F/g. 2 - Dynamic test circuit.

Frequency Synthesizer
F1-1,535,625 Hz
F2=1,537,161 Hz
F3 1,534,089 Hz

XTAL 1=3,579,545 Hz
XTAL 2=5,115,170 Hz
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14-Lead Dual-ln-Line

Plastic Package

CD3226E

CMOS DAXI Buffer

The Digital Auxiliary Information (DAXI)

Buffer Interfaces a Microprocessor to a

Video Disc Player

Features

Low-level video signal conversion to CMOS
logic level

Converts sine-wave color subcarrier into

square-wave for system clock

Microprocessor compatible external

low rate clock

Cyclic-Redundancy-Check circuit

For digital microprocessor interfacing to a

video disc player analog system

The RCA-CD3226E CMOS IC is a digital auxiliary inform-

ation (DAXI) buffer which interfaces the digital micro-

processor to the analog system of a video disc player. The
DAXI code, inserted onto line 17 of each TV field on the

video disc, is decoded by the buffer, and this information is

fed to the microprocessor which controls the movement of

the video disc player.

A 1 .53-MHz sine-wave color subcarrier input is used as the

CD3226E system clock which shifts in 77 bits binary code,

in a string for each TV field, to the registers in the device.

When the Control In is high, the error check circuit provides

a high signal at the Status Out to the microprocessor. The
microprocessor then brings the Control In to a low and
sends a low rate clock to the External Clock In. Correct
DAXI data bits, stored in the device registers, are then
shifted via the Data Out terminal into the microprocessor.
The data contains 1 8 field number bits and 6 band number
bits. If needed, 27 unused bits of DAXI code are available

for additional player functions.

The CD3226E is supplied in the 14-lead dual-in-line plastic

package.

*P1

PROCESSED.—+ BIT
DETECTOR <y

1. 53 MHz
PROCESSING

DIGITAL
IMFORMATION
BUFFER IX

CONTROLLER

r

,24 BIT-SHIFT REGISTER

I 3 BIT ERROR CHECK
REGISTER

13

d>

I CLOCK

I DATA

r ~i

VIDEO DISC
PLAYER
CONTROL
SYSTEM

START
CODE
DETECTOR

SHIFT
REGISTER

I
CLOCK

CODE DETECTED

>3
FEEDBACK

STATUS ,

. ,_J
EXTERNAL CLOCK

92CM- 34954

Fig. 1 - CD3226E block diagram.
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CD3226E
~~~

MAXIMUM RATINGS, A bsolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Vqd)
(Voltage referenced to Vss Terminal) -0,5 to +6 V

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VDD +0.5 V
POWER DISSIPATION (PD ):

For TA=-40 to +70°C 250 mW
ForTA=+70 to +85°C 150 mW
Above +85°C Derate Linearly at 6.5 mW/°C

DEVICE DISSIPATION PER OUTPUT TRANSISTOR:
FOR TA=FULL PACKAGE-TEMPERATURE RANGE 100 mW

OPERATING-TEMPERATURE RANGE (TA ) -40 to +85°C
STORAGE TEMPERATURE RANGE (Tstg ) -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max +265°C

STATIC ELECTRICAL CHARACTERISTICS at Ta=25°C ± 5°C, Vdd=50 V, Vss=0 V

CHARACTERISTIC TEST CONDITIONS
LIMIT5

UNITS
Mln. Typ. Max.

Quiescent Device Current Iqd All inputs connected to Vss — 2.5 10 mA
Output Voltage Low Level Vol All outputs, except 1.53 MHz Out at logic low.

Output current, \o\_=—200 fjA 0.4 V
Output Voltage High Level Voh Output at logic high.

Output current, Ioh=+100a/A 2.4 V
Video Input Threshold Vjh 1.53 MHz In connected to Vss 1.5 3.7 V
Input Low Voltage V||_ All inputs, except 1.53 MHz In and Video In — 0.8 V
Input High Voltage Vm All inputs, except 1.53 MHz In and Video In 3.9 — — V
Video Input Range - Positive Swing Vp 1.53 MHz In connected to Vss- Voltage higher

than Vjh drives +350 //A into input. +1.0 V

Video Input Range - Negative Swing Vn 1.53 MHz In connected to Vss- Voltage lower

than Vjh draws —350 yuA from input. -1.0 V
Video Input Sensitivity High Vinh Voltage higher than Vjh for Bits Out goes low — — +200 mV
Video Input Sensitivity Low V|ni_ Voltage lower than Vjh for Bits Out goes high -200 — — mV
1.53-MHz Out Drive=Sink Current Output at logic low with output

current=—100//A 0.6 V
1.53-MHz Out Drive=Source Current Output at logic high with output

Current=+100//A 2.4 V
1.53-MHz In Capacitance At Vjh level and 1.53-MHz In high — — 15 PF
Video In Capacitance At Vjh level and 1.53-MHz In high — — 15 pF
1.53-MHz In Resistance At Vjh level 30 — — KO.

Video In Leakage Current Lil, Lm 1.53-MHz In is high - - ±1 //A
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OPERATING CONDITIONS at TA=Full Package
Temperature Range. For maximum reliability,

operating conditions should be selected so that

operation is always within the following ranges:

CHARACTERISTIC LIMITS UNITS

DC Operating-Voltage Range 4.5 - 5.5 V

CD3226E
TOP VIEW

VIDEO IN 1 14 VDD
NC 2 13 BIT OUT

1.53 MHz IN 3 12 SHIFT REGISTER CLOCK OUT

STATUS OUT 4 II CONTROL IN

DATA OUT 5 10 EXTERNAL CLOCK IN

1.53 MHz OUT 6 9 CRC OUT

VSS
7 8 BIT IN

92CS- 34955

Fig. 2 - Terminal diagram.

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=25°C; Cl=50 pF, Input tr,tf=20 ns, Vdd=5 V

CHARACTERISTIC
LIMITS

UNITS
Mln. Typ. Max.

Propagation Delay Time:

External Clock to Data Out (See Fig. 3) Tp-j 0.1 1 fJS

Shift Register Clock to Data Out (See Fig. 4) Tp2 50 — 400 ns

Control False to Status Out (See Fig. 3) Tp3 — — 1 f/S

Delay Time:

Status True to Control False (See Fig. 3 )* Tqi 1 //S

Control False to External Clock True (See Fig. 3)*' Tq2 1 — —
AK5

Video In Set Up Time (See Fig. 5)
# Ts 54.5 108.9 163.4 ns

'Applies to normal read conditions only.

•Determined by control system.

#1.53-MHz clock lags by 60° ± 30°.

STATUS _f

~^Z-

EXTERNAL CLOCK

\ Y%/// /̂ SfAT'uS/>.faT>ALip
/
/ V7777W////////////M

IF \. j
~~
y BIT 56

92CM-34956

Fig. 3 - Typical sequence and data-timing diagram.
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CD3226E
CONTROL

y//////////////////;;////////////////77777>i?.

DATA %BIT 53 )( 3(61756

92CM-34937

Fig. 4 - Shift register clock timing and typical sequence diagram.
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4
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5
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I
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|
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1
1 |
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|
13 jl4

| 15
|
16 |I7

|
I8| 19

|
20

|
2 I

|
22

|
23

|
24

|
25

|
26

|
27 |—

1

54|-"^|77

1.53MHz

INPUT «fT

L_r~L_f

-START CODE, 13 BITS-
INCREASING TIME

-13 CHECK BITS-
( PATTERN SHOWN FOR MESSAGE OF

ALL ZERO BITS)

—

«

o-

51 MESSAGE

-DATA STREAM-

&&
.$=+30

NOTE:
BIT 54 THRU 77 REMAIN IN 24 BIT SHIFT
REGISTER UNTIL CLOCKED OUT BY
EXTERNAL CLOCK

92CM-3495b

Fig. 5 - Code format, timing and phase diagram.

s
c
v
L
s
o
T
c°K

M
fUiJUUUU-

-fiiuuiiininniinj

START CODE I ER^HEC^DE I

5 ' B ' TS ^S AGE CODE OF ALLV BUT ONE V
I FOR ALL "0"MESSAGEI x54 tn BIT

PIN I ruui_n_rL
77,n BITV

~u

—

pins LrLiiriniJ l

PIN 10

PIN 4

PIN 5

JL

PIN6 uuuuuui-

"'^liUUUUlJl-

•ui/i/mnjuuuiiuui

uuuuuuiim_

pini3 LTLnnru

—

l r
92CM-34959

SYSTEM CLOCK IS GENERATED FROM THE I 53 MHz SINE WAVE APPLIED ON PIN 3

Fig. 6 - Functional timing diagram-invalid message code.
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s

c^fUUUUUU

CD3226E

Finniuuuiiuuuuir

-don't care-

pins [*- -OON T CARE-

ITTIJTJIJIJIJIJIJIJIJIJI^^

54 1

PIN 5 BIT

77">BIT

-DON'T CARE

ruiiiJTriJiriJiruiJ^nji^^

PIN 13 (••- -DON'T CARE

PIN 10 EXTERNAL CLOCK DOES NOT COME FROM MICROPROCESSOR, THE CLOCK IS USED TO

SHOW 24-BIT REGISTER CAN BE FILLED UP NO MATTER DAXI CODE VALID OR INVALID

92CM- 34 960

Fig. 7 - Functional timing diagram-shift registers function.

sc&e
k
m
ruuuuuuuu ruuuuuuuuuuiiL

PIN I («*- DON'T CARE

PIN 8 |"« DON'T CARE ••]

"'"» RJliTRJlJIJIJlJIJIJlJ^^

n
IN 6 t"*~

-DONT CARE-

IN 13 \+- DON'T CARE

N0TE PIN 10 EXTERNAL CLOCK DOES NOT COME FROM MICROPROCESSOR, THE CLOCK IS USED TO
SHOW 24-BIT REGISTER CAN BE FILLED UP NO MATTER DAXI CODE VALID OR INVALID.

92CM- 34 961

Fig. 8 - Functional timing diagram-valid DAXI code.
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CD3226E
S
C
Y
L
ST
C
E
K
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fUUl

PIN II J
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I
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S
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1
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th
BITL

pini —rLrLruui fmniuuirLQiiiirinjiiir^^
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uinnmuuiJi mmuuumiuuL

uinnnnnnn uuiuuil

pi^ 3 Lruuuu uinnnjuuuiriJinm^^
92CM- 34962

Fig. 9 - Functional timing diagram-shift registers function.
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CA3094 See Pa9e 213

Preamplifiers

CA3036 See Pa8e 402

CA3052 See Pa9e 377
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CA2004
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CA2002, CA2002M

Vertical Mount H-1893

CA2002M

Horizontal Mount

VERSA-V TO-220-Style
Plastic Packages

8-Watt Audio Power Amplifier
Especially suited for automobile and other mobile applications

FEATURES:
Output short-circuit and thermal overload protection

u Drives load impedance as low as 1.60
m Load dump voltage surge protection
m Output current capability of up to 3.5A
Few external components

m 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 .60. 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 maximum operating supply-voltage of the CA2002 is

18 V, and internal protection is provided for peaks of up to
40 V, as shown in Fig. 18. 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. 18, provides protection against supply-voltage surges
of up to 1 20 V for 2 ms. This type of protection is ON when
the supply voltage (pulsed or dc exceeds 18V).

Thermal shut-down occurs if the output overloads
(temporary or permanent), the ambient temperature is

excessive, or thejunction temperature is excessive. Noneof
these conditions results in device damage. They merely
cause a temporary automatic reduction of output power
and drain current, as shown in Figs. 16 and 17.

A heater fan motor run-down hysteresis circuit is included
for automotive applications. Typical starting voltage is 10
volts; typical drop-out voltage is 6.5 volts.

The CA2002 is supplied in a 5-lead plastic TO-220-style
VERSA-V package. All leads (except term. 3) are electrically
insulated from the mounting flange, eliminating the need
for insulating hardware. The VERSA-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.

MAXIMUM RATINGS, Absolute-Maximum Values:

PEAK SUPPLY VOLTAGE (50 ms) .- .

.

DC SUPPLY VOLTAGE ^ V

OPERATING SUPPLY VOLTAGE ^ ^
OUTPUT PEAK CURRENT: '

V

REPETITIVE
NON-REPETITIVE

' ~
j?

A

POWER DISSIPATION, PD at TA = 90° C :

.'.'.' * *

THERMAL RESISTANCE, JUNCTION TO CASE ... 4° r/w
AMBIENT-TEMPERATURE RANGE: "

OPERATING _ ...

STORAGE See F '9ures 16V 7

LEAD TEMPERATURE (DURING SOLDERING):
-40 to +150° C

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm)
from case for 12 s max _„„ ^^ou ij

1004



Audio Circuits

CA2002, CA2002M

ELECTRICAL CHARACTERISTICS at TA = 25°C, V+ = 14.4 V

Unless otherwise specified (See Figure 2)

CHARACTERISTIC TEST CONDITIONS
LIMITS

JNITS
Min. lyp. Max.

Supply Voltage, V+ 11 - 18 V

Quiescent Output Voltage, Vq Measure at Term. 4 6.4 7.2 8 V

Quiescent Drain Current, Iq Measure at Term. 5 - 45 80 mA

Output Power.PQ

THD= 10%, A = 40dB,

f = 1 KHz
4.8 5.2

WV+ = 14.4V

R L
= 412

R L = 2ft 7 8 -

V+ =16V R L = 4ft - 6.5 -

R L = 2fi - 10 -

Input Saturation Voltage, V|(rms) 400 - - mV

Input Sensitivity, e(

A = 40dB,f=1 KHz

_ 15 -

mV

Po = 0.5W, R L = 4ft

Po = 0.5W,R L
= 2ft - 11 -

P = 5.2W,R L
= 412 - 55 -

P = 8W, R L =2fi
- 50 -

Frequency Response (—3 dB)
R L = 4S2

(See Fig. 19)

25000 Hz

Input Resistance, R| (Term. 1) f = 1 KHz 70 150 - KH

Open-Loop Voltage Gain, Aql R L = 4H,f = 1 KHz - 80 - dB

Closed-Loop Voltage Gain, A R L = 4n,f=1 KHz 39.5 40 40.5 dB

Input Noise Voltage, ejsj
Freq. Resp. = 40 to

15,000 Hz (-3 dB) 400 4 - Mv

Input Noise Current, i^ Freq. Resp. = 40 to

15,000 Hz (-3dB) - 60 - PA

Efficiency; r\

A = 40dB,f=1 KHz

- 68 -
%

P = 5.2W, R L = 4ft

P = 8W, R L =2n - 58 -

Power Supply Rejection Ratio, PSRR
R L

= 4H, A = 40dB,

Rg=10Kn,f ripp| e
=100Hz,

Vripple = °-5V
30 35 - dB

9

8

> 7

I

£ 6

< 5

>

2

8 »

2

1

AMMENT TEMPERATUHEIT»>'as*c |l|l||j||

Fig. 1 — Test circuit.

SUPPLY VOLTAGE (V*)-V nct-fm

Fig. 2 - Typical quiescent output voltage as a

function of supply voltage.
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CA2002, CA2002M

SUPPLY VOLTAGE (V*)-

Fig. 4 — Typical quiescent drain current as a

function of supply voltage.

Fig. 5 — Typical^output power as a function of

supply voltage.

15

*

1 '°

o 5

A-4O0 B, f-lkHi, THD'10%

*
rfr

14 4 V'

1
8 M "

300
]

5 250 j

E |

M 20°-

§ 150?

| AMBIENT TEMPERATURE (TA )-2S'C,
|v*-I4.4V, ('IkHi. Rl'40

P -5 2« [IfllllHTfflffi

5 100

1

Z x

50

1

1liM TrTf

LOAD RESISTANCE (RLI—

Fig. 6 — Typical output power as a function of

load resistance.

Fig. 7 — Typical input voltage as a function of

closed-loop voltage gain.
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Fig. 8 — Typical input voltage as a function of

closed-loop voltage gain.

Fig. 10 - Typical power supply rejection ratio as a

function of frequency.

7

* 6

I
£ 5

z
o

1
*

5 5

a:

* 2

WHeENT TEMPERATURE (Tt)-25'C| I I I I I I

70

60

*

50 ^

40 2

30 t

20

10

1111111 1

' 1
| || 1 i 1

|

A-40DB |i
1 1 1 1 1 1 1

f . 1 kHz

II 1 1 VM"

;g

OUTPUT POWER (Pol — W
, 2C5 ?9l8«

Fig. 12 - Typical power dissipation and efficiency as

a function of output power.

25 50 75 100 125 150 175 200

AMBIENT TEMPERATURE (Ta>-*C

Fig. 14 — Maximum allowable power dissipation as

a function of ambient temperature.

CA2002, CA2002M

Fig-

I00 200 300 400 500 600

CLOSED-LOOP VOLTAGE GAIN (AI-dB

9 — Typical power supply rejection ratio as a

function of closed-loop voltage gain.

7

x
a 5

AMBCN1

-V*-I4
^A'40
:t>ikH
-RL-41

TEMPERATURE <TAW3 -C

fttf 11 70

60

50.L

40
1

sot

20

as 44 inTnir"
i TfrrrTTr

\\ 1 1

1

1

1

1
fcfj-

1 "

5 3

O i

K>

OUTPUT POWER (Pq)-W

Fig. 1 1 — Typical power dissipation and efficiency

as a function of output power.

Fig. 13 - Maximum power dissipation as a function

of supply voltage (sine-wave operation).

too

*? 80

O<

1 60

<

O 40

O

i 20

o

n

AMBIENT TE MPE RA1 URE (T&)-25"C

ill

-

J
V14' V

-
—

"»

"

!
i r

1

2 > i ,1j
4 6 8

|(

FREQUENCY (f )-

Fig. 15 — Open-loop voltage gain as a function of

frequency.
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CA2002, CA2002M
Load-Dump Voltage-Surge Protection

The maximum operating supply-voltage of

the CA2002 is 18 V, and internal protection

is provided for peaks of up to 40 V, as shown
in Fig. 18. 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. 18, provides

protection against supply-voltage surges of

up to 1 20 V for 2 ms. This type of protection

is ON when the supply voltage (pulsed or

dc) exceeds 18 V.

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, as shown in Figs. 1 6 and 1 7.

25 50 75 100 125 150
CASE TEMPERATURE (Tc )— »C

Fig. 16 — Output power and drain current as a

function of case temperature.

v+ (v)

= 50 ms

,
= 1000 r

FROM
SUPPLY<
LINE Us

T3000/xF
16V

92CS-29IS

Fig. 18 — Supply-voltage surge protection network

and timing diagram.

~1

^-N 3V_^O—-)K[>
t CA2002

I®"

V + l4.4vt)IIIIW-
RL-2C
TH0-I01kijJ.'JJJI

*
10 Poi

1 <

*

8

6

|pq
08 £

06 |

04 2

4~

2 ;;^H 02

';T| T$Mliifl»4

Fig. 17 — Output power and drain current as a

function of case temperature.

CI
IC>F

T7 T ° vf

Fig. 19 — Typical application.

92CS-29I92RI

OV+ =l4V

-AA/V
Fig. 20 — 15 W circuit-bridge application.
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>^^fc CA2004

42518C
Vertical Mount H-1893

fc
CA2004M

Horizontal Mount^V
VERSA-V TO-220-Style

Plastic Packages
r^

CA2004, CA2004M

12-Watt Audio Power Amplifier

FEATURES:
. ^

VERSA-V 5-lead plastic TO-220-style package (insulation not required)

u Thermal overload protection

Drives load impedance as low as 3.20.

u Deflection amplifier capability

m Output current capability of up to 3.5 A

m Few external components

The RCA-CA2004 is a monolithic silicon class B audio

power amplifier designed for driving loads as low as 3.20. It

provides a high output current capability (up to 3.5A), and

very low harmonic and cross-over distortion.

The CA2004 is supplied in a 5-lead plastic TO-220-style

VERSA-V package. All leads (except term. 3) are electrically

insulated from the mounting flange, eliminating 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.

)vT

OUTPUT
GROUND
NVERT1N6 INPUT

)NON- INVERTING
INPUT

92CS-29223RI

TERMINAL ASSIGNMENT

MAXIMUM RATINGS, Absolute-Maximum Values:

28 V
DC SUPPLY VOLTAGE 26 v
OPERATING SUPPLY VOLTAGE
OUTPUT PEAK CURRENT: 3 ^ A
REPETITIVE •

4 5 A
NON-REPETITIVE 15 w

POWER DISSIPATION, Pq at Ta = 90°C 4»C/W
THERMAL RESISTANCE, JUNCTION TO CASE

AMBIENT-TEMPERATURE RANGE:
Q {Q +125oC

OPERATING 140 to +150o C
STORAGE

LEAD TEMPERATURE (DURING SOLDERING):
260<>c

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 12 s max

I
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CA2004, CA2004M
ELECTRICAL CHARACTERISTICS at TA = 25°C, V+ = 24 V
Unless otherwise specified (See Figure 1)

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS
Min. Typ. Max.

Supply Voltage, V+ 8 - 26 V

Quiescent Output Voltage, Vq Measure at Term. 4 11 12 13 V

Quiescent Drain Current, lp Measure at Term. 5 - 40 100 mA

Output Power, PQ

THD=10%,A = 40dB
f=1 KHz

10 12
W

R L = 4fi

RL = 8fi - 8 -

Input Saturation Voltage,

V I(RMS) 400 - - .mV

Input Resistance, R| (Term.1) f = 1 KHz 70 150 - Kft

Open-Loop Voltage Gain,

AOL R L = 8ft,f=1 KHz - 80 -
.

dB

Closed-Loop Voltage Gain,

A R L = 8ft,f=1 KHz 39.5 40 40.5 dB

Input Noise Voltage, e^ Freq. Resp. = 40 to

15,000 Hz (-3 dB) _ 4 _ MV

Power Supply Rejection Ratio,

PSRR

R L = 4n, A = 40dB,

Rg = 10 K12, f ripple
= 100Hz '

Vripple = 0-5V
30 35 1 dB

Thermal Shut-Down

Thermal shut-down, occurs if the output
overloads (temporary or permanent), the

22on £"l fv>Ms 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.

*—vw—

|

5% I

92CS-30859

Fig. 1 — Test circuit.
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CA2004, CA2004M

INPUT _

470 MF 10 A 4=-

92CS-JOM7

Fig. 3 — Typical application.

Fig. 2 —Derating curve

V**E4V

Fig. 4 — 25 W circuit-bridge application.
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Technical Data

AM/FM
Communications
Circuits Pa9e

CA2111A See Page 932

CA2136A See Pa9e 937

CA3011 See Pa9e 939

CA3012 See Pa9e 939

CA3013 See Pa9e 945

CA301 4 See Pa9e 945

CA3075 1014

CA3076 10™
CA3088 1022

CA3089 102®

CA3123 1032

CA3179 See Pa9e 63°

CA3189 1036

CA3199 See Pa9e 639

CA3209 1042

FMIF
Circuits

Gain Blocks

CA3011 See Pa9e 939

CA3012 See Pa9« 939

CA3076 1018

Subsystems
CA2111A See Page 932

CA2136A See Page 937

CA3013 See Pa9e 945

CA3014 See Pa9« 945

CA3075 1014

CA3089 1026

CA3189 1036

CA3209 1042
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CA3075

14-lead dual-in-line plastic pack-
age, leads in quad-formed arrange-
ment.

FM IF Amplifier- Limiter,
Detector, and Audio Preamplifier
For FM IF Amplifier Applications Up To 20 MHz In

Communications Receivers And High- Fidelity Receivers

Features:

• Good sensitivity: Input limiting voltage (knee) =250^V typ. at 10.7MHz
• Excellent AM rejection: 55 dB typ. at 10.7 MHz
• Internal Zener diode regulation for the IF amplifier section

• Low harmonic distortion

• Differential peak detection: Permits simplified single-coil tuning

• Audio preamplifier voltage gain: 21 dB typ.

• Minimum number of external parts required

RCA CA3075 is an integrated circuit which provides,
in a single monolithic chip, an FM IF subsystem for

Communications and High-Fidelity ReceiverSo This de-
vice, shown in the schematic diagram (Fig. 2), con-
sists of a multistage IF amplifier-limiter section with
a Zener regulated power supply, an FM detector stage,

and an AF preamplifier section. A typical application

of the CA3075, in FM receiver circuits, is shown in the
block diagram (Fig. 1).

The three-stage, emitter-follower-coupled IF amplifier

section provides a 60-dB typ. voltage gain at an operat-
ing frequency of 10.7 MHz and features, because of its

V

FK TUNER 10.7 *Hi
FILTER

KUOde
AMPLIFIER
LIMTER*

-G>-

-d>

transistor constant-current sink, an output stage with

exceptionally good limiting characteristics.

The FM detector section, which utilizes a differential-

peak-detection circuit, requires only a single coil in the
associated outboard detector circuit; hence, tuning the
detector circuit is a simple procedure.

The audio preamplifier circuit provides a 21-dB voltage
gain with low impedance output for driving subsequent
audio amplifier stages.

The CA3075 utilizes a 14-lead dual-in-line plastic pack-
age with leads in a special quad-formed arrangement.

Fig. 1 -Block diagram of typical FM receiver utilizing the CA3075
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CA3075

12.5

30

V

mA

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

DC Supply Voltage [^between Terminals 5 (V
+

> and 3 (V
-
)J

DC Current (into Terminal 5)

Device Dissipation:

Up to TA = 50°C 760 mW

Above TA = 50°C , derate linearly 7.6 m\V/°C

Ariibient Temperature Range:

Operating - 40 to + 85 °C

Storage - 65 to + 150 °C

Lead Temperature (During soldering for 10 s max.) + 260 C

ELECTRICAL CHARACTERISTICS at TA = 25° C

CHARACTERISTIC SYMBOL TEST CONDITIONS

LIMITS

UNITS

TEST
CIRCUIT
FIG. NO.MIN. TYP. MAX.

Static Characteristics

DC Voltage:

At Terminal 7

At Terminal 8

At Terminal 12

v
7

v
8

V
12

V + = 11.2V

- 6.1

5.4

5.2

-

V

V

V

6

DC Current (into Terminal 5):

AtV + = 8.5V

At V + = 11.2 V

At V
+ = 12.5 V

15
-

8.5 15

17.5

19 29

mA

mA

mA

6

Dynamic Characteristics at V == 11.2

IF AMPLIFIER.

Input Limiting Voltage

(knee, -3dB point)

V|(lim)

f = 10.7 MHz

f(Modulation) = 400Hz

Deviation = ±75 kHz

- 250 600 /xV 3

AM Rejection AMR

f = 10.7 MHz

f (Modulation) = 400 Hz

FM: Deviation = ±75 kHz

AM: Modulation = 30%

- 55 - dB 5

Input Impedance Components:

Parallel Resistance

Parallel Capacitance

R|

C|

f = 10.7 MHz

V|n = 10mV RMS

- 4.5

4.5 :

kn

PF

-

DETECTOR

Recovered AF Voltage (at

Terminal 12)

Total Harmonic Distortion

V (AF)

THD

f = 10.7 MHz

f (Modulation) = 400 Hz

Deviation = ±75 kHz

- 1.5

1 2

V

%

3

AUDIO PREAMPLIFIER

Voltage Gain A(AF) V
)N

= lOOmV, f = 400 Hz _ 21 - dB 4

1 Total Harmonic Distortion THD VOUT
= 2V,fO

= 400Hz - 1.5 5 % 4
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(5)V+

ALL RESISTANCE VALUES ARE IN OHMS
ALL CAPACITANCE VALUES ARE IN pF

Fig. 2 - Schematic diagram of CA3075

•L MILLER «05 OR EQUIVALENT
'R» 33ktl OR SUCH VALUE TO

ADJUST Q OF COIL TO 55

AC VTVM

BALLANTINE
314 OR
EQUIVALENT

: <i2in.01<JF;
DISTORTION
ANALYZER

HEWLETT-
PACKARD
330B OR
EQUIVALENT

* '

TEST PROCEDURE
VOLTAGE GAIN:

1 SET AUDIO GENERATOR FOR V, = lOOmV RMS
2. READ V

3. GAIN = 20LOGio vo/v l

DISTORTION

I. SET AUDIO GENERATOR FOR V = 2V RMS
2- READ DISTORTION IN ';

Fig. 3 - Test circuit for input limiting voltage, recovered Fig. 4 - Test circuit for audio preamplifier voltage gain
AF voltage, and total harmonic distortion and total harmonic distortion
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CA3075

FM SIGNAL
GENERATOR
HEWLETT-
PACKARD
202 H OR
EQUIVALENT

'L| MILLER 4505 OR EQUIVALENT

R ? 33kfl OR SUCH VALUE TO
ADJUST Q OF COIL TO 55

.05JJF

HI—

TEST PROCEDURE

1. CONNECT FM GENERATOR, FREQUENCY COUNTER, AND
UNIVERTER TO INPUT OF CA3075

2. SET I = 10.7 MHi, V| = lOOmV,

IIMODULATION) • 400H., ((DEVIATION) = • 75kH.

3. TUNE *AVE ANALYZER FOR PEAK READING AT 400 Hi

4. RECORD FM V (AF)

5. DISCONNECT FM GENERATOR

6. CONNECT AM GENERATOR TO INPUT OF CA3075

7. SET I = 10.7 MHi, V| . 100 mV,

IIMODULATION) = 400H. WITH 301 MODULATION

8. TUNE WAVE ANALYZER FOR PEAK READING AT 400Hi

9. RECORD AM V (AF)

I.VQ(AF)
< REJECTION = 20LOGio

AM:Vq(AF)

Fig. 5- Test circuit for AM rejection

Fig. 6-Test circuit for static characteristics

Recommended Mounting-Hole Dimensions and Spacings.

.100
(2.54)

PACKAGE
LEADS

-^h
-fy- -fy-

"4"

-^- -^- -^~

030 (.76) DIA.

(IN CIRCUIT BOARD)

Dimensions in parentheses are in millimeters and are

derived from the basic inch dimensions as indicated.
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CA3076

High-Gain Wide-Band
IF Amplifier-Limiter
For FM IF Amplifier Applications

in Communications Receivers

Features:

• exceptionally good sensitivity: input limiting voltage (knee) = 50/x

V

typ. at 10.7 MHz
• high gain: 80 dB with 2-kilohm load

• internal voltage supply regulator

• wide frequency capability: > 20 MHz

RCA CA3076, monolithic integrated circuit, is a high-
gain wide-band amplifier-limiter for use in the IF sec-
tions ofCommunications and High-Fidelity FM Receivers.
The CA3076, shown in the schematic diagram (Fig. 2),

consists of a four stage IF amplifier-limiter section
with a voltage regulator section. A typical application
of the CA3076 in FM receiver circuits is shown in the
block diagram (Fig. 1).

The four-stage emitter-follower-coupled IF amplifier

section provides an 80-dB voltage gain with a 2-kilohm
load at a frequency of 10.7MHz. The output stage has
exceptionally good limiting characteristics because of
its transistor constant-current sink. The voltage re-

gulator section provides zener-regulated, decoupled volt-

ages for the IF amplifier.

The CA3076 utilizes an hermetically-sealed 8-lead TO-5
package.

I "1

X .01 pF

10.7 MHi
FILTER

IF AMPLIFIER-
L1MITER,

DETECTOR,
PREAMPLIFIER

—

o

AUDIO
OUTPUT

*Rl. R2 SELECTED FOR PROPER FILTER MATCHING
'RECOMMENDED 1C IF AMPLIFIER-LIMITER
DETECTOR, PREAMPLIFIER IS THE RCA CA3075

Fig.
1 -Block diagram of typical FM receiver utilizing the CA3076.
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CA3076
MAXIMUM RATINGS, Absolute Maximum-Values at TA = 25° C

DC Supply Voltage [between Terminals 7 (V +) and 3 (V~)J 15 V

DC Current (into Terminal 7) 35 mA

Device Dissipation:

Up to TA = 50° C 500 raW

Above T« = 50° C derate linearly 5 mW/°C

Ambient Temperature Range:

Operating - 55 to + 125 °C

Storage - 65 to + 150 °C

Lead Temperature (During Soldering):

At distance 1/32 in (3.17 mm) from seating plane

for 10s max +260 °C

ELECTRICAL CHARACTERISTICS at TA = 25°C

CHARACTERISTIC SYMBOL
TEST
CONDITIONS

LIMITS

UNITS

TEST
CIRCUIT
FIG. NO.MIN. TYP. MAX.

Static Characteristics - V + = 8.5 V

DC Current (into Term. 7) '7
- 10 15 24 mA 3

Quiescent Operating Current

(into Term. 4)
'4

- - 0.65 - mA 3

Dynamic Characteristics - V + = 8.5 V, fg = 10.7 MHz

Input Limiting Voltage (knee,

- 3dB point)
V|(lim.) - - 50 200 AxV -

Output Voltage Vfj V| = 20 /xV 4 12 - mV 5

Output Noise Voltage v
N

V| =0 -
1

- mV 5

Forward Transfer Admittance:

Magnitude

Phase
l

Y
2l|

021
10/xV

- 6

80

- mho

degrees
4

Reverse Transfer Admittance:

Magnitude

Phase
*12

-
- 0.1

-90

- /xmho

degrees
-

Input-Impedance Components:

Parallel Resistance

Parallel Capacitance

R|

C|

-
- 7.5

4

- kn

PF

-

Output-Impedance Components:

Parallel Resistance

I

Parallel Capacitance

Ro

Co
-

50

1.7

- kQ
PF

-
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CA3076

R 20<

Wr

•l6 "21

Notes:

Terminol No. 5 wire-connected to the cose.

Terminals No. 3 and 6 which ate connected to the substrot,

should be connected to the most negative point in the circu

The tesistonce values included an the schematic diagram

have been supplied as a convenience to assist Equipment

Manufacturer's in aptimiiing the selection of "outbootd"

components of equipment designs. The values shown may

RCA teserves the right to make any changes in the Resist-

ance Values provided such changes do not adversely offer

the published performance characteristics of the device.

92SS-4568

Fig. 2 -Schematic diagram of CA3076.

.OT^IF

RF GENERATOR
(10.7MHi)

HEWLETT-
PACKARD
608 C OR
EQUIVALENT

VECTOR
VOLTMETER

HEWLETT-
PACKARD
8405A OR
EQUIVALENT

Fig. 3 - Test circuit for DC current (Terminal 7)

and operating current (Terminal 4).

Fig. 4 - Forward transfer admittance (Y21)

test circuit
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CA3076

•Olj/F;

ATTENUATOR
(60dBOROdB) .01 0F

KAY 30-0

432C OR
EQUIVALENT ~

<> win

*+-(J)-

RF GENERATOR
(10.7 KHi)

HEWLETT-
PACKARD
608 C OR
EQUIVALENT

:
= 01 M F .OljiF

TEST PROCEDURE

OUTPUT VOLTAGE:

1. SET ATTENUATOR TO OdB

2. SET RF GENERATOR TO 20 ^V CW

3. READ V in mV

OUTPUT NOISE VOLTAGE:

1. SET ATTENUATOR TO 60 dB

2. READ V IN n>V

MURATA FILTER
TYPICAL VALUES

rin - Rout = 33on

INSERTION LOSS = 6dBTYP.
BANDWIDTH (AT -3dB) = 240 kHz

Fig. 5- 10.7 MHz voltage gain and noise iest circuit
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CA3088E

16-Lead Dual-ln-Line

Plastic Package

AM Receiver Subsystem and
General-Purpose Amplifier Array
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 (THD)

Delayed AGC for RF amplifier

Terminals for optional inclusion

of tone control

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 IF

amplifier stage, delayed AGC for an optional external RF
amplifier, a buffer stage to drive a tuning meter, and

terminals facilitating the optional use of a tone control.

Fig. 2 is a functional diagram of the CA3088E. The signal

from the low-noise converter is applied to the first IF

amplifier and is then coupled to the second IF amplifier.

This IF signal is then detected and externally filtered. The

resultant audio signal is applied to an audio preamplifier.

Optionally, a tone control circuit may be connected at the

junction of the detector circuit and the audio preamplifier.

The gain of the first IF amplifier stage is controlled by an

internal AGC circuit. The CA3088E supplies a delayed

AGC signal output. for use with an external RF amplifier. A
buffered output signal is also available for driving a tuning

meter. A DC voltage, internally regulated by a Zener diode.

Operates from wide range of power supplies: V+ = 6 to

16 volts

Optional AC and/or DC feedback on wide-band amplifier

Array of amplifiers for general-purpose applications

Suitable for use with optional external RF stage, either

MOS or bipolar

supplies the second IF amplifier, the AGC and tuning meter

circuits and may also be used with any other stage.

The CA3088E features four independent transistor amp-

lifiers, each incorporating internal biasing for temperature

tracking. These amplifiers are particularly useful in general-

purpose amplifier, oscillator, and detector applications in a

wide variety of equipment designs.

The CA3088E utilizes a 16-lead dual-in-line plastic package

and operates over an ambient temperature range of —40°C
to +850C.

Formerly Developmental Type TA5842.

16

10

30

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

DC SUPPLY VOLTAGE:
Across Term. 5 and Terms. 3, 6, 1 3, 1 6, respectively

DC CURRENT:
At Terms. 3, 6, 1 3, 1 6, respectively

At Term. 10

DEVICE DISSIPATION:

Up to TA = 50°C 760

Above TA = 50°C derate linearly 7.6

AMBIENT TEMPERATURE RANGE:
Operating -40 to +85

Storage -65 to +150
LEAD TEMPERATURE (During soldering):

At distance not less than 1/32" (0.79 mm) from case for 10 seconds max. +265

mA
mA

mW
mW/°C

°C
oc

OC
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CA3088E
ELECTRICAL CHARACTERISTICS, at Ta = 25°C, V+ = 12 V.

CHARACTERISTIC SYMBOL

TEST CONDITIONS
TYPICAL
VALUES

UNITSTEST
CIRCUIT
FIG. NO.

Static (DC) Characteristics

DC Voltages:

Terms. 1,4, 9, 11 Vi,4,9, 11

1

0.7 V

Terms. 2, 7, 8 V2, 7,8 1.4 V

Term. 10 V10 5.6 V

Term. 12 Vl2 V

Term. 15 V15 3.5 V

DC Current:

Term. 3 "3

1

0.35 mA

Term. 6 •6 1.0 mA

Term. 10 "10 20 mA

Term. 13 113
mA

Term. 16 "16 1.2 mA

Dynamic Characteristics

Detector Output 30% Modulation 4 75 mV RMS

Audio Amplifier Gain AAF f = 1 kHz 4 30 dB

Audio Distortion VoUT = 100mV 4 0.2 %

Sensitivity 1

At Converter Stage Input

f|N = 1 MHz
Signal-to-Noise Ratio (S/N) = 20 dB 2 200 MV/m

At RF Stage Input 4 100 yV/m

Total Harmonic Distortion THD 30% Modulation 4 1.0 %

Input Resistance:

At Transistor Q1

R|N

No AGC,

Input signal frequency

(f| N ) = 1MHz

3500 SI

At Transistor Q5 2000 ft

Input Capacitance:

At Transistor 0.1

C|N

17 pF

At Transistor Q5 12 pF

Feedback Capacitance

:

At Transistor Q1

cfb
1.5 pF

At Transistor Q5
I

1.5 pF

T ©6>©©©®©® x OI/iF

Fig. 1-Test circuit for DC characteristics.
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CA3088E

-\W OV**9V

/ 1
r^

*

9 9* <r ^ 4
1

t
TO DETECTOR
FILTER AND AUDIO

(OPTIONAL TONE CONTROL
MAYBE SHUNTED FROM-
TEttMNAL 9 TO GROUND)

FROM DETECTOR FILTER

(]3) AUDIO I

Ov + *»v

92CM- 19071m

INPUT I/1

Fig.2—Functional block diagram of the CA3088E.

1ST IF AMPLIFIER

IT-(T) A
INPUT

, , 2ND IF

INPUTlT) (6)0UT-(e) AMPLIFIERV Sr/ PUT S/ INPUT

i,

'<

D3V
<

OS
Xj 5.5 K

D4 ^ r 1 VA '

'

<R
Si.!

>200

1

|Q6

2

fzi |r i2

>4 7K

:J

"8

d5v

-<

(5)SUBSTRATE

AGC
/^OUTPUT FOR
V^y OPTIONAL

RF STAGE

R 19
6.8 K

_/y/V\ "

r<

/C\ SECOND IF

VL* FEEDBACK

<J6)V
+

;«i7
>200

I TUNING METER<Uh ,©i AGCT FILTER

Fig.3—Schematic diagram of the CA3088E.

®
92CS- 19069
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CA3088E

2000

0.01 J-OOK

Q.RCA-40841 (DUAL G ATE - PROTECTEO MOS/FET)
ALL RESISTANCE VALUES ARE IN OHMS
ALL CAPACITANCE VALUES ARE IN MICROFARADS 92CS-I9065RI

Fig.4- Typical AM broadcast receiver using the CA3088E with optional RF amplifier stage.
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CA3089E

16-Lead Dual-in-Line
Plastic Package

FM IF System

For FM IF Amplifier Applications in High-Fidelity,

Automotive, and Communications Receivers

Includes IF Amplifier, Quadrature Detector,

AF Preamplifier, and Specific Circuits for AGC,
AFC, Muting (Squelch), and Tuning Meter

Features:

Exceptional limiting sensitivity:

1 2 jxV typ. at -3 dB point

Low distortion: 0.1% typ.

(with double-tuned coil)

Single-coil tuning capability

RCA-CA3089E is a monolithic integrated

circuit that provides all the functions of a

comprehensive FM-IF system. Fig. 1 is a

block diagram showing the CA3089E fea-

tures, which include a three-stage FM-IF
amplifier/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

delayed AGC for the RF tuner, and 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.

High recovered audio: 400 mV typ.
Provides specific signal for control of inter-

channel muting (squelch)
Provides specific signal for direct drive of a
tuning meter
Provides delayed AGC voltage for RF
amplifier

Provides a specific circuit for flexible AFC
Internal supply-voltage regulators

The CA3089E is ideal for high-fidelity oper-

ation. Distortion in a CA3089E FM-IF
System is primarily a function of the phase
linearity characteristic of the outboard de-

tector coil. -

The CA3089E utilizes the 16-lead dual-in-

line plastic package and can operate over the

ambient temperature range of —40°C to

+85°C.

ALL RESISTANCE VALUES ARE IN OHMS
* L TUNES WITH I00 pF (C) AT I0.7 MHz
GO 3 75 (CI. EX2274I OR EQUIVALENT.)

33 K ^TuNiNG METER OUTPUT XC
SH
C
°L
R
D
CUITS

Fig. 1 - Block diagram of the CA3089E.
92CM-I9042 Rl
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CA3089E
MAXIMUM RATINGS, Absolute Maximum Values

DC Supply Voltage:

Between Terminals 1 1 and 4

Between Terminals 1 1 and 14 . . .
'

DC Current (out of Terminal 15)

Device Dissipation:

Up to TA = 60°C i

Above TA = 60 C derate linearly

Ambient Temperature Range:

Operating
.

Storage

Lead Temperature (During Soldering):

At distance not lessthan 1/32" (0.79mm) fromcasefor 10seconds max. .

16 V
16 V
2 mA

600 mW
6.7 mW/°C

40 to + 85 °C

65 to + 150 °C

+265

ELECTRICAL CHARACTERISTICS, at 1A = 25°C,V+= 12 Volts (See Figs. 5 and 6)

CHARACTERISTIC TEST CONDITIONS
LIMITS

u
N
1

T
SMin. Typ. Max.

Static (DC) Characteristics

Quiescent Circuit Current

No signal input,

Non muted

16 23 30 mA
DC Voltages:

Terminal 1 (IF Input) 1.2 1.9 2.4 V
Terminal 2 (AC Return to Input) 1.2 1.9 2.4 V
Terminal 3 (DC Bias to Input) 1.2 1.9 2.4 V

Terminal 6 (Audio Output) 5.0 5.6 6.0 V
Terminal 10 (DC Reference) 5.0 5.6 6.0 V

Dynamic Characteristics

Input Limiting Voltage (-3 dB point),

Vt (Mm) _

fO =

10.7 MHz,

mod.
=

400 Hz,

Deviation =

±75 kHz

_ 12 25 MV
AM Rejection (Term. 6), AMR V IN = 0.1V,

AM Mod. = 30%
45 55 - dB

Recovered AF Voltage (Term. 6)

V (AF)

V, N = 0.1 V

300 400 500 mV
Total Harmonic Distortion, THD:*

Single Tuned (Term. 6) _ 0.5 1.0 %
Double Tuned (Term. 6) - 0.1 - %

Signal plus Noise to Noise Ratio (Term. 6) 60 67 - dB

'THD characteristics are essentially a function of the phase characteristics of the network connected

between terminals 8,9, and 10.

125

|* 100

i
"

| 50

" 25

1

S -25

3 -50

-75

-100

-125

DC POWER SUPPLY (V) -12 V IlillHIIIIIIIIIIIIIIIIIH
AMBIENT TEMPERATURE ITA >'25"C H

S^^O^^^m-A

Jp
iHti

I

FREQUENCY (AI)-kH
92CS-I9043RI

F'9- 2 — AFC characteristics (current af Term. 7)

as a function of change in frequency.

(See test circuit Fig. 5.)

Fig. 3 — Muting action, tuner AGC, and tuning

meter output as a function of input

signal voltage. (See test circuit Fig.S.)
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CA3089E

r" '~tl

5 ;

X°<

NPUT y/ kj

© T 0| OzJ-j

®~

INPUT >R2
BY" >30K

PASSING *
;J=

C«

d> wv-
«l
30K

<£ ©TUNING
METER

LEVEL DETECTOR a METER CIRCUIT

Fig. 4 - Schematic diagram of the CA3089E (cont'd on next page).
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CA3089E

Sis® <?)oSt r .

W) SUBSTRATE

92CL-t9683HI

Fig. 4 - Schematic diagram of the CA3089E (cont'd from previous page).
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CA3089E

ALL RESISTANCE VALUES ARE IN OHMS
*L TUNES WITH 100 pF (CI AT 10 7 MHi
Q (UNL0ADED)*75 IG I AUTOMATIC MFG DIV EX2274I OR EQU

Fig. S - Test circuit for CA3089E using a single-

tuned detector coil.

ALL RESISTANCE VALUES ARE IN OHMS

*T PRI -0 (UNLOADED)3I 75 (TUNES WITH lOOpF(CI) 201 OF 34e ON 7/32" DIA FORM

SEC -Q (UNLOADED)S75(TUNES WITH IOOpF(C2) 201 OF 34e ON 7/32" DIA FORM
kOIPERCENTOF CRITICAL COUPLING) SI 70%

(ADJUSTED FOR COIL VOLTAGE Vc l = l50mV

ABOVE VALUES PERMIT PROPER OPERATION OF MUTE (SQUELCH) CIRCUIT

"E" TYPE SLUGS, SPACING 4mm

Fig. 6 — Test circuit for CA3089E using a double-
tuned detector coil.

RCA CA308 9 IPs

a) Bottom view of printed-circuit board.

b) Component side — top view.

92CS-30376

Fig. 7 - Actual size photographs of the CA3089E
and outboard components mounted on a

printed-circuit board.
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CA3089E

ALL RESISTANCE VALUES ARE IN OHMS
* WALLER 4SN3FIC OR EQUIVALENT
** MURATA SFG 10.7 MA OR EQUIVALENT
• L TUNES WITH 100 pF (C) AT 10.7 MHz

Q UNL0ADED*75 (6.1 EX2274I OR EQUIVALENT)
92CS-I9045

Performance data at f„ = 98 MHz, f|vtOD * 400 Hz -

Deviation = ±75 kHz:

-3dB Limiting Sensitivity 2/jV (Antenna Level)

20dB Quieting Sensitivity 1fJ,V (Antenna Level)

30dB Quieting Sensitivity 1.5j;V (Antenna Level)

Fig. 8 - Typical FM tuner using the CA3089E

with a single-tuned detector coil.
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CA3123E

14-Lead Dual-in-Line Plastic Package

H-1517

AM Radio Receiver Subsystem
Includes RF Amplifier, IF Amplifier, Mixer,

Oscillator, AGC Detector, and Voltage Regulator

Features:

Low-noise, low-R^' rf stage in cascode connection —

eliminates Miller-Effect regeneration and allows con-

trolled power rise by the choice of external components

Mixer-oscillator stage with internal feedback —

eliminates need for tapped or multi-winding

oscillator coils

The CA3123E* is a monolithic silicon integrated circuit

that provides an rf amplifier, if amplifier, mixer, oscillator,

AGC detector, and voltage regulator on a single chip. It is

intended for use in super-heterodyne AM radio receiver

•applications particularly in automobiles. The CA3123E is

supplied in a 14-lead dual-in-line plastic package and operates

over the temperature range of —55° to 125°C.

* Formerly RCA Dev. No. TA6155

Cascode if amplifier with controlled output impedance

and negligible Miller Effect —

eliminates regeneration and selectivity skewing

Frequency-counter AGC circuit —

allows control of AGC response by selection of the

coupling capacitor

Integral regulation with built-in surge protection

Separately accessible amplifiers

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE:
At Terminal No. 3 (V

+
) 9 V

At Terminal No. 6 (IF Output) 40 V
At Terminal No. 13 (RF Output) 20 V
At Terminal No. 14 (Mixer Output) ... 20 V

DC CURRENT:
Into Terminal No. 3 (V

+
) 35 mA

DEVICE DISSIPATION:

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

AMBIENT TEMPERATURE RANGE:
Operating -55 to +125°C
Storage -65 to +150°C

LEAD TEMPERATURE (During Soldering):

At distance 1/16" ± 1/3"

(1.59 mm ± 0.79 mm)
from case for 10 s max. 265°C

MIXER INPUT I

KJ
I4 MIXER OUTPUT

2
i

13

3

2TU
|

12V +

^NvAMPL

RF INPUT

MIXER BYPASS 4 ~* II RF BYPASS

AGC DRIVE 5 10 AGC CAPACITOR

IF OUTPUT 6 s* 9 RF GROUND

IF INPUT 7 b e SUBSTRATE AND
IF AMPL. GROUND

92CS -21666

Terminal assignment diagram.
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CA3123E

ELECTRICAL CHARACTERISTICS at TA = 25°C

SYMBOL TEST CONC
LIMITS

UNITSCHARACTERISTIC >ITIONS
Min. Typ. Max.

Static Characteristics In Circuit of Fig. 3

DC Voltage:

v vv 4
4.7 V

At Terminals 1 , 4

At Terminals 2, 3, 14 v 2
,v3

,v 14 6.8
V

At Terminal 5 V
5

0.25 V

At Terminal 6 V6
12 V

At Terminal 7 V 7
0.76 V .

At Terminals 8, 9 V8 '
V9

V

At Terminals 10, 11 V 10-V 11
0.71 V

At Terminal 12 v 12
0.71 V

At Terminal 13 v 13
4.0 V

DC Current:

Into Terminals 1 , 4, 5, 7

8,9, 10, 11, 12

ll.l4.'5-'7-

Ig^g-ho-'H' 1 ^
mA

Into Terminal 2 '2
1.2 mA

Into Terminal 3 '3
15 mA

Into Terminal 6 '6 4.3 mA

Into Terminal 13 '13
4.5 mA

Into Terminal 14 '14 0.170 mA

Performance Characteristics In Circuit of Fig. 3

Sensitivity

Input Signal to Dummy
Antenna at f

( N = 1 MHz,

30% AM Modulation at

fMOD =400 Hz
'
for 11 mV

output at Vq

- 2.3 5 MV

' "Signal-to-Noise Ratio S/N

Ratio of Output at Vq

with Modulation ON and then

OFF, Input Signal = 100 /jV,

30% AM Modulation at

fMOD=400 Hz

34 43 - dB

Overload Distortion

Input Signal set at

1 MHz, 90% AM
Modulation, Distortion

atVg must be

< 10%

160000 400000 - MV

Dynamic Characteristics For Indicated Stages In Circuit of Fig. 3

Stage

Parallel Capacitance Parallel Resistance Transconductance

Input

PF

Output

pF

Input Output

n /Umhos

RF Amplifier 80 6 750 2 x 106 min. 140000

IF Amplifier 35 3.5 950 104 80000

Mixer 6 2 2000 2 x 106 min.

2500 (Mixer)

3000 (Amplifier)
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CA3123E

VVlNPU

Fig. 2- Schematic diagram of CA3123E.

WNG I

v

*

?
S c 5± ^ *—r-J ^

/ 3300T Vf C7-£ -±- "=-
/»r-^- "jf /"* C8T?

,,
r. vr1—M

-|( WW3-* 330 pF

680Q OSCILLATOR
TUNING

VOLUME CONTROL

C9
^400^^

OSCILLATOR ~ *
AMPLITUDE 27 pF CAPACITOR IN SERIES WITH INPUT GENERATOR
3£I.25Vrms REPRESENTS A DUMMY "WINDSHIELD"-TYPE ANTENNA 92CM-2I665

Transformer Symbol Frequency
Inductance

hum
Capacitance

pF(*}
Q Total Turns To

Tap Turns Ratio
Coupling

First IF:

Primary
T
2

262 kHz 2840

2840

130

130

60

60

none

or
30:1

31:1

critical

«0.017=»1/Q
Secondary

Second IF:

Primary
T3

262 kHz 2840

2840

130

130

60

60

8.5:1

8.5:1
critical

*0.017*1/Q
Secondary

Antenna:

Primary

T
1

1 MHz 195 (C,)-130 65

Secondary
Adjusted to an impedance of 75 O, with primary resonant at 1 MHz. Coupling should be as tight as practical.
Wire should be would around end taf coil away from tuning core.

Coils

L1

L2

L3

7.9 MHz

1 MHz

1.262 MHz

6

55

41

50

50

40

Fig. 3- Schematic diagram of AM radio receiver using CA3123E.
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TYPICAL CHARACTERISTICS

CA3123E

l-25'C
IO«s

56 pf

-\r®

i z

- "i

— £_§)

V SLOPE

I ._!_10
\

56 pF
_L~Z

1 14

2 13

3 12

4 CA3I23E II

5 10

6 9

7 8

-A/JvL

vo
330Q +I2V
AAA, O

-SS ^-, 30^-^'°^

3,iF

fe|)262.5KHz

92CS- 21669

INPUT VOLTAGE (tK > — i»V RUS

Fig. 4- Control of RF stage by signal into Terminal No. 5. Fig. 5- Test circuit for Fig. 4.

PERFORMANCE CHARACTERISTICS IN CIRCUIT OF FIG. 3

AMBIENT TEMPERATURE (1^251!

! Mil I MM
OUTPUT VOLTAGE (VQ)-8SmV

300

250

J

200

O '5°

H 100

FREQUENCY OF MODULATION (»MOD>*
AM MODULATlON-30%
AMBENT TEMPERATURE (TA)-25*C

400 k

OUTPUT VOLTAGE MEASURED ACROSS
20 KU VOLUME CONTROL
FOR DETAILS BELOW 30iiV, SEE FIG. 6

j\

i

1

!
|

i

i u

1 1

i

i

i

!

10 *? ' *V b
°\o'

2 4 6 3
K>
5 " ""K

(6

9

!
6

2 5

3

2

FREQUENCY OF MODULATION tlmoolMOOHj
nl*

3-

$-l
*/

|
.

O
3 b 8

K>
4 t, U

K>
5 2 10°

RF SIGNAL INPUT VOLTAGE— /.V RF SIGNAL INPUT—^V

Fig. 6- Signal-to-noise performance. Fig. 7- AGC curve showing voltage rise (controlled

by external capacitance of 5.7 pF:C 17, Fig. 3).

Change in slope in the vicinity of 40000 \XV signal

input voltage is the result of the use ofC,/ (5.7 pF)

in Fig. 3. The dotted curve indicates expected per-

formance if C,7 = 0.

RF SIGNAL INPUT— /.V

Fig. 8— Overload response:
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CA3189E

16-Lead Dual-ln-Line

Plastic Package (E)

H-1622

FM IF System
Includes IF Amplifier, Quadrature Detector, AF Preamplifier,
and Specific Circuits for AGC, AFC, Tuning Meter, Deviation-
Noise Muting, and ON Channel Detector

For FM IF Amplifier Applications in High-Fidelity, Automotive, and
Communications Receivers

Features:

Exceptional limiting sensitivity:

12(iV typ. at -3 dB point
Low distortion: 0.1% typ. (with

double-tuned coil)

u Single-coil iuning capability
m Improved S + N/N Ratio
u Externally programmable recovered

audio level

Provides specific signal for control
of interchannel muting (squelch)

i Provides specific signal for direct

drive of a tuning meter
i On channel step for search control
Provides programmable AGC volt-

age for RF amplifier

Provides a specific circuit for flex-

ible audio output
Internal supply-voltage regulators
Externally programmable "on"
channel step width, and deviation at

which muting occurs

The RCA-CA3189E* is a monolithic intergrated circuit that
provides all the functions of a comprehensive FM-IF sys-
tem. Fig. 1 shows a block diagram of the CA3189E, which
includes a three-stage FM-IF amplifier/limiter configura-
tion 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 desir-
able 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 regulators main-
tain a nearly constant current drain over the voltage supply
range of +8.5 to +16 volts.

The CA3189E is ideal for high-fidelity operation. Distortion
in a CA3189E FM-IF System is primarily a function of the
phase linearity characteristic of the outboard detector coil.

The CA3189E has all the features of the CA3089E plus
additions. See CA31 89E features compared to the CA3089E
in Table I.

The CA3189E utilizes the 16-lead dual-in-line plastic pack-
age and can operate over the ambient temperature range of
-40° C to +85° C.

'Formerly Developmental Type No. TA10038.

MAXIMUM RATINGS, Absolute-Maximum Values at 7"
A = 25° C:

DC SUPPLY VOLTAGE (between Terms. 11 and 4)
16 V

(between Terms. 11 and 14)
16 v

DC CURRENT (Out of Term. 15) . .

.

' 2 mA
DEVICE DISSIPATION:

UptoTA = 85°C
640 mW

Above TA = 85° C
derate linearly at 9.9 mW/°C

AMBIENT TEMPERATURE RANGE:

Operatinq
-40 to +85°C

Storage
-65 to +150°C

LEAD TEMPERATURE (During soldering):

At distance not less than 1/32 inch (0.79 mm) from case for 10s max +265°C
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CA3189E

ELECTRICAL CHARACTERISTICS, at TA = 25°C, V+ = 12 Volts

CHARAC-
TERISTIC

TEST CONDITIONS LIMITS

UNITSSYMBOL Circuit

or

Fig. Na
Min. Typ. Max.

Static (DC) Characteristics

Quiescent Circuit

Current '11

No signal input,

Non muted

3,4

20 31 40 mA

DC Voltages:

Terminal 1 (IF Input) Vl 1.2 1.9 2.4 V

Terminal 2 (AC

Return to Input) v2
1.2 1.9 2.4 V

Terminal 3 (DC

Bias to Input) v3
1.2 1.9 2.4 V

Terminal 15

(RF AGO V15 7.5 9.5 11 V

Terminal 10 (DC

Reference) v 10
5 5.6 6 V

Dynamic Characteristics

Input Limiting Volt-

age (

_3 dB point) V|(lim)

f =10.7

MHz,

^mod-
=

400 Hz,

Deviation

±75 kHz

3,4

- 12 25 Mv

AM Rejection

(Term. 6) AMR
V| N =

0.1 V,

AM Mod.

= 30%

45 55 - dB

Recovered AF
Voltage (Term. 6) V (AF) 325 500 650 mV

V| N =

0.1 V

Total Harmonic

Distortion:*

Single Tuned (Term.

6) THD
3

4

3,4

- 0.5 1 %

Double Tuned

(Term. 6) THD - 0.1 - %

Signal plus Noise to

Noise Ratio

(Term. 6) S + N/N 65 72 — dB

Deviation Mute

Frequency fDEV. fmod.
= 3,6,7 - ±40 - kHz

RF AGC Threshold V16 3,4 - 1.25 - V

On Channel Step
v 12

V| N =

0.1 V

fDEV. <
±40 kHz

3
— -

V

fDEV. >
±40 kHz - 5.6 -

*THD characteristics are essentially a function of the phase characteristics of the network connected

between terminals 8, 9, and 10.
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CA3189E

ALL RESISTANCE VALUES ARE IN OHMS
* L TUNES WITH lOOpF (Cl AT IO 7 MH*

QO S 75 (TOKO No KACS K586HM OB
EQUIVALENT )

L*-£.-

Fig. 1 - Block diagram of the CA3189E.

LEVEL DETECTOR 8 METER CIRCUIT

Fig. 2 - Schematic diagram of the CA3189E {cont'd on next page).
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TABLE I
- CA3189E Features Compared to CA3089E

FEATURES CA3189E

Low Limiting Sensitivity (12 MVtyp.) Yes

Vac
Low Distortion '

"

Single-coil Tuning Capability Yes

Programmable Audio Level Yes

S/N Mute Yes

Deviation Mute Yes

Flexible AFC ' ' '

Ye$

Programmable AGC Threshold and Voltage Yes

Typical S + N/N > 70 dB Yes

Meter Drive Voltage Depressed at Very-

Low Signal Levels Yes

On-Channel Step Control Voltage Yes

CA3189E

CA3089E

Yes

Yes

Yes

No

Yes

No

Yes

No

No

No

No

e"Is® ©id

Fig. 2 - Schematic diagram of the CA3189E (cont'd from previous page).
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CA3189E

INPUT SIGNAL— M V ,-,'•, ;..,,.,,,.

Fig. 5 — Muting action, tuner AGC, and tuning

meter output as a function of input

signal voltage.

ALL RESISTANCE VALUES ARE IN OHMS
*L TUNES WITH IOO pF (C) AT I0.7 MHz
Qo(UNLOADE0)="75 (TOKO No. KACS K586HM OR EQUIVALENT)

**C*O.OI/iF FOR 50 ,us DEEMPHASIS (EUROPE)
= 0.015 ^F FOR 75/i$ DEEMPHASIS (USA)

92CM- 29953

Fig. 3 - Test circuit for CA3189E using a single-

tuned detector coil.

SIGNAL .„, _
INPUT °-OI /'F

VOLTAGE

CHANGE IN FREQUENCY (Af)— kHz 92

Fig. 6 — AFC characteristics (current at Term. 7
as a function of change in frequency).

•g '

40

- f
|

1 1 1 1
oc SUPPLY VOLTAGE (V +)=I2V

_^=ppfqr(z AMBIENT TEMPERATURE (TA ) = 25 °c_

+
;
--j-+ ;

I I20

o

I

ui 80

5

|

-\ fc

|=

O

l 40

20

1 1 1 1 1 1 1 II 1 r+T4l#Tffl#R44T4+T4f rtTT T
J:

TUNING METErC/) 1 ^
FULL
SCALE

ALL RESISTANCE VALUES ARE IN OHMS
*TPRI.-Q (UNL0ADED)3 75(TUNES WITH lOOpF(CI) 20tOF34eON

7/J2" DIA. FORM

SEC. -Q (UNLOADED)S 75 (TUNES WITH IOOpF(C2) 20t OF 34e ON
7/32" DIA. FORM

kQtPERCENTOF CRITICAL COUPLING) S 70%
(ADJUSTED FOR COIL VOLTAGE Vc 1-150 mV

ABOVE VALUES PERMIT PROPER OPERATION OF MUTE (SQUELCH) CIRCUIT
"E" TYPE SLUGS, SPACING 4mm
**C=O.OI^F FOR 50/iS DEEMPHASIS (EUROPE)

= O.OI5,iF FOR 75 M s DEEMPHASIS (USA)

LOAD RESISTANCE (BETWEEN TERM. 7 AND TERM. 10)— kO

Fig. 7 — Deviation mute threshold as a function

of load resistance (between Term. 7

and Term. JO).

Fig. 4 Test circuit for CA3189E using a double-

tuned detector coil.

SIGNAL LEVEL— ^V *'

Fig. 8 — Typical limiting and noise characteristics.
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Radio Circuits

CA3189E

« f-AA/V-
I.S k

3.3 k< 390S _L
4=IOnF L L ^tO"? IOnF-p

3.3 kS 390<

'£^-o\WW
2 2k> 470> rfclO 2.2k> 470> ^IO

ALL RESISTANCE VALUES ARE IN OHMS

CF : CERAMIC FILTERS, TOKO CSFE OR EQUIVALENT

*L TUNES WITH 100 pf (C) AT 10. 7 MHz
Q (UNLOADED) a 75 (TOKO No. KACS K586 HM
OR EQUIVALENT)

'—

o

ov

TUNING

92CL-29958RI

.Fig. g _ Complete FM IF system for high-quality receivers.
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Linear Integrated Circuits

CA3209E

16-Lead Dual-ln-Llne

Plastic Package

H-1622

FM-IF System

For Search and Scan

Features:

Exceptional limiting sensitivity:

12/jV typ. at -3 dB point
Exceptional temperature stability
of tuning and stop-pulse window

Single-coil tuning capability
Externally programmable stop-
pulse window width

Programmable level for AGC
action

Forward AGC for pin-diode or
bipolar rf amplifier

Required input level to generate a
stop-pulse is programmable

The RCA CA3209E*is a monolithic integrated circuit that
provides all the functions of a comprehensive FM-IF system.
It is intended for use in FM— IF amplifier applications in
high-fidelity, automotive, and communications receivers
where the synthesizer counter can be controlled by a stop-
pulse for scan and search operation.

•Formerly Developmental Type No. TA10493B

TO INTERNAL
REGULATORS

Fig. 1 shows the CA3209E 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.

b.05 ^iFi

FORWARD
AGC
O-t—C5>

:IO/iF

^, AUDIO
-©—

r

o
-^0.015 fj.F

SET INPUT
LEVEL FOR
AGC ACTION

STOP
PULSE

92CM- 33055RI

Fig. 1 - Block diagram o1 CA3290E.
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The advanced circuit design of the if system includes

desirable deluxe features such as delayed AGC for the rf

tuner, and an output signal to drive a tuning meter and/or

provide stereo switching logic control of stop pulse and

AGC thyristors. In addition, internal power supply regulators

maintain a nearly constant current drain over the voltage

supply range of +8.5 to +16 volts.

MAXIMUM RATINGS,Abso/ufe-Max/mum Values:

Radio Circuits

CA3209E
The CA3209E is ideal for high-fidelity operation. Distortion

in a CA3209E FM-IF System is primarily a function of the

phase linearity characteristic of the outboard detector coil.

The CA3209E utilizes the 16-lead dual-in-line plastic

package and can operate over the ambient temperature

range of -40° C to +85° C.

DC SUPPLY VOLTAGE: 16 V

Between terminals 11 and 4 16 V

Between terminals 1 1 and 14 ...2 mA
DC CURRENT (Out of Terminal 15)

DEVICE DISSIPATION: 735 mW
Up to Ta = 85°C '

" Derate linearly 11.4 mW/°C
Above Ta = 85°C

AMBIENT TEMPERATURE RANGE: _40 10 +85<>c

Operating -65 to +150°C

Storage

LEAD TEMPERATURE (During Soldering): +265°C

At distance not less than 1/32" (0.79 mm) from case for 10 seconds max

ELECTRICAL CHARACTERISTICS at TA = 25° C, V+

(See Fig. 3 for Test Circuit)

12 Volts

CHARACTERISTIC

Static (DC) Characteristics

Quiescent Circuit Current

DC Voltages:

Vl. V2. V3
V 1Q
Vl5_
Vis

m.
.Vi2
V19

V5 to cause transition of trigger

(V12) high to low

V5 to cause transition of trigger

(V12) low to high

Dynamic Characteristics

Input Limiting Voltage

(-3 dB point)

Recovered Audio
Voltage

Frequency Window
of Stop Pulse

Total Harmonic Distortion,

AM Rejection

V5 = 0.6 V
Input = 100 /iV

THD:

S/N Ratio
"

V13

TEST CONDITIONS
LIMITS

MIN. TYP. MAX.
UNITS

Vlfi = v
V16 1.4 V
Vlfi = 1-2 V
V5 ^ .24 V
VS ^ 0.53 V

20

1.2

^9

4.1

4.3

31

1.9

44

5.6

0.005

5.1

1.22

5.7
"0156"

0.45

0.40

2.4

6.1

0.4

5.6

6.6

mA

V

V

400 Hz Input ^ 1 mV
±75 kHz Deviation

R7 -10 = 5.1 K
R7 -10 = 8.2 K

30% AM 100 mV Input

100 uV Input

100 mV Input

100 uV Input

No Signal

100 uV Input

100 mV Input

350

12

520

25

70
45

50
35
70
55

1.4

4.9

120
75

0.50

65
42
80

65
0.2

2.2

6.5

700

200
125
1.0

0.8

3.2

8.5

//V

mV

kHz
~%~

dB

dB

• THD characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9,

" Measured with a 30-kHz low-pass filter (-3 dB at 30 kHz, 18 dB/octave).
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Linear Integrated Circuits

CA3209E

IF INPUT

o-
(£>

& —VW-
28 K

J-C7

frame(7) @SUB

Fig. 2 - Schematic diagram of CA3209E
{continued on next page).

CONTROL VOLTAGE
FOR RF AGC (13
AND STOP PULSE

^

92CL-33056RI
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Radio Circuits

CA3209E

QUADRATURE
INPUT REF. BIAS

63)

SET
WINDOW
WIDTH

O

-©

R55 p46 I 1

> R I0K

^k»

STOP PULSE

92CL-33056RI

Fig. 2 - Schematic diagram of CA3209E

{continued from previous page).
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Linear Integrated Circuits

CA3209E
Qo » 65, fo e 10.7 mHz

WIDTH OF STOP PULSE
"1

\ CONTROLLED BY
-%r

\ THIS RESISTOR
5.1 K

I_
r) AUDIO

^^OUTPUT
- 0.015

FORWARD
AGC

io k;
DRIVE

ALL CAPACITORS IN ^F UNLESS SPECIFIED

Fig. 3 - Test circuit.

92CS-33057RI
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Linear Integrated Circuits

RCA MOSFETs (MOS Insulated-Gate Field-Effect Transistors)
RCA MOSFET Story
RCA MOS insulated-gate field-effect tran-

sistors are N-channel, depletion-type silicon

devices, and are available in both single-

gate and dual-gate types. Both types offer

the advantages of extremely high input

resistance, low input capacitance, very low
feedback capacitance, high forward trans-

conductance, and low noise at very high

frequencies. Because of their insulated-

gate construction, these devices have ex-

tremely low leakage currents which are

relatively insensitive to temperature varia-

tions. In addition, their drain currents have
a negative temperature coefficient which

makes "thermal runaway" virtually im-

possible.

The extremely high input resistance of

RCA MOS transistors permits the use of

simple biasing techniques. It also makes
these devices capable of handling relatively

large positive and negative input-signal ex-

cursions without degradation of input im-

pedance due to diode-current loading. Be-

cause of this capability, MOS transistors

have considerably greater dynamic ranges

than junction-type field-effect transistors

and bipolar transistors of comparable
ratings, and can provide superior perform-

ance in amplifier circuits utilizing auto-

matic gain control. Furthermore, the ex-

tremely high input resistances of these

devices impose virtually no loading on
AGC voltage sources.

In addition to the features described above,

RCA MOS transistors are notably superior

to other solid-state devices in cross-modu-

lation characteristics, and in their relative

freedom from spurious responses. These
transistors are also characterized by zero

offset voltage—a feature which makes them
especially desirable for chopper appli-

cations.

Applications

RCA Single-Gate MOS Transistors pro-

vide outstanding performance in applica-

tions requiring extremely high input im-

pedance. They are also capable of pro-

viding high power gains at frequencies up
to approximately 250 MHz. Typical

applications for these devices include

rf-amplifier, mixer, and oscillator service

in mobile and fixed communications
equipment and in home entertainment

equipment, and as audio and wide-band
amplifiers, variable attentuators, chop-
pers, and current limiters in industrial

instrumentation and control equipment.
RCA single-gate MOS transistors also

feature a separate terminal permitting

connection to the bulk (substrate).

RCA Dual-Gate MOS Transistors feature

a series arrangement of two separate

channels, each channel having an inde-

pendent control gate. This arrangement

results in substantially lower feedback
capacitance, greater gain, remote AGC
capability in rf-amplifier applications,

substantially better cross-modulation

characteristics and lower spurious re-

sponse than are provided by single-gate

types. The availability of two inde-

pendent control gates also offers unique

advantages for chopper, clipper, and
gated-amplifier service, and for applica-

tions involving the combination of two or

more signals, such as mixers, product
detectors, color demodulators, and bal-

anced modulators.

RCA Dual-Gate-Protected RF MOS
Transistors incorporate back-to-back di-

odes for each gate within the same silicon

MOSFET pellet. The major technical

challenge in the development of these

new MOSFETs was that gate protection

must not significantly degrade the RF

performance. Special back-to-back diodes

were developed as the answer to this

objective.

The back-to-back diodes are diffused

directly into the MOS pellet and are

electronically connected between each

insulated gate and the FET's source; this

arrangement permits the device to handle

a wide dynamic signal swing and still

provide excellent RF performance. The
low junction capacitance of the diodes

adds little to the total capacitance shunt-

ing the gate. Furthermore, the resistive

components of these diodes are such that

they do not materially affect the overall

noise performance of the unit.

The net result is a MOSFET which pro-

tects against static discharge during hand-
ling operations without the need for

external shorting mechanisms, protects

against in-circuit transients, and is more
rugged than any other solid-state amplifier

providing comparable performance.
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MOS/FET Devices

RCA MOSFETs (MOS Insulated-Gate Field-Effect Transistors)

Single Gate

Dual Gate

Dual Gate
with gate protection

RCA Single-gate and dual-gate MOSFETs
offer these features and benefits to the designer:

• Extremely high input resistance - imposes virtually no loading on AGC voltage source

• Very low feedback capacitance

• High forward transconductance

• Wide dynamic range - handle positive and negative input-signal excursions without

diode-current loading

• Wide AGC range

• Virtually no AGC power required

• Very low gate leakage current - relatively insensitive to temperature variations

• Negative temperature coefficient of drain current - makes "thermal runaway" virtually

impossible

• Zero offset voltage - especially desirable for chopper applications

• Bulk (substrate) terminal available on all single-gate types

• Substantially better cross-modulation characteristics and lower spurious response than

junction-type FET's and bipolar transistors

• Operating-temperature range, all types: -65 to +175°C

RCA Dual-gate MOSFETs offer these additional features

• Extremely low feedback capacitance

• Reduced oscillator feedthrough

• Higher frequency capabilities

• Exceptionally high forward transconductance

• Higher vhf power gain

• No neutralization required

• Increased gain reduction with AGC
• Cross-modulation characteristics actually improve as device approaches cutoff

• Unique advantages for mixer, product-detector, remote gain control, color-demodulator,

balanced-modulator, chopper, clipper, and gated-amplifier applications

• Can function as a triode equivalent device when the two gates are connected to a single

terminal

Quick-Selection Guide

Application

Industrial Types Consumer Types

Single-Gate

Dual-

Gate

Dual-

Gate

Pro-

tected

Single-

Gate Dual-Gate

Dual-Gate

Protected

00
CM

Z
CO

CO
CO

Z
CO

CO

z
CO

CM

r-
z
CO

CO

z
CO

CM
in

z
CO

CO
in

Z
CO

in

z
CO

o

z
CO

5
z
CO

enm
t—
Z
CO

00

Z
CO

oo
CM
Z
CO

en

00o

<
r-

S

<
00
CO

s

<
atm
inô
-

oo
COo
O
COo

CMO
COo

COo
CO©
s
COo
s
CM
z
CO

ino
CM
z
CO

COo
CM
z
CO

CO

COo
CM
z
CO

CM
«-•

CM
z
CO

CO
r-
CM
z
CO

o
CM

s
CM
00o

CM
CM

8

CO
CM

s 1

RF Amplifier, Mixer

Chopper

General-Purpose Amplifier

Oscillator

Low-Noise
'

Low-Leakage

High-Gain

Gain-Controlled

Premium-Performance "I" 1 _i
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RCA MOSFETs (MOS Insulated-Gate Field-Effect Transistors)
RCA MOSFETs for RF application and for instrumentation,
chopper, and control application in industrial and military equipment

Description and Application Absolute Maximum Ratings#

AtTA = 25°C

RCA
Type Description

Usable

Frequency

Range

MHz

Circuits

and

End-Use

Equipment

Drain-to-

Source

Volts

vDs

Gate 1-to-

Source

Volts

VG1S

Gate 2-to-

Source

Volts

VG2S

Neg. Pos. DC Peak

AC
DC Peak

AC
SINGLE-GATE DEVICES" ~

J

For RF Applications

3N128 High-Gain, Low-Noise RF Amplifier,

IF Amplifier, Oscillator

to 250

High-Impedance

Timing Circuits,

Detectors, Frequency

Multipliers, Phase

Splitters, Pulse

Stretchers, Voltage-

Controlled Attenuators

Electrometer Amplifiers,

High-Impedance

Differential Amplifiers

in

VHF Fixed and

Mobile Communications

Equipment and for

Instrumentation

and Navigation

+20
+ 1

to

-8
±15 - -

3N139
High-Gain RF Amplifier, Video Amplifier

,

IF Amplifier For Use With High Drain

Supply Voltage (+35 V max.)

to 250 +35 ±10 ±14 - -

3N142 High-Gain Low-Noise RF, Amplifier

and Oscillator

to 175 +20

+1

to

-8
±15 - -

3N143 Mixer and Oscillator to 250 +20

+1

to

-8
±15 - -

3N152 Low-Noise, Premium-Performance

RF Amplifier

to 250 +20

+1

to

-8
±15 - -

3N154 Low-Leakage Premium-Performance

RF Amplifier

to 250 +20

+ 1

to

-8
±15 - -

For Chopper, Instrumentation, and Control Applications

3N128 High-Gain DC Amplifier to 250

Servo Amplifiers,

Telemetry Amplifiers,

Computer Operational

Amplifiers, Sampling

Circuits, Electrometer

Amplifiers in

Communications,

Navigation, and

Instrumentation

Equipment and

Control Circuits

+20

+1

to

-8
±15 - -

3N138
For Chopper and Multiplex Service

to 60 MHz
DC Amplifier

to 250 +35 ±10 ±14 - -

3N139
DC Amplifier, Video Amplifier, RF Ampli-

fier with High Drain Voltage Capability

(+35 V max.)

to 250 +35 ±10 ±14 - -

3N142 DC Amplifier to 175 +20

+ 1

to

-8
±15 - -

3N153
For Chopper and Multiplex Service to

60 MHz
DC Amplifier

to 250 +20

+6

to

-8
±14 - -

DUAL-GATE DEVICES WITH INTEGRAL GATE PROTECTION

For RF Applications

3N140 High-Gain, Low-Noise Gain-Controlled

RF Amplifier, IF Amplifier
to 300 Communications

Equipment
+20

+1

to

-8

+20

to

-8

I

-8 to

40%

>f vDS

-8

to

+20
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MOS/FET Devices

RCA MOSFETs (MOS Insulated-Gate Field-Effect Transistors)

RCA MOSFETs for RF application and for instrumentation,

chopper, and control application in industrial and military equipment

Electrical Characteristics at Ta = 25°C

Typical

Gate-

Leakage

(Input)

Resistance

'GS
Ohms

Offset

Voltage

Vo»
Volts

Typical

"ON"
Resistance

rDS (on)

Ohms

Typical

Power

Gain

Gps
dB

Typical

Noise

Figure

NF
dB

Noise

Figure and

Power

Gain

Test

Frequency

MHz

Typical

Forward

Transcond-

uctance

9fs

umho

Max.

Gate

Leakage) Capac

age

Current

GSS
nA

Typ.

Input

Cjss

pF

Typical

Gate-to

Source

Cutoff

Volts

VGS

Typical

Reverse

Transfer

Capacitance

(Feedback)

Crss

pF

Application

Note

and

Data Sheet

File No.

RCA
Type

SINGLE-GATE DEVICES*

For RF Applications

16* 3.5 200 7500

16*

13.5

(conv.)

16*

Closely Controlled Zero-

Bias Drain Current

(l DSS), TO to 25 mA

2.5

2.5

100

f|N=200

fOUT=30

200

16* 3.5 200

1014

1014

1014

1012

1010

200

180#

200

200

200##

16*

16*

3.5

2.5

200

100

3.5 18

5.5

6000

7500

7500

7500

7500

0.1 nA
Typ.

0.1 pA
Typ.

200

0.1 pA
Typ.

5

0.1 pA

Typ.

-3

5.5

5.5

5.5

5.5

-3

0.25
AN3193
AN3341

309 3N128

0.2

0.22

0.25

-3

0.25

0.25

ST3703 284

ST3703 286

AN3193
AN3341

309

ST3703 314

3N139

3N142

3N143

3N152

- 335 3N154

For Chopper, Instrumentation, and Control Applications

7500

6000

6000

7500

10000

10

pA

0.1 pA
Typ.

50 pA

5.5

5.5

-3

-10
max.

-6

max.

-2

0.25

0.2

0.2

0.22

0.34

AN3193
AN3341

309 3N128

AN3452 283

ST3703 284

ST3703 286

320

3N138

3N139

3N142

3N153

DUAL-GATE DEVICES WITH INTEGRAL GATE PROTECTION

For RF Applications

10000 5.5 -2A 0.02 285 3N140
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RCA MOSFETs (MOS Insulated-Gate Field-Effect Transistors)
RCA MOSFETs for RF application and for instrumentation,
chopper, and control application in industrial and military equipment—cont'd.

Description and Application
Absolute Maximum Ratings*

At Ta = 25°C

RCA
Type

Description

Usable

Frequency

Range

MHz

Circuits

and

End-Use

Equipment

Drain-to-

Source

Volts

VDS

Gate 1-to-

Source

Volts

VG1S

Gate 2-to-

Source

Volts

VG2S

Neg. Pos. DC
Peak

AC
DC Peak

AC

3N141 Mixer, Product Detector, Modulator to 300
Aircraft and

Marine Vehicular

Receivers

CATV and MATV
Equipment

Telemetry and

Multiplex

Equipment

+20
+ 1

to

-8

+20

to

-8

-8 to

40%
VDS

-8

to

+20

3N159 High-Gain, Very Low-Noise, Gain-

Controlled RF Amplifier

to 300 +20

+1

to

-8

+20

to

-8

-8 to

40%

vDs

-8

to

+20

3N187 RF Amplifier, Mixer, and IF

Amplifier

to 300 -0.2 +20

+3

to

-6
±6

-6 to

30%
vDs

±6

3N200 High-Gain RF Amplifier, Mixer,

and IF Amplifier

to 500 -0.2 +20

+3

to

-6

±6

-6 to

30%

vds

±6

40819 RF Amplifier, Mixer, and

IF Amplifier

to 300 -0.2 +25

+3

to

-6
±6

-6 to

40%

vds

±6

For Chopper, Instrumentation, and Control Applications

3N140 DC Amplifier to 300

See Choppers

Instrumentation,

and Control

Applications on

Page 4

+20

+ 1

to

-8

+20

to

-8

-8 to

40%

vds

-8

to

+20

3N141 DC Amplifier to 300 +20

+ 1

to

-8

+20

to

-8

-8 to

40%

Vps

-8

to

+20

40841 General-Purpose to 500

-4.5

to

+3

-4.5

to

40%
V DS

#For a Maximum Drain Current (Iq) = 50 mA,
Device Dissipation (P-p) = 330 mW

Bulk (Substrate) is brought out as a separate terminal lead (connected

to case internally).

RCA MOSFETs for RF application n consumer equipment

Description and Application
Absolute Maximum Ratings #

at TA = 25°C

RCA
Type

Description

Usable

Frequency

Range

MHz

End-Use

Equipment

Drain-to-

Source

Volts

VDS

Gate 1-to-

Source

Volts

VG1S

Gate 2-to-

Source

Volts

VG2S

Neg. Pos. DC Peak

AC DC Peak

AC

SINGLE GATE DEVICES"

40467A
200-MHz General-Purpose

RF Amplifier and Oscillator
to 220

VHF Amplifier Applica-

tions in Commercial

and Industrial Elec-

tronic Equipment

+20

+1

to

-8
±15 - -

T05?



MOS/FET Devices

RCA MOSFETs (MOS Insulated-Gate Field-Effect Transistors)

RCA MOSFETs for RF application and for instrumentation,

chopper, and control application in industrial and military equipment—cont'd.

Electrical Characteristics at TA = 25°C

Typical

Gate-

Leakage

(Input)

Resistance

'GS
Ohms

Offset

Voltage

v *

Volts

Typical

"ON"
Resistance

rDS (on)

Ohms

Typical

Power

Gain

Gps
dB

Typi-

cal

Noise

Figure

NF
dB

Noise

Figure and

Power

Gain

Test

Frequency

MHz

Typical

Forward

Transcon-

ductance

9fs

umho

Max.

Gate

Leak-

age

Current

gss
nA

Typ.

Input

Capac-

itance

C
iss

pF

Typical

Gate-to-

Source

Cutoff

Volts

vGs

Typ. Rev.

Transfer

Capaci-

tance

(Fdbk)

Crss
pF

Application I

Note I

and

Data Sheet

File No.

RCA
Type

- - 17

(conv.)
- f|N= 200

fOUT=30
10000 1

A 5.5 -2* 0.02 285 3N141

- - - 16 min. 2.5 200 10000 1* 5.5 -2* 0.02 326 3N159

_

"

_ - 18 3.5 200 12000 50* 6 -2* 0.02
ST3703

AN4018
3N187

- - - 12.5 3.9 400 15000 50* 6 -1* 0.02

ST3703

AN4018 437

AN4431

3N200

- - 18 3.5 200 12000 50* 6 -2* 0.02
ST3703

AN4018
40819

For Chopper, Instrumentation, ar d Control App ications

1012 - - - - 10000 1
A 5.5 -2* 0.02 285 3N140

1012 - - - - 10000 1
A 5.5 -2* 0.02 28E> 3N141

- - -
32

24

(conv.

0.46 1
Gps at

44 MHz
-

—

•12000 60* 6.5 -2* 0.20 495i 40841

• Fixed Neutralization *| n measurements of Offset Voltage, thermocouple effects and

fCTypical "OFF" resistance contact potentials in the measurement setup may cause erron-

[r DS (off)]= 10 11 SI eous readings of 1 microvolt or more. These errors may be

MTypical "OFF" resistance minimized by the use of solder having a low thermal e.m.f.,

lr n<; (off)] = 10 1CT2 such as Leeds & Northrup No. 107-1 .0.1, or equivalent

Bulk (Substrate) is brought out as a separate

terminal lead connected to case internally.

A
Value applies to each gate

t Audio spot at 1 kHz.
r DS"

RCA MO!BFETs for RF a pplication in consum er eqijipine Ill

Electrical Characteristics at Ta = 25"

C

Typical

Power

Gain

GPS
dB

Typical

Noise

Figure

NF
dB

Noise

Figure

and

Power

Gain Test

Frequency

MHz

Typical

Forward

Transcond-

uctance

9fs

umho

Max.

Gate

Leakage

Current

>GSS
mA

Typ.

Input

Capac-

itance

Ciss

pF

Typical

Gate-to-

Source

Cutoff

Volts

Typical

Reverse

Transfer

Capacitance

(Feedback)

Crss

pF

Application

Note

and

Data Sheet

File No.

RCA
Type

Gate 1

VG1S
Gate 2

VG2S
I

*

—

'
'

S INGLE-GATE D EVICES"

16 3.5 200 7500 1 5.5 -8

max.

- 0.16 ST-2990A 324 40467A

1053



Linear Integrated Circuits

RCA MOSFETs (MOS Insulated-Gate Field-Effect Transistors)
RCA MOSFETs for RF application in consumer equipment - cont'd.

Description and Application Absolute Maximum Ratings #
at Ta = 25°C

RCA
Type

Description

Usable

Frequency

Range

MHz

End-Use

Equipment

Drain-to-

Source

Volts

vDs

Gate 1-to-

Source

Volts

VG1S

Gate 2-to-

Source

Volts

VQ2S

Neg. Pos. DC Peak

AC
DC Peak

AC

40468A 100-MHz RF Amplifier to 125 FM and

AM/FM
Receivers

+20

+1

to

-8
±15 - -

40559A
100-MHz Oscillator

or Mixer
to 125 +20

+1

to

-8
±15 - -

DUAL-GATE DEVICES

40600 200-MHz Gain-Controlled

RF Amplifier

to 250 VHF
TV

Tuners

+20

+1

to

-8

+20

to

-8

-8

to 40%

to VqS

-8

to

+20

40601 200-MHz Mixer to 250 +20

+1

to

-8

+20

to

-8

-8

to 40%
of VqS

-8

to

+20

40602 44-MHz Gain-Controlled

IF Amplifier

to 75
TV

Receivers
+20

+1

to

-8

+20

to

-8

-8

to 40%

of Vqs

-8

to

+20

40603 100-MHz Gain-Controlled

IF Amplifier

to 150

FM
Receivers

+20

+1

to

-8

+20

to

-8

-8

to 40%
of Vqs

-8

to

+20

40604 100-MHz Mixer to 150 +20

+1

to

-8

+20

to

-8

-8

to 40%
of Vqs

-8

to

+20

DUAL-GATE DEVICES WITH INTEGRAL GATE-PROTECTION

3N204

Low-

Noise

RF Amplifier to 220

VHF
TV

Receivers

+25 Pj = 360 mW

3N205 Mixer to 220 +25 PT = 360 mW

3N206 IF Amplifier to 220 +25 Pj = 360 mW

3N211 RF Amplifier to 220 +27 PT =360mW

3N212 Mixer to 220 +27 Pj = 360 mW

3N213 IF Amplifier to 220 +35 Pj = 360 mW

1054



MOS/FET Devices

RCA MOSFETs (MOS Insulated-Gate Field-Effect Transistors)

RCA MOSFETs for RF application in consumer equipment - cont'd.

Electrical Characteristics at Ta = 25°C

Typical

Power

Gain

GPS
dB

Typical

Noise

Figure

NF
dB

Noise

Figure

and

Power

Gain Test

Frequency

MHz

Typical

Forward

Transcond-

uctance

flfs

uMho

Max.

Gate

Leakage

Current

IGSS
mA

Typ.

Input

Capac-

itance

Ciss

pF

Typical

Gate-to-

Source

Cutoff

Volts

Typical

Reverse

Transfer

Capacitance

(Feedback)

Crss

PF

Application

Note

and

Data Sheet

File No.

RCA
Type

Gate 1

VG1S
Gate 2

VG2S

17 3.5 100 7500 1 5.5 -8

max.

- 0.16

AN-3453 323

AN-3535

40468A

22

(conv.)

-
f|N = 100

fOUT=107 2800

(conv.)

1 5.5 -8

max.

- 0.17 AN-3535 323 40559A

DUAL-GATE DEVICES

20 3.5 200 10000 1 5.5 -3 -3 0.02 ST-3703 333 40600

14

(conv.)

- 200 2800

(conv.)

1 5.5 -3 -3 0.02 ST-3703 333 40601

28 - 44 10000 1 5.5 -3 -3 0.02 ST-3703 333 40602

24 3 100 10000 1 5.5 -3 -3 0.02 ST-3703 334 40603

23

(conv.)

f|N= 100

f UT=10.7

2800

(conv.)

1 5.5 -3 -3 0.02 ST-3703 334 40604

DUAL-G ATE DEVICES WlTH INTEGRAlL GATE-PROTECTION

24

(Insertion)

2.5 200 14 10* 5 -4
max.

-4
max.

0.03
max.

959 3N204

23

(conv.)

- 200 14 10* 5 -4

max.

-4

max.

0.03

max.

959 3N205

30

(Insertion)

3 45 12 10* 5 -4

max.

-4

max.

0.03

max.

959 3N206

30

(Insertion)

2te - 30 10* 7 -5.5

max.

-2.5

max.

0.05

max.

875 3N211

25

(conv.)

- 200 30 10* 7 -4

max.

-4

max.

0.05

max.

875 3N212

31

(Insertion)

3 45 25 10* 7 -5.5

max.

-4

max.

0.05

max.

875 3N213
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Linear Integrated Circuits

RCA MOSFETs (MOS Insulated-Gate
RCA MOSFETs for RF application in consumer

Field-Effect Transistors)
equipment - cont'd.

Description and Application

RCA
Type

Description

Usable

Frequency

Range

MHz

40673

40820

40821

40822

200 MHz RF Amplifier,

Mixer, and IF Amplifier

RF Amplifier

RF Mixer

RF Amplifier

40823 RF Mixer

End-Use

Equipment

to 400

to 250

to 250

to 250

Aircraft and

Marine Receivers

CATV and MATV
Equipment

Absolute Maximum Ratings #

Drain-to-

Source

Volts

VPS

at Ta = 25 C

Neg. Pos.

VHF
TV

Tuners

to 150

FM
Tuners

-0.2

-0.2

-0.2

-0.2

+20

+20

+20

+18

-0.2 +18

Gate 1-to-

Source

Volts

VG1S

DC

+ 1

to

-6

+3

to

-6

+3

to

-4.5

+3

to

-6

# For a Maximum Drain Current Op) =50 mA,
Device Dissipation (Py) = 330 mW
Operating Temperature Range (T^) = —65°C to +121°C

+3

to

-4.5

Peak

AC

Gate 2-to-

Source

Volts

VG2S

DC

±6

±6

±6

±6

-6

to 30%
of VqS

-6

to 40%
of Vqs

-4.5

to 40%
of VdS

-6

to 40%
of VQS

-4.5

to 40%

of Vqs

Peak

AC

±6

±6

±6

±6

Bulk (Substrate) is brought out as a

separate terminal lead (connected to

case internally)

Handling of MOSFETs which do not include gate-protection circuits

Insulated-Gate Metal-Oxide-Semiconductor Field-Effect Tran-
sistors (MOSFETs)l, like bipolar: high-frequency transistors,

are susceptible to gate insulation damage by the electrostatic

discharge of energy through the devices. Electrostatic dis-

charges can occur in a MOSFET if a type with an unpro-
tected 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 pro-

duction by numerous equipment manufacturers in military,

industrial, and consumer applications, with virtually no
problems of damage due to electrostatic discharge.

In some MOSFETs, diodes are electrically connected be-
tween 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.

MOSFETs 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.

'Trademark: Emerson and Cumming,lnc.
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MOS/FET Devices

RCA MOSFETs (MOS Insulated-Gate Field-Effect Transistors)

RCA MOSFETs for RF application in consumer equipment - cont'd.

Electrical Characteristics at T/\ = 25° C

Typical

Power

Gain

GPS
dB

Typical

Noise

Figure

NF
dB

Noise

Figure

and

Power

Gain Test

Frequency

MHz

Typical

Forward

Transcond -

uctance

9fs
umho

Max.

Gate

Leakage

Current

gss
mA

Typ.

Input

Capac-

itance

Cjss

pF

Typi

Gate

Sou

Cut

Vo

cal

-to-

rce

off

ts

Typical

Reverse

Transfer

Capacitance

(Feedback)

Cm
PF

Application

Note

and

Data Sheet

File No.

RCA
Type

Gate 1

VG1S
Gate 2

VG2S

18 3.5 200 12000 50 6 -2 -2 0.02

ST-3703

381

AN-4018

40673

17 4.5 200 12000 50 6 -1 -1 0.02

ST-3703

464

AN4018
40820

11

(conv.)

-
f|N=200

fOUT=44
12000 50 6 -1 -1 0.02

ST-3703

464

AN-4018

40821

24 3.5 100 12000 50 6.5 -2 -2 0.02

ST-3703

465

AN-4018

40822

18

(conv.)

-
f|N = 100

fOUT=10.7

12000 50 6.5 -2 -2 0.02

ST-3703

465

|

AN4018
40823

1 Bulk (Substrate is brought out as a

separete terminal lead (connected

to case internally.

APPLICATION NOTES

Value applies to each gate

TitleNo.

AN3193 "Application Considerations for the RCA-3N128 VHF MOS Field-Effect Transistor"

AN3341 "VHF Mixer Design Using the RCA-3N128 MOS Transistor"

AN3435 "Cross-Modulation Effects in Single-Gate and Dual-Gate MOS FET Transistors"

AN3452 "Chopper Circuits Using RCA MOS Field-Effect Transistors"

AN3453 "An FM Tuner Using an RCA-40468 MOS-Transistor RF Amplifier"

AN3535 "An FM Tuner Using Single-Gate MOS Field-Effect Transistors as RF Amplifier and Mixer"

AN4018 "Design of Gate-Protected MOS Field-Effect Transistors"

AN4125 "MOS FET Biasing Techniques"

AN4431 "RF Applications of the Dual-Gate MOS FET up to 500 MHz"

AN4590 "Using MOS FET IC's in Linear Circuit Applications"

ST3486 "Application of Dual-Gate MOS Field-Effect Transistors in Practical Radio Receivers"

ST3520 "Insulated-Gate Field-Effect Transistors in Oscillator Circuits"

A copy of a Technical Bulletin for any of the MOSFET types or a copy of the Application Notes shown above, is available

on request from RCA Solid State Division, Box 3200, Somerville, NJ. 08876. To expedite receipt of the requested data,

please refer to the Technical Bulletin File No. shown on the Characteristics Charts, or to the Application Note No.
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Linear Integrated Circuits

RCA High-Reliability Bipolar IC's

RCA MIL-STD-883 Slash-Series Linear IC's

The RCA CA3000 slash-series of high-reliability linear inte-

grated circuits includes a broad range of types for use in satel-
lites and other aerospace, military, and critical industrial appli-

cations in which maintenance is extremely difficult. These
integrated circuits are processed and screened in accordance
with MIL-STD-883, Method 5004 format.
The RCA CA3000 slash-series types are supplied to three

screening levels (/1 , /3, and /3W) that meet the electrical, me-
chanical, and environmental test methods and procedures
established for microelectronics in MIL-STD-883.
RCA CA3000-series IC products listed below are commer-

cial products that can be supplied to standard RCA screening
levels or to specialized customer requirements on a custom
basis.

CA3000-Series Linear IC's and MOS/FET's

Type No. Description

CA101A Operational Amplifiers
CA723 Voltage Regulators
CA741 Operational Amplifiers
CA747 Dual Operational Amplifiers
CA748 Operational Amplifiers
CA1558 Dual Operational Amplifiers
CA3000 Differential Amplifiers
CA3001 Differential Amplifiers
CA3002 Differential Amplifiers
CA3004 Differential Amplifiers (RF)
CA3006 Differential Amplifiers (RF)
CA3015A Operational Amplifiers

CA3018A Transistor Arrays
CA3019 Diode Arrays
CA3020A Wide-Band Power Amplifiers
CA3026 Dual Differential Amplifier

Arrays
CA3028B Differential Amplifiers (RF)
CA3039 Diode Arrays
CA3045 Transistor Arrays
CA3049 Dual Differential Amplifier

Arrays
CA3058 Zero-Voltage Switches
CA3078 Micropower Operational Amplifiers

CA3080 Variable Operational Amplifiers
CA3081 Transistor Arrays
CA3082 Transistor Arrays
CA3085 Voltage Regulators

No. of

Leads

8
10

8
10

10

12

10

12

12

12

12

10

12

12

8

12

14

12

14

16

16

Type No. Description

CA3085A Voltage Regulators
CA3085B Voltage Regulators

CA3094 Programmable Power Switch/
Amplifier

CA3094A Programmable Power Switch/
Amplifier

CA3094B Programmable Power Switch/
Amplifier

CA3100 BiMOS Operational Amplifiers
CA3118 Transistor Arrays

CA3118A Transistor Arrays
CA3130 BiMOS Operational Amplifiers

CA3130A BiMOS Operational Amplifiers
CA3140 BiMOS Operational Amplifiers
CA3140A BiMOS Operational Amplifiers
CA3160 BiMOS Operational Amplifiers
CA3160A BiMOS Operational Amplifiers
CA3260T BiMOS Operational Amplifier
CA3260AT BiMOS Operational Amplifier
CA3290 BiMOS Dual Voltage Comparators

MOS/FET's
HR3N187 Dual-Gate MOS Field-Effect

Transistor

HR3N200 Dual-Gate MOS Field-Effect

Transistor

No. of

Leads

8
8

12

12

8

8
8
8
8

High-reliability versions of most commercially available CA3000-series linear IC's not listed above can also be supplied on a custom basis.

Screening Levels for RCA MIL-STD-883 Slash-Series Linear Integrated Circuits

Screening Levels

RCA MIL-STD-883,
Levels Method 5004 Format

Application

For Packaged Devices (D, F, K, S, T, or V1 Suffix)

/1 Class S with Condition B Precap
Visual Inspection Aerospace and Missiles

Description

For devices intended for use
where maintenance and replace-
ment are impossible and reli-

ability is imperative

Class B with High- and Low-
Temperature DC Testing omitted

For Chips (H Suffix)

/M Condition B Precap Visual In-

spection with Traceabihty and
Certificate of Compliance
Required

Military and Industrial

For example, in Air-

borne Electronics

Military and Industrial

For devices intended for use
where maintenance and replace-
ment can be performed but are
difficult and expensive

For general applications
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Supplementary Information

Dimensional Outlines

CERAMIC DUAL-IN

(D) Suffix

(JEDEC MO-001-AD) 14-Lead

LINE PACKAGES
(D) Suffix

(JEDEC MO-001-AE) 16-Lead

NOTES^, /"

Reler to Rules lor Dimensioning (JEDEC Publication N

lot Axial Lead Product Outlines

1 When this device is supplied solder dipped, the maxi

thickness (narrow portionl will not exceed 013'

2 Leads within 006 10 12 mm! radius ol True Posit

guage plane with maximum material condition and u

3 eA applies in zone L 2
when unit installed

4 ii applies to spread leads prior to installation

5 N is the maximum quantity ol lead positions

6 N, is the quantity ol allowable missing leads

SYMBOL
INCHES

NOTE
MILLIMETERS

MIN. MAX. MIN. MAX.

A
A1

0.120

0.020

0.160

0.086

3.05

0.51

4.06

1.65

B

B1

0.014

0.060

0.020

0.066

0.356

1.27

0.508

1.66

C

D

0.008

0.745

0.012

0.770

1 0.204

18.93

0.304

19.55

E

El

0.300

0.240

0.325

0.260

762

6.10

8.25

6.60

•1

•A

100TP

0.300 TP

2

2.3

2.54 TP

7.62 TP

L

L2

0.125

0.000

0.150

0.030

3.18

0.000

3.81

0.76

a 00 150 4 00 150

N

Nl

14 5

6

14

Ql

S

0.050

0.066

0.085

0.090

127

1.66

2.15

2.28

92SS4411R2

SYMBOL
INCHES

NOTE
MILLIMETERS

MIN. MAX. MIN. MAX.

A

*1

0.120

0.020

0.160

0.065

3.05

0.51

4.06

1.65

B

»1

0.014

0.035

0.020

0.065

0.356

0.89

0.508

1.65

C

D

0.008

0.745

0.012

0.785

1 0.204

18.93

0.304

19.93

E

El

0.300

0.240

0.325

0.260

7.62

6.10

8.25

6.60

e
1

eA

0.100 TP

0.300 TP

2

2.3

2.54 TP

7.62 TP

L

L2

0.125

0.000

0.150

0.030

3.18

0.000

3.81

0.76

a 0° 15° 4 0° 15°

N

"1

16 5

6

16

Q
1

S

0.050

0.015

0.085-

0.060

1.27

0.39

2.15

1.52

92SS-4286R5

(E) Suffix

8-Lead Plastic (Mlnl-DIP)

DUAL-IN-LINE PLASTIC, (E) SUFFIX AND FRIT-SEAL CERAMIC, (F) SUFFIX PACKAGES
(E) and (F) Suffixes (F) Suffix

(JEDEC MO-001-AB) 14-Lead (JEDEC MO-001-AC) 16-Lead

SYMBOL
INCHES

NOTE
MILLIMETERS

MIN. MAX. MIN. MAX.

A

A1

0.155

0.020

0.200

0.050

3.94

0.508

5.08

1.27

B

Bl

0.014

0.035

0.020

0.065

0.356

0.889

0.508

1.65

C

D

0.008

0.370

0.012

0.400

1 0.203

9.40

0.304

10.16

E

El

0.300

0.240

0.325

0.260

7.62

6.10

8.25

6.60

eA

0.100 TP

0.300 TP

2

2.3

2.54 TP

7.62 TP

L

1-2

0.125

0.000

0.150

0.030

3.18

0.000

3.81

0762

a 15 4 15

N

Nl

8 5

6

8

Ql
s

0.040

0.015

0.075

0.060

1.02

0.381

1.90

1.52

SYMBOL
INCHES

NOTE
MILLIMETERS

MIN. MAX. MIN. MAX

A

Al

0.155

0020

0.200

0.050

394

051

508

1.27

B

Bl

0014

0.050

0020

0.065

0356

1.27

508

1.65

C

D

0008

0745

0012

0.770

1 0.2O4

1893

0.304

19.55

E

El

0300

0240

0325

0260

762

6 10

8.25

660

ei

eA

0.100 TP

300 TP

2

2.3

2 54TP

7.62 TP

L

L2

0125

0.000

0.150

0030

3 18

0000

381

076

a 00 15o 4 00 15o

N

Nl

14 5

6

14

Ql

S

0040

0.065

0.075

0090

1 02

1.66

1.90

228
92SS4296R3

SYMBOL
INCHES

NOTE
MILLIMETERS

MIN. MAX. MIN. MAX.

A

A
,

0.155

020

0200

0050

3.94

051

5.08

1.27

B

Bl

0014

035

0020

065

0356

089

0.508

1.65

C

D

0008

745

0012

785

1 204

18.93

0.304

19.93

E

El

300

0240

0325

260

762

6.10

825

6.60

eA

0.100 TP

0.300 TP

2

2. 3

2 54 TP

7.62 TP

L

L 2

0.125

0000

0.150

0030

3.18

0.000

3.81

0.76

a 0° 15° 4 0° 15°

N

Nl

16 5

6

16

Qi

s

0040

0015

0075

0.060

1.02

0.39

1.90

1.52

92CM-I5967R4
92CS 24026RI

(E) Suffix

1 8-Lead Dual-ln-Line Plastic Package
(E) Suffix

22-Lead Dual-ln-Line Plastic Package
(E) Suffix (JEDEC MO-015-AA)
24-Lead Dual-ln-Line Plastic Package

SYMBOL INCHES NOTE MILLIMETERS

MIN. MAX. MIN. MAX.

A
Al

0.155

0.020

0.200

0.050

3.94

0.508

5.08

1.27

B
B1

0.014

0.035

0.020

0.065

0.356

0.89

0.508

1.65

C
D

0.008

0.845

0.012

0.885

1 0.204

21.47

0.304

22.47

El 0.240 0.260 6.10 6.60

e
1

«A

0.100 TP

0.300 TP

2

2.3

2.54 TP

7.62 TP

L 0.125 0.150 3.18 3.81

a 0° 15° 4 0° 15°

N
N1

18 5

6

18

S 0.015
1
0.060 0.39 | 1.52

SYMBOL
INCHES

NOTE
MILLIMETERS

MIN. MAX. MIN. MAX.
A
Ai

0.155

0.020

0.200

0.050

3.94

0.508

5.08

1.27

B

Bl

0.015

0.035

0.020

0.065

0.381

0.89

0.508

1.65

C
D

0.008 0.012

1.120

1 0.204 0.304

28.44

E

Ei

0.390

0.345

0.420

0.355

9.91

8.77

10.66

9.01

"A

0.100 TP
0.400 TP

2

2,3

2.54 TP
10.16 TP

L

•-2

0.125 0.150

0.030

3.18 3.81

0.762

2° 15° 4 2° 15°

N
Nl

22 5

6

22

Ql
S

0.055

0.015

0.085

0.060

1.40

0.381

2.15

1.27

92CS-30630

SYMBOL
INCHES

NOTE
MILLIMETERS

MIN. MAX. MIN. MAX.

A 0.120

0.020

0.250

0.070

3.10

0.51

6.30

1.77

B
Bl

0.016

0.028

6.020

0.070

0.407

0.72

0.508

1.77

C
D

0.008

1.20

0.012

1.29

1 0.204

30.48

0.304

32.76

E

E1

0.600
0.515

0.625

0.580

15.24

13.09

15.87

14.73

ei

eA

0.100 TP

0.600 TP

2

2,3

2.54 TP

15.24 TP

L

L2

0.100

0.000

0.200

0.030

2.54

0.00

5.00

0.76

a 00 15o
| 4 0O 150

N
N1

24 I 5
| 6

24

Q1
S

0.040

0.040

0.075

0.100

1.02

1.02

1.90

2.54
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Linear Integrated Circuits

Dimensional Outlines

DUAL-IN-LINE PLASTIC PACKAGE (Cont'd)
(E) Suffix

28-LMd

SYMBOL INCHES NOTE MILLIMETERS

MIIM. MAX. MIN. MAX.

A
A1

0.120

0.020

0.250

0.070

3.10

0.51

6.30

1.77

B

Bl

0.016

0.028

0.020

0.070

0.407

0.72

0.508

1.77

C
D

0.008

1.400

0.012

1.490

1 0.204

35.56

0.304

37.85

El 0.515 0.580 13.09 14.73

e 1

<*A

0.100 TP

0.600 TP

2

2.3

2.54 TP

15.24 TP

L .

L2

0.100

0.000

0.200

0.030

2.54

0.00

5.00

0.76

a 0° 15° 4 0° 15°

N

N1

28 5

6

28

Q1
S

0.045

0.040

0.080

0.100

1.14

1.02

2.03

2.54

DUAL-IN-LINE SIDE-BRAZED CERAMIC PACKAGE
(D) Suffix

18-Lead

NOTES:
1. Leads within 0.005" (0.13 mm)-radius of True

Position at maximum material condition.

2. Dimension "L" to center of leads when formed
parallel.

3. When this device is supplied solder-dipped, the
maximum lead thickness (narrow portion) will not
exceed 0.013" (0.33 mm).

SYMBOL INCHES NOTE MILLIMETERS

MIN. MAX. MIN. MAX.

A 0.890 0.915 22.606 23.241

C - 0.200 _ 5.080

D 0.015 0.021 0.381 0.533

F 0.054 REF. 1 1.371 REF.

G 0.100 BSC 1 2.54 BSC
H 0.035 0.065 0589 1.661

J 0.008 0.012 3 0.203 0.304

K 0.125 0.150 3.175 3510
L 0.290 0.310 2 7.366 7.874

M 0° 15» 0° 15«>

P 0.025 0.045 0.635 1.143

N 18 18

92CS 27231 R1

(E) Suffix (JEDEC MS-001)
16-Lead Dual-ln-Llne Plastic Package

c -1 inoe:

i==4 in

~^=r-

v n n n f*i n n n

BOT
«

y U u u u

NOTES:
1. Refer to JEDEC Publication No. 95 JEDEC Regis-

tered and Standard Outline* lor Solid State Product*,
for rules and general Information concerning regis-

tered and standard outline*.

2. Protrusions (flash) on the base plane surface shall

not exceed .25 mm (.010 In.).

3. The dimension shown Is for full leads. "Half" leads

are optional at lead positions 1, n, j-, y +1.

4. Dimension D does not Include mold Hash or
protrusions. Mold flash or protrusions shall not
exceed .25 mm (.010 In.).

(EM) Suffix

16-Lead Modified Dual-ln-LIn Plastic

Package with "Power Slab"

5. This dimension Is controlling when a particular

combination of body length, lead width and lead

spacing dimensions would allow lead material to

overhang the ends of the package.

6. E Is the dimension to the outside of the leads and Is

measured with the leads perpendicular to the base
plane (zero lead spread).

7. Dimension E1 does not Include mold flash or
protrusions.

8. Package body and leads shall be symmetrical around
center line shown In end view within .25 mm (.OTO

In.).

9. Lead spacing ei shall be non-cumulative and shall

be measured at the lead tip. This measurement shall

be made before Insertion into gauges, boards or
sockets.

10. This is a basic installed dimension. Measurement
shall be made with the device Installed in the seeling

plane gauge (JEDEC Outline No. GS-3, seating

plane gauge). Leeds shall be in true position within

.25 mm (.010 In.) diameter for dimension *a.
11. cb Is the dimension to the outside of the leads and is

measured at the leed tips before the device Is

Installed. Negative lead spread is not permitted.

12. N Is the maximum number of lead positions.

13. Dimension S at the left end of the package must
equal dimension S at the right end of the package
within .76 mm (.030 In.).

SYMBOL
INCHES

NOTE
MILLIMETERS

MIN. . MAX. MIN. MAX.

A - 0.210 10 - 5.33

Al 0.015 - 10 0.39 -
*2 0.115 0.195 2.93 4.95

B 0.014 0.022 0.356 0.558

Bl 0.045 0.070 3 1.15 1.77

C 0.OOS 0.015 0.204 •0.381

D 0.745 0.840 4 18.93 21.33

D2 0.005 - 5 0.13 -
E 0.300 0.325 6 7.62 8.25

El 0.240 0.280 7,8 6.10 7.11

•1 0.090 0.110 9 2.29 2.79

•A 0.300 TP 10 7.62 TP

•B —
I 0.410 11 - I 10.41

L 0.115
I

0.150 10 2.93 | 3.81

N 16 12 16

S -
1
- 13 ~

I
-

92CM-34834RI

(PLASTIC BODY) |

t i

I B.ii8
<

wvrr

END ALIGNMENT OF
HEAT SINK TO MIDDLE
OF THE PLASTIC BOOY

T
K (HEAT SINK)

BASE PLANE

"SEATING PLANE

GAUGE PLANE

1062

SILVER CONDUCTIVE EPOXY JOINT

EPOXY (2 DABS)

AY*""

SYMBOL

INCHES

NOTE

MILLIMETERS

MIN. MAX. MIN. MAX.

A

A,

0.155

0.020

0.200

0.050

3.04

0.51

5.00

1.27

B

B,

0.014

0.035

0.020

0.06S

0.350

0.09

0.500

1.(5

C

D

0.008

0.745

0.012

0.705

1 0.204

10.93

0.304

19.93

E 0.240 0.2*0 6.10 9.00

.1

0.100 TP

0.300 TP

2

2.3

2.54 TP

7.62 TP

O. 0.537 | 0.507 13.64 | 14.91

Q 1.125 29.59

s 0.030 | 0.034 0.79 | 0.01

H

K

0.3S0

0.250 7

9.99

9.35

K, 0.093 0.157 2.34 3.99

L 0.125

OOOO

0.150

0.030

3.19

0.000

3.91

0.79

« 9" «• 4 0" «•

N 10 5

.0

19

9

O 0.040

0.015

0.075

0.000

1.02

0.30

1.90

1.52

NOTES:
Refer to Rulea for DttrMnfJontrHj (JEDCC PuMtcatton No. W) foi

Axial Lead Product OutNne*).

1. Whew thh device H euppHsd t4>Mw-elp*>ed, tho nwdmum lead

Mirrow porttort) wM not •xceod 0.01J" (0.33 mm).

n 0.0OS~ (0.12 mm) r«d*i* ot Tnx PotMon (TP) e)

. N. fc> the quantity of

. Bulging to 0.2t0~ (7.



Supplementary Information

Dimensional Outlines

(QM) Suffix

Modified 16-Lead with Integral Flat Wing-Tab Heat Sink

QUAD-IN-LINE PLASTIC PACKAGES
(Q) Suffix

Modified 16-Lead with Integral Bent Down Wing-Tab Heat Sink

0035-0065
(0.89- 1.65) l I

HJ r nll n, i

IT^TJ]—FTP

0100(2 54) TYP

200(5 08) TYP

-0.230(5.842)

i- 0.150-0.160
(3810-4.064)

.0020-0070

1

|(0396-OS84(

0.015-0 060 '[J ko.035-0.065
(0.39-1.52) "'h" (0.89-1.65)

0.100(2 54) TYP.

200(5.08) TYP.

-j|»0O08-0OI3
|

(0.204-0.330)1

- 0.677 J
(1720)

P
Pi r, ft

Tr Al2.p-?J±

(QM) Suffix, 16-Lead Quad-ln-Llne Plastic with "Power Slab"

Ki END ALIGNMENT OF
r HEAT SINK TO MIDDLE
I OF THE PLASTIC BODY
-*— r

i ^ u Ljfy
z2hl K (HEAT SlNKl

*

,-^t
tilPLASTICT BODY)

SILVER CONDUCTIVE EPOXY
JOINT
EPOXY (2 DABS)

=7^

fe

92CM- 33094

A

SYMBOL

INCHES

NOTE

MILLIMETERS

MIN. MAX. MIN. MAX.

A

A,

0.155

0.020

0.200

0.050

3.94

0.51

5.08

1.27

e

B

0.014

0.035

0.020

0.065

0.358

. 0.69

0.508

1.65

C

c.

0.008

0.095

0.745

0.012

0.105

0.785

1 0.204

2.41

18.93

0.304

2.67

19.93

E 0.240 0.280 6.10 6.60

" 0.100 TP

0.200 TP

2

2.3

2.54 TP

7.62 TP

o 1 125 TP 2.858

G, 0.537 0.587 13.64 14.91

9 0.030 0.036 0.76 0.91

H 0.350 8.89

K 0.250 7 6.35

K, 0.093 0.157 2.36 3.99

L

L2

0.125

0.000

0.150

0.030

3.18

0.000

3.61

0.76

N

N,

16 5 16

O,

S

0.040

0.015

0075

0.080

1.02

0.39

1.90

1.52

d Product Outline*

H de»lca * tuppllcd toldar-dipped, the

it (narrow portion) wHI not «c«d 0.01

:

!. U*ds within 0.005" (0.12 mm) redlua ol True t

gauge plene with maximum material condition ar

I. ». apptlM in son* Li whan unit inttaltad.

t. a appllaa to tpraad laada prior t

i. N it the maiimum quantity of ••

i. Ni la tha quantity of allowebia mlttlng laada.

r. Bulging to 0.2M" (7.11 mm) parmlaaibla at point* c

: Publication No. t5) for

(W) Suffix, 14-Lead Staggered

.0251.64 )R.

MECHANICAL
INDEX

INDEX
AREA

QUAD-IN-LINE PLASTIC PACKAGES

Recommended Mounting

Hole Dimensions and Spacing

.008-0.013
'

•iKtO. 204-0. 330)

I

.100 (2.54)--
(2.54) TYP
MIN.
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Linear Integrated Circuits

Dimensional Outlines

QUAD-IN-LINE PLASTIC PACKAGES

(W) Suffix, 16-Lead Staggered

, _ .008 -.0131rM.204 -.330)

.025(.64)R.

MECHANICAL
INDEX

INDEX
AREA

. .745-785
(18.93-19.93)

16 15 14 13 12 II 10 9

~\uyuyuy
2 3 4 5 6 7 8

.240-260
(.6I0-.660)

i_

SEATING
PLANE
NOTE 2

4 .035-065
(.89-1.65)

m- .015-060
(.38-1.52)

Recommended Mounting
Hole Dimensions and Spacing

*,«, v 4 * f

NOTES:
1. Body width is measured 0.040" (1.02 mm) from top turfao
2. Seating plane defined as the junction of the angle with the

narrow portion of the lead.

(Q) Suffix, 16-Lead

.025(.64)R.
MECHANICAL

INDEX

9.93\
8. 93 J

"

16 IS 14 15 12 II 10 9nnnr.nr.nn

AREA jj u
[J
u y U

[J12 5 4 5 6 7

) /6.60\
) \6.\0j

.200/5.081

.155 \3.94J

x:

Recommended Mounting
Hole Dimensions and Spacing

-TERMINAL No II
I r\ 1 tHMINAL No I

-*—jV©— <$>—$>

—

<$-

—d-\-$—&—$

—

I? isii 030(.76)DIA.
l%"' 16 HOLES
ITt^ (IN CIRCUIT BOARD)

92CS-I7560

NOTES:

. Body width is measured 0.040"
1 1 02 mmf from top surface.

2 Seating plane defined as the (unction of the angle with the

20-Lead Shielded Plastic Package

, 790 /Z0.06\
.770 \ 19.56^

"

19 18 17 16 15 14 13 12

TI
TJ
iriJu^x

.260 /6.6(f\

.240 U.IO I

200
(5.08)

Recommended Mounting
Hole Dimensions and Spacing

- © <£ -<£ <£>

4-<b

—

$—§— $.

TERMINAL No. I

© $ §

100 ^ :030(.76«»i»y<l| U'SS, 030 (.76) DIA
16 HOLES

TYP. (IN CIRCUIT BOARD)

NOTES:
1 Body width is measured 0.040" (1.02 mm) from top surface
2 Seating plane defined as the function of the anote with the

narrow portion of the tead.

NOTE: TERMINALS II AND 20 ARE OMITTED
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Supplementary Information

Dimensional Outlines

(S) Suffix, 8-Lead TO-5 Style with

Dual-ln-Llne Formed Leads (DIL-CAN)

.335-370 ...
(8.51-9.391^

DIA
.305-335
(7.75-8-501

DIA-

.015-050—,
( .39-1. 27)^^

T20-.I50
05-3- 81)

I23-.I60 T

TO-5 STYLE PACKAGES

(T) Suffix (JEDEC MO-002-AL), 8-Lead TO-5 Style

8 LEADS
.016

1.407 -.482)

300±.0I0
(762*254)
NON CUMULATIVE

92CS-20296SR3

92CS-I943IR2

1 Refer to JEDEC Publication No 95 for Rules for Dimensioning

Axial Lead Product Outlines.

2 Leads at gauge plane within 0.007" (0 178 mm I
radium of True

Position (TPI at maximum material condition

3. « B applies between L 1 and L2 *B2 applies between L2 and

500" (12 70 mm) from seating plane Diameter is uncontrolled

in Li and beyond 0.500" (12 70mml

SYMBOL
INCHES

NOTE
MILLIMETERS

MIN. j MAX. MIN. | MAX.

a 0.200 TP 2 5.88 TP

A
1

0010 0050 26 1.27

A2 165 185 4.20 4.69

0B. 0016 0019 3 0.407 0.482

OB, 0.125 160 3 18 4.06

<?B2
0016 0021 3 0.407 0.533

oD 0336 0370 8.51 9.39

oD, 0305 0335 775 8.50

f\ 0.020 0040 0.51 1.01

)
0.028 0034 0712 0.863

k 0029 0045 4 074 1.14

Li 0000 0050 3 000 1.27

L 2
0250 0500 3 64 12.7

•-3 0500 0562 3 127 14.27

• 45° TP 45° TP

N 8 6 8

"I 3 5 3

4 Measure from Max <*D

5 N i is the quantity of allowable missing leads.

6 N is the maximum quantity of lead positions.

(T) Suffix (JEDEC MO-006-AF), 10-Lead TO-5 Style

SYMBOL
INCHES

NOTE
MILLIMETERS

MIN. | MAX. MIN. | MAX.

a 0.230 TP 2 5.84 TP

Al

A2 165 0.185 4.19 4.70

«B 0.016 0.019 3 0.407 0.482

»Bi

0.016 0.021 3 0.407 0533

«D 335 0.370 8.51 9.39

»Di 0.305 0.335 7.75 8.50

F1 0.020^ 0.040 0.51 1.01

0.028 0.034 0.712 0.863

k 0.029 0.045 4 0.74 1.14

Li 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

„, 36° TP 36° TP

N 10 6 10

N1 1 5 1

(T) Suffix (JEDEC MO-006-AG), 12-Lead TO-5 Style

SYMBOL

•Al

_A2_

»Bi

B2

0D,

INCHES

L2

MILLIMETERS
MAX

8.51

7.75

0.533

9.39

8.50

0.712

0.74

0.00

6.4

12.7

1.27

12.7

14.27

30° TP

NOTES:

1. Refer to Rules for Dimensioning Axial Lead Product Out-

lines.

2. Leads at gauge plane within 0.007" (0.178 mm) radius of

True Position (TP) at maximum material condition.

3. «B applies between Li and L2 . «B2 applies between L2

and 0.500" (12.70 mm) from seating plane. Diameter is

uncontrolled in Li and beyond 0.500" (12.70 mm).

4. Measure from Max. *D.

5. Ni is the quantity of allowable missing leads.

6. N is the maximum quantity of lead positions.

NOTES.

1. Refer to Rules for Dimensioning Axial Lead Product Out-

lines.

2. Leads at gauge plane within 0.007" (0.178 mm) radius of

True Position (TP) at maximum material condition.

3. «B applies between Li and L 2 . #B2 applies between L2

and 0.500" (12.70 mm) from seating plane. Diameter is

uncontrolled in Li and beyond 0.500" (12.70 mm).

4. Measure from Max. 4>D.

5. N1 n the quantity of allowable missing leads.

6. N is the maximum quantity of lead positions.

I
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Linear Integrated Circuits

Dimensional Outlines

TO-5 STYLE PACKAGE (Cont'd)

(V) Suffix

10 Formed Loads Radially
Arranged TO-5 Typo
(Available in 8 and
12-lead versions)

.235-2*9 J
(S.»7-«.TJ)

U

-1 1 10 LEADS

TO-220 STYLE (VERSA

VERTICAL MOUNT

9ECS- 14638^2

•» s-3oa«s*i

SYMBOL INCHES MILLIMETERS

MIN. MAX. MIN. MAX.
A 0.876 0.896 22.25 22.75

B 0.396 0.408 10.06 10.36

C 0.173 0.182 4.395 4.622

D 0.604 0.619 15.35 15.72

E 0.263 0.273 6.681 6.934

F 0.168 0.188 4.268 4.775

G 0.100. 0.104 2.540 2.641

H 0.320 0.340 8.128 8.638

J 0.246 0.254 6.249 6.451

K 0.046 0.054 1.169 1.371

L 0.496 0.508 12.60 12.90

M 0.140 [ 0.150 3.556 3.810

N 5 5

P 0.015 0.020 0.381 0.406

Q 0.033 0.040 0.839 1.016

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

V) PLASTIC PACKAGE

HORIZONTAL MOUNT (M Suffix)

(EM) Suffix (Dual-ln-Llne)
Modified 16-Lead with Integral Heat Sink

DIMENSIONS IN PARENTHESES ARE IN
MILLIMETERS AND ARE DERIVEO
FROM THE BASIC INCH DIMENSIONS
AS INDICATE0.

SYMBOL INCHES MILLIMETERS

MIN. MAX. MIN. MAX.

A 0.726 0.746 18.44 18.94

B 0.396 0.408 10.06 10.36

C 0.173 0.182 4.395 4.622

0.604 0.619 15.35 15.72

E 0.263 0.273 6.681 6.934

F 0.221 0.251 5.614 6.375

G 0.100 0.104 2.540 2.641

H 0.143 0.163 3.633 4.140

J 0.246 0.254 6.249 6.451

K 0.046 0.054 1.169 1.371

L 0.496 0.508 12.60 12.90

M 0.140 0.150 3.556 3.810

N 5 5

P 0.015 0.020 0.381 0.406

Q 0.033 0.040 0.839 1.016

R 0.129 0.139 3.277 3.530

Suggested Hardware and Mounting Arrangement

IMR231A
RECTANGULAR METAL
WASHER

METAL WASHER

LOCK WASHER @

For further information regarding
handling and mounting consider-
ations for the TO-220 style plastic

package, refer to RCA Applica-
tion Note AN-4124.

92CS-29I94RI
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Supplementary Information

Dimensional Outlines

CERAMIC FLAT PACKS

(K) Suffix (JEDEC MO-004-AF), 14-Lead

NOTES: ., „.
1. Refer to Rules for Dimensioning (JEDEC Publication No. 95)

for Axial Lead Product Outlines.

2. Leads within .005" (.12 mm) radius of True Position (TP) at

maximum material condition.

3. N is the maximum quantity of lead positions.

4. Z and Zi determine a zone within which all body and lead

irregularities lie.

SYMBOL
INCHES ! MILLIMETERS

MIN. MAX.
NU

MIN MAX.

A

B

0008

0.015

100

0.019

021

1 381

254

0482

C

e

0003 0.006

050 TP

1 0.077 0.152

2 1.27 TP

E

H

200

0600

300

1 000

5.1

15.3

76

25.4

L

N

150 350

14 3

3.9 8.8

14

Q

S

005

0000

050

0050

0.13

0.00

1.27

1 27

Z

Zi

300

400

4

4

7.62

10.16

92SS4300R3

(P) Suffix

16-Lead "Power Slab" Dual-ln-Line Plastic Package

! '

NOTES:

Refer to Rules lor Dimensioning (JEDEC Publication No. 95)

for Axial Lead Product Outlines.

1 When this device is supplied solder dipped, the maximum lead

thickness (narrow portionl will not exceed 0.013" (0.33 mm):

2 Leads within 0.005" (0.12 mm) radius of True Position (TP) at

gauge plane with maximum material condition and unit installed.

3. e* applies in zone L2 when unit installed.

4. a applies to spread leads prior to installation.

5. N is the maximum quantity of lead positions.

6. N-| is the quantity of allowable missing leads

SYMBOL
INCHES

NOTE
MILLIMETERS

MIN. MAX. MIN. MAX.

A

A
1

0.155

0.020

0.200

0.050

394

051

5.08

1.27

B

Si

0.014

0.035

0.020

0.065

0.356

0.89

0.508

1.65

C

D

008

0.745

0.012

0.785

1 0.204

18.93

0.304

19.93

E

El

300

0240

0.325

0.260

7.62

6.10

8.25

6.60

e
1

eA

0.100 TP

300TP

2

2.3

2 54TP

7.62 TP

L

L 2

0.125

0.000

0.150

0.030

3 18

0.000

3.81

0.76

a 0° 15° 4 0° 15°

N

N,

16 5

6

16

Q
1

S

0.040

0.015

0075

0.060

1 02

0.39

1.90

1.52

JEDEC TO-72 Package

SEATING L

PLANE *

INCHES MILLIMETERS
NOTES

MIN MAX MIN MAX

A 170 0210 4 32 5 33

#> 0016 021 0406 533 2

«b2 0016 019 0406 483 2

«0 0209 0230 531 5 84

178 195 4 52 4 95

100 TP 2 54 T P 4

e) 0060 TP 1 27 TP 4

0030 0762

0036 0046 0914 1 17

0028 0048 0711 1 22 3

0600 12 70 2

1 0060 1 27 2

'2 0250 i 635 2
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Linear Integrated Circuits

Abstracts of Application Notes
AN-31 93 9 pages
Application Considerations for the RCA-3N128 VHF MOS
Field-Effect Transistor
This Note describes applications and vhf circuit con-

siderations for a high-frequency n-channel MOS field-

effect transistor, the RCA 3N1 28. Biasing requirements and
basic circuit configurations are discussed, and selection of
the optimum operating point and methods of automatic
gain control are explained. The cross-modulation and
intermodulation distortion characteristics of the 3N128
MOS transistor are compared to those of bipolar transistors,
and procedures are given for the design of a practical vhf
amplifier that uses the 3N128.

AN-3341 3 pages
VHF Mixer Design Using the RCA-3N128 MOS Transistor
The 3N1 28 is a vhf MOS field-effect transistor suitable for

use throughout the vhf band (30 to 300 MHz) as an amplifier,
mixer, or oscillator. This Note discusses some of the design
criteria pertinent to the construction of MOS mixers, and
presents an example of a complete vhf MOS converter.

AN-3452 7 pages
Chopper Circuits Using RCA MOS Field-Effect Transistors
Although electromechanical relays have long been used

to convert low-level dc signals into ac signals or for
multiplex purposes, relays are seriously limited with respect
to life, speed, and size. Conventional (bipolar) transistors
overcome the inherent limitations of relays, but introduce
new problems of offset voltage and leakage currents. This
Note describes the use of MOS field-effect transistors in

solid-state chopper and multiplex designs that have the
long life, fast speed, and small size of bipolar-transistor
choppers, but that eliminate their inherent offset-voltage
and leakage-current problems.

AN-3453 6 pages
An FM Tuner Using an RCA-40468 MOS-Transistor RF
Amplifier

This Note describes an FM tuner that incorporates 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 Tran-
sistors as RF Amplifier and Mixer

Selection of the transistors for use in FM-tuner stages
involves consideration of such device characteristics as
spurious response, dynamic range, noise immunity, gain,
and feedthrough capacitance. MOS field-effect transistors
are especially suitable for use in FM rf-amplifier and mixer
stages because of their inherent superiority for spurious-
response rejection and signal-handling capability. This
Note describes an FM tuner that uses an RCA-40468 MOS
transistor as the rf amplifier and an RCA-40559 MOS
transistor as the mixer.

AN-4018 5 pages
Design of Gate-Protected MOS Field-Effect Transistors
MOS (metal-oxide-semiconductor) field-effect transistors

are in demand for rf-amplifier applications because their
transfer characteristics make possible significantly better
performance than that experienced with other solid-state
devices. Unless equipped with gate protection, however,
MOS transistors require careful handling to prevent static
discharges from rupturing the dielectric material that
separates the gate from the channel. This Note describes
the design of dual-gate MOS field-effect transistors that use
a built-in signal-limiting diode structure to provide an
effective short circuit to static discharge and limit high
potential buildup across the gate insulation.

AN-4125 7 pages
MOS/FET Biasing Techniques

Field-effect transistors are applied in rf amplifiers, and
mixers, if and audio amplifiers, electrometer and memory
circuits, attenuators, and switching circuits. The dual-gate
MOS/FET appears to be particularly useful in rf stages
because of low feedback capacitance, high transconduc-
tance, and superior cross modulation with automatic-gain-
control capability. The rules for biasing FET's vary slightly
depending on type. However, most possibilities are covered
in this Note through examination of the biasing of a single-
gate, a junction-gate, and a dual-gate transistor. Substrate
biasing and biasing to compensate for temperature varia-
tions are also discussed.

AN-4431 s pages
RF Applications of the Dual-Gate MOS/FET Up to 500 MHz
The 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.

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 applications are surveyed. Theory
discussed includes gate protection and electrical require-
ments. Applications include choppers, attenuators, con-
stant-current sources, general-purpose amplifier circuits,
and rf amplifiers, oscillators, and mixers.

ICAN-4072 8 pages
Applications of the RCA-CA3048 Integrated-Circuit Ampli-
fier Array
The RCA-CA3048 integrated circuit, an array of four

identical amplifiers, each with independent inputs and
outputs, all on a single monolithic 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 Oscillators,
astable multivibrators, a 4-channel linear mixer, a driver for
a 600-ohm balanced line, and a gain-controlled amplifier.

ICAN-5015 15 pages
Application of the RCA-CA3008 and CA3010 Integrated-
Circuit Operational Amplifiers
This Note describes the circuit arrangement, lists the

performance characteristics, explains the major design
considerations, and discusses typical applications of the
CA3008 and CA301 operational amplifiers. These amplifiers
are silicon monolithic integrated circuits designed to operate
from two symmetrical low- or medium-level dc power
supplies (at supply voltages in the range from +3 volts to +6
volts).
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ICAN-5022 26 Pa9es

Application of the RCA-CA3004, CA3005, and CA3006

Integrated-Clrcult RF Amplifiers

The CA3004, CA3005, and CA3006 rf amplifiers are

discussed. These silicon-epitaxial monolithic integrated

circuits are designed to operate from low or medium levels

of dc supply voltage, over a range of ambient temperatures

from -55° C to +125°C, and at frequencies from dc 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-Clrcuit DC
Amplifier

This Note describes the RCA-CA3000 dc amplifier, a

stabilized and compensated differential amplifier that has

push-pull outputs, high-impedance (0.1-megohm) inputs,

and gain of approximately 30 dB at frequencies up to one

MHz. Its useful frequency response can be increased to

several tens of megahertz by the use of external resistors or

coils. The CA3000 can be used as a single switch (with

pedestal), a squelchable audio amplifier (with suppressed

switching transient), a modulator, a mixer or a product

detector. When suitable external components 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-Clrcult IF

Amplifier

The RCA-CA3002integrated-circuit if amplifier described

in this Note is a balanced differential amplifier that can be

used with either a single-ended or a push-pull input and can

provide 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

capacitor, envelope detectors, product detectors, and

various trigger circuits.

ICAN-5037 4 Pages

Application of the RCA-CA3007 Integrated-Clrcult Audio

Amplifier

This Application Note describes the RCA-CA3007 audio

driver, a balanced differential configuration with either a

single-ended or a differential input and two push-pull

emitter-follower outputs. The circuit features all-monolithic

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

temperature range from -55 to +125° C.

ICAN-5038 8 Pa9es

Application of the RCA-CA3001 Integrated-Clrcult Video

Amplifier

The CA3001 silicon monolithic integrated circuit is

designed for use in intermediate-frequency or video

amplifiers at frequencies up to 20 MHz and in Schmitt-

trigger applications. This integrated circuit can be gated,

and gain control can be applied. The CA3001 incorporates

all-monolithic silicon epitaxial construction designed ^for

operation at ambient temperatures from -55 to +125°C,

balanced differential-amplifier configuration with low-im-

pedance double-ended input, and a built-in temperature-

compensating network for gain or dc operating-point

stability over the temperature range from -55 to +125°C.

.CAN-5213 •.;
6pa

.
9
!
S

Application of the RCA CA3015 and CA3016 Integrated-

Clrcult Operational Amplifiers « 4 „„., B a
The integrated-circuit operational amplifiers CA3015 ana

CA3016 are identical in circuit configuration to the CA3008

and CA3010, but have an improved device breakdown

voltage that permits operation from +12-volt supplies as

well as from +6-volt or +3-volt supplies. This Note describes

the operating characteristics of the CA3015 and CA3016 at

+12 volts, and discusses applications that take advantage of

the higher gain-bandwidth product and increased output

signal swing obtained at the higher voltages: a 50-dB

amplifier; a 10-dB, 42-MHz amplifier; a twin-T bandpass

amplifier; and a voltage-follower.

ICAN-5269 7 Pages

Integrated Circuits for FM Broadcast Receivers

This Note describes several approaches to FM receiver

design using silicon monolithic integrated circuits. The

tuner section is described first, and then the if-amplifier and

detector sections. Performance characteristics are de-

scribed where applicable. The FM receivers discussed are

designed for use from a +9-volt supply. The key to design

simplicity is the use of the RCA multifunction integrated

circuits CA3005, CA301 2, and CA3014. The CA3005 may be

used as a cascode rf amplifier, a differential rf amplifier, a

mixer-oscillator, and an if amplifier; the CA301 2 and CA3014

perform if amplification, limiting, detection, and preampli-

fication.

ICAN-5296 • • •
5 Pages

Application of the RCA-CA3018 Integrated-Clrcult Tran-

sistor Array

The CA3018 integrated circuit consists of four silicon

epitaxial transistors produced by a monolithic process on a

single chip mounted in a 12-lead TO-5 package. The four

active devices, two isolated transistors plus two transistors

with an emitter-base common connection, are especially

suitable for applications in which closely matched device

characteristics are required, or in which a number of active

devices must be interconnected with non-integrable com-

ponents such as tuned circuits, large-value resistors,

variable resistors, and microfarad bypass capacitors. Such

areas of application include if, rf (through 100 MHz), video,

age, audio, and dc amplifiers.

ICAN-5299 6 Pages

Application of the RCA-CA3019 Integrated-Clrcuit Diode

Array •

._, £

The CA301 9 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.

Consequently, the CA3019 is particularly useful in circuit

configurations that require either a balanced diode bridge

or identical diodes.

ICAN-5337 10 Pages

Application of the RCA-CA3028A and CA3028B Integrated-

Clrcult RD Amplifiers in the HF and VHF Ranges

The CA3028A and CA3028B monolithic-silicon integrated

circuits are single-stage differential amplifiers intended for

service in communications systems operating at frequencies

up to 100 MHz with single power supplies. This Note

provides technical data and recommended circuits for use

of the CA3028A and CA3028B in rf amplifiers, autodyne

converters, if amplifiers, and limiters. The CA3028A and

CA3028B are suitable for use in a wide range of applications

in dc, audio, and pulse amplifier service; they have been

used as sense amplifiers, preamplifiers for low-level trans-

ducers, and dc differential amplifiers.
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ICAN-5338 14pages

'

Application of the RCA-CA3021, CA3022, and CA3023
Integrated-Circuit, Wideband Amplifiers
The CA3021

,
CA3022, and CA3023 integrated circuits are

multipurpose high-gain amplifiers designed for use in video
and AM or FM if stages in single-power-supply systems.
Specifically, they can be used in video amplifiers operating
at frequencies through 30 MHz. AM and FM if amplifiers,
and buffer amplifiers in which an isolation capability greater
than 60 dB at 1 MHz is desired.

ICAN-5380 7 pages
Integrated-Circuit Frequency-Modulation IF Amplifiers
The discussion in this Note shows that the simplest

approach to the use of the CA3012 and CA3028 integrated
circuits in FM if-amplifier strips is to replace each stage in
present discrete-transistor if strips with a differential
amplifier. This integrated-circuit approach requires a
minimum of re-engineering because a cascade of indivi-
dually tuned if stages is used. From a performance point of
view, this approach results in better AM rejection than that
obtained with discrete circuits because of the inherent
limiting achieved with the differential-amplifier configu-
ration.

ICAN-5766 8 pages
Application of the RCA-CA3020 and CA3020A Integrated-
Circuit Multipurpose Wideband Power Amplifiers
The CA3020 and CA3020A integrated circuits are multi-

purpose, 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 suitable for a wide variety of applications such
as broadband amplifiers, video emplifiers, 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-6077 12 pages
An IC Operational-Transconductance-Ampllfier (OTA) with
Power Capability
This Note defines the OTA and describes two circuits of

this type, the CA3080 and the CA3094. Th,e single, highly
linear operational-transconductance-amplifier, the CA3080,
because of its extremely linear transconductance character-
istics with respect to amplifier bias current, has 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. The CA3094,
is useful in an extremely broad range of circuits in consumer
and industrial applications; this Note describes only a few
of the many consumer applications.

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-CA3041 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 undesirable 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-6048 -12 pages
Some Applications of a Programmable Power Switch/Ampli-
fier

The CA3094 monolithic programmable power switch/
amplifier IC consists of a high-gain preamplifier driving a
power-output amplifier stage. It can deliver average power
of 3 watts or peak power of 1 watts to an external load, and
can be operated from either a single or dual power supply.
This Note briefly describes the characteristics of the CA3094,
and illustrates its use in applications such as class A
instrumentations and power amplifiers, class A driver-
amplifiers for complementary power transistors, wide-
frequency-range power multivibrators, current- or voltage-
controlled oscillators, comparators (threshold detectors),
voltage regulators, analog timers (long time delays), alarm
systems, motor-speed controllers, thyristor-firing circuits,

battery-charge regulator circuits, and ground-fault-inter-
rupter circuits.

ICAN-6157 12 pages
Applications of the CA3085-Serles Monolithic IC Voltage
Regulators
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 switch-
ing regulator, a negative-voltage regulator, a dual-tracking
regulator, high-voltage regulators, and various methods of
providing current limiting. A circuit in which the CA3085 is

used as a general-purpose amplifier is also shown.

ICAN-6182 ' 32 pages
Features and Applications of RCA Integrated-Circuit Zero-
Voltage Switches (CA3058, CA3059, and CA3079)
CA3058, CA3059, and CA3079 zero-voltage switches are

monolithic integrated circuits designed primarilyforuse as
trigger circuits for thyristors in many highly diverse ac
power-control and power-switching applications. This Note
discusses the operation and application of these circuits.

ICAN-6247 8 pages
Application of the CA3126Q Chroma-Processing IC Using
Sample-and-Hold Circuit Techniques
This Note describes the CA3126Q monolithic integrated

circuit intended for use in processing the chrominance
signal in a color television receiver. In performing the
functions of color subcarrier regeneration and chroma
control, emphasis has been placed on utilizing all the
information available in the signal so as to approach
ultimate system performance capability, while at the same
time substantially reducing the number of external com-
ponents and adjustments.

ICAN-6257 8 pages
Application of the CA3089E FM-IF Subsystem
The CA3089E, 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. This Note briefly describes
each circuit section and discusses practical aspects of
designing with this device.

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 single tuning adjustment, which reduces to a
minimum the manual effort during assembly; the phase-
locked loop maintains performance under conditions of
temperature variations, humidity, and aging. The com-
pactness 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.
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ICAN-6302 9 Pa9es

Description and Application of the RCA-CA3120E Inte-

grated-Circult TV-Signal Processor

The CA3120E is a 16-pin, dual-in-line monolithic-silicon

integrated circuit that processes a video signal and provides

the following outputs: non-inverted video output; noise-

processed, inverted video output; dual-polarity, composite

synchronization signals; and automatic gain-control signals

(age). The IC, which can be used in color or monochrome

TV receivers, requires a single-polarity power supply

(positive) and includes impulse-noise inversion and delay

circuits that reduce the deleterious effects of impulse noise

in the receiver age and synchronization (sync) circuits.

Standard age strobing techniques are also used. The age

and impulse-noise thresholds are automatically set and

require no controls. The if maximum-gain bias and the

tuner age delay may be adjusted for optimum TV-receiver

performance; the time constant for the sync-separator

input can also be optimized by the set designer.

ICAN-6303 16 pages

A Single IC for the Complete PIX-IF-System In TV Receivers

The CA3068 linear integrated circuit is a PIX-IF-sybsystem

in a shielded, quad-formed, dual-in-line, 20-lead, plastic

package. This package contains all the active devices and

most of the passive elements necessary for a high perform-

ance, PIX-I F-system for a TV receiver. This Note describes

the receiver functions performed by the CA3068, and its

application to color and monochrome TV receivers.

ICAN-6668 16 pages

Applications of the CA3080 and CA3080A High-Performance
Operational Transconductance Amplifiers

The CA3080 and CA3080A are similar in generic form to

conventional operational amplifiers, but differ sufficiently

to justify an explanation of their characteristics. This class

of operational amplifier includes not only the usual differential

input terminals, but an additional control terminal that

enhances the device's flexibility. This Note describes the

operation of the OTA and features various circuits using it.

For example, communications and industrial applications,

including modulators, multiplexers, sample-and-hold cir-

cuits, gain control circuits and micropower comparators,

are shown and discussed. These circuits show the operation

of the OTA in conjunction with CMOS devices as post-

amplifiers.

ICAN-6728 8 Pa9es

Application of the CA3134E Sound IF and Output Sub-

systems In Television Receivers

I n the CA31 34, the sound I F and audio output subsystems

for color or black-and-white television receivers are com-

bined in a single monolithic integrated circuit. The con-

solidation of these functions into an integrated circuit

minimizes the number of components needed 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' component inven-

tories and simplifies field servicing. Circuit characteristics,

functions, and applications are discussed.

ICAN-6732 8 pages

Measurement of Burst ("Popcorn") Noise In Linear In-

tegrated Circuits

The advent in recent years of very high-gain operational

amplifiers operating in the 1/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 very-low-noise

devices foroperational amplifiers involve the measurement

of either spot or wideband («10 kHz) noise figures in the 1/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). This Note describes in detail a test that will detect

burst noise.
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Argentina Eneka S.A.I.C.F.I.

Tucuman 299,

1049 Buenos Aires

Tel: 31-3363

Radiocom S.A.

Conesa 1003,

1426 Buenos Aires

Tel: 551-2780

Tecnos S.R.L.

Independencia 1861

1225 Buenos Aires

Tel: 37-0239

Galli Hnos, S.A.C.I. e Inm.

Entre Rios 628

Buenos Aires

L.A.D.E., S.R.L.

Sequrola 1879

Buenos Aires 1407

Australia AWA Microelectronics

348 Victoria Road
RydalmereN.S.W.2116

Amtron Tyree

176 Botany Street, Waterloo,

N.S.W. 2017

Austria Bacher Elektronische Gerate

GmbH
Rotenmuhlgasse 26,

A-1120 Vienna

Tel: 0222/8356460

Bahamas Home Furniture

Company Ltda.

P.O. Box 331, Nassau

Belgium Inelco Belgium S.A.

Avenue des Croix de Guerre 94

1120Bruxelles

Tel: 02/216.01.60

Bermuda DeFontes TV Centre

Steed Building

Parliament Street

Hamilton

Tel: (809)2-0050

Brazil Commercial Bezerra Ltda.

Rua Costa Azevedo, 139,

CEP-69.000 Manaus/AM
Tel: (092)232-5363

Organizacao Distribuidora E
Representacoes Ltda.

Rua Vigario Tenorio,

105-Conj. 102/402,

CEP-50.000 Recife/ PE
Tel: (081)224-2229

Panamericana Comercial

Importadora Ltda.

Rua Aurora, 263,

01209, Sao Paulo, SP
Tel: (011)222-3211

Saturno Brasileiro

Importacao Exportacao

Ltda.

Rua Sacadura Cabral, 120,

Sala509, CEP-20.08I

Rio de Janeiro/ RJ
Tel: (021)243-4744

Canada Cesco Electronics, Ltd.

4050 Jean Talon Street, West

Montreal, Quebec H4P 1W1
Tel: (514)735-5511

Chile

Colombia

Cesco Electronics, Ltd.

909 Blvd., Charest Quest

Quebec City,

Quebec G1K6W8
Tel: (418)524-4641

Electro Sonic, Inc.

1 100 Gordon Baker Road
Willowdale, Ontario M2H 3B3

Tel: (416)494-1666

Hamilton Avnet (Canada) Ltd.

210 Colonnade Street

Nepean, Ontario K2E 7L5

Tel: (613)226-1700

Hamilton Avnet Elec.

2816 21st St. N.E., Calgary

Alberta, T2E 6Z2

Tel: (403)230-3586

Hamilton Avnet (Canada) Ltd.

6845 Rexwood Drive

Units 3,4,5

Mississauga, Ontario L4V 1M5

Tel: (416)677-7432

Hamilton Avnet (Canada) Ltd.

2670 Sabourin Street, St.

Laurent, Quebec H4S 1 M2
Tel: (514) 331-6443

L. A. Varah, Ltd.

1832 King Edward Street

Winnipeg, Manitoba R2R 0N1

Tel: (204)633-6190

L. A. Varah, Ltd.

2077 Alberta Street,

Vancouver, B.C. V5Y 1C4

Tel: (604)873-3211

L. A. Varah, Ltd.

4742 14th Street, NE Calgary,

Alberta T2E 6L7

Tel: (403)276-8818

L. A. Varah, Ltd.

505 Kenara Avenue, Hamilton,

Ontario L8E 3P2

Tel: (416)561-9311

R.A.E. Industrial Electronics,

Ltd.

3455 Gardner Court, Burnaby,

B.C. V5G4J7
Tel: (604)291-8866

Raylex Ltda.

Av Providencia 1244,

Depto.D, 3er Piso

Casilla 13373, Santiago

Tel: 749835

Amplitel Ltda.

Pedro Leon Ugalde 1464

Santiago

Tel: (2)568074

Industria de Radio y

Television S.A. (IRT)

Vic. MacKenna 3333

Casilla 170-D, Santiago

Tel: 561667

Miguel Antonio Pena Pena

Y Cia. S. En C.

Carrera 12 #1906

Bogota

Electronica Moderna

Carrera 9A.NRO 19-52

Apartado Aereo 5361

Bogota, D.E.I

Jose E Marulanda Montoya

Carrera 10, NRO 15-39 Of. 701

Apartado Aereo 3697

Bogota, D.E.

Costa Rica Electro-Impex, S.A.

Avenida 10, Calles 10 Y 12

San Jose

Tel: 21-59-54

Gallito Tecnico, S.A.

Av. 2 Calles 4 Y 6

Apartado 10069, San Jose

Tel: 21-31-31

J. G. Valldeperas, S.A.

Calle 1, Avenidas 1-3,

Apartado Postal 3923

San Jose

Tel: 32-36-14

Tage Olsen A/S
P.O. Box 225

DK - 2750 Ballerup

Tel: 02/65 81 11

Humberto Garcia, C. por A.

El Conde 366

Apartado de Correos 771

Santo Domingo
Tel: 682-3645

Elecom, S.A.

Padre Solano 202-OF. 8, P.O.

Box 9611, Guayaquil

Sakrco Enterprises

P.O. Box 1133,

37 Kasr El Nil Street, Apt. 5

Cairo

Tel: 744440

Radio Electric* , S.A.

4A Avenida Sur Nb. 228

San Salvador

Tel: 21-5609

Radio Parts, S.A.

2AC. O. No. 319 Postal la

Dalia, P.O. Box 1262

San Salvador

Tel: 21-3019

Finland Telercas OY
P.O. Box 33

SF- 04201 Kerava

Tel: 0/248.055

France Almex S.A.

48, rue de l'Aubepine,

F- 92160 -Antony

Tel: (01) 666 21 12

Radio Equipments

Antares S.A.

9, rue Ernest Cognacq,

F - 92301 - Levallois Perret

Tel: (01)758 11 11

Tekelec Airtronic S.A.

Cite des Bruyeres,

Rue Carle Vernet,

F -92310 -Sevres

Tel: (01)534.7535

Denmark

Dominican
Republic

Ecuador

Egypt

El Salvador

*
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Greece Semicon Co.

104 AeoLouStr.
TT.131 Athens

Tel: 3253626

Guatemala Electronics Guatemalteca
13 Calle 5-59, Zona 1

P.O. Box 514

Guatemala City

Tel: 25-649

Tele-Equipos, S.A.

10A Calle 5-40, Zona 1

Apartado Postal 1798

Guatemala City

Tel: 29-805

Haiti Societe Haitienne

D'Automobiles, S.A.
P.O. Box 428,

Port-Au-Prince

Tel: 2-2347

Holland Inelco Nederland BV
Turfstekerstraat 63,

N- 1431 GD Aalsmeer
Tel: (02977) 2 88 55

Vekano BV
Postbus6115,

N - 5600 HC Eindhoven
Tel: (40) 81 09 75

Honduras Francisco J. Yones
3A Avenida S.O. 5

San Pedro Sula,

Honduras, Central America
Tel: 52-00-10

Hong Kong Gibb Livingston & Co., Ltd.

77 Leighton Road
Leighton Centre

P.O. Box 55

Chinam Associates

Suite 602-3 Ritz Building

625 Nathan Road
Kowloon

Hong Kong Electronic

Components Co.

Flat A Yun Kai Bldg. 1/F1

466-472 Nathan Road
Kowloon

Hungary Hungagent
P.O. Box 542

H-1374 Budapest

Tel: 01/669-385

Iceland Georg Amundason
P.O. Box 698,Reykjavik

Tel: 81180

India Photophone (Cornel)

179-5 Second Cross Road
Lower Palace Orchards
Bangalore 3

Indonesia NVPD Soedarpo Corp.

Samudera Indonesia Building

JL Letten S. Parman KAV.
35/Slipi

Jakarta Barat

Israel Aviv Electronics

Kehilat Venezia Street 12

69010 Tel-Aviv

Tel: 03-494450

Italy

Japan

Korea

Mexico

Nepal

DEDO Elettronica SpA
Strada Statale 16 Km 403-550

64019 Tortoreto Lido (Te)

Tel: 861/78.134

Eledra 3S SpA
Viale Elvezia 18,

1-20154, Milano
Tel: (02)349751

IDAC Elettronica SpA
Via Verona 8,

I -35010 Busa di Vigonza
Tel: (049)72.56.99

LASI Elettronica SpA
Viale Lombardia 6,

1 - 20092 Cinisello

Balsamo (MI)
Tel: (02)61.20.441-5

Silverstar Ltd.

Via dei Gracchi 20,

1-20146 Milano

Tel: (02)49.96

Okura & Company Ltd.

3-6 Ginza Nichome, Chuo-Ku
Tokyo 104

Panwest Company, Ltd.

Room 312, Sam Duk Building

131, Da-Dong, Chung-Ku
Seoul, Republic of South Korea
C.P.O. Box 3358

Tong Jin Trading Co.

Room 1003, Bock-Chang Bldg.

Sokong-Dong, Chung-Ku
Seoul, Republic of South Korea

Electronica Remberg, S.A.

de C.V.

Republica del Salvador No.

30-102, Mexico City 1,D.F.
Tel: 510-47-49

Mantenimiento E Instala-

ciones Internacionales, S.A.

Calle 15 No. 79, Col. San Pedro

de Los Pinos, Mexico 18, D.F.

Tel: 516-10-74

Mexicans de Bulbos, S.A.

Michoacan No. 30

Mexico 1 1, D.F.

Tel: 564-92-33

Sprint S.A.

San Juan de Letran #55

Pasaje Lopez

Mexico 1, D.F.

Tel: 521-4292

Partes Electronicas, S.A.

Republica Del Salvador 30-501

Mexico City

Tel: (905)585-3640

Enrique Devesa Ramos
San Juan de Letran #55

Local E, Mexico, D.F.

Tel: 510-2536

Raytel, S.A.

Sullivan 47 Y 49

Mexico 4, D.F.

Tel: 566-67-86

Continental Commercial
Distributors

Durbar Marg
Kathmandu

Netherland

Antilles

New Zealand

Nicaragua

Norway

Panama

Paraguay

Peru

Philippines

Portugal

Puerto Rico

Singapore

South Africa

Spain

EI Louvre, S.A.

P.O. Box 138, Curacao
Tel: 54004

AWA NZ Ltd.

36-44 Adelaide Road
P.O. Box 830

Wellington 2

Comercial F. A. Mendieta, S.A.

Apartado Postal No. 1956

C.S.T. 5c Al Sur2c 1/2 Abajo
Managua

National Elektro A/S
Ulvenveien 75, P.O. Box 53

Okern, Oslo 5

Tel: (472)64 49 70

Tropelco, S.A.

Via Espana 20-18, Panama 7

Rep. de Panama

Compania Comercial Del

Paraguay, S.A.

Casilla de Correo 344

Chile 877, Asuncion

Arven S.A.

PSJ Adan Mejia 103, OF. 33

Lima 1

1

Tel: 716229

Deltron S.A.

Apartado Postal 1574

Lima

Philippine Electronic

Industries, Inc.

3rd Floor, Rose
Industrial Bldg., 1 1 Pioneer St.

Pasig, Metro Manila

Semitronics

216 0rtego Street

San Juan, Metro Manila 3134

P.O. Box 445

Telectra Sari

Rua Rodrigo da Fonseca, 103

Lisbon 1

Tel: 68.60.72-75

Kelvinator Sales of Puerto

Rico, Inc.

P.O. Box BG, Rio Piedras,

Puerto Rico 00928

Edware Eu & Co., Ltd.

1 Orchard Road
Singapore

Allied Electronic

Components (PTY) Ltd.

P.O. Box 6387

Dunswart 1 508

Tel: (011)528-661

Kontron S.A.

Salvatierra 4,

Madrid 34

Tel: 1/729.11.55

Novolectric

Valencia 109-111,

Barcelona 1

1

Tel: (03)253.20.07
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Sri Lanka Ceylon SVC & Sup. Co. Uruguay

c/o P.A. Silva

P.O. Box 89

Colombo

Surinam Kirpalani's Ltd.

17-27 Maagdenstreet, U.S.

P.O. Box 251, Paramaribo

Tel: 71-400

Surinam Electronics

Keizerstreet 206

P.O. Box 412

Paramaribo

Tel: 76-555

Sweden Femer Electronics AB
Snormakarvagen 35,

P.O. Box 125,

S-161 26 Bromma Stockholm

Tel: 08/80 25 40

Switzerland Baerlocher AG
Forrlibuckstrasse 110

8005 Zurich

Tel: (01)42.99.00

Taiwan Haw Sheng Electric Co., Ltd.

5th Floor Pong Lai Building

245 Min Chuan East Road
Taipei

Delta Engineering Ltd.

No. 42 Hsu Chang Street

8th Floor, Taipei

Thailand Anglo Thai Engineering Ltd.

2160 Klongton-Bangkapi Hwy.
Hua Mark, Bangkok

Trinidad Kirpalani's Limited

Kirpalani's Komplex
Churchill Roosevelt Highway
San Juan, Port-of-Spain

Tel: 638-2224/9

Turkey Teknim Company Ltd.

Riza Sah Pehlevi Caddesi 7

Kavaklidere Ankara

Tel: 27.58.00

U.K. ACCESS Electronic Components
Ltd.

Austin House, Bridge Street

Hitchin, Hertfordshire SG5 2DE
Tel: Hitchin (0462) 31 221

Crellon Electronics Ltd.

380 Bath Road, Slough,

Berks, SL1 6JE
Tel: Burnham (06286) 4434

I.T.T. Electronic Services

Edinburgh Way, Harlow

Essex, CM20 2DE
Tel: Harlow (0279) 26777

Jermyn Distribution

Vestry Industrial Estate

Sevenoaks, Kent

Tel: Sevenoaks (0732) 450144

Macro Marketing Ltd.

Burnham Lane,

Slough, Berkshire SL1 6LN
Tel: Burnham (06286) 4422

VSI Electronics (U.K.) Ltd.

Roydonbury Industrial Park

Horsecroft Road, Harlow

EssexCM19 5 BY
Tel: Harlow (0279) 29666

American Products S.A.

(APSA)
Av. Italia 4230

Montevideo

Tel: 594210

ALABAMA
Hamilton Avnet Electronics

4692 Commercial Drive, NW
Huntsville, AL 35805

Tel: (205)837-7210

ARIZONA
Hamilton Avnet Electronics

505 South Madison Drive

Tempe, AZ 85281

Tel: (602)231-5100

Kierulff Electronics; Inc.

4134 EastWood Street

Phoenix, AZ 85040

Tel: (602)243-4101

Kierulff Electronics, Inc.

1806 West Grant Road, Suite 102,

Tucson, AZ 85705

Tel: (602)624-9986

Sterling Electronics, Inc.

2001 East University Drive,

Phoenix, AZ 85034

Tel: (602)258-4531

Wyle Distribution Group
8155 North 24th Avenue

Phoenix, AZ 85021

Tel: (602)249-2232

CALIFORNIA

Arrow Electronics, Inc.

9511 Ridge Haven Court

San Diego, CA 92123

Tel: (714)565-6928

Arrow Electronics, Inc.

521 Weddell Drive

Sunnyvale, CA 94086

Tel: (408)745-6600

Arrow Electronics, Inc.

19748 Dearborn Street

North Ridge Business Center

Chatsworth, CA 91311

Tel: (213)701-7500

Avnet Electronics

350 McCormick Avenue

Costa Mesa, CA 92626

Tel: (714)754-6051

Hamilton Avnet Electronics

3170 Pullman Street

Costa Mesa, CA 92626

Tel: (714)641-4107

Hamilton Avnet Electronics

1175 Bordeaux Drive

Sunnyvale, CA 94086

Tel: (408)743-3300

Hamilton Avnet Electronics

4545 Viewridge Avenue

San Diego, CA 92 123

Tel: (714)571-7510

Hamilton Electro Sales

10912 W. Washington Blvd.

Culver City, CA 90230

Tel: (213)558-2020

Hamilton Avnet Electronics

4103 Northgate Boulevard,

Sacramento, CA 95834

Tel: (916)920-3150

Kierulff Electronics, Inc.

2585 Commerce Way
Los Angeles, CA 90040

Tel: (213) 725-0325

Kierulff Electronics, Inc.

3969 E. Bayshore Road
Palo Alto, CA 94303

Tel: (415) 968-6292

Kierulff Electronics, Inc.

8797 Balboa Avenue

San Diego, C
A

'92 123

Tel: (714)278-2112

Kierulff Electronics, Inc.

14101 Franklin Avenue

Tustin, CA 92680

Tel: (714)731-5711

Schweber Electronics Corp.

17811 Gillette Avenue

Irvine, CA 92714

Tel: (714)556-3880

Schweber Electronics Corp.

31 10 Patrick Henry Drive

Santa Clara, CA 95050

Tel: (408) 748-4700

Wyle Distribution Group
124 Maryland Avenue

El Segundo, CA 90245

Tel: (213)322-8100

Wyle Distribution Group

9525 Chesapeake Drive

San Diego, CA 92123

Tel: (714)565-9171

Wyle Distribution Group
3000 Bowers Avenue

Santa Clara, CA 95052

Tel: (408)727-2500

Wyle Distribution Group
17872 Cowan Avenue

Irvine, CA 92714

Tel: (714)641-1600

COLORADO
Arrow Electronics Inc.

2121 S. Hudson
Denver, CO 80222

Tel: (303)758-2100

Kierulff Electronics, Inc.

10890 East 47th Avenue

Denver, CO 80239

Tel: (303)371-6500

Hamilton Avnet Electronics

8765 E. Orchard Road, Suite

708, Englewood, CO 801 11

Tel: (303)740-1000

Wyle Distribution Group
451 East 124th Avenue

Thornton, CO 80241

Tel: (303)457-9953

CONNECTICUT
Arrow Electronics, Inc.

12 Beaumont Road
Wallingford, CT 06492

Tel: (203)265-7741
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U.S. Hamilton Avnet Electronics

Commerce Drive, Commerce
Industrial Park,

Danbury, CT 06810

Tel> (203) 797-1100

Kierulff Electronics, Inc.

169 North Plains Industrial Road
Wallingford, CT 06492

Tel: (203) 265-1115

Schweber Electronics Corp.

Finance Drive,

Commerce Industrial Park,

Danbury, CT 06810

Tel: (203) 792-3500

FLORIDA
Arrow Electronics, .Inc.

1001 NW 62nd Street, Suite

108, Ft. Lauderdale, FL 33309

Tel: (305)776-7790

Arrow Electronics, Inc.

50 Woodlake Dr., West-Bldg. B
Palm Bay, FL 32905

Tel: (305) 725-1480

Hamilton Avnet Electronics

6801 NW 15th Way
Ft. Lauderdale, FL 33068

Tel: (305) 971-2900

Hamilton Avnet Electronics

3197 Tech Drive, No.

St. Petersburg, FL 33702

Tel: (813)576-3930

Kierulff Electronics, Inc.

3247 Tech Drive

St. Petersburg, FL 33702

Tel: (813) 576-1966

Milgray Electronics, Inc.

1850 Lee World Center

Suite 104

Winter Park, FL 32789

Tel: (305)647-5747

Schweber Electronics Corp.

2830 North 28th Terrace

Hollywood, FL 33020

Tel: (305) 927-0511

GEORGIA
Arrow Electronics, Inc.

2979 Pacific Drive

Norcross, GA 30071

Tel: (404)449-8252

Hamilton Avnet Electronics

5825D Peach Tree Corners

Norcross, GA 30071

Tel: (404) 447-7503

Schweber Electronics Corp.

303 Research Drive

Suite 210

Norcross, GA 30092

Tel: (404) 449-9170

ILLINOIS

Arrow Electronics, Inc.

2000 Algonquin Road
Schaumburg, I L 60193

Tel: (312) 893-9420

Hamilton Avnet Electronics

1 130 Thomdale Avenue
Bensenville, IL 60166

Tel: (312) 860-7700

Kierulff Electronics, Inc.

1536 Landmeier Road
Elk Grove Village, IL 60007

Tel: (312) 640-0200

Newark Electronics

500 North Pulaski Road
Chicago, IL 60624

Tel: (312) 638-4411

Schweber Electronics Corp.

904 Cambridge Drive

Elk Grove Village, IL 60007

Tel: (312) 364-3750

INDIANA
Arrow Electronics, Inc.

2718 Rand Road
Indianapolis, IN 46241

Tel: (317) 243-9353

Graham Electronics Supply, Inc.

133 S. Pennsylvania Street

Indianapolis, IN 46204

Tel: (317) 634-8202

Hamilton Avnet Electronics, Inc.

485 Gradle Drive

Carmel, IN 46032

Tel: (317)844-9333

KANSAS
Hamilton Avnet Electronics

9219Quivira Road
Overland Park, KS 66215

Tel: (913) 888-8900

LOUISIANA
Sterling Electronics, Inc.

3005 Harvard St., Suite 101

Metairie, LA 70002

Tel: (504) 887-7610

MARYLAND
Arrow Electronics, Inc.

4801 Benson Avenue
Baltimore, MD 21227

Tel: (301) 247-5200

Hamilton Avnet Electronics

6822 Oakhall Lane

Columbia, MD 21045

Tel: (301)995-3500

Pyttronic Industries, Inc.

Baltimore/ Washington Ind.Pk.

8220 Wellmoor Court

Savage, MD 20863

Tel: (301) 792-0780

Schweber Electronics Corp.

9218 Gaithers Road
Gaithersburg, MD 20877

Tel: (301) 840*5900

Zebra Electronics, Inc.

2400 York Road
Timonium, MD 21093

Tel: (301) 252-6576

MASSACHUSETTS
Arrow Electronics, Inc.

Arrow Drive

Wpburn, MA 01801

Tel: (617) 933-8130

Hamilton Avnet Electronics

50 Tower Office Park

Woburn, MA 01801

Tel: (617)935-9700

Kierulff Electronics, Inc.

13 Fortune Drive

Billerica, MA 01821

Tel: (617)667-8331

A. W. Mayer Co.

34 Linnell Circle

Billerica, MA 01821

Tel: (617) 229-2255

Schweber Electronics Corp.

25 Wiggins Avenue
Bedford, MA 01730

Tel: (617) 275-5100

Sterling Electronics, Inc.

41 1 Waverly Oaks Road
Waltham, MA 02154

Tel: (617)894-6200

MICHIGAN
Arrow Electronics, Inc.

3810 Varsity Drive

Ann Arbor, MI 48104

Tel: (313) 971-8220

Hamilton Avnet Electronics

2215 29th Street

Grand Rapids, MI 49503

Tel: (616) 243-8805

Hamilton Avnet Electronics

32487 Schoolcraft Road
Livonia, MI 48150

Tel: (313) 522-4700

Schweber Electronics Corp.

12060 Hubbard Avenue

Livonia, MI 48150

Tel: (313) 525-8100

MINNESOTA
Arrow Electronics, Inc.

5230 West 73rd Street

Edina, MN 55435

Tel: (612) 830-1800

Hamilton Avnet Electronics

10300 Bren Road, East

Minnetonka, MN 55343

Tel: (612) 932-0600

Kierulff Electronics, Inc.

7667 Cahill Road
Edina, MN 55435

Tel: (612) 941-7500

Schweber Electronics Corp.

7422 Washington Avenue, So.

Eden Prairie, MN 55344

Tel: (612) 941-5280

MISSOURI
Arrow Electronics, Inc.

2380 Schuetz Road
St. Louis, MO 63141

Tel: (314)567-6888

Hamilton Avnet Electronics

13743 Shoreline Court East

Earth City, MO 63045

Tel: (314) 344-1200

Kierulff Electronics, Inc.

2608 Metro Park Boulevard

Maryland Heights, MO 63043

Tel: (314) 739-0855
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U.S. NEW HAMPSHIRE
Arrow Electronics, Inc.

One Perimeter Drive

Manchester, NH 03103

Tel: (603) 668-6968

NEW JERSEY
Arrow Electronics, Inc.

Pleasant Valley Avenue

Moorestown, NJ 08057

Tel: (609) 235-1900

Arrow Electronics, Inc.

Two Industrial Road
Fairfield, NJ 07006

Tel: (201) 575-5300

Hamilton Avnet Electronics

Ten Industrial Road
Fairfield, NJ 07006

Tel: (201)575-3390

Hamilton Avnet Electronics

One Keystone Avenue

Cherry Hill, NJ 08003

Tel: (609) 424-0110

Kierulff Electronics, Inc.

37 Kulick Road
Fairfield, NJ 07006

Tel: (201) 575-6750

Schweber Electronics Corp.

1 8 Madison Road
Fairfield, NJ 07006

Tel: (201)227-7880

NEW MEXICO
Arrow Electronics, Inc.

2460 Alamo, SE
Albuquerque, NM 87106

Tel: (505) 243-4566

Hamilton Avnet Electronics

2524 Baylor S.E.

Albuquerque, NM 87106

Tel: (505)765-1500

Sterling Electronics, Inc.

3540 Pan American

Freeway, N.E.

Albuquerque, NM 87107

Tel: (505) 884-1900

NEW YORK
Arrow Electronics, Inc.

900 Broad Hollow Road
Route 110, Farmingdale, LI,

NY 11735

Tel: (516)694-6800

Arrow Electronics, Inc.

7705 Maltlage Drive

Liverpool, NY 13088

Tel: (315) 652-1000

Arrow Electronics, Inc.

3000 South Winton Road
Rochester, NY 14623

Tel: (716) 275-0300

Hamilton Avnet Electronics

Five Hub Drive

Melville, NY 11746

Tel: (516)454-6000

Hamilton Avnet Electronics

333 Metro Park

Rochester, NY 14623

Tel: (716) 475-9130

Hamilton Avnet Electronics

16 Corporate Circle

East Syracuse, NY 13057

Tel: (315) 437-2641

Milgray Electronics, Inc.

191 Hanse Avenue

Freeport, LI, NY 11520

Tel: (516) 546-6000

Schweber Electronics Corp.

Three Townline Circle

Rochester, NY 14623

Tel: (716) 424-2222

Schweber Electronics Corp.

Jericho Turnpike

Westbury, LI, NY 11590

Tel: (516)334-7474

Summit Distributors, Inc.

916 Main Street

Buffalo, NY 14202

Tel: (716) 884-3450

NORTH CAROLINA
Arrow Electronics, Inc.

938 Burke Street,

Winston-Salem, NC 27101

Tel: (919) 725-8711

Hamilton Avnet Electronics

2803 Industrial Park

Raleigh, NC 27609

Tel: (919) 829-8030

Kierulff Electronics Inc.

1800 #E Fairfax Road
Greensboro, NC 27407

Tel: (919) 852-9440

OHIO
Arrow Electronics, Inc.

7620 McEwen Road
Centerville, OH 45459

Tel: (513) 435-5563

Arrow Electronics, Inc.

6238 Cochran Road
Solon, OH 44139

Tel: (216) 248-3990

Hamilton Avnet Electronics, Inc.

4588 Emery Industrial Parkway

Cleveland, OH 44128

Tel: (216) 831-3500

Hamilton Avnet Electronics

954 Senate Drive

Dayton, OH 45459

Tel: (513) 433-0610

Hughes-Peters, Inc.

481 East 11th Avenue

Columbus, OH 43211

Tel: (614) 294-5351

Kierulff Electronics, Inc.

23060 Miles Road
Cleveland, OH 44128

Tel: (216)587-6558

Schweber Electronics Corp.

23880 Commerce Park Road

Beachwood, OH 44122

Tel: (216) 464-2970

OKLAHOMA
Kierulff Electronics, Inc.

Metro Park 12318 East 60th

Tulsa, OK 74145

Tel: (918) 252-7537

OREGON
Hamilton Avnet Electronics

6024 S.W. Jean Road,

Bldg. B-Suite J,

Lake Oswego, OR 97034

Tel: (503) 635-8157

Wyle Distribution Group
5289 N.E. Ezam Young Parkway

Hillsboro, OR 97123

Tel: (503) 640-6000

PENNSYLVANIA
Arrow Electronics, Inc.

650 Seco Road
Monroeville, PA 15146

Tel: (412) 856-7000

Herbach & Rademan, Inc.

40 1 East Erie Avenue

Philadelphia, PA 19134

Tel: (215) 426-1700

Schweber Electronics Corp.

23 1 Gibralter Road
Horsham, PA 19044

Tel: (215) 441-0600

TEXAS
Arrow Electronics, Inc.

13715 Gamma Road
Dallas, TX 75240

Tel: (214)386-7500

Arrow Electronics, Inc.

10700 Corporate Drive #100

Stafford, TX 77477

Tel: (713)491-4100

Hamilton Avnet Electronics

2401 Rutland Drive

Austin, TX 78758

Tel: (512) 837-8911

Hamilton Avnet Electronics

2111 West Walnut Hill Lane

Irving, TX 75060

Tel: (214) 659-4111

Hamilton Avnet Electronics

8750 Westpark

Houston, TX 77063

Tel: (713) 975-3515

Kierulff Electronics, Inc.

3007 Longhorn Blvd., Suite 105

Austin, TX 78758

Tel: (512) 835-2090

Kierulff Electronics, Inc.

9610 Skillman Avenue

Dallas, TX 75243

Tel: (214) 343-2400

Kierulff Electronics, Inc.

10415 Landsbury Drive, Suite 210

Houston, TX 77099

Tel: (713) 530-7030

Schweber Electronics Corp.

4202 Beltway,

Dallas, TX 75234

Tel: (214) 661-5010

Schweber Electronics Corp.

10625 Richmond Ste. 100

Houston, TX 77042

Tel: (713) 784-3600

Sterling Electronics, Inc.

2335A Kramer Lane, Suite A
Austin, TX 78758

Tel: (512) 836-1341

Sterling Electronics, Inc.

1 1090 Stemmons Freeway

Stemmons at Southwell

Dallas, TX 75229

Tel: (214) 243-1600

Sterling Electronics, Inc.

4201 Southwest Freeway

Houston, TX 77027

Tel: (713) 627-9800
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RCA Authorized Distributors

U.S. UTAH
Hamilton Avnet Electronics

1585 West 2100 South
Salt Lake City, UT 841 19

Tel: (801)972-2800

Kierulff Electronics, Inc.

2121 S. 3600 West Street

Salt Lake City, UT 841 19

Tel: (801)973-6913

Wyle Distribution Group
1959 South 4130 West Unit B
Salt Lake City, UT 84104

Tel: (801)974-9953

WASHINGTON
Arrow Electronics, Inc.

14320 N.E. 21st Street

Bellevue, WA 98005

Tel: (206)643-4800 Venezuela

Hamilton Avnet Electronics

14212 N.E. 21st Street

Bellevue, WA 98005

Tel: (206)453-5874

Kierulff Electronics, Inc.

1005 Andover Park E.

Tukwila, WA98188
Tel: (206)575-4420

Robert E. Priebe Company
2211 5th Avenue
Seattle, WA 98121

Tel: (206)682-8242

Wyle Distribution Group
1750 132nd Avenue, N.E.

Bellevue, WA 98005

Tel: (206)453-8300

West Germany

WISCONSIN West Indies

Arrow Electronics, Inc.

430 West Rawson Avenue
Oak Creek, WI 53154

Tel: (414) 764-6600

Hamilton Avnet Electronics

2975 South Moorland Road
New Berlin, WI 53151

Tel: (414)784-4510

Kierulff Electronics, Inc.

2212 East Moreland Blvd.

Waukesha, WI 53186

Tel: (414)784-8160

Taylor Electric Company
1000 W. Donges Bay Road
Mequon, WI 53092

Tel: (414)241-4321

Dinaradio, C.A.

Conjunto Industrial El

Cedralito No. 6

KM3, Carretera

Petare-Guarenas, Caracas

MAIL ADDRESS: Apartado Postal 60429
Chacao

Tele-Cuba, S.A.

Av. Este O, No. 164, Ferrenquin

a la Cruz, La Candelaria,

Caracas

Tel: 55-62-71

P. Benavides, P., S.R.L.

Residencies Camarat, Local 7

La Candelaria, Caracas

MAIL ADDRESS: Apartado Postal 20.249 Yugoslavia

San Martin, Caracas

Da Costa and Musson Ltda.

Carlisle House
Hincks Street

P.O. Box 103

Bridgetown, Barbados

Tel: 608-50

Alfred Neye Enatechnik GmbH
Schillerstrasse 14,

2085 Quickborn
Tel: 04106/6121

ECS Hilmar Frehsdorf GmbH
Electronic Components Service

Carl-Zeiss Strasse 3

2085 Quickborn
Tel: 04106/71058-59

Beck GmbH & Co.

Elektronik Bauelemente KG
Eltersdorfer Strasse 7,

8500 Nurnberg 15

Tel: 0911/34961-66

Elkose GmbH
Bahnhofstrasse 44,

7141 Moglingen

Tel: 07141/4871

Sasco GmbH
Hermann-Oberth-Strasse 16

801 1 Putzbrunn bei Munchen
Tel: 089/46111

Spoerle Electronic KG
Max-Planck Strasse 1-3,

6072 Dreieich bei Frankfurt

Tel: 06103/3041

Avtotehna

P.O. Box 593, Celovska 175

Ljubljana 61000

Tel: 552 341

RCA Manufacturers' Representatives

U.S.

Arizona

California

Florida

Thorn Luke Sales, Inc.

2940 North 67th Place

Suite H
Scott sdale, AZ 85251

Tel: (602) 941-1901

C & K Assocs.

8333 Clairemont Mesa Blvd.

Suite 105

San Diego, CA 921 11

Tel: (714) 279-0420

Bohman Assocs., Inc.

130 North Park Avenue
Apopka, FL 32703

Tel: (305) 886-1882

Massachusetts

New York

Ohio

New England Technical Sales

Corp.

135 Cambridge Street

Burlington, MA 01803
Tel: (617) 272-0434

Astrorep, Inc.

300 Sunrise Highway
Suite 2B
West Babylon, NY 11704

Tel: (516)422-2500

Lyons Corp.

4812 Frederick Road
Suite 101

Dayton, OH 45414

Tel: (513) 278-0714

South Carolina CSR Electronics

1 1 1 Greenhouse Court

Columbia, SC 29210

Tel: (404)396-3720

Texas Southern States Marketing, Inc.

16910 Dallas Parkway
Suite 222

Dallas, TX 75248

Tel: (214) 387-2489

Washington Western Technical Sales, Inc.

P.O. Box 3923

Bellevue, WA 98009

Tel: (206) 641-3900
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Linear Integrated Circuits

CA3091D

provided at the output of the divider alignment circuit irt

order to separate the ac signal from the dc signal and, thus,

avoid interaction between the calibrating potentiometers,

The alignment procedure for the square-rooter function (Fig.

21) is identical to the alignment procedure for the divider

function. The input voltage range is limited to < V| ^
10V, This limitation is necessary in order to prevent the

output voltage (V ) from latching to the negative output

saturation voltage of the operational amplifier. Table II de-

scribes the divider alignment procedure.

ift?tn so in pot. i mo tain 22.im

[ne fi- Ty* he jz Tik Wk® m m © ® © <&-

V--ISvi V*»I5V

vVvo
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ZERO
OUTPUT
ADJUST W'

LlNEAftlTY

0* 6 (^
SAMPli-BOARO TERMINAL
CONNECTIONS FOR
MULTIPLIER, SOUAHEH,
DIVIDER,AW SQUARE
HOOTER

• RCA-CA37AIT IS A
GENERAL-PURPOSE
OPERATIONAL AMPLIFIER
WITH INTEWWL PHASE
COMPENSATION,

RESISTANCE VALUES
ARE IN OHMS

Fig. 76- Typical multifunction circuit arrangement utilizing

the CA3091D and CA374 J T.
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Fig. 1 7-Photographs ot a printed-circuit board far mufti

function applications (multiplier, souerer, divider,

square rooter} utilizing the CA309tDand CA3741 T.

Table II — Divider Alignment Procedure

Step

No.

Set

Measure
Output

Coupling

T»tt

Equipment

LlMlf

Adjust NMH
V

z

V
V
V

V

1

2

3

4

5 5Vdc

vs
lOVdc

vs
SVdc

vo

VfJ

VQ

M
dc

ac

dc

K - VM
dc - VM
ac - VM
dc- VM

xbatance

Vbalance

^adjusi

Set all potentiometers to center of range.

Adjust for minimum reading.

Adjust for OV dc output.

Adjust tor minimum reading.

Adjust for lOVdcouiput.
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