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This DATABOOK contains.descriptive text, data,
and related application notes on high-reliability
power transistors, rf power transistors, thyristors,
and integrated circuits presently available from
RCA Solid State Division as either standard or
custom products. For ease of type selection, a
complete index to these high-reliability devices is
given on pages 6-10. Text material and data are then
grouped according to type of devices: (a) power
transistors, (b) rf power transistors, (c) thyristors,
(d) linear and COS/MOS integrated circuits.

For ease of reference, data sheets in each category
are arranged as nearly as possible in order of type-
number sequence. Because some data sheets
include more than one type number, however,
some types may be out of sequence. If you don't
find the number you're looking for where you
expect it to be, please refer to the Index to Devices
on pages 6-10.



Trade Mark(s) Registered ®
Marca(s) Registradal(s)

Copyright 1974 by RCA Corporation
(All rights reserved under Pan-American Copyright Convention)

Printed in USA/11-74

Information furnished by RCA is believed to be accurate and reliable. However, no responsibility is assumed
by RCA for its use; nor for any infringements of patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of RCA.

RCA Solid State | Box 3200 | Somerville, N.J., U.S.A. 08876
RCA Limited | Sunbury-on-Thames | Middlesex TW16 7HW, England
RCA s.a. | 4400 Herstal | Liege, Belgium

2



RCA Solid State
Total Data Service System

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

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

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

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

Type

2Nes1*
2N682*
2N683*
2Ne684*
2N685*
2N686*
2N687*
2N688*
2N689*
2N690*
2N2102*
2N3054*

2N3228*
2N3263*

2N3265*

2N3526*
2N3528*
2N3529*
2N3650*
2N3651*
2N3652*
2N3653*
2N3654*
2N3655*
2N3656*
2N3657*
2N3658*
2N3668*
2N3669*
2N3670*
2N3773*

2N3870*
2N3871*
2N3872*
2N3873*
2N3879*

2N3896*
2N3897*
2N3898*
2N3899*
2N4036*
2N4101*
2N4102*
2N5240*

2N5262*
2N5320*
2N5322*

2N5441*
2N5442*
2N5443*
2N5444*
2N5445*
2N5446*
2N5567*
2N5568*
2N5569*
2N5570*
2N5571*

’High-reliability versions of these types are available on a custom basis.
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212
212
212
212
212
212
212
212
212
212

38

38

213
39

39

213
213
213
214
214
214
214
215
215
215
215
215
216
216
216

40

217
217
217
217

40

217
217
217
217

a1
213
213

41

42
42

43

200
200
200
200
200
200
201
201
201
201
202

Product
Line

SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
PWR
PWR

SCR
SCR
SCR
SCR
SCR
SCR

'SCR

SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR

SCR
SCR
SCR
SCR
PWR

SCR
SCR
SCR
SCR
PWR
SCR
SCR
PWR

Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac

Description

25-A silicon controlied rectifier
25-Asilicon controlled rectifier
25-A siticon controlled rectifier
25-A silicon controlled rectifier
25-Asilicon controlled rectifier
25-Asilicon controlled rectifier
25-A silicon controlled rectifier
25-A silicon controlled rectifier
25-A silicon controlled rectifier
25-A silicon controlled rectifier
power n-p-n t
Hometaxial-base medium-
power n-p-n transistor
5-A silicon controlled rectifier
High-speed n-p-n power
transistor
High-speed n-p-n power
transistor
5-A silicon controlled rectifier
n controlled rectifier
n controlled rectifier
licon controlled rectifier
35-A silicon controlled rectifier

35-Assilicon controlled rect

35-A silicon controlled rec

35-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A sificon controlled rectifier

35-A silicon controlled rectifier

12.5-A silicon controlled rectifier

12.5-A silicon controlled rectifier

12.5-A silicon controlled rectifier

Hometaxial-base n-p-n
power transistor

35-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A silicon controlled rectifier

High-speed n-p-n power
transistor

35-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A silicon controlled rectifier

Medium-p p-n-p i

5-A silicon controlled rectifier

2-A silicon controlled rectifier

High-voltage n-p-n power
transistor

High-voltage, high-speed n-p-n
transistor

General-purpose n-p-n power
transistor

General-purpose p-n-p power
transistor

40-A silicon triac

40-A silicon triac

40-A silicon triac

40-A silicon triac

40-A silicon triac

40-A silicon triac

10-A silicon triac

10-A silicon triac

10-A silicon triac

10-A silicon triac

15-A silicon triac

Type

2N5572*
2N5573*
2N5574*
2N5578*

2N5754*
2N5755*
2N5756*
2N5757*
2N5781*

2N5784*

2N5954*
2N6033*

2N6056*
2N6079*

2N6248*
2N6251*

2N6385*
2N6479*
2N6480*
2N6381*
2N6482*
40279

40294
40296
40305

40306
40307

40414
40577
40578

40605

40606

CA101/...
CA101A/...
CA107/...
CA108/...
CA108A/...
CA111/...
CA723/...
CA741/...
CA747/...
CA748/...
CA1558/...
CA3000/...
CA3001/...
CA3002/...
CA3004/...
CA3006/...
CA3015A/...

Page

202
202
202

43

203
204
204
204

45
45

46
46

47
47

a8
49
49
49
49
135

139
144
150

150
150

154
158
163

173
173

241

241

249
254
254
259
264
270
270
270
270
276
282
288
293
208
302

RF

RF
RF
RF

RF
RF

RF
RF
RF

RF

RF

LIC
Lic
Lic
Lic
Lic
LIc
LIc
Lic
Lic
LiCc
LiCc
LIC
Lic
Lic
Lic
Lic
LIC

Description

15-A silicon triac

15-A silicon triac

15-A silicon triac

Hometaxial-base n-p-n power
transistor

2.5-A silicgn triac

2.5-A silicon triac

2.5-A silicon triac

2.5-A silicon triac

General-purpose p-n-p power
transistor

General-purpose p-n-p power
transistor

Medium-power p-n-p t

High-speed n-p-n power
transistor

8-A n-p-n Darlington power
transistor

‘High-voltage n-p-n power

transistor

High-power p-n-p transistor

High-voltage n-p-n power

- transistor

10-A n-p-n Darlington power
transistor

Radiation-hardened n-p-n
power transistor

Radiation-hardened n-p-n_
power transistor

Radiation-hardened n-p-n
power transistor

Radiation-hardened n-p-n
power transistor

VHF/UHF n-p-n power
transistor .

UHF n-p-n power transistor

UHF n-p-n power transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

UHF n-p-n power transistor

VHF n-p-n power transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

Operational amplifier

Operational amplifier

Operational amplifier

Operational amplifier

Operational amplifier

Comparator

Operational amplifier

Operational amplifier

Operational amplifier

Operational amplifier

Operational amplifier

DC amptlifier

Video amplifier

IF amplifier

RF amplifier

RF amplifier

Operational amplifier



Index to High-Reliability Solid-State Devices (Cont’'d)

Type

CA3018/...
CA3019/...
CA3020A/...
CA3026/...
CA30288/...
CA3039/...
CA3045/...
CA3049/...
CA3058/...
CA3078A/...
CA3080/...

CA3080A/...
CA3085/...

CA3085A/...
CA30858/...
CA3094/...

CA3094A/...
CA3094B/...
CA3100/...

CA3118/...

CA3118A/...
CA3130A/...
CA31308/...
CDA4000A/...
CD4001A/...
CD4002A/...
CD400BA/...
CDA4007A/...
CDA4008A/...
D4009A/...
D4010A/...
D4011A/...
D4012A/...
D4013A/...

D4014A/...
SD4015A/...

D4016A/...
D4017A/...
'D4018A/...

'D4019A/...
D4020A/...
D4021A/...
D4022A/...
D4023A/...
D4024A/...
D4025A/...
D4026A/...
D4027A/...
D4028A/...
D4029A/...

363

370
370
370
375

375
375

383
389
389

397
397
427

427
427
433
438

450
450

456
456
463

468
473

478
489

494
497
502

456
512
427
517
524
529
533

Product
Line Description
Lic Transistor array
Lic Diode array
Lic Wide-band power amplifier
Lic Dual differential amplifier
Lic Differential/cascode amplifier
Lic Diode array
LiC Transistor array
LIC Dual differential amplifier
Lic Zero-voltage switch
LiC Micropower operational amplifier
Lic Operational transconductance
amplifier
LIC Operational transconductance
amplifier
Lic Positive voltage regulator
Lic Positive voltage regulator
Lic Positive voltage regulator
LiC Programmable power-switch/
amplifier
LiCc Programmable power-switch/
amplifier
LIC Programmable power-switch/
amplifier
LiC Wide-band operational amplifier
LIC High-voltage n-p-n transistor array
LiC High-voltage n-p-n transistor array
amplifier
Lic COS/MOS-bipolar operational
amplifier
Lic COS/MOS-bipolar operational
amplifier
COS/MOS  Dual 3-input NOR gate plus
inverter
COS/MOS  Quad 2-input NOR gate
COS/MOS  Dual 4-input NOR gate
COS/MOS  18-stage static shift register
COS/MOS  Dual complementary pair plus
inverter
COS/MOS  4-bit full adder with parallel
carry
COS/MOS  Hex buffer/converter
(inverting)
COS/MOS  Hex buffer/converter
{non-inverting)
COS/MOS  Quad 2-input NAND gate
COS/MOS  Dual 4-input NAND gate
COS/MOS  Dual “D" flip-flop with
set/reset
COS/MOS  8-stage static shift register
COS/MOS  Dual 4-stage static shift
register
COS/MOS  Quad bilateral switch
COS/MOS  Decade counter/divider
COS/MOS  Presettable divide-by-""N"
counter
COS/MOS  Quad AND-OR select gates
COS/MOS  14-stage binary counter/divider
COS/MOS  8-stage static shift register
COS/MOS  Divide-by-8 counter/divider
COS/MOS  Triple 3-input NAND gate
COS/MOS  7-stage binary counter
COS/MOS  Triple 3-input NOR gate
COS/MOS  Decade counter/divider
COS/MOS  Dual J-K master-slave flip-flop
COS/MOS  BCD-to-decimal decoder
COS/MOS  Presettable up/down counter

Type

CDA4030A/...
CDA4031A/...
CD4032A/...

CD4033A/...
CD4034A/...
CDA4035A/...

CD4036A/...
CDA4038A/...
CDA4039A/...

CDA4040A/...
CD4041A/...
CDA4042A/...
CD4043A/...
CD4044A/...
CD4045A/...
CD4046A/...
CD4047A/...

CD4048A/...
CD4049A/...

CD4050A/...

CD4057A/...
CD4060A/...

CD4061A/...
CD4062A/...
CD4063B/...
CDA4066A/...
CDA4068B/...
CD40698/...
CD40718B/...
CD40728B/...
CD40738B/...
CD40758B/...
CD40788B/...
CD40818B/...
CD40828B/...
CD4085B/...
CD40868B/...
CD4514B/...
CD45158/...
CD45188B/...
CD45208/...
HC2000H/...

HR2N2857
HR2N3375

HF2N3553
HR2N3632

HR2N3866
HR2N5071

HR2N5090

Page

539
543
548

517
552
557

561

561

571
576

580
584

596

605
610

610

616
624

630
637

649
655

665

671
665
677
671
671
682
688
694
694
700
700
183

85
87

89
91

93
95

97

Product
Line
COSs/MOS
COS/MOS
COS/MOS

COS/MOS
COs/M0s
COS/MOS

COs/M0s
COS/MOS
COS/MOS

COs/MOs
COs/MOs
COs/MOS
COS/MOS
COS/MOS
COs/MOs
COS/MOS
COS/MOS

COS/MOS
COS/MOS

COS/MOS

COS/MOS
COSs/MOS

COS/MOS
COS/MOSs
COS/MOS
COS/MOS
COSs/MOS
COS/MOs
COS/MOS
COS/MOS
COS/MOS
COS/MOS
COS/MOs
COS/MOS
COS/MOS
COS/MOS
COS/MOS

COS/MOS
COS/MOS
COS/MOS
COS/MOS
HYB

RF
RF

RF
RF

RF
RF

RF

Description

Quad exclusive-OR gate

64-stage static shift register

Triple serial adder (positive
logic)

Decade counter/divider

MS| 8-stage static bus register

4-stage parallel infout shift
register

4-word-x-8-bit RAM (binary
addressing)

Triple serial adder (negative
logic)

4-word-x-8-bit RAM (word-
line addressing)

12-stage binary counter/divider

Quad true/complement buffer

Quad clocked D" latch

Quad 3state NOR R/S latch

Quad 3-state NAND R/S latch

21-stage counter

Micropower phase-locked loop

Monostable/astable
multivibrator

Expandable 8-input gate

Hex buffer/converter
(inverting)

Hex buffer/converter
(non-inverting)

LSl 4-bit arithmetic logic unit

Binary counter/divider and
oscillator

Static random-access memory

Dynamic shift register

Magriitude comparator

Quad bilateral switch

NAND gate

Hex inverter

OR gate

OR gate

AND gate

OR gate

8-input NOR gate

AND gate

AND gate

AND-OR-INVERT gate

Expandable AND-OR-INVERT
gate

Latch/line decoder

Latch/line decoder

Dual up counter

Dual up counter

Multipurpose 7-A operational
amplifier

UHF n-p-n power transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

N-P-N rf power transistor

VHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor



Index to High-Reliability Solid-State Devices (Cont’'d)

Type
HR2N5470

HR2N5916
HR2N5918
HR2N5919A
HR2N5920
HR2N5921
HR2N6105
HR2N6265
HR2N6266
HR2N6267
HR2N6268
HR2N6269
HR2N6390
HR2N6391
HR2N6392
HR2N6393
HR3N187
HR3N200
HR2001
HR2003
HR2005
HR2010
HE3001
HF3003
HR3005
HR40915

HR41039
JAN2N918

JAN2N1479
JAN2N1480
JAN2N1481
JAN2N1482
JAN2N1483
JAN2N1484

JAN2N1485
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Page

101
103
105
107

109
11
113
115
117
119
121
123
125
127
129
403
409
121
123
125
127
129
129
129
131

133
78

30
30
30
30
30
30

30

Product

Line

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

DMOs

DMOs

RF

RF

RF

RF

RF

RF

RF

RF
RF

Description

UHF/microwave n-p-n power
transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

UHF/microwave n-p-n power
transistor

UHF/microwave n-p-n power
transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Dual-gate rf MOS transistor

Dual-gate rf MOS transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

Microwave n-p-n power
transistor

VHF n-p-n power transistor

VHF/UHF low-power n-p-n
transistor

Hometaxial-base n-p-n power
transistor

Hometaxial-base n-p-n power
transistor

Hometaxial-base n-p-n power
transistor

Hometaxial-base n-p-n power
transistor

Hometaxial-base n-p-n power
transistor

Hometaxial-base n-p-n power
transistor

Hometaxial-base n-p-n power
transistor

Type
JAN2N1486

JAN2N1487
JAN2N1488
JAN2N1490

JAN2N1493
JAN2N2015

JAN2N2016

JAN2N2857
JAN2N3055

JAN2N3375
JAN2N3439
JAN2N3440
JAN2N3441
JAN2N3442
JAN2N3553
JAN2N3584
JAN2N3585
JAN2N3771
JAN2N3772
JAN2N3866
JAN2N4440
JAN2N5038
JAN2N5039

JAN2N5071
JAN2N5109

JAN2N5415
JAN2N5416
JAN2N5671
JAN2N5672
JAN2N5838
JAN2N5839
JAN2N5840
JAN2N5918
JAN2N5919A

JAN2N6211

Page
30

31
31
31

n
31

31

80
32

81
32
32
33
33
81
34
34
34
34
82
81
35
35

82
83

35
35
34
34
36
36

37
83
84

37

Product
Line

RF

Description

Hometaxial-base n-p-n power
transistor

Hometaxial-base n-p-n power
transistor

Hometaxial-base n-p-n power
transistor

Hometaxial-base n-p-n power
transistor

VHF n-p-n power transistor

Hometaxial-base n-p-n power
transistor

Hometaxial-base n-p-n power
transistor

UHF n-p-n power transistor

Hometaxial-base n-p-n power
transistor

VHF/UHF n-p-n power
transistor

High-voltage n-p-n power
transistor

High-voltage n-p-n power
transistor

High-voltage n-p-n power
transistor

High-voltage n-p-n power
transistor

VHF/UHF n-p-n power
transistor

High-voltage n-p-n power
transistor

High-voltage n-p-n power
transistor

High-current n-p-n power
transistor

High-current n-p-n power
transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

High-speed n-p-n power
transistor

High-speed n-p-n power
transistor

VHF n-p-n power transistor

VHF/UHF n-p-n power
transistor

High-voltage n-p-n power
transistor

High-voltage n-p-n power
transistor

High-speed n-p-n power
transistor

High-speed n-p-n power
transistor

High-speed n-p-n power
transistor

High-voltage n-p-n power
transistor {

High-voltage n-p-n power
transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

High-voltage p-n-p power
transistor



Index to High-Reliability Solid-State Devices (Cont’'d)

Type
JAN2N6212

JAN2N6213

JANTX2N1479
JANTX2N1480
JANTX2N1481
JANTX2N1486

JANTX2N2857
JANTX2N3055

JANTX2N3375
JANTX2N3439
JANTX2N3440
JANTX2N3441
JANTX2N3442
JANTX2N3553
JANTX2N3585
JANTX2N3771
JANTX2N3772
JANTX2N4440
JANTX2N5038
JANTX2N5039

JANTX2N5071
JANTX2N5109

JANTX2N5415
JANTX2N5416
JANTX2N5671
JANTX2N5672
JANTX2N5840
JANTX2NS919A
JANTX2N6211
JANTX2N6212
JANTX2N6213
IANTXV2N3375
ANTXV2N3553

ANTXV2N3584

High-reliability versions of these types are available on a custom basis.
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Line

PWR

RF
PWR

RF

RF

PWR

PWR

PWR

RF

RF

PWR

Description

High-voltage p-n-p power
transistor

High-voltage p-n-p power
transistor

Hometaxial-base n-p-n
power transistor

Hometaxial-base n-p-n
power transistor

Hometaxial-base n-p-n
power transistor

Hometaxial-base n-p-n power
transistor

UHF n-p-n power transistor

Hometaxial-base n-p-n power
transistor

VHF/UHF n-p-n power
transistor

High-voltage n-p-n power
transistor

High-voltage n-p-n power
transistor

High-voltage n-p-n power
transistor

High-voltage n-p-n power
transistor

VHF/UHF n-p-n power
transistor

High-voltage n-p-n power
transistor

High-current n-p-n power
transistor

High-current n-p-n power
transistor

VHF/UHF n-p-n power
transistor

High-speed n-p-n power
transistor

High-speed n-p-n power
transistor

VHF n-p-n power transistor

VHF/UHF n-p-n power
transistor

High-voltage n-p-n power
transistor

High-voltage p-n-p power
transistor

High-speed n-p-n power
transistor

High-speed n-p-n power
transistor

High-voltage n-p-n power
transistor

VHF/UHF n-p-n power
transistor

High-voltage p-n-p power
transistor

High-voltage p-n-p power
transistor

High-voltage p-n-p power
transistor

VHF/UHF n-p-n power
transistor

VHF/UHF n-p-n power
transistor

High-voltage n-p-n power
transistor

Type
JANTXV2N3585

JANTXV2N4440

S2400A*
S§24008*
$2400D*
S2400M*
$26008*
§2600D*
S2600mM*
§2610B*
§2610D*
S2610M*
$26208*
§$2620D*
S2620M*
§$3700B*
$3700D*
S$3700M*
$3701MiI
S3704A*
$3704B*
§3704D*
$3704Mm*
§3704s*
S3714A*
§37148*
$3714D*
§3714M*
§3714s*
S6400N*
S6410N*
S6420A*
$6420B*
$6420D*
S6420M*
S6420N*
$6431M*
§7430M*
§7432M*
T2300A*
T2300B*
T2300D*
T2302A*
T2302B*
T2304B*
T2304D*
T23058*
T2305D*
T2310A*
T2310B*
T2310D*
T2312A*
T23128*
T2312D*
T2313A*
T2313B*
T2313D*
T2313M*
T2700B*
T2700D*
T2710B*
T2710D*
T4100M*
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206
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Line

PWR

RF

SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac
Triac

Description

High-voltage n-p-n power
transistor

VHF/UHF n-p-n power
transistor

4.5-A silicon controlled rectifier

4.5-A silicon controlled rectifier

4.5-A silicon controlled rectifier

4.5-A silicon controlled rectifier

7-A silicon controlled rectifier

7-A silicon controlled rectifier

7-A silicon controlled rectifier

3.3-A silicon controlled rectifier

3.3-A silicon controlled rectifier

3.3-A silicon controlled rectifier

7-A silicon controlled rectifier

7-A silicon controlled rectifier

7-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

5-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A silcion controlled rectifier

35-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A silicon controlled rectifier

35-A silicon controlled rectifier

2.5-Asilicon triac

2.5-Asilicon triac

2.5-Asilicon triac

2.5-Assilicon triac

2.5-Asilicon triac

0.5-A silicon triac

0.5-A silicon triac

0.5-A silicon triac

0.5-A silicon triac

1.6-A silicon triac

1.6-A silicon triac

1.6-Asilicon triac

1.9-Assilicon triac

1.9-Asilicon triac

1.9-Assilicon triac

1.9-Assilicon triac

1.9-A silicon triac

1.9-Asilicon triac

1.9-A silicon triac

6-A silicon triac

6-A silicon triac

3.3-Assilicon triac

3.3-Assilicon triac

15-A silicon triac



Index to High-Reliability Solid-State Devices (Cont'd)

Type
T4101M*
T4103B*
T4103D*
T4104B*
T4104D*
T4105B*
T4105D*
T4110M*
T4111M*
T4113B*
T4113D*
T4114B
T4114D*
T4115B*
T4115D*
T4120B*
T4120D*
T4120M*
T41218*
T4121D*
T4121M*
T6401B*
T6401D*
T6401M*
T6404B*
T6404D*
T6405B*
T6405D*

*High-relaibility versions of these types are available on a custom basis.
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Description

10-A silicon triac
15-A silicon triac
15-A silicon triac
10-A silicon triac
10-A silicon triac

6-A silicon triac |

6-A silicon triac

15-A silicon triac
10-A silicon triac
15-A silicon triac
15-A silicon triac
10-A silicon triac
10-A silicon triac
6-A silicon triac

6-A silicon triac

15-A silicon triac
15-A silicon triac
15-A silicon triac
10-A silicon triac
10-A silicon triac
10-A silicon triac
30-A silicon triac
30-A silicon triac
30-A silicon triac
40-A silicon triac
40-A silicon triac
25-A silicon traic
25-A silicon triac

Index to Application Notes

Number
AN-6071

AN-6229
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AN-6320

ICAN-6000.....
ICAN-6224 ... ..

RIC-102C ..........High-Reliability COS/MOS CD4000A Slash (/) Series
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RIC-204 .
1CE-402 .
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30-A silicon triac
30-A silicon triac
30-A silicon triac
40-A silicon triac
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30-A silicon triac
60-A silicon triac
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80-A silicon triac
80-A silicon triac
80-A silicon triac
80-A silicon triac
80-A silicon triac
80-A silicon triac
80-A silicon triac

. .. .Real-Time Controls of Silicon Power-Transistor Reliability .............. 53
... .Radiation Hardness Capability of RCA Silicon Power

TranSIstors & v v ittt its ettt ittt ettt e .. b8
... .Handling Considerations for MOS Integrated Circuits ... 706
... .Radiation Resistance of COS/MOS CD4000A Series .................. 716

Types Screened to MIL-STD-883.......

...................... 714

.. . .High-Reliability CA3000 Slash (/) Series Types Screened

to MIL-STD-883 .....
. .High-Reliability MIL-M-38510 CA3000-Series Types
Operating Considerations for RCA Solid-State Devices .......

High-Reliability COS/MOS MIL-M-38510 CD4000A-Series Types ........ 720

e 415
............. Loel 421
e 740



Introduction to High-Reliability Solid-State Devices

The advent of the transistor in 1948 marked a dramatic
step forward in the potential reliability of electronic
equipment. Much of this solid-state reliability potential
has been realized and, without doubt, has played a key
role in the phenomenal growth and diversification of
electronics over the past two decades. In spite of this
achievement, however, the demand and need for greater
reliability assurance in solid-state devices continues to
grow.

Electronic systems continue to grow more complex
as more comprehensive functions are provided. In the
process, greater quantities, or more sophisticated and
complex devices are used. The development cycle for
systems continues to decrease so that less and less time
is available for component reliability testing in operating
systems. Electronics systems are becoming interlocked
with huge dollar investments, with the social and politi-
cal fabric of society, and with vital national security
to such a degree that a system failure may have
immediate and visible impact. Consumers are demand-
ing better warranties at a time when service costs are
rising rapidly . Further, a dynamic solid-state technology
rapidly generates new devices that offer even greater
functional and reliability potential.

Solid-state devices classified as high-reliability types
have come to be primarily associated with military and
aerospace applications. In many ways, this association
is misleading because the commercial equipment market
is probably the largest user of high-reliability products,
but not necessarily by that label. Military and aerospace
agencies, however, have been largely responsible for
establishment of comprehensive published reliability
specifications and standards which have been accepted
by the solid-state industry. MIL standards dominate
the procedures used to specify high-reliability solid-state
devices and represent a common reference point fre-
quently used by commercial users to define their require-
ments.

Commercial High-Reliability Requirements

The dominant market for solid-state devices today
is commercial. The bulk of the parts produced are ini-
tially designed, developed, and manufactured to meet
specific functional, quality, and reliability needs of a
class of commercial electronic equipment. Commercial
equipment tends to be evolutionary and to be produced
continuously over longer periods and in larger quantities
than is the case with equipment for military and aero-
space systems. At the outset, the commercial user is
more likely, than is the military and aerospace user,
to be involved in influencing the solid-state device man-
ufacturer to his particular functional and economic
requirements. His opportunity to evaluate early devices
and influence corrective measures for his application
is greater. All these factors enhance the ability of both
the solid-state manufacturer and the user to reach a

balance between reliability and economics which matches
a particular need.

One of the most important factors, which brings lower
cost to the commercial user without sacrifice in reliabil-
ity, is his ability, together with that of the manufacturer,
to identify accurately over a period of time a few rela-
tively simple controls and/or screens which can be used
to effectively eliminate potential failures in his particular
application. This ability is possible because his applica-
tion is specific and continuous, and device volumes
are ' considerable. The commercial user generally
achieves the reliability he requires without elaborate
specifications and with a minimum of administrative
procedures.

Military and Aerospace Higbh-Reliability
Requirements

Military and aerospace requirements for high-
reliability solid-state devices are extremely large and
diverse, not only in terms of performance, operating
conditions, and reliability, but also in terms of logistics
and procurement. As a result of these requirements,
the military services have jointly developed specifica-
tions and standards under which most military end-use
solid-state devices are procured. To simplify procure-
ment, logistics, and the development of reliability data,
MIL specs are not issued for the full spectrum of devices
manufactured; rather, they are restricted to those devices
for which significant need is demonstrated and are
specified so that the device can have as wide applicability
as possible. Although the limits for operating conditions
may exceed those required for some applications, they
simplify procurement and assure a supply of devices
for the majority of military equipment. These standards
also cover a wide range of requirements for the manufac-
turer on such things as:

(a) The procedure and requirements for a manufac-
turer to become certified to manufacture MIL-spec
parts.

(b) The requirements for qualifying parts.

(c) Product-assurance provisions in such areas as
quality control, inspection procedures, personnel
training, cleanliness, failure analysis, and documenta-
tion.

(d) Test methods and procedures.

(e) Marking and identification of product.

(f) Preservation and packing.

A large number of transistor types are covered by
published military specifications. Specifications for mi-
crocircuits (integrated circuits) are relatively new, and
only a limited number of military specifications have
been approved and issued. Many types of devices, both
transistors and integrated circuits, are not covered by
military specifications, either because they are too new
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or are not used in sufficient quantities. Many of these
devices offer the most recent technological advances
or have special performance characteristics which offer
advantages to the designer of high-reliability equipment.
RCA cooperates with the users of such devices in estab-
lishment of high-reliability specifications, patterned
after MIL standards, which allow these devices to be
approved for use in military and aerospace systems,
as well as commercial equipment. If the use warrants,
these specifications may be submitted by RCA, or the
user, to the cognizant military specification agency as
candidates for MIL approval as a standard type.

Most procurements of solid-state devices for military
systems are made by the equipment contractor from
the MIL-STD parts list as awards are received for
electronic equipment. Some military and aerospace
programs, because of their size, duration, or special
requirements (Minuteman and Apollo are two exam-
ples), require that special specifications and process
methods, or even special production lines, be established
and tailored to the particular functional, reliability, and
economic needs of the program. RCA Solid State Divi-
sion has frequently used the resources of its laboratories,
production facilities, and expert technical staff to con-
tribute to the success of such programs.

Military Specifications

There are two major military specifications used for
the procurement of standard solid-state devices by the
military. These specifications are MIL-S-19500, which
covers devices such as discrete transistors, thyristors,
and diodes, and MIL-M-38510, which covers microcir-
cuits, both hybrid and monolithic.

MIL-S-19500 is the specification for the familiar
““JAN’’ transistors. Detailed electrical specifications are
prepared as needed by the three military services and
coordinated by the Defense Electronic Supply Center.
At present, approximately five hundred detailed electri-
cal specifications are included in the MIL-S-19500 sys-
tem.

Three levels of reliability, JAN, TX, and TXV, are
defined by MIL-S-19500. Devices designated as JAN
types receive lot screening only and are the least expen-
sive. Devices designated as TX receive some 100-
per-cent screening (primarily burn-in) and a tight lot-
sampling plan. Not all detailed specifications include
TX requirements. Devices designated as TXV are tested
the same as TX devices; however, they receive an addi-
tional visual inspection prior to sealing the package.
Only a few detailed specifications include TXV testing.

The Defense Electronic Supply Center maintains a
“‘Qualified Products List’” of all vendors qualified to
produce devices in accordance with MIL-S-19500. This
list is published periodically and is available to manufac-
turers of military equipment. NASA, to date, has not
been a heavy user of MIL-S-19500, preferring instead
to procure devices to their own specifications.

MIL-M-38510 s the relatively new military specifica-
tion for microcircuits. This specification is far more
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demanding than MIL-S-19500 and presently only a few
vendors have parts on the Qualified Products List. MIL-
M-38510 also defines three levels (classes A, B, and
C) of reliability testing. These levels, however, are
markedly different from those defined by MIL-S-19500.
Class A, the highest level, is intended primarily for
flight and other highly critical applications. Class A
devices undergo a lengthy list of 100-per-cent screens,
plus a tight lot-sampling plan. Class B devices are -
intended for general military usage and undergo less
(but still extensive) 100-per-cent testing than Class A
units. Class C devices undergo the least amount of
100-per-cent testing and are, of course, the least expen-
sive.

Approximately 40 detailed specifications are currently
included in the MIL-M-38510 system. A Qualified
Products List for these devices is maintained by the De-
fense Electronic Supply Center. NASA is now start-
ing to use MIL-M-38510 specifications.

Both MIL-M-38510 and MIL-S-19500 attempt to
make available to the designer of military equipment
a list of standard, qualified, general-purpose parts which
are acceptable to the military. Although MIL-S-19500
and MIL-M-38510 do not cover every solid-state device
available on the market, and do not attempt to do so,
enough devices are available to build the majority of
military equipment. Use of these devices makes the
job of spare-parts inventory far simpler for the military
and the job of specification negotiations far easier for
the equipment manufacturer.

Special Terms and Definitions

Acceptable Quality Level (AQL) is the maximum
percent defective (or the maximum number of defects
per hundred units) that for purposes of sampling inspec-
tion, can be considered satisfactory as a process average.

Acceptable Reliability Level (ARL) is a nominal
value expressed in terms of percent failures per 1000
operating hours specified for acceptance of parts or
equipment. It is the level of reliability that will be ac-
cepted at some confidence level by a reliability sampling
plan.

Acceptance/Rejection Criteria is the extent of defec-
tiveness allowed in a sample of tested product which will
assure the quality level specified.

Assignable Causes of Variation are other-than-
chance causes, such as unexpected and abnormal varia-
tions in material and machines, lack of skill or careless-
ness in manual operations, abnormal changes in power
supply, rough handling, etc. These causes normally can
be identified and eliminated economically.

Average is the arithmetic mean of a set of n numbers.
‘I'he average is obtained by dividing the sum of the
numbers by n.

Average Outgoing Quality (AOQ) is the average
outgoing quality of product after 100 percent inspection
of rejected lots, with replacement by good units of all
defective units found in inspection.



Average Outgoing Quality Limit (AOQL) (in out-
going product after inspection) is the maximum value of
the AOQ that a sampling plan will assure over a long
period of time, no matter how defective the product may
be when submitted for inspection.

Indifference Quality Level (IQL) is the product
quality which will be accepted as often as it is rejected. It
has a 0.50 probability of acceptance.

Burn-in is a process of ‘‘shakedown’’ operation of
each item of finished product that is performed prior to
placing the item in use.

Catastrophic Failure is a sudden change in the
operating characteristics of the product which would
cause the item to be inoperative (e.g., circuit opens or
shorts, structural failure, etc.).

Chance or Random Failure is a failure that occurs at
random within the operational time of the product after
all efforts have been made to eliminate design and before
wear-out becomes the predominant cause of failure.

Characteristic is a trait, property, or feature of a
specified item, type of item, or group of items.

Confidence Level is the degree of desired trust or
assurance in a given result. A confidence level, which
always is associated with some assertion, measures the
probability that a given assertion is true.

Confidence Interval is a range of values that is be-
lieved to include, with a preassigned degree of confi-
dence (confidence level), the true value of a characteris-
tic of the lot or universe for a given percentage of the
time. For example, 95% confidence limits for a sample
of 10 with a ratio of successes to total number tested of
0.9 (9 successes and 1 failure) would be 0.54 and 1.0;
that is, even with an observed success ratio of 0.9 (90%),
the best that can be said is that the true ratio lies between
0.54 (54%) and 1.0 (100%) as estimated 95% of the
time.

Consumer’s (Beta, 8) Risk is the probability that a
sampling plan will accept unsatisfactory material.
Consumer’s risk normally is associated with the lot tol-
erance percent defective (LTPD) having a probability
of acceptance of 0.10.

Control Chart (Quality) is a chart identifying the
expected level of a characteristic and statistical control
limits placed above and/or below this level. Successive
values of some quality measure (e.g., defects-per-unit,
defectives, percent defective, averages, etc.) are plotted
on this chart for judging patterns and significant varia-
tions in the characteristic.

Control Limits (Quality) are the statistical limits
(usually designated in multiples of the standard devia-

tion) of the characteristic measured, such as defects per
unit, defectives, percent defective, averages, etc., about
the expected level. Values fluctuating within the control
limits are considered comparable to the expected quality
level. Value falling outside these limits indicate a sig-
nificant change in the measured characteristic.

Defect is the occurrence, in an individual element or
part, of a characteristic which fails to meet the specified
standard.

Defective is the status of an individual article that
contains one or more defects.

Degradation Failure is a failure that results from a
gradual change in performance characteristics with time
to a value outside the specified limits of the product but
would not cause the item to be inoperative.

Environment is the aggregate of all the conditions
and influences that can affect the operation of the product
(e.g., temperature, humidity, acceleration, shock, vibra-
tion, radiation, etc.).

Failure Mechanism is the basic physical or chemical
cause for failure.

Failure Mode is the characteristic which was ob-
served to fail.

Failure Rate is defined as the number of failures
within a time interval. In the case of exponentially distri-
buted times-to-failure, the failure rate is defined as the
reciprocal of mean-time-to-failure (i.e., failure rate
equals 1/m, where m is the mean time between failures).

Heterogeneity is a state or conditions of dissimilarity
of nature, kind, or de_gree.

Homogeneity is a state or condition of similarity of
nature, kind, or degree.

Inherent Reliability is maximum reliability attaina-
ble with an item of a particular design.

Inspection (Final) is the application of an inspection
act, just prior to shipment of the product. Shipment in
this case may be to the customer, to a storage area, or to
assembly shops within RCA, where the product in ques-
tion becomes a component of a larger unit of product.

Inspection (Process) is the application of an inspec-
tion act at various stages in the manufacturing process
prior to the final stage.

Inspection Act is the determination of conformance
to specified requirements and general standards of ac-
ceptable workmanship.

Inspection Item is any specific requirement, charac-
teristic, or feature for which inspection is made.
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- Inspection Lot, for purposes of-acceptarice—sampling
inspection, is defined as an aggregation of articles sub-
mitted for inspection at one time that has been produced,
as far as practicable, under what are judged to be essen-
tially the same conditions.

Inspection Point is a designated position within the
manufacturing process at which inspection effort is ap-
plied. T

Inspection by Attributes is the determination of con-
formance of a particular inspection item without refer-
ence to degree or magnitude. For example, go/no-go
testing.

Inspection by Variables consists of a determination
of the magnitude of the characteristic covered by the
inspection item and use of approved statistical quality
control techniques to determine conformance to specifi-
cations.

Lambda, \ (Life Test Failure Rate) is defined as the
lot tolerance percent defective (LTPD) per 1000 hours.

Lot Tolerance Percent Defective (LTPD) is the per-
cent defective of a sampling plan for which the probabil-
ity of acceptance is low (commonly 10% probability of
acceptance unless otherwise stated).

Mean Time Between Failures (MTBF) is the aver-
age time between failures.

Operating Time is the time during which lsower is
applied to an item.

Parameter is a quantity or value that remains constant
within a given set of conditions (i.e., is subject to change
only if the conditions change).

Population (Universe) is the total collection of units
from a common source.

Precision is the degree to which repeated observations
of a class of measurements conform to themselves.

Process Average is the average percent defective or
average number of defects per hundred units of product
found during initial inspection. Initial inspection is the
first inspection of product.(as distinguished from inspec-
tion of product resubmitted after prior rejections) and
includes only first sample results where multiple samp-
ling plans are used. ’

Producer’s (Alpha, o) Risk is the probability that a
sampling plan will reject satisfactory material. Produc-
ers risk normally is associated with a percent defective
which has a probability of rejection of 0.05.
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Random Selection is the selection of items from a
population in a manner such that each item has an equal
and independent chance of being elected.

Range is the difference between the greatest and the
least of a set of variate values.

Real Time Control is a continuous acceptance and
interpolation of data against established criteria.

Redundancy is the existence of more than one means
for accomplishing a given task in which more than one
means must fail before there is an overall failure of the
system.

Reliability (Mathematical) is the probability of an
item performing its intended purpose for a specified
period of time under given conditions.

Sample is a group of items chosen by random selec-
tion.

Sampling Inspection is a random and representative
selection of a portion of the units from a lot in accordance
with the specified sampling plan. Each unit in the
selected sample is inspected to determine whether or not
each unit conforms to specification requirements.

Sampling Plan is an inspection plan that specifies
sample sizes and criteria for accepting or rejecting an
inspection lot based on the results of inspecting the
sample.

Shelf Life is the length of time an item can be stored
under specified conditions and still meet specified re-
quirements with a specified level of assurance.

Specification is a detailed description of the charac-
teristics of a product and of the criteria that must be used
for determining whether the product conforms to the
description.

State of the Art is the level at which technology has
been developed at any period of time.

Stratified Sample is a group of items selected from
sublots so that the number of items included in the
sample from each sublot is proportional to the size of the
sublot. Random selection of items from within each
sublot is required.

Tolerance is the allowable variation in measurements
within which an item is judged acceptable.

Useful Life is the total operating time between burn-in
and wear-out.

Variables Testing is a test procedure in which the
items under test are classified according to quantitative,
rather than qualitative, measure of characteristics.



High-Reliability
Power Transistors



High-Reliability Power Transistors

A number of factors such as second breakdown,
power dissipation, current and voltage ratings, max-
imum operating areas, temperature, and thermal-fatigue
considerations affect the performance and reliability of
power transistors in various circuit applications. These
factors define the maximum limits of reliable transistor
operation for both steady-state and pulsed conditions.
Each of these factors must be given careful consideration
in the development and production of power transistors
for military, aerospace, and critical industrial applica-
tions for which high reliability is a prime objective.
In such applications, replacement of defective parts is
often difficult or impossible or may result in considerable
expense. Care must be taken to assure that field failure
rates are held to an absolute minimum. The following
guidelines should be followed in an effort to achieve
this objective.

Electrical Considerations:

Voltage Device voltages should be limited to 70

Breakdowns  per-cent of the maximum rates values.

Current A margin of 15 to 20 per cent above the

Gain required values should be provided to
allow for degradation.

Second- Sufficient Isp protection must be provid-

Breakdown  ed for forward-bias conditions and suffi-

Energy Tests

cient Esp protection must be provided
for inductive circuits.

Reliability Considerations:

High- Such tests are required to guarantee high-

Temperature temperature performance.

Tests

Low-Level Test for stability.

Leakage

Tests

Delta Adequate heat sinks must be provided

Temperature so that case temperature is held to a

Tests minimum.

Operating Device operating temperatures should be

Temperature limited to 50 to 75 per cent of maximum
rated values.

Transistor  Circuits should include provisions to pro-

Protection  tect power transistors against electrical
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transients.

Second Breakdown

Second breakdown is a potentially destructive
phenomenon that can occur in all power transistors
within the maximum current and voltage ratings of the
device. A simplified explanation is that localized ther-
mal regeneration occurs, and the transistor exhibits a
lower value of breakdown voltage, referred to as the
““second breakdown’’. The lower value of voltage
results from thermal generation of charge-carrier pairs
(holes and electrons) at high localized temperatures
which alter the conductivity of the semiconductor in
that vicinity. This localized effect reduces the ability
of the transistor to support the applied voltage. Fig.
2-1 shows qualitatively what happens under primary
or second breakdown.
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Fig. 2-1- Primary and secondary breakdown voltages.

Reverse-Bias Second Breakdown—Reverse-
bias second breakdown is a phenomenon that may occur
when the collector current continues to flow under
reverse-bias conditions and causes the injected current
to be concentrated in the central portions of the emitter,
in contrast to the normal edge injection of the current.
If the injected current is severely restricted to a very
small central area by a large reverse emitter-base bias,
the current density can rise to very large levels—in
the order of thousands of amperes per square centimeter.
If the collector of the transistor is of high-resistivity
suicon, the hign current density may inject a density
of charge carriers that is equal to or greater than the
collector impurity density. In this local region, the base
widens and the collector depletion layer expands until
the injected current density is smaller than the collector
impurity density. If the current density is sufficiently
high, the collector depletion layer expands to a more
heavily doped colleetor region, such as an epitaxial sub-
state. When the collector depletion layer expands,
the collector breakdown voltage is governed by the
impurity gradient related to the base doping and the
heavily doped collector. The collector breakdown vol-
tage normally supports only a fraction of the original



voltage, and the second-breakdown voltage results. The
thermal effects from the large current densities also con-
tribute to the regeneration process. Fig. 2-2 shows the
process of reverse-bias second breakdown.

HIGH CURRENT INITIAL COLLECTOR
DENSITY DOPING LEVEL

SECOND BREAKDOWN

REPRESENTATIVE
OLLECTOR SUBSTRATE

DOPING LEVEL AT

SECOND BREAKDOWN

EMITTER '

VOLTAGE
BREAKDOWN
(LOG SCALE)

COLLECTOR
SUBSTRATE

COLLECTOR
DOPING IMPURITY
{LOG SCALE)

COLLAPSE OF COLLECTOR-
DEPLETION LAYER TO
COLLECTOR SUBSTRATE

Fig. 2-2— Reverse-bias second breakdown.

In an inductive circuit, a situation exists such that
collector current flows in the forward direction while
the transistor is being turned off, and a high voltage
is induced across the device. As a result, the transistor
enters the sustaining region. The hot spot that forms
during reverse-bias second breakdown may then be
generated by current crowding in the depletion region,
as shown in Fig. 2-3.

DIRECTION OF TRANSVERSE

BASE FIEL
TRANSISTOR—\
— 3 .
A A AVW= B

DEPLETION REGION

Fig. 2-3-Cross section showing current crowding that
occurs during reverse-bias second
breakdown.

The reverse base current that flows laterally through
the base region creates an electric field. For an n-p-n
transistor, electrons flow from the emitter to the collector
across the base region. The field causes these carriers
to flow mainly from the center of the emitter, because
the emitter-base forward bias is greatest at this point.
Because the device is in the sustaining region as a result
of circuit conditions, a depletion region is present. Car-
riers (electrons) that flow across this region, which
resembles two plates of a capacitor, decrease in poten-
tial. Therefore, energy is transformed to heat and causes
a hot spot and possibly reverse-bias second breakdown
(Esw). Typical examples of this situation are circuits,
such as those shown in Fig. 2-4, in which an unclamped
inductive load or a non-commutated leakage inductance
is present.

Anything that increases the transverse base field ag-
gravates hot-spot formation. Therefore, higher reverse
base currents that result from decreased base-drive resist-
ance or higher reverse voltages diminish Esp capabil-

UNCLAMPED
INDUCTIVE
LOAD

G5

NONCOMMUTATED

(a)

INDUCTANCE

Fig. 2-4— Examples of (a) unclamped inductive loads
and (b) uncommutated leakage induct-
ance.

ity, as shown in Fig. 2-5. This figure shows the effect
of variations in the external base-to-emitter resistance
ReE, the reverse base-to-emitter voltage Vee, and the
load inductance L.

8+
. Es/b /
Ree
Py Essb \
RBE ~VBE
-Vge Essb \
L
ta) (b)

Fig. 2-5-(a) Typical inductive-load circuit and (b) variation
of second-breakdown capability as a function of
circuit parameters.

A test set which makes the measurement of reverse-
bias second breakdown possible and also protects the
transistor being tested is shown in Fig. 2-6. A test
cycle includes the following steps:

1. The transistor is driven to the desired collector-
current level in saturation.
2. The transistor is reverse-biased.
3. The transistor enters the sustaining region,
VCEX(sus).
4. Energy is absorbed by the transistor.

If failure occurs, high-frequency noise is sensed at
the base of the transistor. A ‘‘crowbar’’ (transistor)
in parallel with the transistor being tested is then turned
on, and energy is shunted through this ‘‘crowbar’’ t
protect the transistor undergoing the test. Fig. 2-7 shows
the voltage-current relationship during the reverse-bias
second-breakdown (Esn) test.

Forward-Bias Second Breakdown—Forward-
bias second breakdown is somewhat different from
reverse-bias second breakdown. As shown in Fig. 2-8,
the localized heating results because the current density
J crosses the depletion region (collector field) Ve to
yield a power density P. As P increases, more current
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Fig. 2-8- Forward-bias second breakdown.

is injected into the localized area. The increase in current
is caused by a decrease in the localized VBe, at an
approximate rate of 2 millivolts per °C. The local system
becomes regenerative as more heat from the increased
power density reduces Vee and thereby increases the
current injection.
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The forward-bias second-breakdown current, Isp,
is defined as the current at the onset of second break-
down, and is closely related to the collector field Ve,
the current density J, and other properties of the transis-
tor. Forward-bias second breakdown is also related to
charge-carrier transit time across the base region, and
is controlled by base width and any accelerating fields
that exist in the base. The longer the transit time required
for the charge carrier to cross the base, the more lateral
diffusion of the charge and thus the greater the reduction
in the current density at the edge of the collector deple-
tion layer. This diffusion effect, referred to as ‘‘fan-
out,”’ is enhanced by wide base widths and homogene-
ously doped bases. Because the forward-bias second
breakdown is related to the base width, it is also related
to frequency response. For a given structure, this fre-
quency relationship is expressed by the following empir-
ical equation:

1

IS/b ~ ﬁ

Operation in the forward-bias region subjects the
transistor to simultaneous current and voltage. This con-
dition causes current concentrations as previously dis-
cussed. This type of rating must be considered for all
linear applications of transistors.

The block diagram of a nondestructive second-
breakdown test set is shown in Fig. 2-9. The transistor
under test is in series with a pass transistor and is driven
by a differential amplifier at a current level selected
by the operator. The level selected is independent of
transistor current-transfer ratio. The pass transistor is
operated out of saturation, so that fast turn-off is possi-
ble. A second differential amplifier senses the voltage
across the pass transistor and the 1-ohm resistor in series
with it. This voltage is held constant throughout the
test to improve the accuracy of the second-
breakdown voltage reading. The circuit is arranged so
that only the collector current of the transistor under
test passes through the 1-ohm resistor. The voltage
across this resistor, therefore, provides an accurate indi-
cation of collector current.

REFERENCE

Fig. 2-9- Block diagram of test set for forward-bias second-
breakdown current (Is).



The onset of second breakdown is detected by use
of the primary of a pulse transformer connected in series
with the collector of the transistor under test. Under
second-breakdown conditions, the rapid rate of rise of
collector current induces a voltage L(di/dt) in the trans-
former secondary which is coupled to the input circuit
of the series pass transistor. This voltage turns off the
series pass transistor in one microsecond. Simultane-
ously, a voltage is developed across the transformer
primary of a polarity that immediately reduces the vol-
tage across the transistor under test. The inductance
of the transformer also aids in limiting immediate current
rise in the transistor being tested.

The test-set characteristics, together with the protec-
tive cutout circuit, prevent damage to the transistor dur-
ing the second-breakdown test. The complete cutout
time of the actual test set is approximately one mi-
crosecond; this value is sufficient to prevent destruction
of any transistor currently available.

The pulse width of the voltage and current applied
to the transistor under test can be varied from 0.5 mil-
lisecond to several seconds. For dc second-breakdown
tests, a pulse width of 0.5 to 2 seconds is required
because the thermal time constant of the power-transistor
pellet and mounting block may be several tenths of
a second.

A comparison of energy-handling capability for
several transistor structures is shown in Table 2-1.

Table 2-1-Comparison of Energy-Handling Capability

Forward Bias
Energy Handling Reverse-Bias

Ic x Vceo -
(1-Second pulse) 2t VCEO Limit Energy Egyp
J mJ
Doped - mv
2N5240 0.08 x 300 24 1.6
2N5840 0.02 x 350 7.0 0.45
Double-diffused, double-epitaxial
2N5038 0.25 x 90 225 13
2N5672 0.12 x 120 14.4 20
2N6032 0.05 x 120 6 40
2N3879 0.09 x 75 6.85 1.0
Hometaxial- Base
2N5578  1.5x 70 105 800
2N3055 1.9 x 60 115 170
2N3773 0.6 x 140 84 310

Inductive Voltage-Breakdown Testing

In most practical applications of transistors, the high-
est voltage that appears across the transistor results from
the turn-off of the transistor, because the transistor
switches from a high-current ‘‘on’’ state to a ‘‘cut-off”’
state. Inductive testing simulates this condition very
closely, as shown in Fig. 2-10. Curve-tracer testing,
on the other hand, subjects the transistor to an increasing
voltage until the required current is achieved; i.e., the
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COLLECTOR-TO-EMITTER
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Fig. 2-10-Inductive voltage-breakdown testing of a
transistor: (a) load line; (b) test circuit.

high-current, high-voltage measuring point is
approached from the other direction with the collector
current Ic lagging the collector-to-emitter voltage Vce,
as shown in Fig. 2-11. Unless sufficient current is
supplied to the place the transistor in the sustaining
region, the breakdown voltage measured is artificially
high. If this high current is passed through a transistor
with a high breakdown voltage, a high dissipation
results. This dissipation is not uniformly distributed over
the whole junction, but tends to concentrate in the spots
with the lowest breakdown. This concentration is further
aggravated when the base-to-emitter junction is reverse-
biased. The small areas that break down first form hot
spots. These hot spots result in further current concentra-
tion with time, and possible device destruction. Fig.
2-12 shows the test circuit used in the curve-tracer test.

TEST POINT
SUSTAINING
REGION
ARTIFICIALLY HIGH
VOLTAGE READINGS
AT LOW CI'JRRENTS

COLLECTOR CURRENT (I¢)

COLLECTOR-TO-EMITTER VOLTAGE (Vcg)

Fig. 2-11- Load line for curve-tracer voltage-breakdown
testing.

R Limiming

Fig. 2-12- Test setup for curve-tracer voltage-breakdown
testing.

The 8-mullisecond sweep of a curve tracer is relatively
slow compared to inductive sweeping. This sweep
allows time for the current to concentrate and to deliver
an,appreciable and variable amount of energy. Inductive
testing, on the other hand, delivers a relatively fixed
amount of energy in a short time (0.6 millisecond max-
imum for the 2N4348 transistor). Less concentration
of current is allowed, and the test is potentially less
destructive and provides a more realistic rating. Curve-
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tracer testing may reject transistors that will operate
satisfactorily in any practical application because the
opportunity for the occurrence of hot spots is increased,
and lower values of Vceo are measured.

Effect of Temperature on Silicon Transistors

The characteristics of transistors vary with changes
in temperature. In view of the fact that most circuits
operate over a wide range of environments, a good
circuit design should compensate for such changes so
that operation is not adversely affected by the tempera-
ture dependence of the transistors.

Current Gain—The effect of temperature on the gain
of a silicon transistor is dependent upon the level of
the collector current, as shown in Fig. 2-13. At the lower
current levels, the current-gain parameter hre increases
with temperature. At higher currents, however, hre
may increase or decrease with a rise in temperature
because it is a complex function of many components.

CURRENT GAIN (hgg)

COLLECTOR CURRENT (Ic)

‘Fig. 2-13-Current gain as a function of collector current
at different temperatures.

Base-to-Emitter Voltage—Fig. 2-14 shows the
effect of changes in temperature on the base-to-emitter
voltage (Vae) of silicon transistors. Two factors, the
‘base resistance (wv') and the height of the potential
barrier at the base-emitter junction (Vse'), influence
and behavior of the base-to-emitter voltage. As the tem-
perature rises, material resistivity increases; as a result,
the value of the.base resistance mv’ becomes greater.
The barrier potential Ve’ of the base-emitter junction,
however, decreases with temperature. The following
equation shows the relationship between the base-
to-emitter voltage and the two temperature-dependent
factors:

VBE =IB rpp’ + VBE’
I

Tbb' + VBE'
hpg BE

As indicated by this equation, the base-to-emitter volt-
age diminishes with a rise in temnerature for low values
of collector current, but tends to increase with a rise
in temperature for higher values of collector current.

Collector-to-Emitter Saturation Voltage—The

collector-to-emitter saturation voltage Vce(sat) is
affected primarily by collector resistivity (p.) and the
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Fig. 2-14- Collector current as a function of base-to-emitter
voltage at different temperatures.

amount by which the natural gain of the device (hre)
exceeds the gain with which the circuit drives the device
into saturation. This latter gain is known as the forced
gain (hrer).

At lower collector currents, the natural hre of a
transistor increases with temperature, and the IR drop
in the transistor is small. The collector-to-emitter satura-
tion voltage, therefore, diminishes with increasing tem-
perature if the circuit continues to maintain the same
forced gain. At higher collector currents, however, the
IR drop increases, and gain may decrease. This decrease
in gain causes the collector-to-emitter saturation voltage
to increase and possibly to exceed the room-temperature
(25°C) value. Fig. 2-15 shows the effect of temperature
on the collector-to-emitter saturation voltage.

2540

'l«". ©

COLLECTOR-TO-EMITTER
SATURATION VOLTAGE [Vcg (sat)]

COLLECTOR CURRENT (I¢)
Fig. 2-15- Collector current as a function of collector-to-
emitter saturation voltage at differenttemperatures.

Collector Leakage Currents—Reverse collector
current is a resultant of three components, as shown
by the following equation:

Ir=Ip+ig+Iig

Fig. 2-16 shows the variations of these components
with temperature.

REVERSE COLLECTOR
CURRENT (LR) COMPONENTS

TEMPERATURE

Fig. 2-16- Reverse collector current as a function of
temperature.



The diffusion or saturation current Ip is a result of
carriers that diffuse to the collector-base junction and
are accelerated across the depletion region. This compo-
nent is small until temperatures near 175°C are reached.
The component Ic results from charge-generated car-
riers that are created by the flow of diffusion carriers
across the depletion region. This component increases
rapidly with temperature. Ip and I are referred to
as bulk leakages. The term Is represents surface leakage
which is caused by local inversion, channeling, ions,
and moisture. This leakage component is dependent
on many factors, and its variations with changes in
temperature are difficult to predict.

At low temperatures, either surface or bulk leakage
can be the dominant leakage factor, particularly in tran-
sistors that employ a mesa structure. At high tempera-
tures, charge-generated carriers and diffusion current
are the major causes of leakage in both mesa and planar
transistor structures; the current I, therefore, is the
dominant leakage component. Because of the dominance
of surface leakage Is at low temperatures and the fact
that this leakage may vary either directly or inversely
with temperature, it is not possible to define a constant
ratio of the leakage current at low temperatures to that
at high temperatures. In view of the fact that power
transistors are normally operated at high junction tem-
peratures, it is more meaningful to compare the leakage
characteristics of both mesa and planar transistors at
high temperatures. The relative reliability of different
types of power transistors, which is in no way related
to the magnitude of low-temperature leakage current,
is also best compared at high temperatures.

Pulsed Safe-Area Systems

On the basis of the heat storage in the thermal mass
of the silicon chip and its mounting system, the peak
power-handling capability of transistors increases with
decreases in pulse duration. Fig. 2-17 shows normalized
thermal resistance Nr as a function of time for a specific
transistor and indicates that power substantially higher
than rated steady-state values may be applied for short
periods of time without exceeding the maximum rated
junction temperature. These values of increased power
correspond to (1/Nr) P(sc), where 1/Nr is the nor-
malized power multiplier and P(«) is the steady-state
power rating at the case temperature of interest.
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Fig. 2-17- Normalized thermal resistance.

The dissipation-limited region of the pulsed safe-area
rating chart shown in Fig. 2-18 is prepared by use of
the normalized thermal resistance from the following
equation:

Pgiss= [Ty(max) - T} /63.c(NR)

This equation indicates a constant-power curve which
can be represented on a log-log volt-ampere graph by
a straight line that has a slope of -1 (from I = PV-1).

The pulsed power curves are usually calculated and
then verified by nondestructive tests along the constant-
power curves from low to higher voltages. When dissipa-
tion is the only limiting factor, the -1 slope is continued
to the transistor forward-biased avalanche breakdown
voltage rating, at which point Vamv = 1 and may be
approximated by Vceo(sus). When second breakdown
(Isp) is the limiting factor, the slope changes from
-1 toahigher value, usually between-1.5 and -4, accord-
ing to the following relationship:

Ig/p =PVN
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Fig. 2-19 shows the derating curve for operation of
a power transistor at case temperatures above 25°C.
The Isp limit is derated less with increasing temperature
than the dissipation limit because the concentration of
current that results in circuit breakdown is less severe
than dissipation factors as temperature increases.
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Fig. 2-19-~ Derating curve for case temperatures above 25°C.
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For pulsed operation, the derating factor shown in
Fig. 2-19 must be applied to the appropriate curve on
the safe-area rating chart. For the derating, the effective
case temperature Tc(eff) may be approximated by the
average junction temperature Tj(av). The average junc-
tion temperature is determined as follows:

Tj@@a) =Tc+Pay (65.C)
This approach results in a conservative rating for the
pulsed capability of the transistor. A more accurate
determination can be made by computation of actual
instantaneous junction temperatures.

Depending upon whether time markers can be placed
along the load line, two methods are available to deter-
mine whether a transistor will be operated within its
safe-area limits in a given circuit.

1. Without Time Markers: The energy of the load
line is concentrated at a single point (Iv, Vw) at which
the greatest load-line penetration outside the safe area
occurs. Multiplication of the waveforms of collector
current I¢ and the collector-to-emitter voltage Vcu:
yields a waveform of instantaneous power as a function
of time. Integration of one cycle of this instantaneous-
power waveform results in an energy E. The width
(t») of an equivalent pulse may be determined as follows:

tp = E/Vw Iw

The voltage Vw, the current Iw, and the pulse width
t» are compared to the corresponding values of the pulsed
safe arca on the derated curves.

2. With Time Markers: If time-marked load lines
are available, either through the use of dual-trace
waveforms of collector-to-emitter voltage and collector
current as a function of time or Z-axis modulation of

oscilloscope traces, an alternative approach -may be
used. The marked load line is sketched on the derated
curves. If the transistor is being operated in the safe
area, the trace time of the portion of the load line that
extends outside a given pulsed safe area  should not
be greater than the specified pulsed width for that safe
area. For example, the load line should not spend more
than I millisecond outside the 1-millisecond safe area.

Thermal Fatigue

Significant temperature variations occur in power
transistors because of changes in ambient temperature
and in the power dissipation during operation. These
variations in temperature result in cyclic mechanical
stresses at the interface of the semiconductor pellet and
the metal header to which the pellet is bonded because
of the difference in the thermal expansions of these
parts. These stresses are a function of the difference
in the coefficients of thermal expansion of the semicon-
ductor and metallic materials, of the change in tempera-
ture at the interface, and of the dimensions of the inter-
face. )

Power transistors are subjected to thermal-cycling
stresses in all practical applications. Table 2-2 lists
examples of the thermal cycling that a power transistor
may be required to withstand in several typical applica-
tions. These data show that the thermal-cycling require-
ments may be very severe even in some of the more
common types of applications. The cyclic stresses pro-
duced by the continuous thermal cycling may result
in dislocation *‘pile-ups’’ at points of discontinuity such
as may be produced by voids and impurities. Such dislo-
cations cause localized hardening and cracks that may
eventually lead to transistor failures. This type of failure

Table 2-2 — Thermal-Cycling Requirements, for Typical Applica-

tions of Power Transistors.

Minimum Equi t Typical Thermal-
i _— P |ATc ! WPMENt | Cycling Rating
Application Circuit w | c) Life Required Required
) (years) eycles)
Auto radio Class A 8 5 5,000
audio output Class AB 2 5 5,000
Power supply Series regu-
lator 50 5 5,000
Switching
regulator 15 5 5,000
Hi-Fi audio
amplifier Class AB 35 5 5,000
Computer power | Series ;
supply regulator 50 10 10,000
Computer peri- | Solenoid
pheral equip. driver 3 10 13 x 108
Television Vertical
: output 10 5 5,000
Audio output| 8 5 5,000
Sonar Linear
modulator amplifier 100 10 144 x 103
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may be considered simply as fatigue wearout that results
from continuous flexing of materials during thermal cyc-
ling.

Effect of Assembly Methods and Package
Material on Thermal-Cycling Capability—The
thermal-cycling stresses set up at the interface of two
dissimilar materials because of the difference .in the
coefficients of thermal expansion of the materials can
be reduced by insertion of a material that has an inter-
mediate expansion coefficient between them. Fig. 2-
20(a) illustrates the use of a molybdenum slab as an
expansion matcher in a silicon power transistor to reduce
the cyclic thermal stresses between the silicon pellet
and the copper header. Use of this technique can result
in significant improvement in the thermal-cycling capa-
bility of power transistors.

MOLYBDENUM SILICON DIE

LEAD-TIN
SOLDER

BRAZED
JOINT

COPPER SLUG
STEEL BASE
THERMAL COEFFICIENT

OF EXPANSION

MATERIAL X 107 PER °C
SILICON 42
MOLYBDENUM 4.9
COPPER 17.0
STEEL no
(a)
SILICON DIE

COPPER SLUG

STEEL BASE

(b)

Fig. 2-20- Cross section of a transistor that uses a molyb-
denum expansion matcher between pellet and
header; (b) cross section of a transistor in which
pellet is soldered directly to copper.

Use of silicon-gold eutectic bonding to attach the
semiconductor pellet to the header results in a pellet-
to-header joint that can withstand a very large number
of number of thermal cycles. When this type of hard-
solder bonding is used, however, the stress generated
because of a thermal mismatch is transmitted to the
pellet, which in most power transistors is made of sili-
con. Because silicon is relatively weak in tensile strength
and is highly ‘‘notched sensitive,”” the cyclic thermal
stresses may result in the propagation of cracks in the
silicon pellet unless either the pellet is very small or
an expansion matcher is used.

In most silicon power transistors, lead solder is used
to bond the pellet to the header. The cyclic thermal
stresses produced at the mounting interface are then
absorbed by non-elastic deformation of the soft solder
material, and very little stress is transmitted to the pellet.
The continuous flexing of the solder, however, may
eventually lead to fatigue failure in this material. Any
impurities in the solder results in dislocation pile-ups
that accelerate the failure. RCA has developed a process
that significantly reduces the impurities introduced into

the lead solder. Use of this proprietary *‘controlled sol-
der process’’ (CSP) makes it possible to avoid micro-
cracks that propagate to cause fatigue failures in power
transistors and, therefore, greatly increases the thermal-
cycling capability of these devices.

Thermal-Cycling Rating Chart—An equipment
manufacturer should make certain that power-transistor
circuits are designed so that cyclic thermal stresses are
mild enough to assure that no transistor fatigue failures
occur during the required operating life of this equip-
ment. Experimental results indicate that the thermal-
cycling capability of a power transistor can be predicted
by use of the following mechanical-activation energy
equation:

N = AeY./AT
where N is the number of cycles to failure, A is a
system constant, ys- is a constant proportional to the
mechanical-activation energy required to produce a
failure, and AT is proportional to the energy supplied
as a result of the change in temperature at the mounting
interface.

The above equation, together with empirical data,
forms the basis for a new thermal-cycling rating system
developed by RCA. This rating system, which is the
first of this type in the industry, shows the relationship
between total transistor power dissipation, the change
in case temperature, and the number of thermal cycles
that the transistor is rated to withstand.

Fig.2-21 shows atypical thermal-cycling rating chart.
This chart is provided in the form of a log-log presenta-
tion in which total transistor power dissipation is denoted
by the ordinate and the thermal-cycling capability
(number of cycles to failure) is indicated by the abscissa.
Rating curves are shown for various magnitudes of
change in case temperature. Use of this chart makes
it possible for a circuit designer to avoid transistor
thermal-fatigue failures during the operating life of this
equipment. In general, power dissipation is a fixed sys-
tem requirement. The designer also knows the number
of thermal cycles that a power transistor will be subjected
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Fig. 2-21—Thermal-cycling rating chart for an RCA hermetic
power transistor.
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to during the minimum required life of the equipment.
For these conditions, the chart indicates the maximum
allowable change in case temperature. (If the rating
point does not lie exactly on one of the rating curves,
the allowable change in case temperature can be approx-
imated by linear interpolation.) The designer can then
determine the minimum size of heat sink required to
restrict the change in case temperature within this max-
imum value.

Thermal-cycling ratings are included in the technical
data for all RCA silicon power transistor announced
since January 1, 1971. Similar ratings are being added
for earlier power transistors as sufficient date are accu-
mulated.

RCA experience in determining thermal-cycling rat-
ing has shown that package material is also a very impor-
tant consideration in relation to thermal fatigue. Com-
parison data on the RCA steel packages and aluminum
packages are given in the RCA Reliability Report,
‘‘Evaluation of Aluminum TO-3 Packages Under
Thermal-Cycling Conditions’” (AN-6071), shown later
in the section Application Notes on Power Transistors.

These data show that the thermal-cycling capability of
RCA’s steel package with its glass-to-stem seal, welded
cap, and controlled solder process is far superior (more
than an order of magnitude better) to that of a similar type
aluminum package and hard-solder mounting system.

Thermal-Fatigue Testing—The RCA thermal-
cycling ratings allow a circuit designer to use power
transistors with assurance that fatigue failures of these
devices will not occur during the minimum required life
of his equipment. These ratings provide valid indications
of the thermal-cycling capability of power transistors for
all types of operating conditions. On the basis of these
ratings, limiting conditions can be established during
circuit design so that the possibility of transistor
thermal-fatigue failures are avoided.

Obviously, all individual power transistors cannot be
tested to determine their thermal-cycling capability be-
cause such tests are expensive, time consuming, and
destructive. The validity of the RCA thermal-cycling
ratings results from the application of stringent process
controls at each step in the manufacture of power transis-
tors and from the testing of a statistically significant
number of samples. Thermal-cycling ratings for power

Table 2-3 — Thermal-Fatigue Performance

transistors provide the same type of assurance that a
device will not fail when operated within ratings as that
provided by the more familiar voltage, current, and
second-breakdown ratings.

During thermal-fatigue testing of power transistors,
the operating power for the device is usually equivalent
to that expected to be applied during normal operation.
The transistor is operated until the rise in case tempera-
ture is equal to the maximum value anticipated in the
intended application. The case temperature is then re-
duced to the initial value by use of forced-air or water
cooling. The cycle is repeated until failure occurs, as
indicated by a significant increase in the transistor ther-
mal resistance. The transistor heat sink and the timing of
the temperature-cycling are selected to simulate as
closely as possible the actual conditions that the transistor
will be subjected to in the actual application. Table 2-3
shows the results of thermal-fatigue tests on several
RCA transistors.

Effect of Radiation on RCA Power Transistors

There has been an increasing requirement for modern
military systems to be ‘‘radiation hard’’, i.e., resistant to
the effects of nuclear radiation. The electronic equip-
ment in these systems must be carefully designed to
achieve the required hardness. Solid-state devices have
been the subject of particularly close attention.

Nuclear radiation has two major effects on power
transistors. First, photocurrents generated by high-
intensity irradiation can cause transistor saturation and
possible circuit malfunction during the exposure. Sec-
ond, prolonged exposure to bombardment by heavy par-
ticles such as neutrons can cause permanent changes in
the transistor characteristics. These changes, which are
caused by displacement damage to the semiconductor
crystal, are primarily manifested as a decrease in transis-
tor gain and an increase in saturation voltages. Table 2-4
summarizes the basic considerations relative to both
displacement damage and photocurrents.

Power transistors must be optimally designed to
minimize these radiation effects and maintain the re-
quired power-handling capability. The key design
parameters are a thin low resistivity, low volume base,
and a collector as thin and as low in resistivity as possible
consistent with voltage breakdown requirements. Trans-

of some Typical RCA Power Transistors

" i Material to Change in Power No. of

Type Pellet Size MJ:;::? which Dieis | CSP | Case Tgemp. Dissipation Cycles
Mils x Mils Attached °c Watts to 10% Failure;

AIN3773* | 250 | 250 | Lead Copper No 42 85 1,000

2N3773 250 [ 250 Lead Molybdeum No 42 85 9,600

2N3772 250 | 250 | Lead Copper Yes 90 16 34.500%*

2N3055 180 | 180 | Lead Copper No 65 50 3.500
2IN3055 180 | 180 | Lead Copper Yes 90 6.7 40.000***
2N6032 230 | 230 | Silicon Molybdeum No 53 105 12,793**¥

Gold

2N5298 130 | 130 | Lead Copper No 50 18 10,000
2N5240 130 | 130 | Lead Copper Yes 4?2 51 8,500%**
2N5039 145 | 183 | Lead Copper Yes 73 59 10,000***

*  Early design. **  Test still operating.
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Table 2-4 — Effect of Nuclear Radiation on Power Transistors

Displacement Damage

Photocurrents

Cause Heavy particles, such as neutrons,
bombarding the transistor and creating
defects in the semiconductor material.
Decreases lifetime in the base and in-

creases collector resistivity.

Result Semipermanent gain degradation and
Increase in Vcesa, leakage, and
Vce. These changes are referred
to as semipermanent because anneal-
ing at several hundred degrees centig-
rade for a few hours recovers most of
the degradation.

Particles per square centimeter,
called fluence, designated by the
symbol &. The commonly used unit
for this parameter is neutrons per
square centimeter (n/cm?).

Radiation
Parameter

Relationship at  Formula commonly used to extrapo-
Different late gain degradation results from one
Radiation Levels fluence level to another.

l/bre2 = (1/hrer) + K@

where hre2 = post-radiation gain
hrel = pre-radiation gain

K! = damage constant in cm?/n
& = fluence in n/cm?

Cause High-intensity, high-energy radiation
such as gamma, X-rays, electrons,
neutrons, etc. generating electron-

hole pairs.

Result Relatively large currents lasting as
long as the transistor is exposed to
radiation.

Radiation is usually defined in terms
of rad(Si), where one rad(Si), iden-
tified by the symbol y (gamma) is the
amount of radiation required to deposit
100 ergs in one gram of silicon. y
(gamma dot) is defined as the dose rate
in rad(Si) per second.

Radiation
Parameter

General Collector-base photocurrents (lpp) and
emitter-base photocurrents (L) are
variously plotted as amperes versus
v, or coulombs versus y (coul/rad).
At low dose rates, photocurrents are
generally quite well-behaved and
reasonably predictable from the for-
mula I=Gy where G is a function of
the effective volume of the junction.
(At relatively high dose rates, some
transistors exhibit a departure from the
assumed linear dose-rate depen-
dence.)

istors that meet these design criteria are typified by high
fr, fast switching speeds, and moderate breakdown vol-
tages.

RCA has developed power transistors which offer an
optimized performance trade-off of radiation hardness,
voltage, safc area, and power capability. For example,
both photocurrent and voltage breakdown increase with
increased collector resistivity because carrier lifetime is
a function of resistivity. Collector resistivity, therefore,
is fine-tuned to provide the maximum voltage break-
down possible with acceptable photocurrent perfor-
mance. Post-radiation beta degradation is a function of
base width, as is the frequency cutoff. Both of these
characteristics are enhanced with decreasing base width.
However, the safe-area capability is also a function of
base width. Consequently, this parameter is fine-tuned
to achieve optimum electrical performance and radiation
hardness. Other techniques can be employed to enhance
safe-area capability, such as the introduction of various
amounts of ballasting.

Manufacturing Controls

RCA high-reliability power transistors are processed
in accordance with the provisions of MIL-S-19500.
These provisions include the following items:

1. Aclearly defined procedure for the conversion of a
customer specification into an RCA internal

specification with built-in safeguards to assure the
customer that the delivered parts meet or exceed
his specification requirements.

2. A formalized personnel training and testing pro-
gram which assures that each operation is per-
formed correctly.

3. A complete inspection of incoming materials,
utilities, and work in process using on-site
facilities such as scanning-electron-microscope,
and X-ray equipment.

4. Maintenance of cleanliness in work areas.

5. Rigorous control over changes in design, materi-
als, and processes with documentation kept in
active files for a minimum of three years.

6. Tool and test equipment maintenance and calibra-
tion in strict accordance with MIL-C-45662,
‘‘Calibration System Requirements.”’

7. A quality-assurance program in accordance with
MIL-Q-9858, ‘‘Quality Program Require-
ments.”’

Detailed processing and screening requirements for
RCA high-reliability power transistors are defined in the
following paragraphs.

Processing and Screening

RCA offers a number of power transistors that have
been qualified as JAN, JANTX, and/or JANTXYV de-

25




vices in accordance with MIL-S-19500. These devices,
which include hometaxial-base types, high-voltage
types, and high-speed types, together with the detailed
electrical (slash-sheet) specification number for them,
are listed in Table 2-5.

Fig. 2-22 shows the processing requirements
specified by MIL-S-19500 for JAN, JANTX, and
JANTXYV power transistors.

In addition to JAN, JANTX, and JANTXYV types,
many other RCA power transistors that are subjected to
high-reliability preconditioning and screening in accor-
dance with the Group A, B, and C Sampling Tests as
specified in MIL-STD-750 or special customer re-
quirements can be obtained on a custom basis. These
power transistors can be supplied to four basic reliability
levels. The preconditioning and screening for Level 1is
the same as that for JANTXYV devices and, in addition,
includes X-ray inspection. Level 2 corresponds directly
to the JANTXYV level. Level 3 devices are equivalent to
JANTX devices. For RCA Level 4 devices, the precon-
ditioning consists of burn-in only.

Fig. 2-23 shows the basic processing steps required
for RCA high-reliability power transistors for each re-
liability level, and Table 2-6 lists the screening tests to
which these devices are subjected. Tables 2-7, 2-8, and
2-9 list the Groups A, B, and C Sampling Tests and the

Table 2-5 — JAN and JANTX RCA Power Transistors

Detailed Electrical
Basic Device Type Nos. Specification
Hometaxial-Base Types
2N1479, 2N1480, 2N1481, 2N1482 MIL-S-19500/207
2N1483, 2N1484, 2N1485, 2N1486 MIL-S-19500/180
2N1487, 2N1488, 2N1489, 2N1490 MIL-S-19500/208

2N2015, 2N2016
2N3055
2N3441
2N3442
2N3771, 2N3772

High-Voltage Types

2N3584, 2N3585
2N6211, 2N6212, 2N6213
2N3439, 2N3440
2N5415, 2N5416
2N5838, 2N5839, 2N5840

MIL-S-19500/248
MIL-S-19500/407
MIL-S-19500/369
MIL-S-19500/370
MIL-S-19500/413

MIL-S-19500/384
MIL-S-19500/461*
MIL-S-19500/368
MIL-S-19500/485
MIL-S-19500/487

High-Speed Types
2N5038, 2N5039 MIL-S-19500/439
2N5671, 2N5672 MIL-S-19500/488'

* In process of Qualification by RCA

PRODUCTION PROCESS PRECAP
I. RAW MATERIAL VISUAL
2. FAGTORY FOR JANTXV
PROCESSING TYPES
INSPECTION LOTS 1 [(NsecTioN TESTS T0 REVIEW OF
FORMED AT FINAL| | “OTSoRROROSED VERIFY LTPD CROUP AR,
ASSEMBLY [  fowoee | GRouP Al s aNDC DATA
OPERATION € GROUP B! FOR ACCEPT OR
(SEALING) {NON-TX) GROUP €3 REJECT
LOTS PROPOSED PREPARATION
FOR JANTX FOR DELIVERY
AND JANTXV JAN
TYPES

100 PERCENT PROCESS
CONDITIONING*

I. HIGH TEMP STORAGE

ON A LOT SAMPLE BASIS

2. GROUP B ENVIRONMENTAL, MECHANICAL AND LIFE TESTS

100 PERCENT POWER
CONDITONING*
I

2.BURN-IN
3.MEASUREMENT OF )

2. THERMAL SHOCK SPECIFIED PARAMETERS 2

3. ACCELERATION TO DETERMINE DELTA GROUP 33

4. HERMETIC SEAL AND OTHER REJECTS GROUP C
TESTS 4.LOT REJECTION

5. REVERSE BIAS CRITERIA BASED ON

. GROUP A ELECTRICAL PERFORMANCE TESTS PERFORMED

MEASUREMENT OF
SPECIFIED PARAMETERS

INSPECTION TESTS
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REJECTS FROM BURN-IN|
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l

PREPARATION FOR
DELIVERY JANTX
AND JANTXV

(STORAGE AND OPERATING) PERFORMED ON A LOT SAMPLE BASIS

o

TIME PERIOD BASIS

>

. GROUP C ENVIRONMENTAL AND LIFE TESTS PERFORMED ON A

92CM-25057

TESTS SHALL BE PERFORMED IN THE ORDER AS SHOWN.

Fig. 2-22—Order of procedure diagram for JAN, JANTX, and

JANTXV power transistors.
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test methods specified by MIL-STD-750. The lot- The electrical ratings and characteristics and special
sampling plans used for RCA high-reliability power  features of JAN, JANTX, and JANTXYV types and of
transistors, as defined by MIL-S-19500 and  other RCA power transistors for which high-reliability
MIL-STD-105D, are shown in Tables 2-10, 2-11, and versions can be obtained are shown in the data charts at
2-12. the end of this section.

PRECAP SEAL +LOT CONDITIONING — RADIOGRAPHIC
[VISUAL IDENTIFICATION SCREENS SERIALIZE BURN -IN INSPECTION !

SEAL +LOT l CONDITIONING _
IlDENTIFICATION SCREENS 3

[surn-m]
BURN - IN 4
L

92CM-22891

Fig. 2-23- Process-flow chart for four reliability levels of RCA high-reliability power transistors.

Table 2-6— Screening Tests for RCA High-Reliability Power Transistors

MIL-STD-750 Screening Levels
Test Conditions Method Conditions 1 2 3 4
1. Precap Visual 2072 X X
2. Seal and Lot Identification X X X X
3. High Temp Storage 24 hrs at 200°C X X X
4. Temperature Cycling 10 cycles 1051 C X X X
5. Acceleration Y1 direction 2006 X X X
6. Fine Leak 1071 GorH X X X
7. Gross Leak 1071 ACDorF X X X
8. Reverse Bias 24 hrs at 150°C 1039 A X X X
9. Serialize X X X
10. Pre Burn-in Electrical X X X
11. Burn-in 168 hrs at 25°C 1039 B X X X X
12. Post Burn-in Electrical X X X
13. Final Electrical X X X X
14. Radiographic Inspection 2076 X
15. External Visual 2071 X X X

Specific test conditions and limits determined by each type of transistor.
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Table 2-7 — Group A Inspections

Subgroup

1 Visual & Mech Examination
Bvceo, Bvcer, or Bvcex

2

Test

Iceo, Icer, or lcex
lEBO
hee

Vce(sat)
Ve
hre
Cobo
ton
fott
150°C lcex
—65°C hre

Table 2-8 — Group B Inspections

MIL-STD-750
Method

2071
3011
3041
3061
3076
3071
3066
3306
3236
3251
3251
3041
3076

Subgroup Test
1 Physical dimensions
2 Solderability

Temperature Cycling

Moisture Resistance
3 Shock

Vibration, Variable Frequency

Constant Accleration

4 Safe Operating Area
5 High Temperature Life
6 Steady-State Operation Life

Table 2-9 — Group C Inspections

Subgroup

1
2

TABLE 2-10 — LTPD sampling plans 1/ 2/ 3/

Test

Barometric Pressure

Salt Atmosphere

MIL-STD-750
Method

2066
2026
1051
1021
2016
2056
2066
3051
1031
1026

MIL-STD-750
Method

1001
1041

Minimum size of sample to be tested to assure, with a 90 percent confidence, thatalothaving percent-defective equal
to the soecified LTPD will not be accepted (single sample).

, Max.Percent
Defective 20 15 10 7 5 3 2 1.5 1 0.7 0.5 0.3
(LTPD) or\
ﬁﬁ;fg::“&e) Minimum Sample Sizes
c=c+1) (For device-hours required for life test, multiply by 1000)
0 11 15 22 32 45 76 116 153 231 328 461 767
(0.46)| (0.34) | (0.23)| (0.16)] (0.11)| (0. 07)] (0.04)| (0.03) | (0.02) | (0.02) | (0.01) [ (0.007)
1 18 25 ~ 38 55 K 129 195 | 258 390 555 T8 1296
(2.0) | (1.4) |(0.94)] (0.65) | (0.46) | (0.28)[ (0.18) [ (0.14) | (0.09) | (0.06) | (0.045) | (0.027)
2 25 37 52 75 T05 | 176 | 266 | 354 533 759 1065 773
3.4) | (2.24)|(1.6) | (1.1) |(0.78)] (0.47)| (0.31) | (0.23) | (0.15) | (0.11) | (0.080) | (0. 045)
3 32 43 65 94 132 221 333 444 668 953 1337 2226
(4.4) [(3.2) [(2.1) | (1.5 |(1.0) |(0.62)] (0.41)(0.31) | (0.20) | (0.14) | (0.10) [ (0.062)
4 38 52 78 113 | 158 265 | 398 | 531 798 1140 | 1599 2663
(5.3) | (3.9) |(2.6) | (1.8) [(1.3) |(0.75)] (0.50)](0.37) | (0.25) | (0.17) | (0.12) | (0.074)
5 45 60 91 131 184 308 462 617 927 1323 1855 3090
(6.0) | (4.4) [(2.9) | (2.0) |(1.4) |(0.85)| (0.57)](0.42) | (0.28) | (0.20) | (0.14) | (0.085)
6 51 68 104 149 209 349 528 700 1054 1503 2107 3509
(6.6) |(4.9) [(3.2) {(2.2) |(1.6) [(0.94)] (0.62)((0.47) | (0.31) | (0.22) | (0.155) | (0.093)
7 57 M 116 166 234 390 589 783 1178 1680 2355 3922
(7.2) | (5.3) [(3.5) |[(2.4) [(1.7) |(1.0) | (0.67)](0.51) | (0.34) | (0.24) | (0.17) [ (0.101)
8 63 85 128 | 184 | 258 | 431 648 | 864 1300 1854 | 2599 4329
(7.7 |(5.6) |(3.7) [(2.6) |(1.8) |(1.1) | (0.72)](0.54) | (0.36) | (0.25 | (0.18) | (0.108)
9 69 93 140 201 282 471 709 945 1421 2027 4733
8.1 (6.0, [(3.9) |27 [1.9 |@.2) [(0.77)](.58) | (0.38) | (0.27) | (0.19) |(0.114)
10 75 100 | 152 | 218 | 306 | 511 70 | 1025 1541 2199 082 5133
(8.4) [(6.3) [(4.1) |(2.9) [(2.0) [(1.2) |(0.80)|(0.60) | (0.40) | (0.28) | (0.20) | (0.120)

1/ Sample sizes are based upon the Poisson exponential binomial limit.
A

2/ The

quality (appr

for information only.

3/ This sampling plan Is derived from Table C-1 in Appendix C of MIL-S-19500.
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TABLE 2-11 — Sample Size Code Letters*

General inspection levels
Lot or batch size

1 il m

to 8 A A B

9 to 15 A C
16 to 25 B C D
26 to 50 C D E
51 to 90 C E F
91 to 150 D F G
151 to 280 E G H
281 to 500 F H J
501 to 1200 G J K
1201 to 3200 H K L
3201 to 10000 J L M
10001 to 35000 K M N
35001 to 150000 L N P
150001 to 500000 M P Q
500001 and over N Q R

* Derived from Table I of MIL-STD-105D

TABLE 2-12 — Single Sampling Plans for Normal Inspection*

Acceptable Quality Levels (normal inspection)

Sample
size | Swmple | 610 | 0.015 | 0.025 | 0.040 | 0.065 | 0.10 | 015 | 0.25 | 040 | 065 | 10 | s | 25 | w0 | 65 | 10 [ 15 25
code size

letter

Ac Re[Ac Re|Ac Re[Ac Re|Ac Re|Ac RelAc ReAc Re|Ac Re|Ac Re[Ac RefAc RelAc Re|Ac Rel|Ac Re[Ac fe|Ac Re[Ac Re

A 2 B M M M M B@o: [@_|2

B 3 01| <> 122 3

c 5 o 1| <L 2|2 3]s e

] 8 0 || 22 33 sfs s

E 13 o || 2|2 3] 3 4|5 6|7 8
20 o << 2] 2 3] 3 <|s sf7 sliom

G 32 0]@@!223\(50‘8“)”1415

H 50 RTINS I I I Y I R AU

J 80 Von@@,xzzx;4s«>73mnuns:;::r

K 125 o <> V2| 2 3] 3 s s o] 7 oslioan]e 15:1127x

L 200 ~~|o 1@&|z 2 31 3 4| s of 7 810 nfieasfa 22

] 315 U0 || 02| 2 3] 3 ) s o] 7 o8f10 nife usf 2 2

N 500 0 > 22 33 S 6l 7 810 1f1eas| 2 22

P 800 || o 1|1 2] 2 33 4f s 6] 7 o[ 10 i s| 2 2

Q 1250 | 0 1 <> 1 2|2 3] 3 4 s 6| 7 8[10 1] s 1521 2

R 2000 120 2 313 4f s ef 7 8l10 nf 1e1sf 2 22

T L 2 Use first sampling plan below arrow. 1f sample size equals, or excerds, lot or batch size. do 100 percent inspection Ac = Acceptance number.

@ = Use first sampling plan above arrow.
* Derived from Table II-A of MIL-STD-105D

Re = Rejection aumber.
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JAN2N1479 - Hometaxial-Base

JAN2N1482 ’ Silicon N-P-N Power Transistors
JAN Electrical Specifition: MIL-S-19500/207 Package: JEDEC TO-5

Str : H ial-b Maximum Ratings: PT =1 W; VcgQ = 40 V (2N1479, 2N1481)
Appli Power-switching, amplifiers =55 V (2N1480, 2N1482)

System Usage: Military

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNITS
Gain-Bandwidth Product fT Ic=5mA,Vce=28V 600 - kHz
® | 1 | o
DC Forward-Current Transfer Ratio hrg Ic=200 mA, VCg=4V 2N1479
0 60 2N1480
Saturated Switching Time:
Turn-on tON Ic =200 mA - 25 us
Turn-off tOFF Ic =200 mA - 25 us

For characteristics curves and test

refer to published data for basic type in File No. 135.

JAN2N1483- JAN2N1486 Hometaxial-Base
JANTX2N1483-JANTX2N1486 Silicon N-P-N Power Transistors

JAN Electrical Specification: MIL-S-19500/180 Package: JEDEC TO-8
Structure: Hometaxial-base Maximum Ratings: P1 = 1.75 W; Vcgo = 40 V (2N1483, 2N1485)
Applications: Power-switching, amplifiers : - =55V (2N1484, 2N1486)

System Usage: Military

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS WIN. MAX. UNITS
Gain-Bandwidth Product fr Ic=5mA, VCE=28V 600 - kHz
R
DC Forward-Current Transfer Ratio hEg Ic =750 mA, VCE=4 V 5N1483
0 &0 2N1484
Saturated Switching Time:
Turn-on tON Ic =750 mA - 25 us
Turn-off tOFF Ic =750 mA - 25 us

For characteristics curves and test Jiti refer to ished data for basic type in File No. 137.
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Hometaxial-Base
JAN2N1487—-JAN2N1490 Silicon N-P-N Power Transistors

" JAN Electrical Specification: MIL-S-19500/208

Package: JEDEC TO-3

Str H ial-bas Maximum Ratings: PT =75 W; Vcgo = 40 V (2N1487, 2N1489)
Applicati Power-switching, amplifiers =55 V (2N1488, 2N1490)
System Usage: Military

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS N WAX. UNITS
Gain-Bandwidth Product fr Ic =100 mA, VCe =12V 500 - kHz
s | | ae
DC Forward-Current Transfer Ratio hfE Ic=15A,Vce=4V
15 45 2N1487
2N 1488
Saturated Switching Time:
Turn-on tON Ic=15A - 25 'S
Turn-off tOFF Ic=15A - 25 us
For characteristics curves and test refer to

blished data for basic type in File No. 139.

JAN2N?2015 Hometaxial-Base
JAN2N2016 Silicon N-P-N Power Transistors

JAN Electrical Specification: MIL-S-19500/ 248

Package: JEDEC TO-36
Structuer: Hometaxial-base Maximum Ratings: PT = 150 W; VggQ = 50 V (2N2015)
Applications: Power-switching, amplifiers =65 V (2N2016)
System Usage: Military
ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified
CHARACTERISTIC SYMBOL TEST CONDITIONS LIMITS UNITS
MIN. MAX.
Gain-Bandwidth Product T Ic=5A,Vcg=4 v 800 - kHz
DC Forward-Current Transfer Ratio hFe Ic=5A,Vcg=4V 15 50
Collector-to-Emitter Saturation Voltage| VcE(sat) Ic=5A,Ig=05A - 1.25 v
For characteristics curves and test conditions, refer to published data for basic type in File No. 12.
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JAN2N3055
JANTX2N3055

Hometaxial-Base
Silicon N-P-N Power Transistors_

JAN Electrical Specification: MIL-S-19500/407

Structure: Hometaxial-base
Applications: Power-switching, amplifiers

System Usage: Military
Package: JEDEC TO-3
Maximum Ratings: PT=117W; Vceo =70V

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

CHARACTERISTIC SYMBOL TEST CONDITIONS |1 e UNITS
Gain-Bandwidth Product T Ic=1A,Vcg=4V 800 — kHz
DC Forward-Current Transfer Ratio hFE Ic=4A,Vcg=4V 20 -
Collector-to-Emitter Saturation Voltage | VCE(sat) Ic=4A,Ig=04A - 0.75 v
Second-Breakdown Collector Current:

With base forward-biased IS/b VCE=70V,t=1s 1.67 - A
Saturated Switching Time:

Turn-on tON Ic=4A - 6 _us

Turn-off tOFF Ic=4A - 12 s
Thermal-Cycling Rating PT=20W, ATc=50°C 3x105 - Thermal

Cycles

For characteristics curves and test conditions, refer to published data for basic type in File No. 524.

JAN2N3439, JAN2N3440
JANTX2N3439, JANTX2N3440 Silicon N-P-N Power Transistors

High-Voltage

JAN Electrical Specification: MIL-S-19500/368

Structure: Double-diffused epitaxial

Applications: High-voltage amplifiers, inverters, regulators

System Usage: Military

Package: JEDEC TO-39 (2N3439S) or JEDEC TO-5 (2N3439L)
Maximum Ratings: PT = 0.8 W; Vcgo = 350 V (2N3439)
= 250 V (2N3440)

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

CHARACTERISTIC SYMBOL TEST CONDITIONS [N e UNITS
Gain-Bandwidth Product T Ic=10mA,VCg=10V 15 - MHz
DC Forward-Current Transfer Ratio hFE Ic=20mA,Vcg=10V 40 160
Collector-to-Emitter Saturation Voltage| VGE(sat) Ic=50mA, Ig =4 mA - 0.5 \%
Second-Breakdown Collector Current:

With base forward-biased IS/b VCE=200V,t=1s 50 — mA
Saturated Switching Time:

Turn-on tON Ic=20mA - 1 _us

Turn-off tOFF Ic=20mA — 10 us

For characteristics curves and test conditions, refer to published data for basic type in File No. 64.
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JAN2N3441
JANTX2N3441

High-Voltage

Silicon N-P-N Power Transistors

JAN Electrical Specification: MIL-S-19500/369

Structure: Hometaxial-base

Applications: High-voltage power switching, amplifiers

System Usage: Military

Package: JEDEC TO-66

Maximum Ratings: PT=25W; Vcgo =140 V

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS AT, MAX. UNITS
Gain-Bandwidth Product fr Ic=05A,VCE=4V 400 - kHz
DC Forward-Current Transfer Ratio hrg Ic=0.5A,VCcE=4V 25 100
Collector-to-Emitter Saturation Voltage| VgEg(sat) Ic=0.5A,1g=0.05A - 1 v
Second-Breakdown Collector Current:

With base forward-biased IS/b VCE=30V,t=1s 833 - mA
Saturated Switching Time:

Turn-on tON Ic=05A - 8 s

Turn-off tOFF Ic=05A - 15 us
Thermal-Cycling Rating PT=4W,ATc =50°C '5x105 - Tgermal

ycles

For characteristics curves and test conditions, refer to published data for basic type in File No. 529.

JAN2N3442

High-Voltage

Silicon N-P-N Power Transistors

JAN Electrical Specification: MIL-S-19500/370

Structure: Hometaxial-base

Applications: High-voltage power switching, amplifiers

System Usage: Military
Package: JEDEC TO-3

Maximum Ratings: Py =117 W; Vggo = 140 V

ELECTRICAL CHARACTERISTICS, At Case Temperature ( Tc) = 25°C Unless Otherwise Specified

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN L'MITSM AX UNITS
Gain-Bandwidth Product fr Ic=3A,VCg=4V 100 - kHz
DC Forward-Current Transfer Ratio hFg Ic=3A,Vce=4V 20 70
Collector-to-Emitter Saturation Voltage| VCE(sat) Ic=3A,Ig=03A - 1 \
Second-Breakdown Collector Current:

With base forward-biased IS/b VCE=8V,t=1s 1.5 - A
Thermal-Cycling Rating Pr=20W,ATc=50°C 3x105 - Thermal

Cycles

For characteristics curves and test conditions, refer to published data for basic type in File No. 528.
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JAN2N3584, JAN2N3585 High-Voltage

JANTX2N3584, JANTX2N3585 Silicon N-P-N
JANTXV2N3584, JANTXV2N3585 Power Transistors
JAN Electrical Specification: MIL-S-19500/384 Package: JEDEC TO-66
Structure: Double-diffused epitaxial collector Maximum Ratings: PT =35 W; VcgQ = 250 V (2N3584)
Applications: High-voltage amplifiers, inverters, regulators =300 V (2N3585)

System Usage: Military

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS -

CHARACTERISTIC SYMBOL TEST CONDITIONS M. MAX. UNITS
Gain-Bandwidth Product fr Ic=0.2A,Vce=10V 15 - MHz
DC Forward-Current Transfer Ratio hFg Ic=1A,Vce=10V 25 100
Collector-to-Emitter Saturation Voltage| VCE(sat) Ic=1A,Ig=0.125A - 0.75 \Y
Second-Breakdown Energy:

With base reverse-biased Es/p Ic=2A,L=100uH 200 - w

RBE =209

Second-Breakdown Collector Current:

With base forward-biased IS/b VCE=100V,t=1s 350 - mA
Saturated Switching Time:

Turn-on tON Ic=1A — 3 us

Turn-off tOFF Ic=1A - 7 us

For characteristics curves and test conditions, refer to published data for basic type in File No. 138.

JAN2N3771, JAN2N3772 High-Current
JANTX2N3771, JANTX2N3772 Silicon N-P-N Power Transistors

JAN Electrical Specification: MIL-S-19500/413 Package: JEDEC TO-3
Structure: Hometaxial-base Maximum Ratings: P = 150 W; Vcgo = 40 V (2N3771)
Applicati Power-switching, amplifiers, inverters =60V (2N3772)

System Usage: Military
ELECTRICAL CHARACTERISTICS, At Case Temperature ( Tc) = 25°C Unless Otherwise Specified

LIMITS
CHARACTERISTIC SYMBOL | TEST CONDITIONS UNITS
MIN. MAX.
Gain-Bandwidth Product fT Ic=1A,Vcg=4V 600 — kHz
DC Forward-Current Transfer Ratio hEg Ic=10A, Vge=4V | 15 60 2N3772
Ic=15A; VCE =4V 15 60 2N3771
Second-Breakdown Energy:
With base reverse-biased Es/b Ic=5A,L=40mH, 500 - mJ
RBE = 100Q
Second-Breakdown Collector Current:
With base forward-biased IS/b VCE=60V,t=1s 25 - A
Saturated Switching Time: 2N3772  2N3771 2N3771 2N3772
Turn-on tON Ic=10A Ic=15A - 10 8 us
Turn-off tOFF Ic=10A Ic=15A - 12 10 us
Thermal-Cycling Rating PT=20W,ATg=50°C| 4x105 - Thermal
Cycles

For characteristics curves and test conditions, refer to published data for basic type in File No. 525.
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JAN2N5038, JAN2N5039  High-Speed
JANTX2N 5038, JANTX2N5039 Silicon N-P-N Power Transistors

JAN Electrical Specification: MIL-S-19500/439 System Usage: Military
Structure: Multiple-emitter sites, double-diffused Package: JEDEC TO-3

epitaxial collector Maximum Ratings: PT = 140 W; VCgo = 90 V (2N5038)
Applications: Switching regulators, inverters, amplifiers =75V (2N5039)

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢)=25°C Unless Otherwise Specified

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNITS
Gain-Bandwidth Product fr Ic=2A,Vce=10V 60 - MHz
] = = - 2N5038
| DC Forward-Current Transfer Ratio hFE lc=12A.VcE=5V 20
X Ic=10A,VCcg=5V 20 — 2N5039
Second-Breakdown Energy: .
With base reverse-biased Es/b Ic=12A,L=180uH, 13 - mJ
" RBE = 20Q
Second Breakdown Collector Current:
With base forward-biased IS/b VCE=45V,t=1s 0.9 — A
Saturated Switching Time:
Turn-on tON Ic=12A - 0.5 us
Turn-off tOFF Ic=12A - - 2 us
Thermal-Cycling Rating PT=20W, AT¢ = 50°C 4x105 — Thermal
: Cycles

For characteristics curves and test conditions, refer to published data for basic type in File No. 367.

JAN2N5415, JAN2N5416 High-Yoltage
JANTX2N5415, JANTX2N5416 Silicon P-N-P Power Transistors

JAN Electrical Specification: MIL-S-19500/485 Package: JEDEC TO-5
Structure: Double-diffused epitaxial Maximum Ratings: PT = 0.75 W; VCEQ = -200 V (2N5415)
Applications: High-voltage amplifiers, inverters, regulators =-300 V (2N5416)

System Usage: Military

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

CHARACTERISTIC SYMBOL TEST CONDITIONS [t —t UNITS
Gain-Bandwidth Product fT Ic=—10mA, Vcg=—-10V| 15 — MHz
DC Forward-Current Transfer Ratio hFE Ic=-50 mA,Vce=-10V | 30 120
Collector-to-Emitter Saturation Voltage| VCE(sat) Ic=-50mA,Ig=-5mA | — -2 \
Second-Breakdown Collector Current:

With base forward-biased IS/b Vce=-100V,t=1s —100 - mA
Saturated Switching Time:

Turn-on tON Ic =—-50 mA — 1 us

Turn-off tOFF Ic=-50 mA - 10 us

For characteristics curves and test conditions, refer to published data for basic type in File No. 336.
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JAN2N5671, JAN2N5672 High-Speed
JANTX2N 5671, JANTX2N5672 Silicon N-P-N Power Transistors

JAN Electrical Specification: MIL-S-19500/488 Package: JEDEC TO-3
Structure: Double-diffused epitaxial collector Maximum Ratings: PT =140 W; Vcgo = 90 V (2N5671)
Applicati Switching regulators, amplifiers =120V (2N5672)

System Usage: Military

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS TN, A UNITS
Gain-Bandwidth Product fT Ic=2A,Vce=10V 50 - MHz
DC Forward-Current Transfer Ratio hFE Ic=15A,VCce=2V 20 100
Collector-to-Emitter Saturation Voltage| VCE(sat) Ic=15A,I1g=1.2A - 0.75 \%
Second-Breakdown Energy:

With base reverse-biased Es/b Ic=15A,L=180uH 20 - mJ

RBE = 202

Second-Breakdown Collector Current:

With base forward-biased IS/b Vce=45V,t=1s 0.9 - A
Saturated Switching Time:

Turn-on tON Ic=15A - 0.5 us

Turn-off tOFF Ic=15A - 2 us

For characteristics curves and test conditions, refer to published data for basic type in File No. 383.

JAN2N5838—JAN2N 5840 High-VoItage
JANTX2N5838-~JANTX2N5840‘ Silicon N-P-N Power Transistors

JAN Electrical Specification: MIL-S-19500/487 Package: JEDEC TO-3

Structure: Double-diffused, epitaxial-base Maximum Ratings: PT = 100 W; VggQ = 250 V (2N5838)
Applications: High-voltage switching regulators, inverters =275 V (2N5839)
System Usage: Military =350 V (2N5840)

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Oiherwise Specified

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS VIN. MAX. UNITS
Gain-Bandwidth Procuct fT Ic=02A Vce=10V 5 - MHz
_ _ 2N5840
DC Forward-Current Transfer Ratio hgg 'lc=2AVce=3V 10 50 2N5839
Ic=3A,Vce=2V 8 40 2N5838
Second-Breakdown Energy:
With base reverse-biased Es/b Ic=3A,L=100uH 0.45 - mJ
RBE = 50Q
Second-Breakdown Collector Current:
With base forward-biased IS/b VCE=40V,t=1s 25 - A
Saturated Switching Time:
Turn-on tON Ic=2A — 1.756 [
Turn-off tOFF Ic=2A — 4.5 us

For characteristics curves and test conditions, refer to published data for basic type in File No. 410.
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JAN2N6211- JAN2N6213 High-Volitage
JANTX2NO6211- JANTX2N6213  Silicon P-N-P Power Transistors

JAN Electrical Specification: MIL-S-19500/461 Package: JEDEC TO-66

Structure: Double-diffused epitaxial collector Maximum Ratings: PT=35W; VCgo = 225 V (2N6211)
Applications: High-voltage amplifiers, inverters, regulators =300 V (2N6212)
System Usage: Military =350 V (2N6213)

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS VIN. MAX. UNITS
Gain-Bandwidth Product fT Ic=-02A,Vcg=-10V 20 — MHz
Ic=-1A, VCE=-4V 10 100 2N6213
DC Forward-Current Transfer Ratio hrg Ic=-1A,VCg=-32V 10 100 2N6212
Ic=-1A,Vce=-28V 10 100 2N6211
Second-Breakdown Collector Current:
With base forward-biased IS/b VCE=-40V,t=1s -0.875 - A
Saturated Switching Time:

Turn-on tON Ic=-1A — 0.6 us
Turn-off tOFF Ic=-1A - 3.1 us
Thermal-Cycling Rating PT=2W, AT = 50°C 7x 105 - Thermal

Cycles

For characteristics curves and test

refer to published data for basic type in File No. 507.
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High-Speed,Medium-Power
2N2102 Silicon N-P-N Power Transistor

Structure: Planar, Double-diffused epitaxial collector
Applications: Small-signal and medium-power general usage
System Usage: NASA SATURN

Package: JEDEC TO-39 (2N2102S) or JEDEC TO-5 (2N2102L)
Maximum Ratings: Vcgg =65 V, PT=1W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise_Specified

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX.
Gain-Bandwidth Product fr Ic=50mA,Vcg=10V 120 - MHz
DC Forward-Current Transfer Ratio hrg Ic=150mA,Vce=10V 40 —
Collector-to-Emitter Saturation Voltage| VcE(sat) Ic=150mA, Ig=16mA | — 1.5 \

For characteristics curves and test conditions, refer to published data for basic type in File No. 106.

Hometaxial-Base
2N3054 Silicon N-P-N Power Transistor

Structure: Hometaxial-base
lications: P itching, amplifiers
System Usage: Military
Package: JEDEC TO-66
Maximum Ratings: Vcgg =55 V, Py =25W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS NIT

CHARACTERISTIC SYMBOL TEST CONDITIONS N VAX. UNITS
Gain-Bandwidth Product fT Ic=02A,VCE=4V 800 - kHz
DC Forward-Current Transfer Ratio hrg Ic=05A,VCcg=4V 25 -
Collector-to-Emitter Saturation Voltage| Vcg(sat) Ic=05A,ig=0.056 A - 1 Vv
Second-Breakdown Collector Current: .

With base forward-biased Is/b VCE=55V,t=1s 0.455 - A
Thermal-Cycling Rating PT=4W,ATc =50°C 5x 109 — Thermal}

Cycles

For characteristics curves and test conditions, refer to published data for basic type in File No. 527.
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High-Power, High-Speed, High-Current
2N3263 Silicon N-P-N Power Transistor

Structure: Double-diffused epitaxial collector
Applications: High-speed switching, amplifiers, inverters
System Usage: Minuteman, SRAM

Package: Radial, hermetic

Maximum Ratings: Vcgo =90 V, PT =84 W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNITS
Gain-Bandwidth Product fr Ic=3A,Vcg=10V 20 - MHz
DC Forward-Current Transfer Ratio hrg Ic=15A,VCcg=3V 25 -
Collector-to-Emitter Saturation Voltage| VCE(sat) Ic=15A,1g=12A - 0.75 \%
Second-Breakdown Energy:

With base reverse-biased Es/b Ic=10A,L=40uH 2 - mJ

RBE = 2092

Second-Breakdown Collector Current:

With base forward-biased IS/b VCE=75V,t=250us 350 - A
Saturated Switching Time:

Turn-on tON Ic=15A - 0.5 us

Turn-off tOFF Ic=15A - 2 Ms

For characteristics curves and test conditions, refer to published data for basic type in File No. 54.

High-Power, High-Speed, High-Current
2N3265 Silicon N-P-N Power Transistor

Structure: Double-diffused epitaxial collector
Applications: High-speed switching, amplifiers, inverters
System Usage: Minuteman, SRAM

Package: JEDEC TO-63

Maximum Ratings: Vcgg =90 V, PT =125 W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS UNITS

CHARACTERISTIC SYMBOL TEST CONDITIONS TN, MAX.
Gain-Bandwidth Product fT Ic=3A,Vcg=10V 20 - MHz
DC Forward-Current Transfer Ratio hrge Ic=15A,Vgce=3V 25 -
Collector-to-Emitter Saturation Voltage| VcE(sat) Ic=15A,1g=1.2A - 0.76 Vv
Second-Breakdown Energy:

With base reverse-biased Es/b Ic=10A,L=40uH 2 - mJ

RBE = 2092

Second Breakdown Collector Current:

With base forward-biased Is/b VCe=75V, t=260us 350 - mA
Saturated Switching Time:

Turn-on tON Ic=15A - 0.5 us

Turn-off tOFF Ic=15A - 2 us

For characteristics curves and test conditions, refer to published data for basic type in File No. 54.
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2N3773

High-Voltage
Silicon N-P-N Power Transistor

Structure: Hometaxial-base

Applications: High-voltage inverters, amplifiers, hammer drivers

System Usage: VIKING
Package: JEDEC TO-3
Maximum Ratings: Vcgg = 140 V, Py = 150 W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS VI MAX. UNITS
Gain-Bandwidth Product T Ic=1A,Vce=4V 200 - kHz
DC Forward-Current Transfer Ratio hFg Ic=8A,VCg=4V 15 -
Collector-to-Emitter Saturation Voltage| VCE(sat) Ic=8A,Ig=08A - 1.4 \Y
Second-Breakdown Energy:

With base reverse-biased Es/b Ic=25A,L=40mH 0.125 - J

RBE = 10082
Second-Breakdown Collector Current:

With base forward-biased IS/b VCe=100V,t=1s 1.5 - A

Thermal-Cycling Rating PT=20W, ATc =50°C 4x 105 - Thermal
Cycles

For characteristics curves and test conditions, refer to published data for basic type in File No. 526.

2N3879

High-Current,High-Speed

Silicon N-P-N Power Transistor

Structure: Double-diffused epitaxial collector
Applications: High-current, high-speed switching
System Usage: Military

Package: JEDEC TO-66

Maximum Ratings: Vogo =75 V,PT=35W

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C Unless Otherwise Specified

LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS TN, MAX. UNITS
Gain-Bandwidth Product fr Ic=05A, Vcg=10V 60 - MHz
DC Forward-Current Transfer Ratio hFE Ic=4A,VcE=5V 20 -
Collector-to-Emitter Saturation Voltage| VGE(sat) Ic=4A,Ig=04A - 1.2 v
Second-Breakdown Energy:

With base reverse-biased Es/p Ic=4A,L=125uH 1 - mJ

RBE = 5092
Second-Breakdown Collector Current:

With base forward-biased Is/b VCE=40V,t=1s 500 - mA
Saturated Switching Time:

Turn-on tON Ic=4A - 440 ns

Turn-off tOFF Ic=4A - 1200 ns

For characteristics curves and test conditions, refer to published data for basic type in File No. 299.
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Medium-Power
2N 4036 Silicon P-N-P Power Transistor

Wle-diffuced

Planar, d
Applications: Small-signal, medium-power amplifiers
System Usage: Military
Package: JEDEC TO-39 (2N4036S) or JEDEC TO-5 (2N4036L)
Maximum Ratings: Vcgo =-65V,PT=1W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. LILTS MAX. UNITS
Gain-Bandwidth Product fr Ic=-50mA, Vcg=-10V | 60 - MHz
DC Forward-Current Transfer Ratio hrg Ic=-150 mA, Vg =-10V| 40 —
Collector-to-Emitter Saturation Voltage | VcEg(sat) Ic=-150mA, Ig=-15mA| — -0.65 Vv
Saturated Switching Time:

Turn-on tON Ic=-150 mA — 110 ns

Turn-off tOFF Ic=-150 mA - 700 ns

For characteristics curves and test conditions, refer to published data for basic type in File No. 216.

High-Voltage, High-Power
2N5240 Silicon N-P-N Power Transistor

Double-diff itaxi: il
Applicati Series I power
System Usage: Military
Package: JEDEC TO-3
Maximum Ratings: Vcgg =300V, P =100W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS TN, MAX. UNITS
Gain-Bandwidth Product T Ic=02A,Vce=10V 5 - MHz
DC Forward-Current Transfer Ratio hrg Ic=2A Vcg=10V 20 -
Collector-to-Emitter Saturation Voltage | VgEg(sat) Ic=2A,1g=0.25A - 2.5 \
Second-Breakdown Energy:

With base reverse-biased Es/b Ic=4A,L=02mH 1.6 - mJ

RBE = 5082

Second-Breakdown Collector Current:

With base forward-biased Is/b Vce=150V,t=1s 0.67 - A

For characteristics curves and test conditions, refer to published data for basic type in File No. 321.
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High-Speed
2N 5262 Silicon N-P-N Power Transistor

Structure: Double-diffused epitaxial
Applications: Core drivers, high-speed amplifiers
System Usage: AEGIS

Package: Low-profile TO-39

Maximum Ratings: VCEQ =50 V,PT=1W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

CHARACTERISTIC SYMBOL TEST CONDITIONS  [e— =TS e uNITS
Gain-Bandwidth Product fT Ic=50mA, VCe=10V 250 - MHz
DC Forward-Current Transfer Ratio hEE Ic=1A,Vcg=1V 25 -
Collector-to-Emitter Saturation Voltage| VcE(sat) Ic=1A,1g=0.1A - 0.8 \Y
Saturated Switching Time:

Turn-on tON Ic=1A — 30 ns

Turn-off tOFF Ic=1A - 60 ns

For characteristics curves and test conditions, refer to published data for basic type in File No. 313.

High-Speed
2N5320 Silicon N-P-N Power Transistor

Structure: Double-diffused epitaxial collector

Applications: Small-signal and medium-power amplifiers
System Usage: Military

Package: JEDEC TO-39 (2N5320S) or JEDEC TO-5 (2N5320L)
Maximum Ratings: Vcgo =75V, PT=1W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

CHARACTERISTIC SYMBOL TEST CONDITIONS |1 om—]  UNITS
Gain-Bandwidth Product fT Ic=50mA, VCg=4V 50 - MHz
DC Forward-Current Transfer Ratio hrge Ic=500mA, VCE=4V 30 -
Collector-to-Emitter Saturation Voltage| VGE(sat) Ic=500mA, Ig=50mA | — 0.5 \
Saturated Switching Time:

Turn-on tON Ic =500 mA - 80 ns

Turn-off tOFF Ic =500 mA - 800 ns

For characteristics curves and test conditions, refer to published data for basic type in File No. 325.
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High-Speed
2N5322 Silicon P-N-P Power Transistor

Structure: Double-diffused epitaxial collector
o Small-signal, medium-p
System Usage: Military
Package: JEDEC TO-39 (2N5322S) or JEDEC TO-5 (2N5322L)
Maximum Ratings: Vcgg =-75V,PT=1W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

CHARACTERISTIC SYMBOL TEST CONDITIONS  [-re—-MTS UNITS
Gain-Bandwidth Product fr Ic=-50mA,Vcg=-4V 50 - MHz
DC Forward-Current Transfer Ratio hrg Ic=-500mA, Vcge=-4V | 30 -
Collector-to-Emitter Saturation Voltage [ VcE(sat) Ic=-500 mA, Ig =-50 mA[ — -0.7 \
Saturated Switching Time:

Turn-on tON Ic =-500 mA - 100 ns

Turn-off tOFF Ic =-500 mA - 1000 ns

For characteristics curves and test conditions, refer to published data for basic type in File No. 325.

High-Current, High-Power
2N5578 Silicon N-P-N Power Transistor

itter sites, h b
Applications: High-current, high-power amplifiers and switching
System Usage: TOW, Sonobuoy
Package: JEDEC TO-3 with 0.060-inch-diameter pins
Maximum Ratings: Vcgo =70 V, Py =300 W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS TN, WAX. UNITS
Gain-Bandwidth Product fr Ic=10A,VCcg=4V 400 - kHz
DC Forward-Current Transfer Ratio hFg Ic=40A,Vcg=4V 10 -
Collector-to-Emitter Saturation Voltage | Vcg(sat) Ic=40A,1g=4A - 1.5 \
Second-Breakdown Energy:

With base reverse-biased Es/b Ic=7A,L=33mH 0.8 - J

RBE = 1092

Second-Breakdown Collector Current:

With base forward-biased IS/b VCe=25V,t=1s 12 - A

For characteristics curves and test conditions, refer to published data for basic type in File No. 359.




High-Speed
2N 5781 Silicon P-N-P Power Transistor

Structure: Epitaxial-base

P and amplifiers
System Usage: Military
Package: JEDEC TO-5
Maximum Ratings: VCgg =-65V,PT=1W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNITS
Gain-Bandwidth Product fr Ic=-0.1A,Vce=-2V 8 - MHz
DC Forward-Current Transfer Ratio hrge Ic=-1A,Vcg=-2V 20 -
Collector-to-Emitter Saturation Voltage| VGE(sat) Ic=-1A,Ig=-0.1A - -0.5 v
Saturated Switching Time:

Turn-on tON Ic=-1A - 0.5 us

Turn-off OFF Ic=-1A - 2.5 Ms

For characteristics curves and test conditions, refer to published data for basic type in File No. 413.
Hometaxial-Base

2N5784 Silicon N-P-N Power Transistor

Structure: Hometaxial-base

Arnlieatt

P
System Usage: Military
Package: JEDEC TO-5
Maximum Ratings: VGEQ =65 V,PT=1W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. LIMITS MAX. UNITS
Gain-Bandwidth Product fT Ic=0.1A,Vcg=2V 1 - MHz
DC Forward-Current Transfer Ratio hrge Ic=1A,Vce=2V 20 -
Collector-to-Emitter Saturation Voltage | VcE(sat) Ic=1A,Ig=0.1 A - 0.5 \
Saturated Switching Time:

Turn-on tON Ic=1A - 5 us

Turn-off tOFF Ic=1A — 15 us

For characteristics curves and test conditions, refer to published data for basic type in File No. 413.



High-Speed, Medium-Power
2N5954 Silicon P-N-P Power Transistor

Structure: Epitaxial-base
- o )

System Usage: Military
Package: JEDEC TO-66
Maximum Ratings: Vcgo =-80 V,PT=40W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Speciffeﬂ

LIMITS
S
CHARACTERISTIC SYMBOL TEST CONDITIONS N NAX UNIT:
Gain-Bandwidth Product fT Ic=-1A,VCcg=-4V 5 - MHz
DC Forward-Current Transfer Ratio hFg Ic=-2A,Vcg=-4V 20
Collector-to-Emitter Saturation Voltage| VcEg(sat) Ic=-2A,1g=-0.2A - -1 v

For characteristics curves and test conditions refer to published data for basic type in File No. 675.

High-Current, High-Speed, High-Power
2N6033 Silicon N-P-N Power Transistor

Structure: Double-diff itaxial

Applications: High-current, fast switching

System Usage: SAFEGUARD

Package: JEDEC TO-3 with 0.060-inch-diameter pins
Maximum Ratings: Vcgo = 120 V, P = 140 W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UN|T§
Gain-Bandwidth Product fT Ic=2A,Vce=10V 50 - MHz
DC Forward-Current Transfer Ratio hre Ic=40A,VCce=2V 10 -
Collector-to-Emitter Saturation Voltage | Vcg(sat) Ic=40A,Ig=4A - 1 \
Second-Breakdown Energy:

With base reverse-biased Es/b Ic=20A,L=310uH 62 — mJ

RBE = 50

Second-Breakdown Collector Current:

With base forward-biased IS/b VCe=40V,t=1s 0.9 - A
Saturated Switching Time:

Turn-on tON Ic=40A — 1 us

Turn-off tOFF Ic=40A - 2 us

For characteristics curves and test conditions, refer to published data for basic type in File No. 462.




Darlington

2N6056 Silicon N-P-N Power Transistor
Structure: Monolithic, epitaxial-base
icatit P itching, amplifiers, h: drivers

System Usage: Military
Package: JEDEC TO-3
Maximum Ratings: Vcgo =80 V, PT =100 W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS UNITS
CHARACTERISTIC SYMBOL TEST CONDITIONS TN A,
Gain-Bandwidth Product fr Ic=3A,VCg=3V 4 - MHz
DC Forward-Current Transfer Ratio hEg Ic=4A,VCg=3V 750 -
Collector-to-Emitter Saturation Voltage| VcE(sat) Ic=4A,lg=16mA - 2 \%
Second-Breakdown Energy:
With base reverse-biased Es/b Ic=5A,L=12mH 150 - mJ
RBE = 1002
Second-Breakdown Collector Current:
With base forward-biased IS/b VCE=40V,t=1s 2 - A
Thermal-Cycling Rating PT=10W, ATg = 50°C 8x 105 - Thermal
Cycles

For characteristics curves and test conditions, refer to published data for basic type in File No. 563.

High-Voltage, High-Power
2N6079 Silicon N-P-N Power Transistor

Structure: Multiple-emitter sites, double-diffused epitaxial
Applications: High-voltage inverters

System Usage: SAFEGUARD

Package: JEDEC TO-66

Maximum Ratings: Vcgp =350V, PT=45W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢)=25°C Unless Otherwise Specified

LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. | MAX. UNITS
Gain-Bandwidth Product fr Ic=0.2A,Vcg=10V 1 — MHz
DC Forward-Current Transfer Ratio hFg Ic=12A,VCce=1V 12 —
Collector-to-Emitter Saturation Voltage| V¢g(sat) Ic=12A,1=02A — 0.5 \%
Second-Breakdown Energy:

With base reverse-biased Es/b Ic=3A,L=100uH 0.45 - mJ

RBE = 50

Second-Breakdown Collector Current:

With base forward-biased IS/b VCE=50V,t=1s 0.9 - A

For characteristics curves and test conditions, refer to published data for basic type in File No. 492.
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High-Speed, High-Power
2N 6248 Silicon P-N-P Power Transistor

Structure: Epitaxial-base
A b .
System Usage: Military
Package: JEDEC TO-3
Maximum Ratings: Vcgo =-100 V, PT=125W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS AN TAX. UNITS
Gain-Bandwidth Product fr Ic=-1A,Vcg=-4V 10 - MHz
DC Forward-Current Transfer Ratio hgg Ic=-5A,Vce=-4V 20 -
Collector-to-Emitter Saturation Voltage| VgE(sat) Ic=-5A,1g=-05A - -1.3 \
Second-Breakdown Collector Current:
With base forward-biased IS/b VCcg=-42V,t=1s -1.25 - A
Thermal-Cycling Rating PT=10W, ATc = 50° 1.5x 106 - Thermal
Cycles
For characteristics curves and test conditions, refer to published data for basic type in File No. 541.
High-Voltage
2N6251 Silicon N-P-N Power Transistor
Structure: Multiple-epitaxial
Applications: High-voltage inverters
System Usage: MARK-48, P-3-C
Package: JEDEC TO-3
Maximum Ratings: Vcgg =350V, PT =175 W
ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified
CHARACTERISTIC SYMBOL TEST CONDITIONS LIMITS UNITS
MIN. MAX.
Gain-Bandwidth Product fr Ic=1A,Vcg=10V 2.5 - MHz
DC Forward-Current Transfer Ratio hre Ic=10A,Vcg=3V 6 -
Collector-to-Emitter Saturation Voltage| VcE(sat) Ic=10A,Ig=167A - 1.5 \%
Second-Breakdown Energy:
With base reverse-biased Es/b Ic=10A,L =50uH 2.5 - mJ
RBEg = 1002
Second-Breakdown Collector Current:
With base forward-biased Is/b VCe=30V,t=1s 5.8 - A
Thermal-Cycling Rating PT=20W, AT¢c =50°C 2x 105 — Thermal
Cycles

For characteristics curves and test conditions, refer to published data for basic type in File No. 523.
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Darlington
2N 6385 Silicon N-P-N Power Transistor

o M. e PRI

F g, amplifiers, hammer drivers
System Usage: Military

Package: JEDEC TO-3

Maximum Ratings: Vcgo =80V, Pt =100W

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C Unless Otherwise Specified

CIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. "T MAX. UNITS
Gain-Bandwidth Product T Ic=1A,VCE=5V 20 - MHz
DC Forward-Current Transfer Ratio hFE Ic=5A,Vcg=3V 1000 -
Collector-to-Emitter Saturation Voltage | VcE(sat) Ic=5A,1g=0.01A - 2 A
Second-Breakdown Energy:

With base reverse-biased Es/p Ic=45A,L=12mH 120 - mJ

RBE = 1002

Second-Breakdown Collector Current:

With base forward-biased IS/b VCE=75V,t=1s 0.22 - A
Thermal-Cycling Rating Pt=10W, AT¢ = 50°C 8x 105 - Thermal

Cycles

For characteristics curves and test conditions, refer to published data for basic type in File No. 609.



2N6479 2N 6481 Radiation-Hardened ]
2N6480 2N6482 Silicon N-P-N Power Transistor

Epitaxial-Planar Types for Aerospace and Military Applications

Rated for Operation in Radiation Environments with Neutron Fluence Levels to 1 x 1014 Neutrons/t:m2
and Gamma Exposure up to 1x108 Rad (Si)/s
ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C
PRE-RADIATION
TEST CONDITIONS LIMITS
VOLTAGE CURRENT 2N6479 2N6480
CHARACTERISTIC SYMBOL V de A de 2N6481 2N6482 UNITS
ves| Vee | Ve | e Ig Ic | MIN.| MAX.| MIN. | MAX.
Collector Cutoff Current:
With emitter open 'co 100 - 1 - ! mA
* n ST
With basieemmer junction 100 ° _ 3 _ 3
reverse-biased Icev ma
* At Tc = 100°C 60 0 - 1 - 1
* | Emitter Cutoff Current IeBO 6 - 2 - 2 mA
Emitter-to-Base Voltage VEBO 0.002 6 - 6 - \2
Collector-to-Emitter
Sustaining Voltage:
* With base open Vceofsus) 0.22 60 - 80 -
With external base-to- v
emitter resistance
(Rgg) =100 2 VeERlsus) 022 | 80 - 100 -
* | Collector-to-Emitter a
Saturation Voltage VcElsat) 12 | 12 - 0.75 0.75 v
* | Base-to-Emitter a v
Saturation Voltage VgE(sat) 12 | 12 - 15 - 15
* | DC Forward Current a
Transfer Ratio hgg 2 12 20 300 20 300
Second Breakdown
Collector Current:
With base forward-
biased, t=1s 1S/b 12 7.3 ~ 7.3 - A
* | Saturated Switching Time
Rise 1 vee = 1.2° | 12 - 400 - 400 s
Storage t 30 1.2¢ 12 - 800 - 800
Fall e 1.2¢ 12 - 200 - 200
* | Magnitude of Common
Emitter Small-Signal
Short Circuit Forward 'h,el 5 1 10 - 10 -
Current Transfer
Ratio (f = 10 MHz)
2N6479 2N6481
2N6480 2N6482
Thermal Resistance
(Junction-to-Case) Rosc 10 5 - 2 - 1.5 oc/w

* In accordance with JEDEC registration data format JS-6 RDF-1.
2 Pulsed; pulse duration < 350 us, duty factor < 2%.
© 1gy=lgy



POST-NEUTRON-RADIATION ELECTRICAL CHARACTERISTICS
AFTER EXPOSURE TO 5 x 1013 NEUTRONS/cm? (1 MeV equiv.), At Case Temperature (T¢) = 25°C

*

*

*

*

TEST CONDITIONS LIMITS
CHARACTERISTIC SYmBoOL VOLTAGE CURRENT Forall uNITS
V dc A dc Types
VcE VBE VEB Ic I MIN. MAX.
*|collector Cutoff Current:
With base-emitter IcCEV 100 0 - 1.2 mA
junction reverse-biased
Emitter Cutoff Current lEBO 5 - 2.2 mA
*|collector-to-Emitter
Sustaining Voltage: 0.2 0.05 8ob -
With base open Vceofsus) 0.2 0.05 60° - v
Collector-to-Emitter
a —
Saturation Voltage Vcelsat) 7 14 1.5 v
Base-to-Emitter a
E - B \
Saturation Voltage VBelsat) 7 14 15
*
DC Forward Current a
Transfer Ratio hFE 5 7 12 B
Magnitude of Common
Emitter, Small-Signal
Short Circuit Forward Ihfel 5 1 10 -
Current Transfer
Ratio (f = 10 MHz)
Damage Constant KA - 9x 1016

* In accordance with JEDEC registration data format

JS-6 RDF-1.

a Pulsed; pulse duration _<_ 350 us, duty factor S 2%.

b For types 2N6480, 2N6482.
€ For types 2N6479, 2N6481.

1

A
Damage constant K =

1

Where hFE1 = Beta prior to exposure

hFE2 = Beta after exposure

6 = Neutron fluence (1 MeV equiv.)
Knowing K, hFEz may be calculated for other

fluences using the relationship:

1

hee, PrE, hrE, =
——— Ko+
° heEq
TYPICAL CHARACTERISTIC DURING GAMMA EXPOSURE FOR DOSE
RATES OF LESS THAN 1 x 108 RAD(Sil/sec
TEST CONDITIONS LIMITS
For all
CHARACTERISTIC SYmMBOL VOLTAGE — V de Types UNITS
Ves Vge TYPICAL
Collector-to-Base Coulomb
Charge Generation c) 20 0 5x10 8 ~oulomo
Rad
Constant

50

The charge generated in the depletion region of a transistor is proportional to the
volume of the depletion region, the total dose, and the energy of the gamma radiation.

The primary base-collector photo current [lpp(base)] = (C)y, where 7 is the gamma dose rate in Rad(Si)/s.
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Evaluation of Hermeticity of
Aluminum TO-3 Packages
Under Thermal-Cycling
Conditions (Reliability Report)

A program that continually upgrades product and
develops meaningful rating systems is a requirement in the
power-semiconductor business. RCA’s program has played a
major role in the development of products and has led to the
specification of 1S/, ES/b, and thermal-cycling ratings.
RCA’s experience in determining the thermal-cycling ratings
of power transistors has shown that package material and
assembly systems must be looked at very carefully from a
thermal-fatigue viewpoint. This report evaluates the thermal
capabilities of our competitors’ aluminum TO-3 package with
soldered-in leads against the RCA steel TO-3 package with
glass-sealed leads.

Failure Data

In conjunction with its ongoing thermal-cycling rating
program, RCA continually evaluates product from its major
competitors, The results of this evaluation are quite
significant in the case of the aluminum TO-3 package. Type
2N3055 product in the aluminum TO-3 package from three
major competitors has been evaluated and the results
compared to those achieved with RCA's steel TO-3 package.
None of the competitors’ product tested passed RCA’s
thermal-cycling criteria, and, in addition, all of the product
demonstrated early failures in thermal-fatigue tests for
hermeticity. It is RCA’s opinion that the aluminum package
as it is now manufactured is unacceptable, and that, in
Table | — Results of 16-W Thermal-Cycling
Test of 2N3055 — 10,000 Cycles
(T = 40 to 130°C, No. of Units = 10

NO. OF FAILURES ALUM. TO-3

TEST
Mfr. A Mfr. B Mfr.C STEEL TO-3 RCA

Helium Leak — 8 4 3 0
Fine
Freon Bubble —
Gross 2 5 0 o

Total 10 9 3 0
Cumulative Electrical 7 Short 5 Short 1 Open 0
Failures for 10,000 1 Ojc' 4 Short

Cycles
. 0ic increased more than 25 percent

addition, it has some fundamental engineering problems that
indicate that it may never be a viable hermetic-package
system. Tables | and Il show typical examples of the data
gathered during tests of Type 2N3055 devices in aluminum
TO-3 packages. Tables |1l and |V show additional data on a
second, recently announced transistor type housed in the
aluminum TO-3 package. Note that most failures occurred
before 5000 cycles.

Failure Analysis

Helium Leak Test — Before and after each test, all units were
checked by submitting them to a four-hour helium bomb and
then to a helium-leak detector.

Freon Bubble — The freon-bubble test is a gross-leak test
in which the units are freon-bombed overnight (in FC-78
helium) and then submerged in hot freon (FC-43) and
checked for bubble exodus. Analysis of the leakers showed
that the devices lost hermeticity at the glass eyelet assemblies
(emitter and base leads) thzi are soldered into the aluminum
header after the number of thermal cycles indicated.
Note that no RCA devices failed the thermal-cycling test.
RCA steel TO-3 devices were included in these tests only
as controls; the life of the RCA steel-packaged 2N3055
on the 16-W thermal-cycling test is typically well beyond
100,000 cycles before first failures.

Table Il — Results of Temperature-Cycling
Test of 2N3055 —~ 75 Cycles

(T = —65 to +150°C, No. of units = 15)
NO. OF FAILURES ALUM, TO-3

TEST Mfr.A  Mfr.B  Mif.C | STEEL TO-3RCA
Helium Leak — 9 14 5 0
Fine
Freon Bubble —
Gross 0 | | 1]
Total 9 15 6 0

11-73
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Table 111 — Results of 16-W Thermal-Cycling Test on Second

Device — 3000 Cycles
(Tc=40to 1300C, No. of units = 12)

NO. OF FAILURES

TEST ALUM. TO-3
MANUFACTURER A
Helium Leak —
Fine 0
Freon Bubble —
Gross 9
Total 9

Engineering Problem

Fig. 1 shows an exploded view of the aluminum TO-3
package; all three competitors use lead eyelet assemblies that
are soldered into the aluminum flange. The cyclic heating
and cooling of the aluminum package cause expansion and
contraction of the flange with respect to the eyelet assembly
and propagate microcracks that ultimately cause leaks.
Contamination of the solder holding the eyelet assembly
probably initiates the problem.

ALUMINUM SHELL COLD-WELDED
TO NICKEL"PLATED ALUMINUM FLANGE

(6

GOLD-PLATED GLASSED-IN
% LEAD-EYELET ASSEMBLIES

SOLDERED IN ALUMINUM
FLANGE

G

GOLD BOND WIRES

SOLDER PREFORMS

o

. NICKEL-PLATED COPPER
—JHEAT SINK SOLDERED T0
ALUMINUM FLANGE

DUAL=METAL PELLET
ALUMINUM TOP (E8 B) & SOLDER QO
ON BOTTOM (COLLECTOR)

108
9

NICKEL-PLATED ALUMINUM FLANGE

Fig.1—  Aluminum TO-3 package.

Fig. 2 shows the RCA steel TO-3 packagé. Note the
glass-to-stem seal with no solder interface. This configuration
is possible with the steel package because ‘the melting
point of steel is far higher than the melting point of glass. It
is not possible to use the same system with the aluminum
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Table IV — Results of Temperature Cycling Test on Second
Device — 25 Cycles

(T = —65 to +150°C, No. of units = 12)

NO. OF FAILURES

TEST ALUM. TO-3
MANUFACTURER A
Helium Leak —
Fine 0
Freon Bubble —
Gross 3
Total 3

header because the melting point of aluminum is below that
of the glass used in the seal. Consequently, manufacturers
who use aluminum packages are forced to use a soldered-in
assembly.

NICKEL-PLATED
STEEL SHELL

WELDED TO FLANGE NICKEL-PLATED

PHOSPHOR-BRONZE CLIPS
%/ SOLDERED TO LEADS
SOLDER-COATED P:LLET»—'Q

NICKEL~PLATED COPPER
HEAT SINK

NICKEL-PLATED
STEEL FLANGE
GLASS-TO-FLANGE
SEAL

Fig.2— RCA steel TO-3 package.

Conclusion

RCA’s competitors have proclaimed the attributes of
aluminum packages and hard-solder power (the power
available from a package in which the pellet has been
mounted by the use of a hard-solder method). We believe that

the soldered-in eyelet associated with the aluminum package
has serious reliability and fundamental engineering problems.
This is also true of their so-called “hard-solder” packages,
which use the same type of soldered-in eyelet assemblies.
RCA’s steel package with its glass-to-stem seal, welded cap,
and controlled solder process, is far superior to the
aluminum package and hard-solder mounting system-over an
order of magnitude better. The aluminum package has a long
way to go to compete. The customer who buys a device in a
TO-3 package may think he is buying long-term hermeticity;
he may have a serious problem if it’s aluminum.
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Real-Time Controls of
Silicon Power-Transistor Reliability

L. J. Gallace and V. J. Lukach

This Note compares the traditional, classical approach to
the reliability-assurance testing of power transistors with a
newer classification of testing: Real-Time Control, RTC. The
classical approach is commonly referred to as Group B, and in-
volves a series of mechanical, environmental, and life stress
tests. RTC is a continuous, systematic evaluation and control
in “real time” of basic, potential failure mechanisms. It is an
important supplement to a total program intended to assure
the reliable performance of power transistors.

Classical Method of Determining Reliability

When examining semiconductor reliability, the term “re-
liability™ itself must first be defined and understood. Because
“reliability” means different things to different people, it be-
comes necessary to define the degree or level of reliability re-
quired in the classical and universal language of statistics. The
procedure of accumulating life-test data under conditions which
may be application-oriented to obtain MTF (mean-time-to-
failure) data is an oversimplified way of demonstrating re-
liability when one desires millions of device hours with a small
number of failures. Unless one is interested in demonstrating
only modest levels of reliability, this procedure will be totally
inadequate for determining how well the manufacturing
process produces devices that meet the intended design
criteria.

Table I indicates the enormous sample sizes required to
demonstrate very low failure rates by the classical method.
The equally enormous expenditures in facilities and time
required to test samples of the sizes shown is obvious.

Table | — Sample Size Required for 1000-Hour Life Test

Fig. 1(a) shows the “bathtub curve” used in the classical
method to characterize the random failure region; this curve is
an oversimplification of the three curves shown in Fig. 1(b)
representing various failure modes. Clearly, the bathtub-
curve method of determing a region which by its very
definition is random and largely unpredictable is unsatisfactory .

w INFANT WEAROUT
= MORTALITYl  RANDOM FAILURES| FAILURES
@ I |
w ! |
K ! !
=
g 1 1

TIME

(a)

9205 ~-23374

w 1
g
@ 2
w
&
E
2
3 3
g

TIME

(b1

9205-23465

Fig. 1 — (a) Generalized “bathtub” failure-rate curve, (b) family of
curves from which the “bathtub” curve in (a) is derived.

Comparison of Group B and RTC

The classical approach was developed years ago because
some over-all protection in the form of reliability assurance was
needed by customers. These Group B tests, performed
under standardized MIL-STD-750 conditions, were necessary
and useful. However, times have changed. Reliability engineers
have overstress-tested devices to destruction; in addition, a
wealth of customer field information is available. Failure analy-
sis performed on a routine basis has added even more knowl-
edge. The net result is a greater understanding and appreciation
of categories of potential failure mechanisms associated with
different product designs than was previously possible; RTC
is a reliability-assurance testing system that takes advantage of
all this information.

With Zero With One With Three

Failure Failures Failure Failures
Rate %/ at 90% at 90% at 90%
1000 Hrs. Confidence Confidence Confidence
1.0 231 390 668
0.1 2,303 3,891 6,681
0.01 23,026 38,980 66,808
0.001 230,000 389,000 668,000
274

53



AN-6249

Reliability-assurance data published per specific customers’
requests has traditionally consisted of Group-B test results. In
general, the summation of data shows large sample sizes with
near zero total failures. RTC, with its accelerated test con-
ditions, may not show zero failures. Therefore, when RTC data
is published externally, customers must be educated in its
interpretation. This education usually consists of personal con-
tact and a qualitative explanation of each report.

The foundation of RTC is accelerated testing, tests performed
at higher than normal stress levels to increase the failure rate
and shorten the time to wearout. There is almost no me-
chanical, environmental, life, or combined stress test for which
accelerated test conditions cannot be achieved. Table I lists
the various tests with recommended directions for acceleration.
The reliability tests of the future will use accelerated testing
techniques that are associated with real-time-control theory to
provide meaningful, quick appraisals and predictions of the re-
liability of solid-state components.

Table III describes some of the most important differences
that exist between the classical form of testing and RTC. The
power and advantages of RTC are clearly visible.

Real-Time Controls

Real-time controls are accelerated tests used to control re-
liability — a design and process parameter. In the real-time
method of determining reliability, a continuous flow of data
is interpolated into established criteria to provide an indi-
cation of how well the manufacturing process is producing

Table Il — Tests and Acceleration Directions

Test Direction of Stress Acceleration
Mechanical

Lead fatigue Increase bends to package destruction
Lead pull Increase weight to package destruction
Lead torque Increase torque to package destruction
Centrifuge Increase G-force

Impact shock Increase G-force

Vibration Equipment limited

Solderability Increase preconditioning stress, e.g.,

3 hrs. in steam
Environmental
Moisture resistance/

relative humidity

Salt atmosphere
Temperature cycling
Thermal shock
Life
Operating life
Storage life
Thermal fatigue
Reverse bias

Increase time; use pressure cooker/
autoclave; use moisture with bias
Increase time

Increase cycles; increase AT ambient
Increase cycles; increase AT liquid

Increase T junction

Increase T ambient

Increase AT 4e; increase cycles
Increase T ambient; increase voltage

product that meets the criteria. By comparing actual to
historical data, changes required in the manufacturing process
to improve the reliability of the product can be made on a day-
to-day basis.

The tests used as real-time controls are selected on the basis
of extensive reliability-engineering work done during the design

Table lIl — Differences Between Classical Group-B Tests and Real-Time Controls

APPROACH GROUP-B TESTS
1. Test Considerations At maximum device ratings or less
2. Overall General, multi-subgroups,

“shotgun” approach
3. Types of Failure

4. Frequency
5. Product Stage
6. Sample Size

Usually once per month

subgroups)

EFFECTIVENESS
1. Decisions
2. Reliability Predictability

Very poor, after the fact

failure rates

3. Problem Detection, Feedback,
Corrective Action

Poor

4. Efficiency of One Test Rack
and down period)

5. Test Duration Approximately 6 weeks
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Non-predictable multi-failure modes;
read 6 to 15 electrical parameters

Completed, electrically tested product
Large (approximately 150 per each

Poor, considering current low level

8 tests/rack/year (1000 hr. test

REAL-TIME CONTROLS
Overstress many times to destruction

Specific, predetermined reliability engineering
experimentation necessary, “rifle’” approach.

Visually one failure mode;i.e., look for evidence
of one specific failure mechanism. Many times
electrical readings not required.

Weekly — Daily — Hourly
All stages of product

Small (approximately 40), taken more
frequently

Immediate and Direct

Excellent, considering protection from
accelerated conditions

Excellent, quick response on today’s product
with measurable quick evaluation of
corrective action

90 tests/rack/year (3 day max.

and 1 day for changing product)

Minutes to three days maximum
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of a new product. Reliability, design, and applications engineers
work together to develop an integrated matrix of mechanical,
electrical, thermal, and environmental stress tests that will
provide information concerning allowable margins of materials,
process, and structure in the manufacturing process. Failure
mechanisms detected during the manufacturing process can
then be continually controlled even though they occur under
accelerated conditions, and the product reliability margin, as
shown in Fig. 2, can be maintained. Very often a two- or
three-day accelerated life test can be used to predict the per-
formance of a product in an actual application over a five-to

T * x
x

1ot et xSk
H x x % Xy
& x L,
5 'f 3STD. DEV.
o (PRODUCT RELIABILITY MARGIN)
S RELIABILITY BOUNDARY
=
=
3 APPLICATION LEVEL
a
<
(8]

No. OF UNITS 92Cs- 23464
Fig. 2 — Curve de ing product margin.

seven-year period. For this reason, a major effort is made to
correlate accelerated-test data to use conditions.

Information generated by the RTC method has unquestion-
able validity because tests are well controlled, and all ambi-
guties have been removed. Not only is the stress application and
duration known for acceptable product, but, in most cases,
RTC may be used to evaluate and control individual failure
mechanisms. Current as well as historical and projected
operating information is generated for analysis.

Real-Time Control Programs

Thermal Cycling

The first real-time control was developed by RCA to
control the thermal-cycling capability of silicon power tran-
sistors in plastic packages.!»2:3 The thermal-cycling capability
is determined from a system of rating curves which defines
cycle life in terms of power and changes in case temperature.
RTC tests are designed to produce information in three days
for use in process-control. Table IV shows the sampling plan

and test conditions for real-time control of thermal-cycling
capability of VERSAWATT transistors. Fig. 3 shows the

200

180 l

160

T T T T
ACCELERATED
6.75 W—FREE AIK

@ °
o o

\ \\ STANDARD

8W— HEAT {
SINK

@
o

ACCELERATED
4.75W—~FREE AIR

TEMPERATURE—"*C

EY
o

0
o

o 1o n 2

TIME—MINUTES
92C5-22046RI

Fig. 3 — Difference in thermal-cycling tests for the standard-
quality, Group-B method and the accelerated RTC
method.

differences in the thermal-cycling tests for the standard-
quality, group-B method and the accelerated RTC method.
The thermal-cycling test circuit, Fig. 4, includes an indicator

COMMON
LAMP
2A
FUSE 40654
TRANSISTOR
UNDER [ vgc=475V
TEST Te:lA

IN3195

TIMER
SWITCH

. 3
]_VBB=4V

COMMON

N

LAMP

VeewI0 v;;

92¢5- 22048
Fig. 4 — The thermal cycle test circuit used to obtain the datain Table IV.

Table IV — Sampling Plan and Test for Real-Time-Control of
VERSAWATT TO-220 Thermal-Cycling Capability

OBJECTIVES

1. Provide a Meaningful Control for Critical Thermal-Cycling Capability.

2. Detect Lot-to-Lot Differences.

3. Initiate Corrective Actions and/or Holding Actions.
TEST CONDITIONS AND ACCEPTANCE CRITERIA
Accelerated Thermal Cycling — Free Air, 4.75 W, AT, = 125°C, tgN = 50 Sec.,
tofFF = 100 Sec., n = 40:
¢=0@ 1700 cycles, or
¢ =1@ 3000 cycles

FAILURES — Check for Opens on Rack, in Addition to Group B Tests End Points
Including Top-Contact and Bottom-Contact Electrical Parameters.

NOTE: In No Way Does This Real-Time-Con\troI De-Emphasize An Existing
Disciplined And Total In-Process Quality-Control Program—From
Incoming Inspection Through Warehousing.
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circuit for open-emitter or open-base contacts. The failure-rate
data for VERSAWATT product tested under the RTC acceler-
ated conditions is shown in Table V.

Table V — Failure-Rate Data for 1972 for
VERSAWATT Product Tested Under RTC

No.of No.of Ne.Lots No.of Units Per cent Failed
Lots Units  Failed Failed
104 4,150 1 6 0.144

Pull Strength

RTC may be practiced either on a lot-by-lot or shift basis.
For example, each day, 30 samples per shift of power tran-
sistors are subjected to the following sequence of tests im-
mediately after the soldering of the emitter, base, and col-
lector contacts, i.e., just before the units are plastic encapsulated:

1. Autoclave (121°C, 30 psia, 4 hours)

2. Pull test on emitter-base contacts

The purpose of the autoclave is to age the unprotected
soldered joint so that poor solder contacts are more easily
detected. A typical distribution for the pull-strength test is
shown in Fig. 5. A contact that cannot withstand at least

22 26 30 34 38 42 46
PULL STRENGTH—OUNCES
92.5- 2050

Fig. 5 — A typical pull-strength distribution after autoclave at
30 psia, T=121"C, 4 hours.

10 ounces of pull is a failure. The autoclave-plus-pull-test
RTC checks only the mechanical strength of the solder joint,
and provides a direct measure of the success of the soldering
process on a real-time basis. Deficiencies discovered as a result
of the pull-strength test are corrected in subsequent shifts.

Wire-Bond Test
A thermal shock test of plastic product using wire bonds
for emitter-base connections is performed weekly, and is very
effective in monitoring a major failure mechanism which
manifests itself as intermittent opens under thermal operation.
The sampling plan and test conditions for the thermal-shock
RTC are as follows:
Sample Size  Conditions

40 —65°C to 150°C

Cycles Dwell Time

100 30sec.ateach

extreme
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The test proceeds as follows:
1. Perform end-point test for hot intermittent opens.
2. Make curve-tracer measurement with power applied; allow
device to heat to 125°C.
3. Criticize data for stability criteria (“jitter”).
4. Reject all unstable product and confirm rejects by
failure analysis.

Aluminum-Gold Bonding

The aluminum-gold bonding RTC was developed to detect
the failure mechanism of bond lifts in gold bonds caused by
the presence of impurities in the gold. The failure mechanism
occurs after life testing at high temperatures (200°C) without
any apparent force being applied. The test is performed on a
lot basis according to the following sampling plan, test con-
ditions, and procedures: '

1. Sample size is 15 devices with at least 30 wire bonds, pull-

test one half of the wire bonds on each unit.

2. Bake 1 hour at 390°C.

3. Perform pull-test on remaining wires.

4. Observe number of bond-lift failures.

Fig. 6 is a graphical representation of the results of the
aluminum-gold bonding test is performed on gold-plated parts
for four different lots.
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Fig. 6 — Bond-pull test results before and after 390°C bake.
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Additional Tests

Additional real-time controls for maintaining the thermal-
cycling capability of both hermetic- and plastic-packaged
power transistors are shown in Table VI. These tests were
developed because of the success of earlier RTC tests on the

Conclusion

The accelerated tests of the real-time -control method of
realiability determination are invaluable tools in attaining the
most reliable silicon power transistors. These tests, used in
conjunction with or as substitutes for the tests of the Group B

Table VI — Real-Time Thermal-Cycling Test Conditions

PACKAGE POWER T(9C)  AT(9C) to, togf HEAT SINK
(WATTS)
TO-220 VERSAWATT 18 55t0 110 55 3 min. 3min.  3°C/W
4.75 35 to 155 125 50s  100s Free Air
TO-3 Hermetic 16 40 to 130 90 50s 100s Free Air
) 56 70 to 120 50 15s 25s  6.39C/W
TO-66 Hermetic 85 35to 155 120 50s  100s Free Air
RCA “TO-5” Plastic 15 35to 135 100 60s 90s  Free Air
TO-5 Hermetic 15 30to 115 85 60s 90s  Free Air

TO-220 plastic-packaged silicon power devices. RTC tests have
developed for all silicon power transistors because of demands
for increased reliability by automotive and consumer-product
manufacturers.

RTC Used to Achieve a Higher Reliability Level

Real-time controls not only maintain an acceptable re-
liability level as intended by the design of the product, but,
because they are most often highly accelerated tests that show
the difference in lot capability or margin of acceptability of
the product manufactured, they tend to force the level of
reliability higher. Fig. 7 shows how reliability levels are distri-
buted with and without RTC.

« WITHOUT RTC WITH RTC
x® o
ui i
o9 o9
= ==
Su Su
ELS) zo

RELIABILITY LEVEL —s RELIABILITY LEVEL —e=
92CS- 23463

Fig. 7 — Distribution of reliability levels with and without RTC.

or classical method, have been proven more effective than
previous tests or applications-oriented derated conditions in
predicting and assuring reliability levels. The success of the
RTC method is directly related to a complete understanding
of device and manufacturing-process capability.
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Because all military systems and weaponry may at one
time be exposed to nuclear radiation, the effects of this
radiation on the electronic system components must be
determined and allowed for in the design. This Note
describes the types of radiation damage that might be
experienced by a power device and the tests used to
determine the design most effective in preventing this
damage.

“RADIATION HARDNESS"”

In reality there is no such thing as a “radiation hard”
transistor. A circuit or a device is considered “radiation
hard” for a given application; the criteria is whether the
entire circuit will perform its intended function after being
exposed to a given radiation condition. There are several
levels of nuclear radiation for which equipment is designed.
For example, a hand-carried transceiver is designed for a
radiation level of possibly one thousand times less than the
guidance electronics in an ICBM warhead because, in its
environment, the transceiver would be destroyed by a
nuclear-weapon blast effect while the radiation level was still
very low. An ICBM, on the other hand, flies outside the
earth’s atmosphere; hence, the destructive mechanism might
not be blast effect but, more likely, neutron, gamma, and
X-ray effects from the defensive missile burst. The levels of
radiation from which manned aircraft, weapons stores,
missile launch systems and the like have to be protected lie
somewhere between the levels for the transceiver and the
ICBM.

All transistors suffer degradation in gain, saturation, and
leakage when exposed to nuclear radiation. The problem is to
acquire sufficient knowledge of the transistor behavior after
such exposure to allow the circuit designer to adjust the
design for any undesirable changes that may occur in the
device characteristics. The transistor designer may optimize a
power device for radiation characteristics, but usually at the
expense of its dc operating capability.

DAMAGE CLASSIFICATION

The types of radiation damage that may be inflicted upon
a power device are classified as follows:

1. Physical Damage

2. Displacement Damage

3. Transient Radiation Energy Effect (TREE)

4. Ionizing Electromagnetic Pulse Effects (IEMP)

Physical Damage is inflicted on a device by “flash X-rays”
from a nearby nuclear explosion. The X-rays produce a
thermo-mechanical shock-wave in the dense material to
which the transistor die is attached, usually molybdenum,
copper, or gold. This shockwave then propagates into the
transistor die and, if strong enough, will cause visible
fracturing of the device.

Displacement Damage refers to changes in the atomic
structure of the silicon crystal caused primarily by the
disruption of the crystal lattice by impacting neutrons. The
result of this damage is an increased recombination rate in
the base and increased collector-body series resistance. The
combined effect is manifest by a decrease in current gain and
an increase in collector-emitter saturation voltage.

Transient Radiation Energy Effects (TREE) are caused
mainly by gamma rays which produce large numbers of
whole electron pairs in the collector-base and emitter-base
junctions and cause large photo-currents to flow in the
associated circuits. Intense gamma radiation may also cause
current-gain degradation similar to that caused by neutron
exposure, but the effect is modest compared to neutron
effects.

Ionizing Electromagnetic Pulse (IEMP) Effects are the
result of an intense ionization of the surroundings of an
aircraft or space vehicle that produces a voltage gradient over
the hull of several hundred thousand volts. Wherever there is
a gap in the metal skin, such as access doors, windows, or
antenna feedthroughs, the field will redistribute itself and
follow the path of least resistance, possibly down into the
vehicle electronics. Should the IEMP suppression be insuffi-
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cient, high-current pulses may be induced in the system
clectronics. In most cases, the protection of the small signal
and logic circuits will dictate IEMP suppression well below
the capabilities of the power devices. Where a power device
will be exposed to an IEMP condition, a pulsed safe-area test
may be applied to simulate the situation and verify the
device durability.

This Note is confined to the discussion of displacement
damage (neutron effects) and transient-radiation effects
(photocurrents), the main cause of failure of power devices
exposed to nuclear radiation.

DEVICES TESTED
Recently, six different RCA power-transistor structures,
as detailed in Table I, were subjected to fission spectrum
TABLE |
IRRADIATED POWER-TRANSISTOR SWITCHES

Size VcEo fr
Transistor ~ Description  (mils) (volts) (MHz)
2N6479 15Apwrsw. 155x155 =60-80 100-140
n-p-n
2N5671 30A pwrsw. 210x220 100-140 60-90
n-p-n
2N5038 20A pwrsw. 143x182 100-140  70-100
n-p-n
2N3878 7Apwrsw. 103x103 75-110 6090
n-p-n
2N5320 1A ampl. & sw. 42 x 42 70-120 120-180
n-p-n
2N6247  10A ampl. 150x 150  60-80 4-10
p-n-p

neutron exposure and gamma radiation to determine their
tolerance to nuclear and space radiation. Each sample
consisted of 20 units. Except for the 2N6479, which was
designed as a radiation tolerant device, these are standard
commercial power transistors. The devices were evaluated for
tolerance to neutron exposure and primary and secondary
photocurrent generation as a function of gamma-ray inten-
sity. Fig. 1 shows the circuit configuration and biasing used
in measuring photocurrent.

Neutron Testing

Each unit tested for neutron tolerance received five
fission-spectrum neutron exposures; the total fluence was
sufficient to produce almost a total degradation in current
gain (HFE)' Before and after each exposure, 5-volt, Hgg,
appropriate Vog(sat), Vgg(sat), Icgg, Iggo 2nd switching
speed data were taken. Only Hpp and Vp(sat) degradation
showed themselves to be of primary concern. Icgg and
lEBO increased by only small and relatively manageable
amounts.

I_Exposms__-ﬂl M7 " screen ]
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| | |
| { 10K |
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; T3 scoPE |
| VEE 50 :
I 10K }
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I 50
| |
|
I____._, ———— =1
TRANSISTOR TYPE Vee (VOLTS) VEE (VOLTS)

2N5038-9 55 4

2NS671-2 55 a

2N6247-8 -45 -3

2N5320 50 4

2N3878-9 50 4

2N6479 10 2
92Cs-25129

Fig. 1. Circuit and biasing for ing ph

Vego increased, as did fp (current gain bandwidth
product), while switching times decreased. VBE(sat) in-
creased somewhat but was still very manageable.

It is possible to predict Hpp after neutron exposure as a
function of an empirically determined damage coefficient,
KD:

empirically determined damage coefficient, Kp:

1 1

Kp® = 5—— 55— ()]
D Hrg®  Hpgo
or
_ 1
Hegy = Koo, 1 @
D¥ +
Hego
Where:
HFE¢ = Current gain after neutron exposure
Hgg, = Current gain before neutron exposure
L4 = Cumulative neutron fluence
Kp = Recombination-rate damage coefficient

(The derivation of Equations 1 and 2 is given in the
Appendix.) The more common form of this relationship is:
1 1 1
KeG—)=q— -~ — (©)]
2nfy’ Hpgg  Hpgo

The factor

21 ,the gain-bandwidth product, is an
7 i1

approximation of the base transit time. Eq. 3 works well
with small signal -devices, where fy may be easily and
repeatedly measured at the same collector current and
voltage levels as the other parameters of concern. The
measurement of fy at currents greater than 1 ampere is
extremely difficult owing to junction-temperature problems.
Furthermore, because of the low output impedances which
exist, and the difficulty of obtaining a load impedance which
must be even lower, the f results are only qualitative in
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nature. The gain-bandwidth product within members of a
given device design are generally uniform; therefore, for this

study, Sr i Was merged with K (the recombination-rate
damage coefficient) such that:
K

Kp =5 i = composite Hpp damage coefficient.

Figs.2, 3(a) through 3(m),and 4(a) through 4(f) present the
following typical information on the devices tested:

Vcg(sat) vs cumulative neutron fluence (®) at a forced
gain of 4 (lC/lB=4).

Veg(sat) vs cumulative neutron fluence (®) at a forced
gain of 8 (I/Ig=8).

HEp vs I prior to radiation

Recombination-rate damage coefficient (Kp) vs I .
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Photocurrent Testing

The effect on power transistors of high-intensity radia-
tion, such as high-encrgy electrons, gamma rays, and X-rays,
is jonization in the collector-base and emitter-base depletion
layers that produces primary photocurrents proportional to
the electrical volumes of the junctions. When these photo-
currents flow through the biasing networks and are sufficient
to produce the appropriate IR drops in the circuit extrinsic
to the base-emitter circuit, the device may become forward
biased, producing what is known as “secondary photo-
current” by means of conventional Hpp amplification.
Primary photocurrent production is predictable and can be
stated as a coefficient of 6.4 /.tA/rad(Si)/cm3. The expression
for the collector-base photocurrent, lppc’ may be written as

= 6
Ippc 6.4x100x Ax W

where A is the area of the base in cm2 and W is the width of
the collector-base depletion layer in centimeters. Note that W
is to some degree voltage dependent; therefore, I, . will also
be voltage dependent to the extent that the collector
depletion layer widens according to the collector voltage and
the impurity ratio between the base and collector layers.

Fig. 1 shows the circuit used for obtaining the photo-
current data in this Note; it is not entirely satisfactory for
the levels of photocurrent that may occur in large power
devices. Because the photocurrent is measured by monitoring
the voltage across a 50-ohm termination resistor, the

Vee
50 thus, the

amount of current measured is not a true indication of L | .
at the higher exposure levels. The curves of Figs. g(%)
through 5(f) should be evaluated with this fact in mind:

arrangement saturates at a photocurrent of
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Characterization of the devices tested consisted of
measuring the primary photocurrents in the transistors and
plotting these as functions of radiation dose rate. Tests were
performed at the 25 MeV linear-accelerator facility at the
White Sands Missile Range, New Mexico. Radiation pulse
widths of 5 to 6 microseconds were used to attain
equilibrium photocurrent. All testing was performed with the
accelerator in the electron-beam mode of operation. Varia-
tions in dose rate were obtained by positioning the test
device at different distances from the beam port. Dose rates
ranged from about 5 x 105 to 2 x 108 rad(Si)/s and were
determined from the responses of a calibrated diode. The
radiation response of the diode was, in turn, calibrated
against lithium fluoride, Tiny Thermoluminescent Dosimetry
Discs (TTDD’s), and calcium fluoride impregnated Teflon
chips, both of which were positioned in the area normally
occupied by the device under test.
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The photocurrent characteristics of the various devices
evaluated are shown in Table 1I and described below.
TABLE I
DEVICE PHOTOCURRENT CHARACTERISTICS

TOTAL GAMMA DOSE
Transistor Type (rads-silicon x 103)

Test

No. 1 2 3 4 5
2N6479 93 22 42 33.2 792
2N5671 1.2 2.3 3.7 26.7 58
2N5038 1.5 27 41 251 38
2N3878 .93 2.13  3.63 24.6 49.6
2N5320 85 2.0 34 32 73
2N6247 .83 1.68 2.68 6.1 263

2N6479. Relatively linear collector-base photocurrents
were observed. The emitter-base plot was non-linear. Second-
ary photocurrent began at 3 x 107 rad/s. The primary
photocurrent generation rates in amperes per rad per second
are:

collector-base 5 x 10°9 A/rad/s

emitter-base 1 x 10-11 A/rad/s (approx.) non-linear

2N5671-2. Both the collector-base and emitter-base
junctions exhibit a linear relationship between the photo-
current and the dose rate. However, this transistor type
switched into the secondary-photocurrent mode from 5 x
106 to 2 x 107 rad/s, so that the points of the emitter plot
are accordingly reduced in quantity. The plot in Fig. 5(b)
yields a primary photocurrent generation rate of:

collector-base 4.8 x 10°9 Afrad/s

emitter-base 2x 10-10 A/rad/s

2N5038-9. Linear relationships between the photocurrent
and dose rate for both collector-base and emitter-base
junctions were obtained. The onset of secondary photo-
current was observed at dose rates of 2 x 107 to 2 x 108
rad/fs. The primary photocurrent generation rates taken from
Fig. 5(c) are:

collector-base 3.1 x 10-9 A/rad/s

emitter-base 6.5 x 10-11 Afrad/s

2N3878-9. The collector-base junction shows a linear
relationship between photocurrent and dose rate, whereas
the emitter base is very non-linear. The non-linearity holds
even though data is plotted from 5 x 105 to 108 rad/s, and
secondary photocurrent did not begin until the dose rate was
3 x 107 rad/s. The primary photocurrent-generation rates
are:

collector-base 2.4 x 10-9 Afrad/s

emitter-base 1 x 10-11 A/rad/s (approx.) non-linear

2N5320. Linear results. Secondary photocurrent is not
sbserved for this device for dose rates as high as 3 x 107
-ad/s. The collector-base photocurrent generation rate is 4 x
10-10 Afrads.

2N6247-8. Linear relationship between photocurrent and
lose rate for both junctions were seen. Secondary photo-
urrent was observed at about 3 x 107 rad/s. Primary-
thotocurrent generation rates are:

collector-base 2.9 x 10-9 Afrad/s

emitter-base 2.1 x 10-10 Afrad/s

APPENDIX
DERIVATION OF THE
NEUTRON-DAMAGE COEFFICIENT
The common-emitter current gain at a constant voltage

may be expressed as:
1

Hpg = tb_R -1 (A-])
where:

ty = base transit time

R = base recombination rate

The recombination rate (R) is proportional to the number of
defects produced in the base by neutron radiation. The
number of defects is proportional to the total exposure.
Therefore, R may be expressed as:

R = R, + K& (A-2)
where:

K = a damage coefficient

o = total neutron fluence

The base transit time, (tb), may be approximated by the
relationship:
1

ty = m (A-3)
' Manipulation of Eqs. A-1 and A-2 yields the expression:
1 1 1
Kb = — (e — 7 (A-4)
t Hpggt!  Hpget!
where:
Hpg, = Hgg prior to neutron exposurel
HFE¢ = HFE after neutron expc»sure2
Simplifying,
Hgg, + 1 = Hpg, (a-5)
Eq. A-4 now becomes
1 1 1
Ko == G " g A-6)
tp Hpggt!l  Hpgg
A reorganization yields:
1+ HFE = F(:I’*‘_l—— (A7)
Hpgo

If Eq. A-3 is then substituted in Eq. A-7, the expression
becomes:

_ 1
B R T 9
2w fT HF Eo
As described in the main text, f7 and K may be merged as:
K
i 7 =Kp (A-9)

1+ HFEq& is usually expressed as HFE¢’ and the expression

becomes: )

Kpb+_1

Hgg,

HEg, (A-10)
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High-Reliability RF Power Transistors

During the past several years, the RCA Solid State
Division has conducted intensive programs to improve
the quality and reliability of rf power transistors. The
significant technological improvements that have re-
sulted from these programs have advanced rf power
transistors to the point that such devices are now used
with confidence in numerous equipments in which high
reliability is a prime requisite.

Design Features

The recent technological advances in RCA rf power
transistors are extensions of the RCA overlay-transistor
concept. Table 3-1 summarizes some of the major design
features of RCA rf power transistors.

Overlay Transistor Structure—The RCA overlay
design,* the basic type of structure used for RCA high-
reliability rf power transistors, employs a unique emitter
construction that makes possible exceptional power-
frequency capabilities. The emitter is separated into
many discrete sites that are connected in parallel to
provide the increased current-handling capability re-
quired at high power levels. This type of emitter struc-
ture provides the high ratio of emitter periphery to base
area that is essential to the generation of high power
levels at high frequencies. In addition, the overlay con-
struction makes possible current densities in the emit-
ter mentallizing fingers that are significantly less than
those in other high-frequency transistor structures. The
adverse effect of high current density on transistor relia-
bility, particularly with respect to failures caused by
aluminum migration, is discussed subsequently.

The reduced emitter current density in overlay transis-
tors can be attributed primarily to the relatively broad
metal fingers used to interconnect the discrete emitter
sites. These fingers are typically an order of magnitude
wider than the ones used in interdigitated or mesh types
of transistor structures. In addition, the separation be-
tween the emitter and base metallized fingers is 3 to 4

* U.S. Patent No. 3,434,019, March 18, 1969

Table 3-1 — Design Features

times greater than that in other types of high-frequency
transistor structures. This increased separation permits
the deposition of thicker metallizing layers and, there-
fore, results in a further reduction in current densities.

Emitter-Site Ballasting—A major technological de-
velopment in the evolution of rf power transistors is a
unique process in which an integral series resistor is
introduced directly above each emitter site of an overlay
transistor structure. RCA uses this process, which is
referred to as emitter-site ballasting, to achieve rugged
and reliable fine-line precise-geometry rf power transis-

-tors without sacrifice in high-frequency performance.

In overlay transistors, additional conducting and in-
sulating layers can be readily introduced between the
aluminum metallization and the shallow diffused emitter
sites (shallow emitter diffusion is a requirement for good
microwave performance). RCA has developed a techni-
que in which a polycrystalline silicon layer (PSL) is
interspersed between these regions. This interlayer, the

resistivity of which can be accurately controlled by im-
purity doping, is used as the medium for the emitter-site

ballasting of RCA microwave power transistors. Fig.
3-1 shows top and cross-sectional views of the emitter-
finger structure of an overlay transistor that includes the
polycrystalline silicon layer.

The resistivity of the polycrystalline silicon layer and
the geometry of the contacting aluminum are controlled
to form a ballast resistor in series with each emitter site.
This ballasting has proved very effective in the reduction
of hot spots, i.e., localized heated areas that result when
the emitter-to-collector current is allowed to concentrate
within small regions of the transistor pellet. Such current
concentrations may occur when a large number of tran-
sistor elements are interconnected electrically, but are not
coupled thermally. The formation of such hot spots can
result in a regenerative condition that leads to localized
thermal runaway and the consequent destruction of the
transistor.

Feature

Advantages

Overlay structure

Reduces current density
Minimizes aluminum migration

Emitter-site ballasting

Reduces formation of isolated hot spots
Improves safe operating area
Improves transistor resistance to failure under high VSWR conditions

Polycrystalline silicon layer (PSL)

Minimizes “‘alloy spike’’ failures
Minimizes dielectric failures

Glass-passivated aluminum metallizing

Minimizes aluminum migration

Hermetic package

Improves resistance to moisture

Results in rugged mechanical construction

Features low inductances and low parasitic capacitances
Provided in both stripline and coaxial configurations
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Fig. 3-1—Emitter-finger structure of an overlay transistor that
contains the polycrystalline silicon layer (PSL).

The ballast resistors connected in series with each
emitter site provide internal biasing control to prevent
excessive current in any portion of the transistor. The
formation of hot spots is thereby significantly reduced.
Because the overlay construction results in an emitter
that is segmented into many separate sites connected in
parallel, each hot spot may be isolated and controlled so
that the injection of charge carriers across the transistor
chip is made more uniform.

The emitter-site ballasting results in a more uniform
current distribution and, therefore, makes possible more
effective utilization of emitter periphery. Consequently,
transistor power-output and overdrive capabilities are
increased, and the forward-bias safe-operating area (de-
termined by infrared measurements) is enlarged. This
latter factor is important for linear applications of
high-frequency power transistors.

The formation of transistor hot spots under rf condi-
tions increases as the output VSWR increases. Transis-
tor failures caused by high VSWR conditions are often
related to forward-bias second breakdown, which is
characterized by extremely high localized currents.
Emitter-site-ballasted transistors, therefore, have a sub-
stantially greater immunity to failure produced by high
VSWR conditions such as those encountered in some
broadband amplifiers. This immunity is particularly dem-
onstrated by the RCA 2-GHz series of microwave

power transistors. For example, the RCA-2N6265,
2N6266, RCA2003, and RCA2005 2-GHz transistors
are characterized to withstand an infinite VSWR at rated
power levels and the specified frequency. Higher-power
types included in the 2-GHz series, such as the 2N6267
and the RCA2010, are characterized to withstand a
VSWR of 10 to I at rated power levels and the specified
frequency.

Polycrystalline Silicon Layer—In addition to its use
as a medium for emitter-site ballasting, the polycrystal-
line silicon layer (PSL) also helps to minimize two other
thermally induced failure modes that occur in high-
frequency power transistors. As shown in Fig. 3-1, this
layer forms a barrier between the aluminum metalliza-
tion and the shallow diffused emitter region and, there-
fore, substantially reduces the possibility of ‘‘alloy
spike’” failures, i.e., emitter-to-base shorts caused by
intermetallic formations of silicon and aluminum that
may occur under severe hot-spot conditions.

The polycrystalline silicon layer also provides a bar-
rier between the aluminum emitter finger and the
silicon-dioxide insulating layer over the base. This bar-
rier minimizes the possibility of emitter-to-base shorts
caused by dielectric failures that result from an interac-
tion between the aluminum and the silicon dioxide.

Recent reliability studies of high-frequency transis-
tors operated under overstress conditions (i.e., at junc-
tion temperatures greater than 200°C) demonstrated an
order of magnitude improvement in the mean time be-
tween failures for types that contain the polycrystalline
silicon layer over that of similar types in which this layer
is not used. These results verify that the PSL technique
contributes substantially to over-all device reliability and
therefore is an important feature in the construction of
high-frequency power transistors.

Glass-Passivated Aluminum—In RCA rf power
transistors, a silicon dioxide layer is deposited over the
aluminum metallization. This deposition results in an
increase of 40 per cent in the activation energy required
for the initiation of aluminum migration. The mean time
between failure of large crystalline aluminum passivated
in this way is increased by approximately four times at a
current density of 1 x 10°> amperes/centimeter®. The sili-
con dioxide layer also protects the aluminum from con-
tamination and from damage that may result because
of scratches or smears during device assembly.

RCA has recently concluded a study on electron-
migration failure mechanisms in rf power transistors.
The RCA-2N6267, a 10-watt, 2-GHz transistor that has
the highest current density of any RCA microwave
power type, was used as the test device in this study. The
median time to failure (MTF) was determined for more
than one-hundred 2N6267 transistors that were dc-
biased to simulate high-current-density and high-
junction-temperature operating conditions. The effects
of hot-spot junction temperatures over the range from
230°C to 300°C, as determined from infrared scanning,
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and of current densities in the metallization of 1 x 10°
amperes/centimeter? to 3 x 10° amperes/centimeter?
were observed. On the basis of the results obtained, the
MTF of the transistors at the typical operating current
density of 1 x 10% amperes/centimeter and the typical
operating junction temperature of 150°C was predicted
to be 100 years. Even at an operating junction tempera-
ture equal to twice the typical value (i.e., at 2 x 10°
amperes/centimeter?), an MTF of 12 years is predicted
for operation of the transistors at a junction temperature
of 150'C. These results indicate that, under normal
conditions, migration failures should not be a factor for
RCA rf power transistors.

Gold Metallization—In some RCA microwave
power transistors, particularly those intended for mili-
tary phased-array-radar applications, gold metallization
is employed to meet government specifications. These
transistors use a metallization system that was developed
by RCA for a high-volume, high-reliability military
application. In this system, the contacting layer is a
noble-metal, silicide upon which successive layers of
titanium, platinum, and gold are superimposed. Tests of
transistors operated under extreme overstress conditions
(i.e., at current densities equal to twice the typical value
and a hot-spot junction temperature of 285°C) showed
that transistors that use the gold metallization have a
median time to failure 11 times that of transistors with
the same geometry that use glass-passivated aluminum
metallization. The MTF data given in the preceding
paragraph for overlay transistor structures that use
glass-passivated aluminum metallization, however,
show that this type of metallization is more than adequate
for most applications.

Hermetic Transistor Packages—The package of a
power transistor used in microwave applications be-
comes an integral circuit element that has a critical
bearing on over-all circuit performance. A suitable pack-
age for a microwave power transistor should have good
thermal properties and low parasitic reactances. Package
parasitic reactances and resistive losses significantly af-
fect circuit performance characteristics such as power
gain, bandwidth, and stability. The most critical parasit-
ics are the inductances of the emitter and base leads. The
higher the power capabilities of the transistor, the lower
the device impedances, particularly at the input. For
high-power high-frequency transistors, the input imped-
ance is determined primarily by the package, rather
than by the transistor pellet. Consequently, such transis-
tors should be encased in well-designed and well-
constructed packages.

All RCA high-reliability of power transistors are sup-
plied in metal-ceramic or laminated-ceramic packages.
These packages, which are sealed with metallized
ceramic interfaces, provide a true hermetic enclosure
that can withstand thermal cycling from 65°C to
+ 200°C and power cycling such as may be encountered
in transmitter service. In addition, these packages are
mechanically rugged and are essentially impervious to
moisture and other external contaminants.
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Fig. 3-2 shows photographs of packages used for
RCA high-reliability rf power transistors. These RCA
hermetic transistor packages are specially designed to
have extremely good thermal properties. For example,
in the metal-ceramic packages, such as the HF-11,
HF-21, and HF-28, the transistor pellet is mounted on a
silver block or stud which is connected to the collector
terminal. In the HF-46, a laminated-ceramic package,
the pellet is mounted directly on a beryllium-oxide sub-
strate. In each case, the initial heat spreader, i.e., the
silver block or beryllium-oxide substrate, is a material
that has a high thermal conductivity.

The RCA microwave-transistor packages, in addition
to being mechanically rugged hermetic designs with
excellent thermal properties, also have very low values
of parasitic reactances and excellent isolation between

input and output.
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Fig. 3-2- Packages used for RCA high-reliability rf
power transistors

Special Rating Concepts

Unlike low-frequency high-power transistors, many
rf devices can fail within the dissipation limits set by the
classical junction-to-case thermal resistance during op-
eration under conditions of high load VSWR, high col-
lector supply voltage, or linear (Class A or AB) opera-
tion. Failure can be caused by hotspotting, whichresults



from local current concentration in the active areas of the
device, and may appear as a long-term parameter degra-
dation. Localized hotspotting can also lead to catas-
trophic thermal runaway.

The presence of hotspots can make virtually useless
the present method of calculating junction temperature
by measurements of average thermal resistance, case
temperature, and power dissipation. However, by use of
an infrared microscope, the spot temperature of a small
portion of an rf transistor pellet can be determined accu-
rately under actual or simulated device operating condi-
tions. The resultant peak-temperature information is
used to characterize the device thermally in terms of
junction-to-case hotspot thermal resistance, 6s-c.

The use of hotspot thermal resistance improves the
accuracy of junction temperature and related reliability
predictions, particularly for devices involved in linear or
mismatch service.

DC Safe Area—The safe area determined by infrared
techniques represents the locus of all current and voltage
combinations within the maximum ratings of a device
that produce a specified spot temperature (usually
200°C) at a fixed case temperature. The shape of this
safe area is very similar to the conventional safe area in
that there are four regions, a$ shown in Fig. 3-3: constant

value. The hotspot thermal resistance (fs.c) may be
calculated from the infrared safe area by use of the
following definition:

Oyec = 1 .rsl’ Te
where Tis is highest spot temperature [Tl(mnx) for the safe
area] and P is the dissipated power (= 1 X V productin
Region 1I).

The collector voltage at which regions II and IlI inter-
sect, called the knee voltage Vk, indicates the collector
voltage at which power constriction and resulting hot-
spot formation begins. For voltage levels above Vk, the
allowable power decreases. Regian Il is very similar to
the second-breakdown region in the classical safe area
curve except for magnitude. For many rf power transis-
tors, the hotspot-limited region can be significantly
lower than the second-breakdown locus. Generally Vk
decreases as the size of the device is increased.

Fig. 3-4 shows the temperature profiles of two transis-
tors with identical junction geometrics that operate at the
same dc power level. If devices are operated on the
“dissipation-limited line of their classical safe areas, the
profiles show that the temperature of the unballasted
device rises to values 130°C in excess of the 200°C
rating. Temperatures of this magnitude, although not
necessarily destructive, seriously reduce the lifetime of
the device.
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Figure 3-3. Safe-area curve for an rf power transistor determined
by infrared techniques.

current, constant power, derating power, and constant
voltage.

Regions I and 1V, the constant-current and constant-
voltage regions, respectively, are determined by the
maximum collector current and Vceo ratings of the de-
vice. Region 11 is dissipation-limited; in the classical
safe area curve, this region is determined by the follow-
ing relationship:

P _ Ty(max) = Te
max — (—)J_C

where Tc is the case temperature.

This relationship holds true for the infrared safe area;
Pmax may be slightly lower because the reference tem-
perature Timax is a peak value rather than an average
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Figure 3-4. Thermal profiles of a ball
power transistor during dc operation.

Effect of Emitter Ballasting—The profiles shown in
Fig. 3-4 also demonstrate the effectiveness of emitter
ballasting in the reduction of power (current) constric-
tion. In the ballasted device, a biasing resistor is intro-
duced in series with each emitter or small groups of
emitters. If one region draws too much current, it will be
biased towards cutoff, allowing a redistribution of cur-
rent to other areas of the device.

The amount of ballasting affects the knee voltage, Vk,
as shown in Fig. 3-5. A point of diminishing returns is
reached as Vk approaches Vceo.

RF Operation—In normal class C rf operation, the
hotspot thermal resistance is approximately equal to the
classical average thermal resistance. If the proper collec-
tor loading (match) is maintained, @s-c is independent of
output power at values below the saturated- or

v
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Figure 3-5. Safe-area voltage for an rf power transistor as
a function of total ballasting resistance.

slumping-power level, and is independent of collector
supply voltage at values within + 30 per cent of the
recommended operating level.

Power constriction in rf service normally occurs only
for collector load VSWR’s greater than 1.0. A transistor
that has a mismatched load experiences temperatures far
in excess of device ratings, as shown in Fig. 3-6(a) for
VSWR = 3.0. For comparison, the temperature profile
for the matched condition is shown in Fig. 3-6(b).

Fig. 3-7 is a typical family of thermal-resistance
curves that indicate the response of a device to various

£ 365

i)
& 245 n
=1
g1 \
& 323 V‘
a
& 296 fvswa:3:i 1
- (VgAsee E;r.e(;upsnn'runs

262 . —
I+ 1400 MHz
£ 205 Pp(50 OF -\_
= R

o 00z 004 006 008

PELLET DISTANCE (MAJOR AXIS)=INCH
) @

3
o

@
4

AVAY

VSWR=100
/| CASE.TEMPERATURE
T =85°C

HOTSPOT TEMPERATURE—°C
3
n

132 —
)J 12400 MHz
n Po=25W B
Ve 28V
83 i Y T |
0 — 00z 004 006 008

PELLET DISTANCE (MAJOR AXIS)- IN

) BT
Figure 3-6. Thermal profile of a power transistor during rf opera-
tion: (a) under mismatched conditions; (b) under matched con-
ditions.

levels of VSWR and collector supply voltage. @s-c
responds to even slight increases in VSWR above 1.0
and saturates at a VSWR in the range of 3 to 6. The
saturated level increases with increasing supply voltage.
Devices with high knee voltages tend to show smaller
changes of s.c with VSWR and supply voltage. Gis-c
under mismatch is independent of frequency and power
level, and reaches its highest values at load angles that
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produce maximum collector current. Power level does,
however, influence the temperature rise and probability
of failure.

Device failure can also occur at a load angle that
produces minimum collector current. Under this condi-
tion, collector voltage swing is near its maximum, and
an avalanche breakdown can result. This mechanism is
sensitive to frequency and power level, and becomes
predominant at lower frequencies because of the decreas-
ing rf-breakdown capability of the device.
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Figure 3-7. Mismatch-stress thermal characteristics for the
2N5071.

Collector mismatch can be caused by the following
conditions:

1. Antenna loading changes in mobile applications
when the vehicle passes near a metallic structure.

2. Antenna damage.

3. Transmission-line failure because of line, connec-
tor, or switch defects.

4. Variable loading caused by nonlinear input charac-
teristics of a following transistor (particularly broad-
band) or varactor stage.

5. Supply-voltage changes that reflect different load-
line requirements in class C.

6. Tolerance variations on fixed-tuned or stripline
circuits.

7. Matching network variations in broadband ser-
vice.

Case-Temperature Effects—The thermal resistance
of both silicon and beryllium oxide, two materials that
are-commonly used in rf power transistors, increases
about 70 per cent as the temperature increases from 25 to
200°C. Other package materials such as steel, kovar,
copper, or silver, exhibit only minor increases in thermal
resistance (about 5 per cent). The over-all increase in
@s.c of a device depends on the relative amounts of these
materials used in the thermal path of the device; typically
the increase of fs-c ranges from 5 per cent to 70 per cent.
Fig. 3-8 shows the rf and dc thermal resistance coeffi-
cients for a typical rf transistor. For both cases, the
coefficient is referenced to a 100°C case and is defined as
follows:
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0N Oy at Te = 100°C

The rf coefficient changes more than the dc coefficient,

because of the power constriction that occurs in rf opera-

tion at elevated case temperature.
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Figure 3-8. Thermal-resistance coefficient for the 2N5071.

RF Avalanche Breakdown Voltage—The voltage
breakdown mechanism is a time dependent phenome-
non; and, therefore, breakdown voltages under pulsed
and rf conditions are higher than the dc values. This is
obviously true when the time during which the device is
subject to fields of breakdown intensity is short with
respect to the mechanism, time constant and the off-time
is sufficiently long to permit the relaxation of this
mechanism. Under these conditions, a catastrophic level
cannot be reached during a single pulse, and the ac-
cumulative effect of several pulses is prevented by the
off-time relaxation. Tests have demonstrated that a de-
.vice that has a dc breakdown voltage (BVcBo) of be-
tween 60 and 80 volts can often withstand about 135 volts
(collector to base) under pulse lengths shorter than 0.25
microsecond. RF performance (particularly classes B
and C) is analogous to pulsed operation in the sense that
the instantaneous rf voltages are at their peak value for
only a fraction of the cycle. (For example, at 1.3 GHz,
the period of a cycle is 0.77 nanosecond and the voltage
is peaked for less than % cycle. Therefore, the high-
intensity fields exist for less than 0.19 nanosecond.

The increased rf breakdown-voltage capability has
been shown empirically. RF breakdown voltages ap-
proximately twice that at low frequencies have been
achieved. One possible theoretical explanation is based
on the following relationship between rf breakdown
and current gain which in effect expresses the relation-
ship at one operating frequency in terms of the alpha and
beta cut-off frequencies of the device.

Veno™ _ {[1 + (
Vepo

o
[+ () ]

where M = “excess phase” factor, ® ;G': beta cut-off

frequency = w./ B, = empirical constant ranging

from 2 to 10, and @ = operating frequency
In reality wo/® , is a relationship between the de-

vice transit times (i.e., time constants) and the oper-
ating frequency, for example:

0w, 2afo 27 7,
w, 1 T To
T
where 7 = w—l = beta transit time
B

1 . .
and 7, = T= period (time of one cycle)

o

The ratio o/of, therefore, normalizes the time (dura-
tion) of voltage stress to the time of transit of the
device.

The curve of this function is shown in Fig. 3-9. This
curve indicates that a transistor operating at its cutoff
frequency o « could theoretically have a breakdown vol-
tage equal to six times the dc breakdown voltage. More
typically, two to three times the dc breakdown voltage
has been observed. A further increase in safety factor is
obtained from the fact that the Vcesx is greater under rf
conditions because the instantaneous peak voltage is
given by

V inst. = Vcc + (Vrr peak)
= Vecc + (Vec — Vcesat)
= 2 Vcc — Vcesat

VcEsat increases with operating frequency; the max-
imum instantaneous voltage, therefore, is lower at the
higher frequencies further increasing the safety factor.

Both theoretical and empirical evidence support the
contention that rf breakdown voltage can be con-
siderably higher than BVcso (static). Therefore, reliable
operation can be obtained even though Vcc is more than
one-half BVcso (static).
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Fig. 3-9- Relationship of rf voltage breakdown to dc voltage
breakdown as a function of frequency.
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Reliability as a Function of Current
Density and Junction Temperature

Questions are frequently asked concerning the life of
rf power transistors that use an aluminum metallization
system in connection with electromigration-related fail-
ure modes. Electromigration of the aluminum has been
shown to occur in the presence of high current densities
and elevated temperatures. This condition results from
the mass transport of metal by momentum exchange
between thermally activated metal ions and conducting
electrons. As a consequence, the original uniform
aluminum film is reconstructed to form thin conductor
regions and extruded appearing hilocks.

The process can be accompanied by the solid-state
dissolution of silicon in the aluminum. This latter effect
usually occurs to a limited extent in transistor-
manufacturing heat treatments until the aluminum-
silicon saturation point is reached. As a result, only a
very small additional amount of silicon dissolves during
normal operation of the device. At high current densities
and elevated temperatures, however, the electromigra-
tion process can act to transport the thermally diffused
silicon ions away from the silicon-aluminum interface,
and silicon diffusion into the aluminum is then allowed
to continue until eventually failure of the transistor junc-
tions occurs.

Test Conditions—The effects of electromigration on
the lifetime of RCA rf power transistors in relation to
various current densities and junction temperatures were
evaluated in an acceleratcd-operating-life test program.
DC current-voltage conditions were used because elec-
tromigration is responsive to the dc components of the
total wave form used in rf applications, i.e., electromi-
gration is effected by the unidirectional components of
the field. Tests were conducted at three different emitter
stripe current densities (Je). The tests at each current
density, in turn, were conducted at three different peak
junction temperatures (T;), all of which were accelerated
above normal use conditions. Peak junction temperature
was determined by infrared scanning of the transistor
pellet at each life-test condition. Table 3-2 shows the
matrix of test conditions. The sample size per test condi-
tion ranged from 10 to 15 units.

Test Vehicle—The RCA 2N6267 was used as the test
vehicle because it is required to withstand one of the
highest current of densities of any RCA rf power transis-
tor (this transistor, therefore, represents a ‘‘worst-case’’
candidate). All the transistors used in the test were
standard-product commercial devices, i.e., they were
not subjected to conventional high-reliability screening
prior to life testing.

Failure Mode—The accelerated test conditions pro-

duced failures that resulted from electromigration of
aluminum and silicon. The failure indicator was degra-

dation of the transistor junctions. RF power output
measured at frequent life-test down periods prior to de-
vice junction failure exhibited only slight degradation
(typically 8%); this degradation is extremely small in
view of the severity of the test conditions.

Test Data—An Arrhenious plot (1/T-log scale) of the
log-normal median time to failure (M TF) obtained from
each test is shown in Fig. 3-10. The curves shown are
extrapolated down from the data points in order to enable
prediction of the MTF at operating junction tempera-
tures below the maximum rated value of 200°C. An
MTF of 9.5 x 10° hours (or greater than 100 years) is
estimated for the 2N6267 test vehicle at its typical appli-
cation current density of 8.5 x 10* A/cm? and junction
temperature of 150°C.

Points from each curve in the Arrhenious plot were
taken in the temperature range of 200°C to 100°C and
replotted on a log-log scale, shown in Fig. 3-11, for
extrapolation over various current densities. Fig. 3-11
represents general curves of MTF as a function of emitter
current density and peak junction temperature. These
curves can be used to estimate the MTF of an rf power
transistor at its typical operating current density. Table
3-3 lists several RCA transistors designed to operate at
microwave frequencies and shows the predicted MTF of
these devices for typical application values of collector
current, emitter stripe current density, and peak junction
temperature. The microwave transistors are glass-
passivated devices. It has been shown that the MTF of
devices in which the glass passivation is not used is
reduced by a factor of 10. Table 3-4 shows the MTF for
non-glass-passivated rf devices predicted by use of this
acceleration factor.

Table 3-2 Accelerated Life-Test Conditions

Collector Emitter Emitter Stripe Peak Junction Temperature
Current Current  Current Density in Degrees Centigrade*
(A) (A) (Alcm?) bl T2 T3
1 1.02 8.5 x 104 300 280 154
2 2.07 1.7 x 108 283 258 230
3 3.22 27 x10° 300 273 240
* Represents  peak as ged over sev-

eral devices at each
size is adjusted
temperature on the life test.
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Tablle 3-4 — Estimated MTF for Non-Glass-Passivated Devices at
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Table3-3 — d MTF for Glass-Passl d RF Power Tran-
sistors at TyplcaI-A_ppllcatlon Current Densities

MTF (108 Hours)

Type IE(Amps) Je (104A/CM?)  T;=150°C
2N5470 0.119 5.2 4
2N5920 0.180 5.5 3.5
2N5921 0.450 3.5 12
2N6265 0.215 6.5 2
2N6266 0.540 4.2 7
2N6267 1.10 8.5 95
2N6268 0.275 8.3 1
2N6269 0.920 7.2 15
RCA2001  0.120° 3.8 10
RCA2003  0.300 9 8
RCA2005  0.540 4.2 7
RCA2010  1.10 85 95
RCA3001  0.120 3.8 10
RCA3003  0.300 9 8
RCA3005  0.540 8 1.1
40915 0.0015 4.2 7
41039 0.030 1 300

Ty Current Densities.

Typical & Je MTF Tj = 150°C
Type (mA) (10% amps/cm?) (108 hours)
2N1493 25 25 3.5
2N2631 375 27 25
2N2857 1.5 0.72 15.0
2N2876 500 3.5 1.3
2N3118 50 5.1 0.4
2N3375 350 24 2.8
2N3553 150 1.0 12.0
2N3632 600 2.1 6.0
2N3866 70 38 1.0
2N5016 900 4.5 .6
2N5071 1300 3.7 12
2N5090 85 4.6 .58
2N5109 50 2.7 2.5
2N5916 120 5.7 0.3
2N5918 480 5.7 0.3
2N5919A 800 4.0 0.8
2N5994 2400 7.2 0.15
2N6093 5100 4.8 5
2N6105 1350 4.4 7
41024 100 5.4 .35

RCA JAN, JANTX, and JANTXV RF Power Tran-
sistors

RCA can supply a number of rf power transistors that
have been qualified as JAN, JANTX, and/or JANTXV
types in accordance with MIL-S-19500. These transis-
tors, together with the MIL-S-19500 detailed electrical
(slash-sheet) specifications for them, are listed below:

Basic Device Type No. Electrical Specification No.*

2N918 MIL-S-19500/301
2N1493 MIL-S-19500/247
2N2857 MIL-S-19500/343
2N3375, 2N3553, 2N4440 MIL-S-19500/341
2N3866 MIL-S-19500/398
2N5071 MIL-S-19500/442
2N5109 MIL-S-19500/453
2N5918 MIL-S-19500/473
2N5919A MIL-S-19500/475

* MIL-S-19500 detailed electrical specifications for JAN, JANTX, and
JANTXV devices can be obtained from the Naval Publications and
Forms Center, 5801 Tabor Avenue, Philadelphia, Pa.

RCA HR-Series RF Power Transistors—
Processing and Screening

RCA HR-series types are high-reliability rf and mi-
crowave power transistors intended for applications in
aerospace, military, ‘and industrial equipment. These
transistors are supplied to three screening levels (/1, /2,
/3) which meet the electrical mechanical, and environ-
mental test, methods, and procedures established for
power transistors in MIL-STD-750. Table 3-5 defines
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these reliability levels in terms of system-application
usage.

RCA can provide on request SEM (Scanning Elec-
tron Microscope) inspection photographs to NASA-
Goddard Specification GSFC-S-311-P-12A “for each
wafer lot tested to level /1. Precap Visual Inspection is
conducted in conformance with Method 2072 of
MIL-STD-750.

Table 3-5— Reliability Levels for RCA High-Reliability RF and Mi-
crowave Transistor

RCA
Level Application Description
n Satellite and For devices intended for appli-
Aerospace cations in which maintenance
and replacement are ex-
tremely difficult or impossible,
and Reliability is imperative.
2 Military and For devices intended for appli-
Industrial (For cations in which maintenance
example in Airborne and replacement can be per-
Electronics) formed, but are difficult and
expensive.
3 Military and For devices intended for appli-

Industrial (For
example in Ground
. Based Electronics)

cations in which replacement
can readily be accomplished.

HR-series transistors are available in RCA HF-28
and HF-46 and JEDEC TO-60, TO-201AA,
TO-215AA, TO-216AA TO-5, TO-39, and TO-72
packages. The product-flow diagram shown in Fig. 3-12
lists a summary of processing, screening, tests, and
sampling procedures followed in the manufacture of
these transistors.

Table 3-6 provides detailed information for the
screening tests included in the product-flow diagram.
Table 3-7 gives pre-burn-in and post-burn-in electrical
tests and delta limits for critical test parameters.

When ordering HR-series types, the appropriate re-
liability level should be indicated by addition of the
suffix /1, /2, or /3 to the type number. For example, the
2N6265 processed to level /3 requirements should be
marked HR2N6265/3.

The parameters listed in Table 3-7 are tested before
and after burn-in, and the data are recorded for all de-
vices in the lot. The parameters measured shall not have
changed during burn-in trom the initial value by more
than the specified delta (A) limit or beyond the end-point
limits given in Table 3-7.

All devices that exceed these limits are removed from
the inspection lot, and the quality removed are noted in
the lot history. If the quantity removed after burn-in
exceeds 10 per cent of the devices subjected to burn-in,
the entire lot is rejected.

Table 3-6— Description of Total Lot Screening for HR-Series rf power transistors*

MIL-STD-750 or -202 Screening Levelse

Test Conditions Method Cond. n 2 13
Wafer Lot Identification — - - X — —
SEM Inspection - GSFC-S-311-P-12Am S — —
Precap Visual - 2072 - X X —
Seal and Lot Identification — - — X X X
Stabilization Bake 24 hrs min at

200°C — - X X X
Temperature Cycling 10 cycles 1051/107C — X X X
Centrifuge 20,000G, Y1 2006 - X X X
direction
Fine Leak - 112 [e]l]} X X X
Gross Leak — 112 AorB X X X
HTRB (High-Temperature
Reverse Bias) 80% Vcs, 150°C min — — X X X
Serialize - — — X X X
Pre-Burn-in Electrical X X X
Burn-In X X X
Post-Burn-in Electrical | See detail Specification X X X
Final Group A X X X

* Data on specific HR-Series types given in following pages show test

conditions and limits.

e X = 100% Testing; S = Sample of 5 (random selection from each

wafer); — = not performed.

= This specification, which was written by NASA Goddard Space Flight

Center, is the industry standard.
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Table 3-7— B In Test M
MIL-STD-750
Test Method Conditions & Limits Symbol A Limits
Collector 3041 — 100% of pre-burn-in value or
cutoff current Per 10% of Group -A Limit
Detailed whichever is greater
Forward-current 3076 Electrical hee + 20% of pre-burn-in value
transfer ratio Specification
Power output —_ Pout
LEVEL | LEVEL 2 LEVEL 3
3
WAFER
LOoT
IDENT.
m C‘ONDITIONING
SCREENS
MOUNT PRESEAL SEAL BAKE - PRE
AND AND | | ELEC.| | TEMP. CYCLE ~
BOND r_ ViSuAL H e TEST [| CENTRIFUGE SERIALIZE [— BURNCIN
INSP. - IDENT. FINE LEAK
GROSS LEAK
HTR

92CM-22892RI

Fig. 3-12-Product Flow Diagram for RCA HR-Series rf power transistors (See Tables 3-6 and 3-7 for

additional details)

RCA Premium- and Ultra-High-Reliability RF
Power Transistors

RCA also supplies several transistors referred to as
premium- or ultra-high-reliability types. Processing and
screening requirements and ratings and electrical charac-
teristics for these transistors are included in the technical
data for these types at the end of this section.

Quality Assurance Program

In addition to the prescribed screening requirements,
RCA maintains a general Quality Assurance Program
for high-reliability rf transistors which includes the fol-
lowing functions:

1. A system for controlling the conversion of a cus-
tomer specification into an internal RCA specifi-
cation which assures complete compliance with
customer requirements. Also, this system pro-
vides for control of documentation regarding
changes in design, processes, materials, and elec-

trical characteristics. All processes, work instruc-
tions, and quality inspections are clearly defined
and documented.

. Maintenance of test equipment and tools kept in

strict compliance with MIL-C-45662, ‘‘Calibra-
tion System Requirements.”’

. Quality Inspection in accordance with MIL-I-

45208. Specifically, this program incorporates

the following quality inspections:

(a) A thorough inspection of incoming raw parts
and materials.

(b) Wafer-processing visual inspections and
bond-pull tests to check metallization-to-wafer
adherence.

(c) Pellet visual inspection after wafer dicing
(SEM inspection of pellets when required by
purchase order).

(d) Package-assembly visual inspection.

(e) In-process bond-pull test to monitor pellet-to-
package adherence.

(f) In-process bond-pull test to monitor integrity of
bond-wire contact.
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(g) Precap visual inspection.

(h) Package cap-seal visual inspection.

(i) Hermeticity (fine and gross) leak-test audit per-
formed after 100% testing.

(j) Group A electrical-test audit performed after
100% testing.

(k) Completed-unit external visual inspection

(1) Group B reliability test sampling from parent
types in accordance with MIL-STD-750 test
methods.

. Quality-control sampling procedures in accord-

ance with MIL-STD-105 and MIL-S-19500.

5. Thorough records kept on all inspections. All data
kept on active file for a minimum of 3 years.

Technical Data

Significant electrical ratings and characteristics and
special features of RCA JAN, JANTX, and JANTXV
if power transistors; HR-series rf power transistors;
and premium- and ultra-high-reliability rf power transis-
tors are given in the data charts on the following pages.



JAN2N918

Silicon Epitaxial Pianar

VHF Transistor

JAN Electrical Specifications: MIL-S-19500/301A

Package: JEDEC TO-72

Maximum Ratings

PT
Tc=25°CL/ Ta=25°C¥ | vcgo | VEBO | VcEO Ic Ty Tstg
mW mW Vdc Vdc Vdc mAdc °C °C
300 200 30 3 15 50 +200 -65 to +200
L/ Derate linearly 1.71 mW/°C for T¢ >25°C.
2 Derate linearly 1.14 mW/°C for Ta >25°C.
Primary Electrical Characteristics
hFe hfe b’ Cc Cobo NF Gpg
VCE =6 Vdc
Ic=4 mAdc | Ig =-4.0 mAdc Vcp =10 Vde Ic=1mAdc | Vcg=12Vdc
Limits | Ic=3mAdc | Vcg =10 Vdc| V¢ = 10 Vdc g=0 f=60 MHz Ic =6.0 mAdc
VCe=1Vdc | f=100MHz | f=79.8 MHz {100 kHz <f<1MHz | gg=2.5 mmho | f=200MHz
psec pF dB dB
Min 20 6.0 - - - 15
Max 200 - 25 1.7 6.0 -
For characteristic curves and test conditions, refer to data on basic type in File No. 83.

JAN2N1493

Silicon N-P-N VHF Transistor

JAN Electrical Specification: MIL-S-19500/247

Package: JEDEC TO-39
Maximum Ratings

Pt/ VcBo VCEX VEBO RoJc T Tstg
w Vdc Vdc Vdc °c/W °c °Cc
3.5 100 100 4.5 50 +200 -65 to +200
Lrhis power-dissipation rating is for 1,000 hours expected life at T = +25° £3°C.
Primary Electrical Characteristics
PG hfe hrg Cob b "Cc
(at: f=70 MHz f =70 MHz f=10.1t01.0 MHz
Limits | Vg =50 Vdc Vce = 20 Vde VCE =20 Vdc VcB = 20 Vde Vce =20 Vde
Ic =25 mAdc Ic = 15 mAdc Ig = 10 mAdc Ige=0 Ic =10 mAdc
g8 - - BF sec
Min. 10 25 50 - -
Max. - - 200 5.0 100
“For characteristic curves and test conditions, refer to data on basic type in File No. 10.
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JAN2N2857,

Silicon N-P-N Epitaxial
JANTX2N2857

Planar UHF Transistor

JAN Electrical Specifications: MIL-S-19500/343A
Service: For UHF

Package: JEDEC TO-72
Maximum Ratings

PTY P .
Ta=25°C Tc =25°C VcBo VceEo VEBO TA Ic
mW mW Vdc Vde Vde °C mAdc
200 300 30 15 3 -65 to +200 40
LI Derate linearly 1.14 mW/°C for Tp>25°C.

2 Derate linearly 1.71 mW/°C for Tc>25°C.

Primary Electrical Characteristics

hFE Ihtel Ceb NF GPE rp' Ce

" Vce=6Vdc [ Vcg=6 Vdc | Vc =6 Vdc
VCE =6 Vdc Vcg = 10 Vde IC =1.5 mAdc|lc = 1.5 mAdc| Ig =2 mAdc
Limits | VCE =1 Vdc | Ic =5 mAdc

E=0 f=450 MHz | =450 MHz | f=31.9 MHz
Ic=3mAdc | f=100 MHz |100 kHz<f<1MHz

Rg =50 ohms
pF dB dB psec
Min 30 10 — - 125 4
Max 150 19 1.0 4.5 21 15
For characteristic curves and test conditions, refer to data on basic type in File No. 61.




JAN2N3375, JANTX2N3375, JANTXV2N3375

JAN2N3553, JANTX2N3553, JANTXV2N3553
JAN2N4440, JANTX2N 4440, JANTXV2N 4440

Silicon N-P-N Overlay
VHF-UHF Transistors

JAN Electrical Specifications: MIL-S-19500/341
Package: JEDEC TO-39-2N3553
JEDEC TO-60-2N3375, 2N4440

Maximum Ratings

PT PT
Type Vceo | Vceo | VEBo | Ic Tstg T
Ta=25°C | Tc=25°C
w W [ vee [ vde [ vae [ade [ cc c
2N 3375, 2N4440 264 11.6¥ 65 40 4 1.5 -65 to +200 | +200
2N3553 1.04 7.04 65 40 4 1.0 -65 to +200 | +200
1/Derating linearly at 14.86 mW/°C for T > 25°C. 3 perate linearly at 0.066 W/°C for T¢ > 25°C.
2 perate linearly at 5.71 mW/°C for Ta > 25°, H perate finearly at 0.04 W/°C for T¢ > 25°C.
Primary Electrical Characteristics
Vce(sat)) Cobo Ihel hEE
Ic =500 mAdc Ic =250 mAdc Ig=0 VCE =28 Vde VGE =5 Vdc!
Limits |Ig =100 mAdc Ig = 50 mAdc VcB =30 Vde Ic=125mAdc | Ic =150 mAdc
2N3375 100 kHz < f< 1 MHz f=100 MHz
2N4440 2N3553
Vdc Vdc pF
Min - - - 35 15
Max 0.7 0.6 10 - 150
PoE POE PoE
PIE=1.0W PIE=1.0W | PIEZ0.25W | PlE=10W PIE=1.0W
Limits | f= 100 MHz | f=400MHz | f=175MHz | f=100MHz | =400 MHz
| 3375 2N3553 2N4400
w w w w
Min 75 3.0 25 10 4.0
Max 14 6.0 5.0 16 8.0
L/ pyised test

For characteristic curves and test conditions, refer to data on basic type in File No. 386.
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JAN2N3866

’

JANTX2N3866

Silicon N-P-N Overlay
VHF-UHF Transistors

JAN Electrical Specification: MIL-S-19500/398

Package: JEDEC TO-39

Maximum Ratings

PTL/
TA=25°C | VcBo |VEBO | Vceo | lc Tstg Ty
W vde |vde | vde | Ade °c °c
1.0 60 3.5 30 0.4 -65 to +200 +200
L/Derate linearly at 5.71 mW/°C for Tpa >25°C.
Primary Electrical Characteristics
hrE Ihel Cobo VcE(sat) POE POE
Vce =15 Vdc VcB =28 Vde Vec=28Vde | Vee =28 Vde
Limits| VCg =5.0 Vdc | I¢ =50 mAdc IE=0 Ic=100mAdc | PIg =0.15W | Pjg =0.075 W
Ic=50mAdc | f=200MHz |100 kHz<f<1MHz | Ig=10mAdc | f=400MHz f =400 MHz
pF Vdc W i
Min 15 25 - —_ 10 05
Max 200 8.0 3.0 1.0 2.0 -

For characteristic curves and test conditions, refer to data on basic type in File No. 80.

JAN2N5071, Silicon N-P-N Emitter-Ballasted
.
JANTX2N5071 Overlay VHF Transistor
JAN Electrical Specification: MIL-S-19500/442
Package: JEDEC TO-60
Maximum Ratings
P/ | P Toper.
Vceo VEBO VCEX Ic
TA=25°C | Tg=25°C Tstg.
w w Ve | Vde | vde | Ak | <
-65 to
2.6 70 35 4 65 10 +200

Y Derate linearly at 15 mW/°C for Tp >25°C 2/ Derate linearly at 400 mW/°C for Tc> 25°C

Primary Electrical Characteristics

hFg Cobo POE VSWR

VCE =5 Vde Vca =30 Vde PIE=3W f=30 MHz

Limits | 1c=3Adc Ig=0 f=76 MHz POE=30W RoJc
100kHz <f< 1MHz
pF w ccw
Min. 15 24
Max. 100 85 34 3:1 25
All Phases

For characteristic curves and test conditions, refer to data on basic type in File No. 269.
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JAN2N 5109,

Silicon N-P-N Overlay
JANTX2N5109

VHF-UHF Transistors

JAN Electrical Specification: MIL-S-19500/453
Package: JEDEC TO-39

Maximum Ratings

P/
Ta=25°C | VcBo | VEBO | VCEO | VCER | Ic Tstg Ty
w Vdc Vdc Vdc Vde Adc °Cc_ °Cc.
1.0 40 3.0 20 40 0.4 -65 to +200 +200
L/ Derate linearly 5.71 mW/°C for T >25°C.
Primary Electrical Characteristics
hFg Ihgel Cobo VcEel(sat) Gpe
Vce =15 Vde
Limits Vce = 15 Vdc VcB = 28 Vde P1g =10 dBM
VcE =15 Vde Ic =50 mAdc IgE=0 Ic =100 mAdc Ic =10 mAdc
Ic =50 mAdc f =200 MHz 100 kHz <f<1 MHz Ig = 10 mAdc f=200 MHz
_pF Vdc dB
Min 40 6.0 - - 11.0
Max 120 9.0 3.5 0.5 -
For characteristic curves and test conditions, refer to data on basic type in File No. 281.

JAN2NS5918-

Silicon N-P-N Emitter-Ballasted
‘VHF-UHF Transistor

JAN Electrical Specification: MIL-S-19500/473

Package: JEDEC TO-216AA
Maximum Ratings

PR/ P
Vceo | VEBo | Vcex | Ic LN
Ta = 25°C Tc=75°C
w w vde | Vde | Vde | Ade =
2.4 10 30 4 60 0.75 -65 to +200
2 Derate linearly 13.7 mW/°C for Tp >25°C
2l perate linearly 80 mW/°C for T¢ >75°C
Primary. Electrical Characteristics
Vcelsat) hFE Cobo POE
Ve =30 Vde
Limits Ic=2Adc VCE =4 Vdc 1g=0 PIE=159W
Ig = 400 mAdc Ic=0.5 Adc 100 kHz < f< 1 MHz =400 MHz
Vdc pF w
Min - 15 - 10
Max - 200 13 13

For characteristic curves and test conditions, refer to data on basic type in File No. 448.
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JAN2N5919A Silicon N-P-N Emitter-Ballasted
JANTX2N5919A Overlay VHF/UHF Transistor

JAN Electrical Specifications: MIL-S-19500/475
Service: For UHF
Package: JEDEC TO-216AA

Maximum Ratings

P! PT’

Ta=25°C | Tg=2s°c | VCEO | VEBO | VCEX | lc Ta
W W Vde | Vdc | Vde | Adc °C
2.6 25 30 4 65 45 | -65 to +200

! Derate linearly 15 mW/°C for Tp >25°C.
2 Derate linearly 200 mW/°C for T¢ >75°C.

Primary Electrical Characteristics

Vcelsat) hFE Cobo Pout
Limits Ic =2 Ade VCE = 4 Vde VB = 30 Vde Pin=4W
Ig = 400 mAdc | Ic=0.5 Adc IE=0 f = 400 MHz
100 khz <f< 1 MHz
Vdc pF w_
Min - 10 - 16
Max 2 200 22 22

For characteristic curves and test conditions, refer to data on basic type in File No. 505.



R(EA] RF Power Transistors

Solid State
Division HR2N2857

Silicon N-P-N Epitaxial
Planar Transistor

"“{i For UHF Applications in Industrial
| ,\ i and Military Equipment
) II \ Features:

8 High gain-bandwidth product —
fT =1000 MHz min.

o High converter (450-to-30-MHz) gain —
G¢ = 15 dB typ. for circuit bandwidth of

JEDEC TO-72 H-1299 . |
appro y 2 MHz

The RCA-HR2N2857 is a high-reliability version of the @ High power gain as neutralized amplifier —
RCA-2N2857. It is specially processed and screened for Gpe = 12.5 dB min. at 450 MHz for circuit
high reliability in accordance with the basic schedules out- bandwidth of 20 MHz

lined earlier in the discussion of Processing and Screening of
HR-Series High-Reliability Transistors. The maximum ra-
tings, specific electrical (Group A) tests and test limits, and
the burn-in conditions for the HR2N2857 are shown below.
The basic electrical-characteristics curves and test condi- 8 Low device noise figure —

o High power output as uhf oscillator —
p, =J30 mW min., 40 mW typ. at 500 MHz
© 20 mw typ., at 1 GHz

tions and the mechanical details for this device are the NF = 4.5 dB max. as 450 MHz amplifier
same as those given for the basic 2N2857 transistor in RCA 7.5 dB typ. as 450-t0-30-MHz converter
data bulletin file No. 61. B Low collector-to-base time constant —

rp " Cc =7 ps typ.
o Low collector-to-base feedback capacitance —
Ccb = 0.6 pF typ.

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE . . ..ottt e e VcBO 30 \
COLLECTOR-TO-EMITTER VOLTAGE ...ttt iii e i ieee i VCEO 15 \
EMITTER-TO-BASE VOLTAGE .. ... i e VEBO 25 v
COLLECTOR CURRENT .. ..ttt ittt it it Ic 40 mA
TRANSISTOR DISSIPATION: PT

At case temperature Upto 250 C ... ... . .. 300 mwW

At case temperatures above 250 C ... ... .. .iii e e Derate at 1.72 mW/0C

At ambient temperatures upto 250 C ... ... ... ... .l 200 mw

Atambient temperatures above 259 C ... ... .. .. i Derate at 1.14 mW/oC
TEMPERATURE RANGE:

Storage and operating (Junction) ........ ... . i —65 to +200 oC
LEAD TEMPERATURE (During Soldering):

At distances > 1/32 in. from seating surface for 10 smax. ..................... 265 oC
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*

HR2N2857

Il. GROUP A TESTS, at Ambient Temperature (T4) = 25° C

TEST CONDITIONS LIMITS
DC DC DC DC
Collector- Collector- Emitter- | DC DC Collec-
to-Base to-Emitter | to-Base Emitter | Base tor
CHARACTERISTIC Symbol| Frequency | Voltage Voltage Voltage Current | Current | Current Units
f Ves VcE VEB e L} lc
MHz \" \' \% mA mA mA Min. | Max.
Collector Cutoff Current |lcgo 15 0 — | 10 |nA
Collector-to-Base
Breakdown Voltage BVcgo o 0.001 30 -V
Collector-to-Emitter
Breakdown Voltage BVcEeQ o 3 15 -V
Emitter-to-Base
Breakdown Voltage BVEBO —0.01 o 25 - |V
Static Forward Current
Transfer Ratio hrE 1 3 30 | 150
Small-Signal Forward he, 0.001¢ 6 2 50 | 220
Current Transfer Ratio e 100¢ 6 5 10 19
Collector-to-Base b _
Feedback Capacitance Ceb 0.1tol 10 o 1.0 |pF
Collector-to-Base Time .
Constant rp'Ce |31.9¢ 6 -2 4 15 | ps
Small-Signal Common-
Emitter Power Gain in
Neutralized Amplifier
Circuit Gpe 450¢ 6 1.5 125 | 19 |dB
Power Output as Oscil-
lator Po >5002 10 -12 30| - |mw
UHF Device Noise d,f
Figure NF 450¢ 6 15 — | 45 |dB
UHF Measured Noise
Figure NF 450¢. d 6 1.5 - | 50 |dB
@ Fourth lead (case) not connected.
b Three-terminal measurement: Lead No. 1 (Emitter) and lead No. 4 (Case) connected to guard terminal.
€ Fourth lead (case) grounded.
d  Generator resistance Rg =50 ohms.
€ Generator resistance Rg =400 ohms.
f

Device noise figure is approximately 0.5 dB lower than the measured noise figure. The difference is due to the insertion loss at the input of
the test circuit (0.25 dB) and the contribution of the following stages in the test setup (0.25 dB).

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS

TA=25°C
VCcB=15V
PT=02W
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RE RF Power Transistors

Solid State
Division

HR2N3375

Silicon N-P-N Overlay Transistor

For VHF/UHF Applications

Features:

7.5 W (MIN) output at 100 MHz Class C
3.0 W (MIN) output at 400 MHz Class C
2.5 W (Typ) output at 500 MHz, Oscillator
High Voltage Ratings

Hermetic stud-type package

All electrodes isolated from stud

JEDEC TO-60 H-1307

The RCA-HR2N3375 is a high-reliability version of the
RCA-2N3375. It is specially processed and screened for high
reliability in accordance with the basic schedules outlined
earlier in the discussion of Processing and Screening of
HR-Series High-Reliability Transistors. The maximum ratings,
specific electrical (Group A) tests and test limits, and the
burn-in conditions for the HR2N3375 are shown below. The
basic electrical-characteristics curves and test conditions and
the mechanical details for this device are the same as those
given for the basic 2N3375 transistor in RCA data bulletin file
No. 386.

I. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE ........cciviiiiiiinnnnann. Vego 65 \
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter voltage Vg = —1.5V.............. Veev 65 \Y

With base Open . ... .i ittt ittt ie et ee e iaaaananann VCEO 40 \"
EMITTER-TO-BASE VOLTAGE .........ciiiiiiiiiiiainnnnnn. Vego 4 \Y
CONTINUOUS COLLECTOR CURRENT ............cceviinnnn le 0.5 A
TRANSISTOR DISSIPATION: Pt )

At case temperatures Up 10 25°C .. v ettt it 11.6 w

At case temperatures above 25°C . . ... ittt Derate linearly at  0.066 w/°C
TEMPERATURE RANGE:

Storage and Operating (Junction) . ........c.oveietinnnnnnennn. —65 to +200 °c
LEAD TEMPERATURE (During soldering):

At distances = 1/16 in. (1.58 mm) from insulating wafer for 10 s max. 230 °c
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HR2N3375

I1. GROUP A TESTS. At Case Température (T¢) = 25°C.
STATIC

TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL Collector Base Current LIMITS UNITS
Volts | Volts (Milliamperes)
Ve Vee VBE Ig g Ic Min. | Max.
*| Collector-Cutoff Current |~ Iogg 30 0 - A mA
Collector-to-Base
Breakdown Voltage V(BR)CBO 0 0.1 65 - \Y)
Collector-to-Emitter V(BRICEO 0 Joto200" [ 40° | - v
Breakdown Voltage V(BR)CEV -1.6 0to200° [ 65° - v
Emitter-to-Base
Breakdown Voltage V(BR)EBO 0.1 0 4 - v
Collector-to-Emitter
‘Saturation Voltage VCE(sat) 100 500 - 1 v
*| DC Forward Current
Transfer Ratio heg 5 150 10 —
DYNAMIC
TEST CONDITIONS
DC DC DC
CHARACTERISTIC [symsoL Collector Base Current LIMITS UNITS
Volts Volts (Milliamperes)
Ves | Vee | VBe g g e Min. | Max.
Collector-to-Base Capacitance
Cobo 30 0 - 10 pF
Measured at 1 MHz
RF Power Output
Amplifier, Unneutralized
At 100 MHz 28 7.5° -
Poe w
400 MHz 28 30 | -

2pulsed through an inductor (25 mH); duty factor = 50%,
Measured at a current where the b | voltage is a

CFor P, - = 1.0 W; minimum efficiency 65%.

dFcor P, ~ = 1.0 W minimum efficiency 40%.

*Recorded before and after burn-in for each device (seriatized).

111 BURN-IN CONDITIONS
Tpo=25°C

Veg=30V

Pr=26W

88




NG
Solid State
Division

RF Power Transistors

HR2N3553

Features:

JEDEC TO-39 H-1381

The RCA-HR2N3553 is a high-reliability version of the
RCA-2N3553. It is specially processed and screened for high
reliability in accordance with the basic schedules outlined
earlier in the discussion of Processing and Screening of
HR-Series High-Reliability Transistors. The maximum ratings,
specific electrical (Group A) tests and test limits, and the
burn-in conditions for the HR2N3553 are shown below. The
basic electrical-characteristics curves and test conditions and
the mechanical details for this device are the same as those
given for the basic 2N3553 transistor in RCA data bulletin file
No. 386.

I. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE ............covvinnnnn.

COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter voltage VBE =—156V.........
With baseopen .......oviiiiiiiiiiiniiiiiiiiinnnnns
EMITTER-TO-BASE VOLTAGE ........ccvtiiininnnnnnn,

TRANSISTOR DISSIPATION:

At case temperatures upt0 25°C .. ....i.iieiiiiiien....

At case temperatures above 25°C .. .........ieiiiaai....

TEMPERATURE RANGE:

Storage and Operating (Junction) .............ccovvuunn.

LEAD TEMPERATURE (During soldering):

At distances > 1/16 in. (1.58 mm) from seating plane for 10 s max. ..

Silicon N-P-N Overlay Transistor

For VHF/UHF Applications

m 2.5 W (MIN) output at 175 MHz, Class C Amplifier
@ 1.5 W (Typ) output at 500 MHz, Oscillator
@ High Voltage Ratings

...... Vero 65 v
...... VCEV 65 \"
...... Veeo 40 v
...... Vego 4 v
...... IC 0.33 A
Pr

...... 7 w
...... Derate linearly at 0.04 w/°c
...... —65 to +200 °c

230 °c
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HR2N3553

1l. GROUP A TESTS. At Case Temperature (Tc) =25°C.

STATIC
TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL Collector Base Current LIMITS UNITS
Volts Volts (Milliamperes)
Ves VCE Vge Ig 'B e Min. Max.
*| Collector-Cutoff Current Iceo 30 0 — A mA
Collector-to-Base
Breakdown Voltage V(BR)CBO 0 0.3 65 - \
Collector-to-Emitter V(BR)CEO 0 |0t0200" | 40° — Vv
Breakdown Voltage V(BR)CEV -1.5 01t0200° | 652 - \Y
Emitter-to-Base
Breakdown Voltage V(BR)EBO 0.1 1] 4 - \%
Collector-to-Emitter
Saturation Voltage Vglsat) 50 250 — 1 \
*! DC Forward Current
Transfer Ratio heg 5 150 10 -
. DYNAMIC
TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL Collector Base Current LIMITS UNITS
Volts Volts (Milliamperes)
VCB Vee | Vee 13 g Ic Min. Max.
Collector-to-Base Capacitance
Cop 30 0 - 10 pF
Measured at 1 MHz obo
RF Power Output
Amplifier, Unneutralized POE
At 175 MHz 28 2.5° w

2pylsed through an inductor (256 mH); duty factor = 50%.

Measured at a current where the breakd

voltage is a

SFor P|g = 2.5 W; minimum efficiency = 50%.
*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS
Ta

=25°C

Vg =30V
Pr=1wW

20




REA RF Power Transistors

Solid State
Division

HR2N3632

Ul
'{gyvl

NP

For VHF Applications

Features:

High Voltage Ratings
JEDEC TO-60 H-1307

The RCA-HR2N3632 is a high-reliability version of the
RCA-2N3632. It is specially processed and screened for high
reliability in accordance with the basic schedules outlined
earlier in the discussion of Processing and Screening of
HR-Series High-Reliability Transistors. The maximum ratings,
specific electrical (Group A) tests and test limits, and the
burn-in conditions for the HR2N3632 are shown below. The
basic electrical-characteristics curves and test conditions and
the mechanical details for this device are the same as those
given for the basic 2N3632 transistor in RCA data bulletin file
No. 386.

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE .......ciiiiiiiiinniinnennnn
COLLECTOR-TO-EMITTER VOLTAGE:
With external base-to-emitter voltage VBE =—15V... ...t
Withbase Open ... .....iuiiitiiiiiiiiiiiee i iiiiinaniann
EMITTER-TO-BASE VOLTAGE ..........oiiiiiiiiiiiininn,
CONTINUOUS COLLECTOR CURRENT .........covivinnnnnnn.

TRANSISTOR DISSIPATION:
At case temperatures Up 10 25°C ... ...ttt

At case temperatures above 25°C ... ..iiu i i e

TEMPERATURE RANGE:

Storage and Operating (Junction) ...........ccuiiiennnnnnnnn..
LEAD TEMPERATURE (During soldering):

At distances = 1/16 in (1.58 mm) from insulating wafer for 10 s max.

Hermetic stud-type package
All electrodes isolated from stud

Silicon N-P-N Overlay Transistor

13.5 W (MIN) output at 175 MHz Class C
10.0 W (Typ) output at 260 MHz Class C

Vego 65 Y

Veey 65 \Y

Veeo 40 v

VEgO 4 \Y

I 1.0 A
Pr

23 w

Derate linearly at ~ 0.13 w/°c

—65 to +200 °c

230 °c
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HR2N3632

I1. GROUP A TESTS. At Case Temperature (T¢) = 25°C.

STATIC
TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL Collector Base Current LIMITS - UNITS
Volts Volts (Milliamperes)
VCB Vee VBE Ig g Ic Min. Max.
Collector-Cutoff Current IcEO 30 0 - 0.25 mA
Collector-to-Base
Breakdown Voltage V(BR)CBO 0 0.5 65 - \'
Collector-to-Emitter V(BR)CEO 0 [0t0200° | 40° | - v
Breakdown Voltage V(BR)CEV —-1.5 0 to 2007 65° - \Y
Emitter-to-Base
Breakdown Voltage V(BR)EBO .25 0 4 - \Y
Collector-to-Emitter
Saturation Voltage VCE(sat) 100 500 - 1 \Y
DC Forward Current
Transfer Ratio hee 5 300 10 -
DYNAMIC
TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL Collector Base Current LIMITS UNITS
Volts Volts (Milliamperes)
Ves | Vee VBE e g Ic Min. Max.
Collector-to-Base Capacitance|
Cobo 30 0 - 20 pF
Measured at 1 MHz
RF Power Qutput
Amplifier, Unneutralized
At 175 MHz Poe 28 13.5° w
260 MHz 28 10¢

2pyised through an inductor (25 mH); duty factor = 50%.
Measured at a current where the breakd voltage is a

€For Pyg = 3.5 W; minimum efficiency = 70%.
For P|g = 3.0 W; typical efficiency = 60%.

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS
_ o

Tp=25C

Vg =30V

Pr=26W
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IR

Solid State
Division

RF Power Transistors

HR2N3866

aj

JEDEC TO-39 H-1381

Silicon N-P-N Overlay Transistor

High-Gain Driver for VHF/UHF Applications
in Military and Industrial Communications Equipment

Features:

2 High power gain, unneutralized Class C amplifier
1-W output at 400 MHz (10-dB gain)
1-W output at 250 MHz (15-dB gain)
1-W output at 175 MHz (17-dB gain),
1-W output at 100 MHz (20-dB gain)

The RCA-HR2N3866 is a high-reliability version of the o Low output capacitance
RCA-2N3866. It is specially processed and screened for Cobo = 3 pF max.
high reliability in accordance with the basic schedules out-

lined earlier in the discussion of Processing and Screening

of HR-Series High-Reliability Transistors. The maximum

ratings, specific electrical (Group A) tests and test limits, >
and the burn-in conditions for the HR2N3866 are shown

below. The basic electrical-characteristics curves and test

conditions and the mechanical details for this device are

the same as those given for the basic 2N3866 transistor in

RCA data bulletin file No. 80.

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE . ...\ttt e e VcBo 55
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance, RBE=10 ..........ovreenrnnnan.. VCER 55

With base 0pen ... ... it e VCEO 30
EMITTER-TO-BASE VOLTAGE . ...ttt VEBO 35
CONTINUOUS COLLECTOR CURRENT ........oitittiiniiieeaeannannnn, Ic 0.4
CONTINUOUS BASE CURRENT . ...\ttt ii et et g 0.4
TRANSISTOR DISSIPATION: PT

At case temperature UPto 250 C ...ttt 5

At case temperatures above 250 C . ... ... ... ... Derate at 0.0286
TEMPERATURE RANGE: ’

Storage and Operating (JUNCLION) . . ..ot ui ettt e e e eeeaaaaas —65 to +200
LEAD TEMPERATURE:

At distances > 1/16 in. (1.58 mm) from seating plane for 10s max. .............. 230

<

>Pr<<<

w
w/oC

oC

oC
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HR2N3866

1l. GROUP A TESTS, at Case Temperature (T¢) = 250 C
STATIC

TEST CONDITIONS

oc oc LIMITS
CHARACTERISTIC sYMBOL VOLTAGE CURRENT UNITS
v) (mA)
VeE VEB e [ [Ic [mMIN | max.
Collector Cutoff Current:
Base-emitter junction reverse biased ICEX 55 1.5 - 0.1 mA
* | Base open IcEO 28 o - 20 MA
Collector-to-Base Breakdown Voltage V(BRICBO (] 01 |55 - |V
Colls -to-Emitter Br Voltage:
With base open V(BR)CEO 0 5 30 - v
With base connected to emitter
through 10-ohm resistor V(BR)CER o 5 55 -
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0 )35 - A
Emitter-Cutoff Current IEBO 35 - 0.1 mA
Co 2 jtter ion Voltage VcEglsat) 20 |100 - 1.0 |v
* | DC Forward-Current Transfer Ratio hgg 5 50 | 10 200
Thermal Resistance (Junction-to-Case) Rouc - 35 oc/w
DYNAMIC
LIMITS
TEST AND CONDITIONS SYMBOL F':IEQUENCY UNITS
MHz MIN. MAX.
Power Output (Vcc = 28 V):
PIE=01W PoOE 400 1.0 - w
Large-Signal Common-Emitter Power Gain (Vg =28 V): )
PlE=01W Gpg 400 10 - dB
Collector Efficiency (Vg =28 V):
P|g = 0.1 W, Pog = 1 W, Source Impedance =50 2 ne 400 45 - %
Magnitude of Common-Emitter, Small-Signal, Short-Circuit
Forward-Current Transfer Ratio:
Ic=50mA, Vcg = 15 V Insel 200 25 -
Available Amplifier Signal Input Power, Pog = 1 W,
Source Impedance = 50 P 400 - 0.1 w
[¢ Base Output Capaci (Veg =28 V) Cobo 1 - 3 pF

*Recorded before and after burn-in for each device (serialized).

111, BURN-IN CONDITIONS

TA=250C
Veg=28V
Pr=1wW
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m@m RF Power Transistors
Solid State
pivision HR2N5071

24-W (CW), 76-MHz Emitter-
Ballasted Overlay Transistor

Silicon N-P-N Device for 24-Volt Applications

in VHF Communications Equipment

Features:

8 For class B or class C am plifiers
@ For 24-V FM (30 to 76 MHz) communications
a 24 W output at 76 MHz with 9 dB gain (Min.)

JEDEC TO-60 H-1307

8 Low thermal resistances

The RCA-HR2N5071 is a high-reliability version of the
RCA-2N5071. It is specially processed and screened for high
reliability in accordance with the basic schedules outlined
earlier in the discussion of Processing and Screening of
HR-Series High-Reliability Transistors. The maximum ratings,
specific electrical (Group A) tests and test limits, and the
burn-in conditions for the HR2N5071 are shown below. The
basic electrical-characteristics curves and test conditions and
the mechanical details for this device are the same as those
given for the basic 2N5071 transistor in RCA data bulletin file
No. 269.

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE ............coiivnnnn. VCBO 65 \
COLLECTOR-TO-EMITTER VOLTAGE ................... Veeo 30 \
EMITTER-TO-BASE VOLTAGE ......... ..., VEBO 4 v
COLLECTOR CURRENT:
CoNtiNUOUS ...\ttt it ittt i ie e i e annnn Ic 33 A
PeaK . e e e e i e 10 A
CONTINUOUSBASE CURRENT . ......oviiiiiiiiinn 'B 1 A
“TRANSISTOR DISSIPATION: PT
At case temperatures upto 25°C ................e.a... 70 W
At case temperatures above 25°C .. ........c.iiiiain.... Derates linearly at 0.4 w/°c
“TEMPERATURE RANGE:
Storage and operating (junction) . .......... ... .. ... ... —65 to 200 °c

LEAD TEMPERATURE (During soldering):

At distances > 1/32in. (0.8 mm) from insulating wafer for
TOSMAX.  w ettt et 230 °c
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HR2N5071

11. GROUP A TESTS. At Case Temperature (T¢) = 25°C.

STATIC
TEST CONDITIONS
DC DC Dc
CHARACTERISTIC SYMBOL Collector Base Current LIMITS UNITS
Voltage-V Voltage- mA
v .
Ves | Vee | VBe g Ig e MIN. MAX.
Collector-Cutoff Current:
* | With base open Iceo 30 0 — 5 mA
With emitter open 'CBO 60 - 10
Collector to Emitter
Sustaining Voltage:
With base open Veeolsus) 0 200? 30 - v
With external base-
to-emitter resistance VceR(sus) 200? 40 -
(Rgg) =58
Emitter-to-Base
Breakdown Voltage V(BR)EBO 10 0 4 - \Y
DC Forward Current h
* | Transfer Ratio FE 5 1A 20 -
Thermal Resistance o
i Rouc - 25 c/w
(Junction-to-Case)
DYNAMIC
TEST CONDITIONS LINITS
CHARACTERISTIC SYMBOL DC Collector Input Power | Freq Y ! UNITS
Supply (Vee)-V (Pyg)-W (f) - MHz MIN. | MAX.
Power Qutput POE 24 3 76 24 - w
Power Gain Gpg 24 3 76 9 - dB
Available Amplifier Source impedance X _
P, Pog=24W 76 - 3 w
Signal Input Power ! (Zg) =50 .
Collector Efficiency e 24 3 76 60 -
. GO/NO GO
Load Mismatch LM 24 1.2 30 VSWR = 3:1
Collector-to-Base Capacitance Cobo VCB =30V - 1 - 85 pF

Apylsed through a 26-mH inductor; duty factor = 50%; repetition rate > 60 Hz.
.
Recorded before and after burn-in for each device (serialized).

i11. BURN-IN CONDITIONS
Tp=257C

Veg =28V

Pr=26W
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RGN

RF Power Transistors

gpl_id_ State
vision
HR2N5090
High-Power Silicon N-P-N
Ny Overlay Transistor
: ‘j Tl
NCE
Y F High-Gain Type for Class A, B, or C
% Operation in VHF/UHF Circuits
E’fé Features:
g Maximum: safe-area-of-operation curve
o 1.2W (min.) output at 400 MHz (7.8-dB gain)
JEDEC TO-60 H-1307
8 1.6W (typ.) output at 175 MHz (12-dB gain)

The RCA-HR2N5090 is a high-reliability version of the
RCA-2N5090. It is specially processed and screened for
high reliability in accordance with the basic schedules out-
lined earlier in the discussion of Processing and Screening
of HR-Series High-Reliability Transistors. The maximum
ratings, specific electrical (Group A) tests and test limits,
and the burn-in conditions for the HR2N5090 are shown
below. The basic electrical-characteristics curves and test
conditions and the mechanical details for this device are
the same as those given for the basic 2N5090 transistor in
RCA data bulletin file No. 270.

I. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE ....................

COLLECTOR-TO-EMITTER VOLTAGE:
With external base-to-emitter resistance, Rgg = 10 2
With base open
EMITTER-TO-BASE VOLTAGE

CONTINUOUS BASE CURRENT
TRANSISTOR DISSIPATION:

At case temperaturesupto 100°C . ..................

At case temperatures above 100° C
TEMPERATURE RANGE:

Storage and Operating (Junction) . .........cooveun....

LEAD TEMPERATURE (During Soldering):

At distances > 1/16 in. (1.58 mm) from insulating wafer for 10smax. ............

2@ Hermetic stud-type package

a All electrodes isolated from stud

..................... VeBO 55 \
..................... VCER 55 \
..................... VCEO 30 \%
..................... VEBO 35 \
..................... Ic 0.4 A
..................... g 0.4 A
PT

..................... 4 w
..................... Derate linearly at 0.04 W/oC
..................... —65 to +200 oC

230 oC
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HR2N5090

1l. GROUP A TESTS, at Case Temperature (Tc) = 250 C

STATIC
TEST CONDITIONS
DC DC DC LIMITS
CHARACTERISTIC SYMBOL COLLECTOR BASE CURRENT UNITS
VOLTAGE VOLTAGE
v \ mA
Vce VBE I I8 |ic [MIN. |max.
Collector Cutoff Current:
With base open Iceo 28 0 - 0.02
With base-emitter junction reverse-biased | IcEy 55 -15 - 0.1 mA
Emitter Cutoff Current IEBO 3.5 0 - 0.1 mA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 0.1 |55 - v
C -to-Emitter ining Voltage:
With base open Vceo(sus) 0 5 |30 —
With external base-to-emitter v
resistance (Rgg) = 10 VcEeR(sus) 5 | 558 -
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0 |35 -
Collector-to-Emitter Saturation Voltage | Vcgl(sat) 20 100 | -~ 1.0 v
DC Forward-Current Transfer Ratio hgg 5 50 |10 200
Thermal Resistance (Junction-to-Case) Royc - 25 oc/w
DYNAMIC
TEST CONDITIONS
DC OQUTPUT | INPUT |COLLECTOR FREQUENCY | LIMITS
CHARACTERISTIC SYMBOL | COLLECTOR |POWER |POWER |CURRENT ) UNITS
VOLTAGE (PoE) (PyE) (i¢)
v w w mA MHz MIN. | mAX.
Power Output (Class C amplifier, _
unneutralized) Poe Vee=28 02 400 12 - W
Gain-Bandwidth Product fr Vce =15 50 500 - MHz
Magnitude of Common Emitter,
Small-Signal, Short-Circuit Ihel VcE = 15 50 25 -
Forward-Current Transfer Ratio
Available Amplifier Signal P; 12 400 — lo2 w
Input Power
Collector Efficiency nc 1.2 45 - %
Collector-to-Base Capacitance Cobo Vcg = 30 1 - |35 pF

aPulse through a 25-mH inductor; duty factor = 0.05.
* Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS
TA=250C
Vep=28V
PT=175W
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m@m RF Power Transistors

Solid State
Division HR2N5470

Silicon N-P-N Overlay Transistor

For UHF/Microwave Power Amplifiers,
Microwave Fundamental-Frequency Oscillators,
and Frequency Multipliers

—
S

=

0

Features:

o 1-W output with 5-dB gain (min.) at 2 GHz
JEDEC TO-215AA Package . H-1598

8 2.W output with 10-dB gain (typ) at 1 GHz

The RCA-HR2N5470 is a high-reliability version of the o Ceramic-metal hermetic package with low inductance
RCA-2N5470. It is specially processed and screened for and low parasitic capacitances
high reliability in accordance with the basic schedules out-

lined earlier in the discussion of Processing and Screening

of HR-Series High-Reliability Transistors. The maximum

ratings, specific electrical (Group A) tests and test limits,

and the burn-in conditions for the HR2N5470 are shown

below. The basic electrical-characteristics curves and test

conditions and the mechanical details for this device are

the same as those given for the basic 2N5470 transistor in

RCA data bulletin file No. 350.

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE .. ..ttt ittt VcBo 55 \
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance, RBE =102 ........ ... .. VCER 55 \Y
EMITTER-TO-BASE VOLTAGE . .. .. ittt tiiiaae e aanns VEBO 35 \
PEAK COLLECTOR CURRENT . ...\ttt e i eee s 0.4 A
CONTINUOQOUS COLLECTOR CURRENT ..ottt Ic 0.2 A
TRANSISTOR DISSIPATION: PT

At case temperatures Upto 250 C ... ... 35 W

At case temperatures above 250 C .. ... ...l e e Derate at 0.02 W/oC
TEMPERATURE RANGE:

Storage and operating (JUNCLION) . ... ... oottt —65 to +200 oC
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HR2N5470

1l. GROUP A TESTS, at Case Temperature (Tc) = 250 C

TEST CONDITIONS
bc DC LIMITS
CHARACTERISTIC SYMBOL Collector Current UNITS
Voltage (V) (mA)
Ves Vee |!e g Ic Min. | Max.
Collector Cutoff Current ICES 50 - 1 mA
Collector-to-Base Breakdown Voltage V(BRICBO 0 0.1 55 - |V
Collector-to-Emitter Sustaining Voltage:
With base-t itter resi VceRilsus) 5 55 - \
(Rgg) =102
Emitter-to-Base Breakdown Voltage V(BR)IEBO 0.1 0 3.5 - |V
C to-Emitter ion Voltage Vcelsat) 10 100 - 1.0
Collector-to-Base Capacitance
(Measured at 1 MHz) Ceb 30 0 - |30 |PF
RF Power Output (Common-Base Amplifier):
At 2 GHz3 Pos 28 1.0 - |w
Forward Current Transfer Ratio hgg 5 50 30 |150

aFor P|g = 0.316 W; minimum efficiency = 30%.
*Recorded before and after burn-in for each device (serialized).

11l. BURN-IN CONDITIONS
Ta=25°C

Veg=15V

PT=1W
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m@m RF Power Transistors

Solid State
Division HR2N5916

High-Gain Silicon N-P-N
Overlay Transistor

For VHE/UHF Communications Equipment

Features:
® Radial leads for microstripline circuits

g 2.W (min.) output at 400 MHz (10-dB gain)
JEDEC TO-216AA Package H-1675

a 2W (typ.) output at 1 GHz (5-dB gain)

The RCA-HR2N5916 is a high-reliability version of the @ Low-inductance, ceramic-metal hermetic package
RCA-2N5916. It is specially processed and screened for
high reliability in accordance with the basic schedules out-
lined earlier in the discussion of Processing and Screening
of HR-Series High-Reliability Transistors. The maximum
ratings, specific electrical (Group A) tests and test limits,
and the burn-in conditions for the HR2N5916 are shown
below. The basic electrical-characteristics curves and test
conditions and the mechanical details for this device are
the same as those given for the basic 2N5916 transistor in
RCA data bulletin file No. 425,

B All electrodes isolated from stud

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE . . ..ottt ittt e VecBo 55 \
COLLECTOR-TO-EMITTER VOLTAGE:

With base 0pen ... ... .. i e s VCEO 24 \
EMITTER-TO-BASE VOLTAGE . . . . ..ottt e e VEBO 3.5 v
CONTINUOUS COLLECTOR CURRENT ... .ttt iiiiiiennannnns Ic 0.2 A
TRANSISTOR DISSIPATION: PT

At case temperaturesupto 1000 C . ... ... . i it 4 w

At case temperatures above 1000 C ... ... . i.uutinttrerenniieaeeaaa Derate linearly at 0.04 W/oC
TEMPERATURE RANGE:

Storage and Operating (JUNCLION) . « . oo vt it e tn ettt it i et eenannn —65 to +200 oC
CASE TEMPERATURE (During Soldering):

For 10 s max. ... e e 230 oC
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HR2N5916

1l. GROUP A TESTS, at Case Temperature (Tg) = 250 C

*

STATIC
TEST CONDITIONS
[»]ed DC DC LIMITS
CHARACTERISTIC SYMBOL Collector Base Current UNITS
Voltage Voltage mA
Vce VBE Ig B Ic Min. | Max
Collector-to-Emitter Cutoff
Current:
Base-emitter junction shorted Ices 30 0 - 1 |mA
Collector-to-Emitter o
Breakdown Voltage: V(BRICES ] 5f 55 -
\
With base open V(BR)CEO 5a 24 -
Emitter-to-Base
Breakdown Voitage V(8RIEBO 0.1 0 35 - Vv
Collector-to-Emitter
Saturation Voltage Vee(sat) 10 100 - 05 |V
Forward Current
Transfer Ratio hrE 5 50 30 |150
Thermal Resistance: ] _ o
(Junction-to-Case) 0JC 25 C/W
DYNAMIC
TEST CONDITIONS
DC Collector Output Input Frequency
CHARACTERISTIC SymBsOL Supply Power Power LIMITS UNITS
(Vee) =V (PoE) — W] (P1g) =W | (f) — MHz
Min Max
Power Output Poe 28 0.2 400 2.0 - w
Power Gain Gpge 28 2 400 10 - dB
Collector Efficiency nc 28 0.2 400 50 - |%
Collector-Base Capacitance Ceb 30 (Vcg) 1 - 45 |pF

aPulsed through a 25-mH inductor; duty factor = 50%
*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS

TA=250C
Veg =16V
PT=13W
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NG/

Solid State
Division

RF Power Transistors

HR2N5918

JEDEC TO-216AA Package H1675

Features:

= 10W output at 400 MHz (8-dB min. gain)
= Emitter-ballasting resistors

@ Broadband performance (225—400 MHz)

10-W, 400-MHz High-Gain
Silicon N-P-N Emitter-Ballasted
Overlay Transistor

For VHF/UHF Communications Equipment

The RCA-HR2N5918 is a high-reliability version of the ® Low-ind

RCA-2N5918. It is specially processed and screened for

high reliability in accordance with the basic schedules out-

lined earlier in the discussion of Processing and Screening
of HR-Series High-Reliability Transistors.

The maximum

ratings, specific electrical (Group A) tests and test limits,
and the burn-in conditions for the HR2N5918 are shown

below. The basic electrical-characteristics

curves and test

conditions and the mechanical details for this device are
the same-as those given for the basic 2N5918 transistor in

RCA data bulletin file No. 448.

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-EMITTER VOLTAGE:

With baseopen ...................
COLLECTOR-TO-BASE VOLTAGE.....
EMITTER-TO-BASE VOLTAGE .......
CONTINUOUS COLLECTOR CURRENT
TRANSISTOR DISSIPATION:

At case temperatures up to 750 C . ...

At case temperatures above 750C . ...
TEMPERATURE RANGE:

Storage and Operating (Junction) .. ...

CASE TEMPERATURE (During Soldering):

For10smax. .........covvvvnnnn.

ic-metal hermetic package
& All electrodes isolated from stud

B Radial leads for stripline circuits

VCEO 30
VcBO 60
VEBO 4
Ic 0.75
PT

10

Derate linearly at 0.08

—65 to +200

230

> < <<

w/oC

oc

oC
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HR2N5918

1. GROUP A TESTS, at Case Temperature (T¢) = 250 C

STATIC
TEST CONDITIONS
DC DC DC
CHARACTERISTIC sympop | Collector | Base Current LMITS | UNITS
Voltage Voltage mA
Vce VBE Ig Ig Ic Min. | Max.
Collector-to-Emitter Cutoff Current: *
Base-emitter junction shorted Ices 30 o - 5 [mA
C t itter Br Voltage: V(BR)CES o 1002 |60 - v
With base open V(BR)CEO 1008 |30 | -
Emitter-to-Base Breakdown Voltage V(BR)EBO 1 0 4 - |v
Forward Current Transfer Ratio hgg 4 500 |10 200
Thermal Resistance, (Junction to-Case) ROJC - 125 |ocw
DYNAMIC
TEST CONDITIONS
DC Collector Output Input Frequency
CHARACTERISTIC SYMBOL | Supply Power Power LIMITS |UNITS
(Vee) =V (PoE) —W | (Pig) — W [ (f) — MHz -
Min. | Max.
Power Output PoE 128 1.59 400 |10 - w
Power Gain Gpe 28 10 400 8 - dB
Collector Efficiency nc 28 10 ‘| 400 60 - %
Collector-to-Base Output Capacitance Cobo 30 (Vep) 1 - 13 |pF

aPulsed through a 25-mH inductor; duty factor = 50%.

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS

TA=250C
Veg=28V
PT=24W.
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RE RF Power Transistors

Solid State
Division HR2N5919A

16-W, 400-MHz, Silicon N-P-N
Emitter-Ballasted Overlay Transistor

Overdrive Capability of 20 W Output

Features:

9 6-dB gain (min.) at 400 MHz with 16-W (min.) output

@ [ntegral emitter-ballasting resistors

a Broadband performance (225—400 MHz)
JEDEC TO-216AA H-1693

8 Low-inductance ceramic-metal hermetic package

The RCA-HR2N5919A is a high-reliability version of the @ Radial leads for microstripline circuits
RCA-2N5919A. It is specially processed and screened for
high reliability in accordance with the basic schedules out-
lined earlier in the discussion of Processing and Screening
of HR-Series High-Reliability Transistors. The maximum
ratings, specific electrical (Group A) tests and test limits,
and the burn-in conditions for the HR2N5919A are shown
below. The basic electrical-characteristics curves and test
conditions and the mechanical details for this device are
the same as those given for the basic 2N5919A transistor in
RCA data bulletin file No. 505.

o All electrodes isolated from the stud

1. MAXIMUM RATINGS, Absolute-Maximum Vélues:
COLLECTOR-TO-EMITTER VOLTAGE:

With base Open ... ... i i i ettt et VCEO 30 Vv
COLLECTOR-TO-BASE VOLTAGE ...ttt iiiiiieiieenanns VcBo 65 \Y
4 \
45 A
TRANSISTOR DISSIPATION: PT
Atcase temperaturesUPto 750 C . ... ...t i e e 25 w
At case temperatures above 750 C .. ... ... .. .ii it Derate at 0.2 W/0C
TEMPERATURE RANGE:
Storage and operating (Junction) ............ ... ciiiiiiii i —65 to +200 oC
CASE TEMPERATURE (During Soldering):
FOr 10 S mMaX. ..ttt ittt e e e i 230 oC
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HR2N5919A

Ii. GROUP A TESTS, at Case Temperature (Tc) =25%¢C

STATIC
TEST CONDITIONS
Dc DC [>]o]
Collector Base Current LiMITs
CHARACTERISTIC SYMBOL Voltage-V | Voitage-V | mA UNITS
VcE VBE Ig g |lc |Min. |Max.
*| Collector-to-Emitter Cutoff Current:
With base connected to emitter IcES 30 [¢] - 10 |mA
Ci to-Emitter Breakd Voltage:
With base connected to emitter V(BRICES 0 2008 |65 - v
With base open V(BR)CEO 0 2008 |30 -
Emitter-to-Base Breakdown Voltage V(BRIEBO 5 [} 4 - {V
*| Forward Current Transfer Ratio hEe 4 500 {10 200
Thermal Resistance (Junction-to-Case) R@yc —~ |50 Jocw
aPulsed through a 25-mH inductor; duty factor = 50%
DYNAMIC
TEST CONDITIONS
LIMITS
CHARACTERISTIC SYMBOL | DC Collector | Input Output Frequency UNITS
Supply Power Power (f)
(veel-v (Pig)-W (PoE)-W MHz Min. | Max
Output Power 28 4.0 400 16 -
PoE w
Overdrive Objective Test 28 7.0 400 20 -
Power Gain Gpg 28 16 400 6 - dB
Collector Efficiency nec 28 4.0 400 65 - %
[ Base Output Capaci Cobo 30 (Vcg) 1 - 22 pF

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS
TA=25°9C

Vgg=28V

PT=26W
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RE RF Power Transistors

Solid State

Division HR2N5920

St
For UHF/Microwave Power Amplifiers,
l Microwave Fundamental-Frequency
Oscillators, and Frequency Multipliers

Features:

8 2.W output with 10-dB gain (min.) at 2 GHz
JEDEC TO-215AA H-1598

m 3-W output with 12-dB gain (typ.) at 1 GHz

2-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistor

The RCA-HR2N5920 is a high-reliability version of the @ Ceramic-metal hermetic pack with low ind

RCA-2N5920. It is specially processed and screened for and low parasitic capacitances
high reliability in accordance with the basic schedules out-

. Lo . . N . B Stable common-base operation
lined earlier in the discussion of Processing and Screening P

of HR-Series High-Reliability Transistors. The maximum 8 For coaxial, microstripline, and lumped-constant

ratings, specific electrical (Group A) tests and test limits, circuit applications
and the burn-in conditions for the HR2N5920 are shown
below. The basic electrical-characteristics curves and test
conditions and the mechanical details for this device are
the same as those given for the basic 2N5920 transistor in
RCA data bulletin file No. 440.

= Integral emitter-ballasting resistors

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE . ... cttiiit ittt i it ieeannns Vceo
COLLECTOR-TO-EMITTER VOLTAGE:
With external base-to-emitter resistance, Rgg = 10 £, sustaining ................. VCER(SUS)
EMITTER-TO-BASE VOLTAGE .. ... iiiiiiiiiiiii it VEBO
DC COLLECTOR CURRENT (Continuous) .. .......ouueiueeenneennnennnnnnnnns Ic
TRANSISTOR DISSIPATION: PT
Atcase temperature Upto 750 C .. ... .. ...
At case temperatures above 750 C,derate linearly .............coovvinenunnnnn.

For point of measurement of temperature (on collector terminal), see dimensional outline.
TEMPERATURE RANGE:

Storage and Operating (Junction) ... .......... ... ..ot
CASE TEMPERATURE (During Soldering):

FOr 10 s MaX. ...t e e e

50

50
35
0.25
35
0.028

—65 to +200

230

> <<

w/ecC

oC

oc
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HR2N5920

1l. GROUP A TESTS, at Case Temperature (T¢) =250 C

. TEST CONDITIONS
DC Collector DC
CHARACTERISTIC SYMBOL | or Base Current LIMITS  [UNITS
Voltage (V) (mA)
VCE VBE e I Ic Min, |Max.
* | Collector Cutoff Current IceES 45 0 - 2 |mA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 1 50 - |V
C to-Emitter Break Voltage:
With external base-to-emitter resistance
(Rge) =10 Q2 V(BRICER 5 |50 - v
Emitter-to-Base Breakdown Voltage V(BRIEBO 0.1 0 {35 - |V
Coll to-Emitter ion Voltage Vcelsat) 10 100 — 1
* Forward Current Transfer Ratio hee 5 100 20 200
Thermal Resi (Junction-to-coll terminal) RoucT - 30 |ocw
DYNAMIC
POWER |POWER | SUPPLY |FREQUENCY | | \miTs
CHARACTERISTIC SYMBOL | INPUT OUTPUT | VOLTAGE |[(f) UNITS
Pig(w) Pog(W) VeetV) GHz Min. |Max.
Power Output PoB 0.2 ’ 28 2 2 - w
Power Gain Gpg 0.2 20 28 2 10 - dB
.Collector Efficiency nc 0.2 20 28 2 40 - %
Collector-to-Base Capacitance Cobo 30 (V) 1 MHz 3 pF

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS
TA=250C

VeB=15V

Pr=2W
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IR

Solid State

Division

RF Power Transistors

HR2N5921

Features:

JEDEC TO-201AA

H-1629

The RCA-HR2N5921 is a high-reliability version of the
RCA-2N5921. It is specially processed. and screened for
high reliability in accordance with the basic schedules out-
lined earlier in the discussion of Processing and Screening
of HR-Series High-Reliability Transistors. The maximum
ratings, specific electrical (Group A) tests and test limits,
and the burn-in conditions for the HR2N5921 are shown
below. The basic electrical-characteristics curves and test
conditions and the mechanical details for this device are
the same as those given for the basic 2N5921 transistor in
RCA data bulletin file No. 427

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE
COLLECTOR-TO-EMITTER VOLTAGE:
With external base-to-emitter resistance, Rgg = 10

EMITTER-TO-BASEVOLTAGE .............covuinn.

DC COLLECTOR CURRENT (Continuous)
TRANSISTOR DISSIPATION:
At case temperatures up to 250 C
At case temperatures above 250 C, derate linearly
TEMPERATURE RANGE:

Storage and Operating-(Junction). ...................

CASE TEMPERATURE (During Soldering):

For10smax. .....oouiiuiiiiiiiiee s

5-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistor

For UHF/Microwave Power Amplifiers,
Microwave Fundamental-Frequency
Oscillators, and Frequency Multipliers

8 5.W output with 5.5-dB gain (typ.) at 2.3 GHz
o 5-W output with 7-dB gain (min.) at 2 GHz
2 10-W output with 11-dB gain (typ.) at 1.2 GHz

8 Integral emitter-ballasting resistors

8 Ceramic-metal hermetic package with low ind

and low parasitic capacitances

..................... VCcBO 50 \
..................... VCER 50 \Y
..................... VEBO 35 \%
..................... Ic 0.7 A
PT

..................... 145 W
..................... 0.083 w/oC
..................... —65 to +200 oCc

230 oc
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HR2N5921

1l. GROUP A TESTS, at Case Temperature (Tgc) = 250 C
STATIC
TEST CONDITIONS
DC Collector DC LIMITS
or Base Current
CHARACTERISTIC symsoL Voltage (V) (mA) UNITS
VCE Vge 3 Ig Ic Min. | Max
*| Collector Cutoff Current IcES 45 o - 2 |mA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 5 |50 - |V
Collector-to-Emitter Breakdown Voltage:
With external base-to-emitter resistance
(Rge) =102 V(BRICER 10 |s0 - |v
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0 |35 - |V
Collector-to-Emitter Saturation Voltage VcEl(sat) 20 100 - 1
*| Forward Current Transfer Ratio hgg 5 500 20 200
Thermal Resistance (Junction-to-Flange) ROJE — 12 |oc/w
DYNAMIC
TEST CONDITIONS
LIMITS
CHARACTERISTIC SYMBOL Frequency DC Collector UNITS
(f) = GHz Supply Voltage
(Vee) =V Min. | Max
Output Power Pjg =1 W Pog 2 28 5 - w
Power Gain Pog =5 W Gpg 2 28 7 - dB
Collector Efficiency Pog =5 W ne 2 28 40 - %
Collector-to-Base Capacitance Vcg = 30 V Cobo 1 MHz - - 8.5 pF

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS

Tc=1250C
Veg=8V
PT=32W
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Solid State
Division

RF Power Transistors

HR2N6105

JEDEC TO-216AA H-1675

The RCA-HR2NG6105 is a high-reliability version of the
RCA-2N6105. It is specially processed and screened for

a Low-ind

Features:

o Emitter-ballasting resistors

o Broadband performance (225—400 MHz)

high reliability in accordance with the basic schedules out-
lined earlier in the discussion of Processing and Screening

of HR-Series High-Reliability Transistors.

The maximum

ratings, specific electrical (Group A) tests and test limits,
and the burn-in conditions for the HR2N6105 are shown
below. The basic electrical-characteristics curves and test
conditions and the mechanical details for this device are
the same as those given for the basic 2N6105 transistor in

RCA data bulletin file No. 504.

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-EMITTER VOLTAGE:

Withbaseopen ...................
COLLECTOR-TO-BASE VOLTAGE ....
EMITTER-TO-BASE VOLTAGE .......
CONTINUOUS COLLECTOR CURRENT
TRANSISTOR DISSIPATION:

At case temperatures up to 750C .. ..

At case temperatyres above 750 C .. ..
TEMPERATURE RANGE:

Storage and operating (Junction) .....

CASE TEMPERATURE (During Soldering):

For10smax. ........ccovvvunnnnn.

30-W, 400-NMiHz Broadband
Emitter-Ballasted Silicon
N-P-N Overlay Transistor

o 5.dB gain (min.) at 400 MHz with 30 watts (min.) output

ic-metal hermetic package

o Radial leads for microstripline circuits

o All electrodes isolated from the stud

VCEO 30
Vceo 65
VERO 4
Ic 45
PT

36

Derate linearly at 0.288

—65 to +200

230

> << <L

w
w/eC

oC

oC
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HR2N6105

1l. GROUP A TESTS, at Case Temperature (T¢) = 250 C

STATIC

TEST CONDITIONS

DC DC LIMITS
CHARACTERISTIC SYMBOL Voltage Current UNITS
A mA
Vce VBE Ig Ic Min. | Max
*| Collector-to-Emitter Cutoff Current:
Base connected to emitter ICES 30 - 10 mA
Collector-to-Emitter Breakdown Voltage:
With base connected to emitter V(BR)CES 2002 |65 - v
With base open V(BRICEO 2002 |30 -
Emitter-to-Base Breakdown Voltage V(BR)EBO 5 0 4 —- |V
*| Forward Current Transfer Ratio hee a4 500 10 200
Thermal Resistance (Junction-to-Case) R@sc 35 [ocw
8Pylsed through a 25-mH inductor; duty factor = 50%.
DYNAMIC
TEST CONDITIONS
LIMITS
CHARACTERISTIC SYMBOL | DC Collector | Input Output Frequency UNITS
Supply Power Power {F) — MHz -
(Vee) =V (Pig) =W [ (PQg) =W Min. | Max
Output Power PoOE 28 95 400 30 - w
Overdrive Test Poeo 28 12.0 400 34 -
Power Gain Gpg 28 30 400 5 - dB
Collector Efficiency nc 28 9.5 400 65 - %
Collector-to-Base Output Capacitance Cobo 30 (Vep) 1 - 35 pF

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS
TA=250C

Veg =28V

Pr=26W
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Solid State
Division

RF Power Transistors

HR2NG6265

Features:

RCA HF-28 PACKAGE H-1712

The RCA-HR2N6265 is a high-reliability version of the
RCA-2N6265. It is specially processed and screened for
high reliability in accordance with the basic schedules out-
lined earlier in the discussion of Processing and Screening
of HR-Series High-Reliability Transistors. The maximum
ratings, specific electrical (Group A) tests and test limits,
and the burn-in conditions for the HR2N6265 are shown
below. The basic electrical-characteristics curves and test
conditions and the mechanical details for this device are
the same as those given for the basic 2N6265 transistor in
RCA data bulletin file No. 543.

I. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance, Rgg = 10
EMITTER-TO-BASE VOLTAGE

TRANSISTOR DISSIPATION:

At case temperature up to 750 C

At case temperature above 750 C
TEMPERATURE RANGE:

Storage and operating (Junction)
CASE TEMPERATURE (During Soldering):

FOr10smax. ...oouiiiiiiiiiiiee i

2-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistor

For UHF/Microwave Power Amplifiers,
Microwave Fundamental-Frequency
Oscillators, and Frequency Multipliers

o VSWR capability of «: 1 at 2 GHz
o 2.W output with 8.2-dB gain (min.) at 2 GHz
@ 3W output with 12-dB gain (typ.) at 1 GHz

@ Ceramic-metal hermetic stripline package with low
inductance and low parasitic capacitances

@ For microstripline and lumped-constant
circuit applications

..................... VcBO 50 \
..................... VCER 50 v
..................... VEBO 35 \%
..................... Ic 0.275 A
Pt

...................... 6.25 w
....................... Derate linearly at 0.05 W/OC
...................... —65 to +200 oC
230 oC

113



HR2N6265

1l. GROUP A TESTS, at Case Temperature (Tg) =250 C

STATIC
TEST CONDITIONS
DC Collector DC LIMITS
CHARACTERISTIC SYMBOL or Base Voltage | Current UNITS
(V) (mA)
Vce [BBe |lE I8 [lc  |Min. |[Max
* | Collector Cutoff Current ICES 45 0 - 2 [mA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 5 50 =
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0 |35 -
Collector-to-Emitter Breakdown Voltage:
External base-to-emitter
resistance Rgg = 10 § V(BRICER 10 | 50 - Vv
* | Forward Current Transfer Ratio hge 5 100 10 |200
Thermal Resistance (Junction-to-Flange)} ROJF - 20 |oc/w
DYNAMIC
POWER POWER SUPPLY FREQUENCY LIMITS
CHARACTERISTIC SYMBOL [ INPUT OUTPUT | VOLTAGE | (f) UNITS
P1g(W) Pog(W) \Ze\%)] GHz Min. | Max.
Power Output PoB 0.3 28 2 2 - w
Power Gain Gpp 0.3 2.0 28 2 8.2 - dB
Collector Efficiency nc 0.3 2.0 28 2 33 - %
Collector-to-Base Capacitance Cobo 30 (Veg) | 1 MHz - 5 pF

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS

TA=250C
Veg=15V
Pr=2w
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Solid State
Division

RF Power Transistors

HR2N6266

Features:

H-1712

5-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistor

For UHF/Microwave Power Amplifiers,
Microwave Fundamental-Frequency
Oscillators,and Frequency Multipliers

RCA HF-28 Package o Emitter-ballasting resistors
o VSWR capability of co: 1 at 2 GHz
o 5-W output with 7-dB gain (min.) at 2 GHz

The RCA-HR2NG6266 is a high-reliability version of the o 13.5-W output with 11-dB gain (typ.) at 1 GHz
R,CA'ZNG?G,G' ,It is specially pfocessed a,n d screened for o Ceramic-metal hermetic stripline package with low
high reliability in accordance with the basic schedules out- N low parasitic capacitances

lined earlier in the discussion of Processing and Screening inductance and P P

of HR-Series High-Reliability Transistors. The maximum @ Stable common-base operation

ratings, specific electrical (Group A) tests and test limits, For microstripline, stripline, and lumped-constant
and the burn-in conditions for the HR2N6266 are shown circuit applications

below. The basic electrical-characteristics curves and test

conditions and the mechanical details for this device are

the same as those given for the basic 2N6266 transistor in

RCA data bulletin file No. 544,

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE ... ...ttt VcBO 50 \
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance, RBE =102 ................ccivuenn. VCER 50 \
EMITTER-TO-BASE VOLTAGE . ... ..ottt it e iiieaas VEBO 35 \
CONTINUOUS COLLECTOR CURRENT ...ttt iiiiiiiieaaanennns Ic 1 A
TRANSISTOR DISSIPATION: PT

Atcase temperature upto 750 C .. ... .. . i i e et 14.8 w

At case temperatureabove 750 C .. ... ... i e Derate linearly at 0.118 W/oC
TEMPERATURE RANGE:

Storage and operaging (JUNCLION) ... ..ttt t ittt it i iie e eie e iiieeeann —65 to +200 oCc
CASE TEMPERATURE (During Soldering):

For 10 smax. ... .. e e e 230 oC
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HR2N6266

Il. GROUP A TESTS, at Case Temperature (T¢) = 250 C

STATIC
TEST CONDITIONS
DC Coliector DC LIMITS
CHARACTERISTIC symsoL | or Base Current UNITS
Voltage (V) (mA)
Vece |VBe |l -]IB Ic Min.  [Max
* | Collector-Cutoff Current IcES 45 o] - 2 mA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 5 50 - \
Emitter-to-Base Breakdown Voltage B(BR)EBO 0.1 o 3.5 -
Coll A i kd Voltage
With external base-to-emitter resistance v 10 0 v
(Rgg) =10 (BR)CER 5 -
Collector-to-Emitter Saturation Voltage VcElsat) 20 100 - 1 \Y
*| Forward Current Transfer Ratio hgg 5 100 15 200
Thermal Resistance (Junction-to-Flange) ROJF - 85 oc/w
DYNAMIC
TEST CONDITIONS
LIMITS
Frequency DC Collector
CHARACTERISTIC SYMBOL (f) — GHz Supply Voltage UNITS
(Vee) =V Min. | Max
Output Power, PIg=1W Pos 2 28 5 - w
Power Gain, Pog =5 W Gpg 2 28 7 - dB
Collector Efficiency, Pog =5 W nc 2 28 33 - %
Collector-to-Base Capacitance Vg = 30 V Cobo 1 MHz - 10 pF

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS

Tc=1350C
vcg=8V
PT=32W
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Solid State
Division

RF Power Transistors

HR2N6267

Features:

RCA HF-28 PACKAGE HA712

@ 8w

The RCA-HR2N6267 is a high-reliability version of the
RCA-2N6267. It is specially processed and screened for
high reliability in accordance with the basic schedules out-
lined earlier in the discussion of Processing and Screening
of HR-Series High-Reliability Transistors. The maximum
ratings, specific electrical (Group A) tests and test limits,
and the burn-in conditions for the HR2N6267 are shown
below. The basic electrical-characteristics curves and test
conditions and the mechanical details for this device are
the same as those given for the basic 2N6267 transistor in
RCA bulletin file No. 545.

I. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASEVOLTAGE ....................

COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance, RBg =102 ....
EMITTER-TO-BASEVOLTAGE .............ccoivnnn.
CONTINUOUS COLLECTOR CURRENT ...............

TRANSISTOR DISSIPATION:

At case temperature upto 750C . ........ .. ... ...,
At case temperature above 759 C . ...... .. ...

TEMPERATURE RANGE:

Storage and Operating (Junction) ....................

10-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistor

For UHF/Microwave Power Amplifiers,
Microwave Fundamental-Frequency
Oscillators, and Frequency Multipliers

= Emitter-ballasting resistors
@ 10-W output with 7-dB gain (min.) at 2 GHz (28 V)
put with 6-dB gain (typ.) at 2.3 GHz (28 V)

VSWR capability of 10:1 at 2 GHz

Ceramic metal hermetic stripline package with low
inductance and low parasitic capacitances

Stable common-base operation

For microstripline, stripline, and lumped-constant
circuit applications

..................... VcBO 50 \

..................... VCER 50 v

..................... VEBO 35 Vv

..................... Ic 15 A
PT

..................... 2 w

..................... Derate linearly at 0.168 W/0C

..................... —665 to +200 oC
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HR2N6267

1l. GROUP A TESTS, at Case Temperature (Tg) = 250 C

STATIC

TEST CONDITIONS

DC Collector DC LIMITS

or Base Current
CHARACTERISTIC SYMBOL Voltage (V) (mA) UNITS

VcE VBE I3 I Ic Min. |Max.
Collector Cutoff Current IcES 45 o - 2 |mA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 5 50 - |V
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0 |35 -
Ci to-Emitter Br Voltage:

With base-tt itter r
(Rge) = 109 V(BRICER 10 |50 - |V
Coll 3¢ itter ion Voltage VcElsat) 20 100 - 1 |v
Forward Current Transfer Ratio .hEE 5 100 15 | 200
Thermal Resistance (Junction-to-Flange) ROyF - 6 |oc/w
DYNAMIC
TEST CONDITIONS
LIMITS
CHARACTERISTIC SYMBOL | Frequency DC Collector UNITS
(f) — GHz Supply Voltage
(Vee) =V Min. | Max.

Output Power, Pjg =2 W Pos 2 28 10 - w
Power Gain, Pog = 10 W Gpg 2 28 7 - dB
Collector Efficiency, Pog =10 W nc 2 28 35 - %
C to-Base Capaci Veg =30V Cobo 1 MHz - 13 pF

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS

Tc=1450C
Veg=8V
PT=32W
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Solid State
Division

RF Power Transistors

HR2N6268 HR2N6269

6.5- and 2-W, 2.3-GHz,
Emitter-Ballasted Silicon
N-P-N Overlay Transistors

Features:

RCA HF-28 Package H-1712

The RCA-HR2N6268 and RCA-HR2N6269 are high-reli-
ability versions of the RCA-2N6268 and RCA-2N6269.
They are specially processed and screened for high reli-
ability in accordance with the basic schedules outlined ear-
lier in the discussion of Processing and Screening of HR-
Series High-Reliability Transistors. The maximum ratings,
specific electrical (Group A) tests and test limits, and the
burn-in conditions for the HR2N6268 and HR2N6269 are
shown below. The basic electrical-characteristics curves and
test conditions and the mechanical details for these devices
are the same as those given for the basic 2N6268 and
2N6269 transistors in RCA data bulletin file No. 546.

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance, Rgg = 10
EMITTER-TO-BASE VOLTAGE
CONTINUOUS COLLECTOR CURRENT
TRANSISTOR DISSIPATION:

At case temperature up to 75° C

At case temperature above 75° C
TEMPERATURE RANGE:

Storage and operating (Junction)
CASE TEMPERATURE (During Soldering):

For 10 s max.

For Use in Microwave Power Amplifiers,
.Fundamental-Frequency Oscillators,
and Frequency Multipliers

® Designed for 20 to 24-V equipment

®  Emitter-ballasting resistors

® VSWR capability of 10:1 at 2.3 GHz

® 2-W output with 7-dB gain (min.) at 2.3 GHz
(HR2N6268)

@ 6.5-W output with 5-dB gain (min.) at 2.3 GHz
(HR2N6269)

u Stable common-base operation

HR2N6268 HR2N6269
................................ VeBo 45 45 \
................. VCER 45 45 v
................................... VEBO 35 3.5 \
............................ Ic 0.350 1.5 A

PT

................................ 6.25 21 w
................. Derate linearly at 0.05 0.168 W/°C
................................. —65 to +200 oc
.............. 230 oc

119



HR2N6268, HR2N6269 .

Il. GROUP A TESTS; at Case Température (Tg) = 25° C

STATIC .
TEST CONDITIONS LIMITS
DC
CHARACTERISTIC .| symsoL COLLECTOR | DC. HR2N6268 HR2N6269 UNITS .
OR BASE CURRENT
VOLTAGE (V) | (mA)
VCE VBE {IE |!B Ic MIN. | MAX. | MIN. | MAX.
* | Collector Cutoff |
Current ICES 40 0 - 2 - 2 mA
Collector-to-Base :
Breakdown Voltage V(BR)CBO 0 5145 - 45 =V
Emitter-to-Base .
Breakdown Voltage V(BR)EBO 0.1 035 - |36 -V
Collector-to-Emitter
Breakdown Voltage
With external base-
to-emitter resistance 4 v
(RBE) = 10 © V(BRICER .10 | 45 - 5 -
Collector-to-Emitter 10 | 100 | — 1 - -~ v
Saturation Voltage VeE(sat) 20 |100 | - - | - 1
Thermal Resistance :
o
(Junction-to-Flange) RoJF - 20 - -6 Cc/W
* | Forward Current ‘
Transfer Ratio heg 5 100 | 10 » 200 15 200
DYNAMIC
TEST CONDITIONS LIMITS
) DC
FREQUENCY | COLLECTOR| HR2N6268 HR2N6269
CHARACTERISTIC SYMBOL () — GHz SUPPLY . ] UNITS‘
VOLTAGE
(Veo) =V | MIN. | MAX. | MIN. | MAX,
Output Power, Pjg = 0.4 W 2.3 22 2 - - -
=2w Pos 23 22 -1 - |65 - w
Power Gain, Pog =2 W 2.3 22 7 - - - ‘
=65W Ge 23 2 -1 - 1s - | ¢
Collector Efficiency, Pog =2 W n 2.3 22 33 - - - %
=65w| 'C 2.3 22 - - |3 - |
Collector-to-Base Capacitance )
Vg =30V Cobo 1 MHz 55 13 pF )

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS

HR2N6268 . HR2N6269

TA 25 -
Tc - 145
vcB 15 8
PT 2 3.2
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Solid State

Division

RF Power Transistors

HR2001

Features:

RCA HF-46

{RCA HF-46 can also be supplied
without flange upon request.)

H-1796

The RCA-HR2001 is a high-reliability version of the RCA-
2001. It is specially processed and screened for high reliability
in accordance with the basic scheduies outlined earlier in the
discussion of Processing and Screening of HR-Series High-
Reliability Transistors. The maximum ratings, specific
electrical (Group A) tests and test limits, and the burn-in
conditions for the HR2001 are shown below. The basic
electrical-characteristics curves and test conditions and the
mechanical details for this device are the same as those given
for the basic RCA-2001 transistor in RCA data bulletin file
No. 759.

I. MAXIMUM RATINGS, Absolute-Maximum Values:
COLLECTOR-TO-BASE VOLTAGE
EMITTER-TO-BASE VOLTAGE.
TRANSISTOR DISSIPATION:

At case temperature up to 75°C

At case temperature above 75°C .
TEMPERATURE RANGE:

Storage and operating (Junction) .
LEAD TEMPERATURE (During soldering):

At distances = 0.02 in. (0.5 mm) from seating plane
for 10 s max.

Derate linearly at

1-W, 2-GHz, Emitter-Ballasted
Silicon N-

For Use in Microwave Power Ampilifiers,
Fundamental-Frequency Oscillators, and Frequency Multipliers

P-N Overlay Transistor

8 1-W output with 7-dB gain (min.) at 2 GHz, 28 V
®  Load VSWR capability of 10:1 at 2 GHz

o Emitter-ballasting resistors

o Stable common-base operation

B Ceramic-metal hermetic stripline package with low induc-
tance and low parasitic capacitances
@ For stripline, microstripline, and lumped-constant circuits

VcBoO 50 \

VEBO 3.5 v
Pt

5 w

0.04 w/ec

—65 to +200 °c

230 oc

121



HR2001

ELECTRICAL CHARACTERISTICS, a.t Case Temperature (T¢) = 250C

STATIC
TEST CONDITIONS LIMITS
Voltage Current
CHARACTERISTIC SYMBOL V de mA dc RCA2001 UNITS
Vce | VcB Ig | Ic MIN. | MAX.
*| Collector Cutoff Current:
With emitter open Ico S 0 - 05 mA
Collector-to-Base Breakdown
Voltage V(BR)CBO 0| 5 50 - v
Emitter-to-Base Breakdown
Voltage V(BR)EBO 0.1 0 35 - \2
Thermal Resistance:
(Junction-to-Case) Rouc - 25 oc/w
*! Forward Current
Transfer Ratio- hrg 5 100 15 120
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC | sympoL | VOLTAGE | FREQUENCY | POMER RCA2001 UNITS
Vce f Pis | PoB MIN. | MAX.
Output Power PoB 28 2 0.2 1 — w
Large-Signal
Common-Base Gpg 28 2 1 7 - dB
Power Gain
Collector Efficiency nc 28 2 1 30 - %
Collector-to-Base
Output Capacitance Cobo Vcp =28 1 MHz - 3 pF

* Recorded before and after burn-in for each device (serialized).

1. BURN-IN CONDITIONS
Tc=130°C

Veg=15V

PT=19W
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Solid State
Division

RF Power Transistors

HR2003 HR2N6390

RCA HF46 Features:

{RCA HF-46 can also be supplied
without flange upon request.)

H-1796

The RCA-HR2003 and RCA-HR2N6390 are high-reliability
versions of the RCA 2003 and RCA 2N6390. They are
specially processed and screened for high reliability in ac-
cordance with the basic schedules outlined earlier in the
discussion of Processing and Screening of HR-Series High-
Reliability Transistors. The maximum ratings, specific elec-
trical (Group A) tests and test limits, and the burn-in condi-
tions for the HR2003 and HR2N6390 are shown below.
The basic electrical-characteristics curves and test condi-
tions and the mechanical details for these devices are the
same as those given for the basic RCA 2003 and 2N6390
transistors in RCA data bulletin file No. 626.

I. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance, RBg =108 ....

EMITTER-TO-BASE VOLTAGE

CONTINUOUS COLLECTOR CURRENT ...............

TRANSISTOR DISSIPATION:

At case temperature upto 75°C .. ... ... ...,

At case temperature above 75° C
TEMPERATURE RANGE:

Storage and operating (Junction) .......... ... ... ..

LEAD TEMPERATURE (During Soldering):

At distances > 0.02 in. (0.5 mm) from seating plane for 10s max. .......

2.5- and 3-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistors
For Use in Microwave Power Amplifiers,

Fundamental-Frequency Oscillators,
and Frequency Multipliers

a8 2.5-W output with 7-dB gain (min.) at 2 GHz, 28 V (HR2003)
= 3-W output with 8-dB gain (min.) at 2 GHz, 28 V (HR2N6390)

8 Load-VSWR capability of «: 1 at 2 GHz
B  Emitter-ballasting resistors

o Stable common-base operation

HR2003 HR2N6390
............. VeBO 50 50 v
............. VCER 50 50 \
............. VEBO 3.5 3.5 v
............. Ic 1 1 A
PT

............. 8.34 8.34 w
Derate linearly at 0.067 0.067 w/°C
............. —65 to +200 oc
230 oc
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*

HR2003, HR2N6390

l. GROUP A TESTS, at Case Temperature ( Tc) =259 C

STATIC
TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL Voltage Current UNITS
V de mA de | HR2003 HR2N6390
Vce| Ve | e | Ic | MIN. | MAX. | MIN. | MAX.
Collector Cutoff Current: o
With emitter open Iceo 28 - 0.5 - - A
With emitter connected to base ICES 45 - - - 2
Collector-to-Base Breakdown v 0 1 50 - - - v
Voltage (BR)CBO 0| 2 - - 50 -
Collector-to-Emitter
Breakdown Voltage:
With external base-to- V(BR)CER 5 50 - 50 - v
emitter resistance
(RBE) =100
Emitter-to-Base Breakdown
Voltage V(BR)EBO 1 0 3.5 - 35 - \
Forward Current
Transfer Ratio hFE 10 50 20 120 20 120
Thermal Resistance: o
(Junction-to-Case) Rosc - 15 - 15 Cc/w
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC | symsoL | VOLTAGE | FREQUENCY | POWER | ypago3 HR2N6390 |UNITS
V dc - GHz w ]
Vee f Pig |PoB | MIN.| MAX. | MIN.| MAX.
28 2 0.5 25 - - -
w
Output Power PoB 28 2 0475 - _ 3 _
Large-Signal
Common-Base Gpg gg ; 255 7 - ; - dB
Power Gain
2 25 30 - - -
Collector Efficiency nc gg 2 3 _ _ 10 _ %
Collector-to-Base
C = 1 MH - 5 - 5 F
Output Capacitance obo vce =28 : P

*Recorded before and after burn-in for each device (serialized).

11l. BURN-IN CONDITIONS
Ta=25°C

Vcg=15V

PT=2W
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Solid State
Division

RF Power Transistors

HR2005 HR2N6391

RCA HF-46 Features:
(RCA HF-46 can also be supplied
without flange upon request.)

H-1796

The RCA-HR2005 and RCA-HR2N6391 are high-reliability
versions of the RCA2005 and RCA-2N6391. They are
specially processed and screened for high reliability in ac-
cordance with the basic schedules outlined earlier in the
discussion of Processing and Screening of HR-Series High-
Reliability Transistors. The maximum ratings, specific elec-
trical (Group A) tests and test limits, and the burn-in condi-
tions for the HR2005 and HR2N6391 are shown below.
The basic electrical-characteristics curves and test conditions
and the mechanical details for these devices are the same as
those given for the basic RCA2005 and 2N6391 transistors
in RCA data bulletin file No. 627.

1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance, RBg = 10
EMITTER-TO-BASE VOLTAGE

TRANSISTOR DISSIPATION:
At case temperature up to 75° C
At case temperature above 75° C
TEMPERATURE RANGE:

Storage and operating (Junction) ....................

LEAD TEMPERATURE (During Soldering):

At distances = 0.02 in. (0.5 mm) from seating plane for 10s max. ......

5-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistors
For Use in Microwave Power Amplifiers,

Fundamental-Frequency Oscillators,
and Frequency Multipliers

8 5-W output with 7-dB gain (min.) at 2 GHz, 28 V for both types
m [ oad-VSWR capability of o: 1 at 2 GHz

o Emitter-ballasting resistors

8 Stable common-base operation

HR2005 HR2N6391
............ VcBO 50 50 \
............ VCER 50 50 \"
............ VEBO -3.5 3.5 \
............ ic 25 25 A
PT

............ 16.7 16.7 w
Derate linearly at 0.133 0.133 w/°C
............ —65 to +200 oc
230 oc
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HR2005, HR2N6391

1. GROUP A TESTS, at Case Temperature (T¢) = 25° C

STATIC
TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL Voltage Current | 00005 HR2N6391 UNITS
V de mA dc
vee | Ves | 1 | Ic | MIN. | MAX. | MIN. | MAX.
Collector Cutoff Current: | g o 05
With emitter open CBO 2 - i - - mA
With emitter connected to base ICES 45 - - - 3 ]
Collector-to-Base Breakdown v 0 1 50 - - - v
Voltage (BR)CBO 0 5 - - 50 —
Collector-to-Emitter '
Breakdown Voltage:
With external base-to- V(BRICER 5 50 = 50 - v
emitter resistance
(RBE) =10 Q2
Emitter-to-Base Breakdown
Voltage V(BR)EBO 1 0 35 - 3.5 - \%
F dC t
o er Rt hFE 10 200) 20 | 120 | 20 | 120
Thermal Resistance:
—_ — o]
{Junction-to-Case) Royc 75 75 C/W
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC | sympor | VOLTAGE | FREQUENCY | POWER ( ypoggs HR2N6391 | UNITS
V_dc GHz w
Vee f Pig |Pog | MIN.| MaX. | miIN.|mAX.
Output Power PoB 28 2 1 5 - 5 - w
Large-Signal
Common-Base Gpg 28 2 5 7 - 7 - dB
Power Gain
Collector Efficiency nc 28 2 5 30 - 30 - %
Collector-to-Base c MH E
Output Capacitance obo Vce=28 ! z - 9 B o P

*Recorded before and after burn-in for each device (serialized).

11l. BURN-IN CONDITIONS
Tc=135°C

Veg=8V

PT=32W
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RG] RF Power Transistors

Solid State

Division HR2010 HR2N6392 HR2N6393

For Use in Microwave Power Amplifiers,
SIS Fundamental-Frequency Oscillators,

10-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistors

§ t‘ :j ¥ .
e and Frequency Multipliers
4
RCA HF-46 Features:
(RCA HF-46 can also be supplied
without flange upon request.) 2 10-W output with 7-dB gain (min.) at 2 GHz, 28 V (HR2N6393)
H-1796

a 10-W output with 5-dB gain (min.) at 2 GHz, 28 V (HR2010, HR2N6392)

The RCA-HR2010, RCA-HR2N6392, and RCA-HR2N6393 8 Load-VSWR capability of 10:1 at 2 GHz

are high-reliability versions of the RCA2010, RCA-2N6392,
and RCA-2N6393. They are specially processed and screen-

o Emitter-ballasting resistors

ed for high reliability in accordance with the basic schedules 8 Stable common-base operation

outlined earlier in the discussion of Processing and Screen-
ing of HR-Series High-Reliability Transistors. The maximum
ratings, specific electrical (Group A) tests and test limits,
and the burn-in conditions for the HR2010, HR2N6392,
and HR2N6393 are shown below. The basic electrical-
characteristics curves and test conditions and the mechanical
details for these devices are the same as those given for the
basic RCA2010, 2N6392, and 2N6393 transistors in RCA
data bulletin file No. 628.

I. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE ...........cciiuunnnnn. VcBo
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance, RBE=108 ....... VCER
EMITTER-TO-BASE VOLTAGE .......vvviveenennnannn. VEBO
CONTINUOUS COLLECTOR CURRENT ..........ccoe.... Ic
TRANSISTOR DISSIPATION: PT

At case temperatureupto 75°C ....... ...

At case temperature above 75°C ........ Derate linearly at

TEMPERATURE RANGE:
Storage and operating (Junction) .......................
LEAD TEMPERATURE (During Soldering):

At distances >0.02 in. (0.5 mm) from seating plane
for 10smax. ...

HR2010
50

50
3.5
3.5

21
0.167

HR2N6392 HR2N6393

50 45 \

50 45 \Y

3.5 3.5 \

3.5 3.5 A

21 21 w

0.167 0.167 W/°C
—65 to +200 oc
230 oc
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HR2010, HR2N6392, HR2N6393

1. GROUP A TESTS, at Case Temperature (T¢) = 25° C

STATIC
TEST CONDITIONS LIMITS
Voltage
CHARACTERISTIC SYMBOL V de HR2N6392 | HR2N6393 UNITS
VeE | \ .| MIN. | MAX. | MIN. | MAX.
* [collector Cutoff Current: IcBO _ _
With emitter open mA
With emitter connected | 45 - -
to base CES 40 - | 3
Collector-to-Base Breakdown
Voltage V(BRICBO 45 | -~ v
Collector-to-Emitter
Breakdown Voltage:
With external base-to- V’(BR) CER 45 _ v
emitter resistance
(RBg) =100
Emitter-to-Base Breakdown
\Y i —
Voltage (BR)EBO 35 \
Forward Current
Transfer Ratio hFE 10 120 20 120
Thermal Resistance:
- o
(Junction-to-Case) RoJc 6 cw
8 pylse test: pulse duration = 80 us
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC | SYMBOL V°:-/TdAGE FREQUENCY HR2N6392 | HR2N6393 | UNITS
iC
vee f | MIN.| MAX.| MIN.| MAX.
Output Power POB gg 22 1_0 - E) - w
Large-Signal
Common-Base GpB 28 5 - 7 - dB
Power Gain
Collector Efficiency nc 28 33 - 35 - %
Collector-to-Base _
Output Capacitance Cobo | VcB=28 1 MHz M| - n pF

*Recorded before and after burn-in for each device (serialized).

I11. BURN-IN CONDITIONS
Tc=145°C

Vep=8V

PT=32W
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R/

Solid State
Division

RF Power Transistors

HR3001 HR3003 HR3005

RCA HF-46

1-W, 2.5-W, and 4.5-W, 3-GHZ,
Emitter-Ballasted N-P-N
Transistors

Features:

a 1-W output with 7-dB gain (min.) at 3 GHz (HR3001)
8 2.5W output with 5-dB gain (min.) at 3 GHz (HR3003)
@ 4.5.-W output with 5-dB gain (min.) at 3 GHz F(HR3005)

(RCA HF-46 can also be supplied
without flange upon request.)
H-1796

The RCA-HR3001, RCA-HR3003, and RCA-HR3005 are
high-reliability versions of the RCA3001, RCA3003, and
RCA3005. They are specially processed and screened for
high reliability in accordance with the basic schedules out-
lined earlier in the discussion of Processing and Screening of
HR-Series High-Reliability Transistors. The maximum ra-
tings, specific electrical (Group A) tests and test limits, and
the burn-in conditions for the HR3001, HR3003, and
HR3005 are shown below. The basic electrical-characteristics
curves and test conditions and the mechanical details for
these devices are the same as those given for the basic
RCA3001, RCA3003, and RCA3005 transistor in RCA
data bulletin file No. 657.

. 1. MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE ...................
EMITTER-TO-BASE VOLTAGE ............cocvnuuntn

TRANSISTOR DISSIPATION:
At case temperature up to 75° C
At case temperature above 75° C
TEMPERATURE RANGE:

Storage and operating (Junction) ....................

LEAD TEMPERATURE (During Soldering):

............ Derate linearly at 0.04

2 Emitter-ballasting resistors

= Stable common-base operation

A

# Hermetic stripline ge with low i and

low parasitic capacitances

u | oad-VSWR capability of 10:1 at 3 GHz

HR3001 HR3003 HR3005

VcBo 50 50 50 v
VEBO 3.5 3.5 3.5 v

5 8.34 14.7 w
0.067 0.118 w/°C

—65 to +200 oC

At distances = 0.02 in. (0.5 mm) from seating plane for 10 s max. .. 230 oc
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HR3001, HR3003, HR3005

1. GROUP A TESTS, at Case Temperature (T¢) = 259 C

STATIC
TEST CONDITIONS LIMITS
Voltage | Current
HR3001 HR3003 HR300
CHARACTERISTIC SYMBOL V de mA dc 5 UNITS
Vee| Ves| 1 | Ic [MIN.| MAX.| MIN.| MAX.| MIN.| MAX.
* | Collector Cutoff Current:
With emitter open 'ceo 280 - 0.5 - 05 - 05 mA
Collector-to-Base Breakdown
Voltage V(BR)CBO 0 5 50 - 50 - 50 - \%
Emitter-to-Base Breakdown
Voltage V(BR)EBO 01| 0 |35 - 35 - 3.5 - v
* | Forward Current Transfer Ratio hee 5 100| 15 120 15 120 15 120
Thermal Resistance: o
(Junction-to-Case) Roc - % - 15 - 85 cw
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC | SYMBOL VO\';E’:GE FREg:fNCY PO‘X’V R | Hraoo1 HR3003 HR3005 | UNITS
" Vee f Pig | PoB | MIN.| MAX.| MIN. | MAX.| MIN.| MAX.
28 3 0.2 1.0 - - - - —
Output Power Pog 28 3 0.8 - — 2.5 - - - w
28 3 1.4 - — - - | 45| -
Large-Signal 28 3 1.0 7 - - - - -
Common-Base Gpg 28 3 25| - - 5 - - - dB
Power Gain 28 3 45 | — — — — 5 -
28 3 10| 30 - - - - -
Collector Efficiency nc 28 3 25 — - 30 - — - %
28 3 4.5 - - - - 30 -
Collector-to-Base
Output Capacitance|  Cobo Veg =28 1 MHz - 3 - 5 - 7 pF

*Recorded before and after burn-in for each device (serialized).

I1l. BURN-IN CONDITIONS
HR3001 HR3003 HR3005

TA — 25 - °c
Tc 130 - 145 oc
vVcB 15 15 8 \
PT 1.9 2.0 3.2 w
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Solid State
Division

RF Transistors

HR40915

0.2-to-1.4-GHz Low-Noise
Silicon N-P-N Transistor

For High-Gain Small-Signal Applications

Features:
a Low noise figure:

1]

3.0 dB (typ.) at 890 MHz
4.5dB (typ.) at 1.3 GHz
a High gain (tuned, unneutralized):
JEDEC TO-72 H-1299 Gpg = 14 dB (min.) at 450 MHz
6.5 dB (typ.) at 1.3 GHz

The RCA-HR40915 is a high-reliability version of the
RCA-40915. It is specially processed and screened for high
reliability in accordance with the basic schedules outlined
earlier in the discussion of Processing and Screening of
HR-Series High-Reliability Transistors. The maximum ratings,
specific electrical (Group A) tests and test limits, and the
burn-in conditions for the HR40915 are shown below. The
basic electrical-characteristics curves and test conditions and
the mechanical details for this device are the same as those
given for the basic 40915 transistor in RCA data bulletin file
No. 574.

1. MAXIMUM RATINGS, Absolute-Maximum Values:

NF = 2.5 dB (max.) with 11 dB gain at 450 MHz

B High gain-bandwidth product
o Large dynamic range
o Low distortion

COLLECTOR-TO-BASEVOLTAGE .......cciiiiiiiiiniin... VCBO 35 \%
COLLECTOR-TO-EMITTER VOLTAGE ............covviiiinn.. Veeo 15 \
EMITTER-TO-BASE VOLTAGE .........ciiiiiiiiiininnnnnn, VeBO 35 \Y
CONTINUOUS COLLECTOR CURRENT ........coviiiinennennnn IC 40 mA
TRANSISTOR DISSIPATION: . PT
At ambient temperatures Upt0 25°C . ... .ueuiiiienraraeaan.s 200 mW
At ambient temperatures above 25°C ... ...ttt ir i Derate linearly at 1.14 mW/°C
TEMPERATURE RANGE:
—65 to + 200 °c

Storage and Operating (Junction) . .........coviieininnenenn.n
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HR40915

1l. GROUP A TESTS, At Ambient Temperature (TA) =25°C.

TEST CONDITIONS

DC

DC
CHARACTERISTIC SYMBOL ngff:gg“ CURRENT LUMITS | UNITS
W) (mA)
Ves LVCE IE I I8 I Ic MIN.] MAX.
STATIC
#*| Collector Cutoff Current lcso 10 0 - 20 nA
Collector-to-Base V(BR)CBO 0 0.01 35 - \"
Breakdown Voltage
Collector-to-Emitter V(BR)CEO 0 0.1 15 - v
Breakdown Voltage
Emitter-to-Base V(BR)EBO 0.01 0 35 - \)
Breakdown Voltage
*| DC Forward-Current hgg 10 3 20 - -
Transfer Ratio
Thermal Resistance: RoJa - 880 °c/w
(Junction-to-Ambient)
DYNAMIC
Device Noise Figure (f = 450 MHz) NF 10 1.5 - 25 dB
Small-Signal Common-Emitter Gpg 10 15 14 - dB
Power Gain (f =450 MHz)
Unneutralized Amplifier
At minimum noise figure Gpg 10 1.5 1.0 - dB
Collector-to-Base Output Cobo 10 0 - 1.0 pF
Capacitance (f = 1 MHz)

*Recorded before and after burn-in for each device (serialized).

111. BURN-IN CONDITIONS
— Ap°

Tp=25°C

Veg=15V

Pr=02W
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Solid State
Division

RF Transistors

HR41039

Features:

= High Gain:

JEDEC TO-39 H-1381

The RCA-HR41039 is a high-reliability version of the
RCA-41039. 1t is specially processed and screened for high
reliability in accordance with the basic schedules outlined
earlier in the discussion of Processing and Screening of
HR-Series High-Reliability Transistors. The maximum ratings,
specific electrical (Group A) tests and test limits, and the
burn-in conditions for the HR41039 are shown below. The
basic electrical-characteristics curves and test conditions and
the mechanical details for this device are the same as those
given for the basic 41039 transistor in RCA data bulletin file
No. 764.

L. MAXIMUM RATINGS, Absolute-Maximum Values:

Silicon N-P-N Overlay Transistor

For VHF Broadband Amplifiers in CATV and MATV Equipment

= Low Device Noise Figure:
200-MHz narrow-band (30 mA) = 3 dB max.
60-MHz narrow-band (30 mA) = 2.2 dB max.
50-250-MHz broadband = 6.5 dB typ.

Gpg (200 MHz, 30 mA) = 15 dB min.
Gy (50-250 MHz, broadband) = 10 dB typ.
f1 (30 mA) = 1.8 GHz min.

@ Low Distortion:
Cross-modulation (40 dBmV, 17 V, 60 mA) = —67 dB typ.
IMD (50 dBmV, 17 V, 60 mA) = —55 dB typ.

Time C

(f = 31.9 MHz) = 7.0 ps typ.

= Coll t0-B

COLLECTOR-TO-BASE VOLTAGE . ... ..uiviiiiieinnnnnnnnn, Veso 40 \
COLLECTOR-TO-EMITTER VOLTAGE:

Withbaseopen ... ... ..ottt Veeo 25 \
EMITTER-TO-BASE VOLTAGE VEBO 3.5 \
CONTINUOUS COLLECTOR CURRENT ..........ccviivinnen.. le 0.25 A
TRANSISTOR DISSIPATION: Pt

At case temperatures Up 0 75°C .. ...ttt 25 w

At case temperatures above 75°C . ... ... iiiii i Derate linearly at 0.02 w/°c
TEMPERATURE RANGE:

Storage & Operating (Junction). .........vvuiienninnnnennnnn. —65 to 200 °c
LEAD TEMPERATURE (During soldering):

At distances = 1/32 in. (0.8 mm) from seating plane for 10 s max. .. 230 °c

133



HR41039 -

1l. GROUP A TESTS, At Case Temperature (T¢) = 25°C

STATIC
TEST CONDITIONS
DC DC
CHARACTERISTIC SYMBOL Voltage Current LIMITS UNITS
\Y mA
VCB Vee | e | I Ic Min. Max.
Collector-Cutoff Current ICBO 18 0 - 100 nA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 1 40 - Vv
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0 3.5 — \
Collector-to-Emitter Sustaining Voltage:
i Vygolsus) 0 |20 25 - \
With base open
Collector-to-Emitter Saturation Voltage VCE(sat) 10 | 100 - 0.25 \"
DC Forward-Current Transfer Ratio heg 15 50 60 350
Thermal Resistance: (Junction-to-Case) Royc - 50 °cw
DYNAMIC
TEST CONDITIONS
DC DC
CHARACTERISTIC SYMBOL Voltage Current LIMITS UNITS
\ mA
VCB Vee | 'e| B fc Min. Max.
Small-Signal, Common-Emitter
. Gpg 15 30 15 - dB
Power Gain (f = 200 MHz)
Noise Figure (Measured) (f = 200 MHz) NF 15 30 - 3.2 dB
Wideband Voltage Gain (f = 50-250 MHz) Gyg 17 60 | 9.5 — dB
12-Channel Cross Modulation
Distortion (f = 50-250 MHz; CMD 17 60 | —62 - dB
output level = 40 dBmV)
Gain-Bandwidth Product 15 30 1.8 -
fT GHz
(f =200 MHz) 15 60 -
Collector-to-Base Capacitance (f = 1 MHz) Cobo 30 - 25 pF

3Because of insertion loss of input test circuit, device noise figure is approximately 0.2 dB less than measured.
*Recorded before and after burn-in for each device (serialized).

I11. BURN-IN CONDITIONS

- )
Ta=25°C
Vg = 15V
Pr=1Ww
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File No. 46

G

Solid State
Division

RF Power Transistors

40279

The RCA-40279 is the ultra-high reliability version of the
RCA-2N3375 epitaxial silicon N-P-N planar transistor intended for
class-A, -B, or -C amplifier, frequency multiplier, or oscillator
operation. This device is subjected to special preconditioning
tests for selection in ultra-high-reliability, large-signal, high-
power, VHF-UHF applications in Space, Military, and Industrial
communications equipment.

e Ultra—High Reliability

© Complete Qualification Testing

High-Power
VHF-UHF
Amplifier

JEDEC TO-60
RF SERVICE, Maximum Ratings (Absolute-Maximum Values) Transistor Dissipation, PT:
At Tg up to 25°C 11.6 watts
Collector- To-Base Voltage, Vg 65 volts ALTG above 25°C . . .. . .. Derate linearly to 0 wats at 2000C
Collector-To-Emitter Voltage: .
) Temperature Range:
With base open, VGEQ 40 volts Storage -65 to 200 o¢
With Vgg =-L5 volts, Vggy 65 volts Operating (Junction) -65 to 200 oc
. Lead Temperature (During soldering):
Enitter-To-Base Voltage, Vego 4 volts At distances 1/32" from insulating
Collector Current, Ig L5 amps. wafer for 10 sec. max. 230 oC
ELECTRICAL CHARACTERISTICS - Case Temp. = 25°C (Unless Otherwise Specified)
TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL | COLLECTOR | BASE CURRENT LIMITS UNITS
VOLTS VOLTS (MILLIAMPERES)
Ve | Vce | VBE| IE B Ic Min. | Max.
Collector-Cutoff Current IceQ - 30 - - 0 - - 0.1 | pa
Collector To-Base Breakdown Voltage BVcRo - - - 0 - 0.1 65 — | Volts
Collector-To-Emitter Breakdown Voltage BVeEQ - - - - 0 0to 200* | 40** - | Volts
Collector-To-Emitter Breakdown Voltage | BVggy - - |-15 - — | 0to200* | 65** - | Volts
Emitter-To-Base Breakdown Voltage BVERo - - - 0.1 - 0 4 — | Volts
Collector-To-Emitter Saturation Voltage |Vg (sat) - - - - 100 | 0.5amp - 1 Volt
Output Capacitance Cob 30 - - 0 - - - 10 pf
RF Power Qutput Amplifier,
Unneutralized
At 100 Mc (See Fig. 1) Pout - 28 - - - - 1.5° — | Watts
At 400 Mc (See Fig. 2) = 28 - - - - 34 — | Watts
Forward Current Transfer Ratio heg - 5 - - - 150 10 - -
* Pulsed through an inductor (25 mh); duty factor = 350% @ For PIN 1.0 w; minimum efficiency = 65%

** Measured at a current where the breakdown voltage is a minimum.

4 For Pjy = 1.0 w; minimum efficiency = 40%

11-63
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40279 : ' _ File No. 46

TO-60 DIMENSIONAL OUTLINE FIGURE 1

RF AMPLIFIER CIRCUIT FOR 40279
POWER-OUTPUT TEST
(100-Mc Operation) c3

PN

Pout
(NOTE 1) (NOTE 2)

NOTE 1: GENERATOR IMPEDANCE = 50 OHMS.
NOTE 2: LOAD IMPEDANCE = 50 OHMS.

3PINS 036 pia,

030 FOR 100-MC OPERATION
(NOTE 1}
Cys Cp: 74100 PF
i ﬂ i o
Cg: 330 PF, DISC CERAMIC
Cqt 1500 PF
.%zo C,: 0.005UF, DISC CERAMIC
S s Ly: 3 TURNS NO. 16 WIRE, 1/4'* ID, 5/16'° LONG
J0%0 L,: FERRITE CHOKE, Z = 750(120 %) OHMS
J—T- Lyt 2.4-flH CHOKE
L,t 5 TURNS NO. 16 WIRE, 5/16"* ID, 7/16'° LONG
Ry: 1,35 OHMS, NON-INDUCTIVE
5
THREAD o FIGURE 2.
(NOTE 2)
RF AMPLIFIER CIRCUIT FOR 40279
POWER-OUTPUT TEST
(400-Mc Opermion)*
92CS-12045R5

RELIABILITY TESTING )
Electrically, the RCA-40279 is similar to the RCA-2N3375; fication Approval test series (Group B Tests) is performed on a
the exception being the 40279 ICEQ is 100 nanoamperes max- semi-annual basis. All units are tested to assure freedom from
imum. In addition to Preconditioning and Group A tests, a Quali- second breakdown in Class-A applications.

Preconditioning (100 Per Cent Testing of Each Transistor)

1. Serialization *10. Record |cgQ, hFE, VE (sat) at 168 hours and 500 hours
2. Record Iggq, hpg, VoE (sat) 1. Helium Leak, 1 x 10°8 cc/sec. max.
3. Tempelalule Cyclmg-Melhod 102A of MIL-STD-202, 5 cycles, 12. Methanol Bomb, 70 psig, 18 to 24 hours

w6576 +200°C 13. X-Ray, RCA spec. 175032

4. Bake, 72 hours minimum, +200°C

5. Constant Acceleration-Method 2006 of MIL-STD-750, 10, 000G,
Y} and Y7 axes .

6. Record Iggq, hFE, VoE(sat) Delta criteria after 168 hours Reverse Bias Age and after 168 hours
7. Reverse Bias Age, Tp = 150°C, Vg = 28V, t = 168 hours and 500 hour Power Age
*8. Record Iggq "FE Vg (sat) Algeo +100% or +10 nanoamperes whichever is greater

9. Power Age, Ty = 250C, Vg = 28V, t = 500 hours, Ahfg +30%
Pp = 2.6W, fr 168 aif AVgE(sat) £0.1V

14. Record Subgroups 2 and 3 of Group A Tests
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File No. 46

Group A Tests

40279

TEST METHOD PER LIMITS
MIL-STD-750 EXAMINATION OR TEST CONDITIONS |LTPD [SYMBOL | MIN. | MAX.| UNITS
Subgroup 1 10
2071 Visual and Mechanical - - - - - -
Examination
Subgroup 2 5
3036D Collector-To- Emitter VeE=30V,I1g=10 - | - | 100 namps
Cutoff Current CE 8 CEO i’
3001D Collector-To-Base Ig = 100.a, - BV 65 - Volts
Breakdown Voltage Ig =0 H c80
3026D Emitter-To-Base Ig = 100ua,
Breakdown Voltage Ic=0 - | BVggp | 4 = | Volts
3011D Collector-To-Emitter Ic = 0 to 200ma - BVeeo | 40 - Volts
Breakdown Voltage (Inductive) Ig = 0
3011A Collector-To-Emitter Ig = 0to 200ma ~ | BVgey | 65 - Volts
Breakdown Voltage (inductive)
Vgg = -L5V
3071 Collector-To-Emitter Ic = 500ma, - | Veg(sat) | - 1 Volt
Saturation Voltage Ig = 100ma
3076 Forward Current I\}; = 150ma
Transfer Ratio CE = 5V - hFg 10 -
Subgroup 3 5
3236 Output Capacitance f=140Kc, - Cop - 10 pf
Veg = 30V,
Ig=0
See Fig. 1 R.F. Power Qutput Vegp= 8V - | Pour |75 ~ | Watts
(Min. Eff. = 65%) PiCE W,
f = 100mc
See Fig. 2 R.F. Power Qutput Veg = 28V, - Pout 3 - Watts
(Min. Eff. = 40%) Pic £ 1W,
f = 400mc
Subgroup 4 15
3036D Collector Cutoff Current Tp = 1500C £ 30C, - lcBo - | 100 | pamp
Veg= 30V,
Ig=10
3076 Forward Current Tp = 1500C £ 30C, - heE - | 200 -
Transfer Ratio Ic= 150ma,
VeE = 5V
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40279 File No. 46
Group B Tests
TEST METHOD PER LIMITS
MIL-STD-750 EXAMINATION OR TEST CONDITIONS LTPD*{SYMBOL | MIN. | MAX.| UNITS
Subgroup 1 (10 samples) - 7 - - - -
2066 Physical Dimensions T0-60 - - - - -
202/102A Temperature Cycle 5~, -650C, 2000C - - - - -
10568 Thermal Shock 00C, 100°C - - - - -
1021 Moisture Resistance Omit lead fatigue - - - —_ -
2036D Torque-To-Stud 1 minute, 12 inch - - - - -
pounds
Subgroup 2 (10 samples) 7
2016 Impact Shock 500G, 5 blows - — - - -
X1, Y1, Z1, 1 msec.
2046 Vibration Fatigue - - - - - -
2056 Vibration Var. Freq. - - - - - -
Subgroup 3 (10 samples) 7
2026 Solderability - - - ~ - —
1066 Dew Point 250C, -650C - - - - -
read IggQ
1001 Barometric Pressure 100,000 ft. - - - - -
read IggQ
Subgroup 4 (25 samples) 7
1031 Storage Life 2000C, 1000 hr - - - - -
2006 Constant Acceleration 20,000G, Y1, Yo - - - - -
Subgroup 5 (25 samples) 7
1026 Operating Life 1000 hrs - - - - -
Te = 1400C,
Veg= 28V,
Pp= 4W
End Points
Subgroups 1,2,3,4,5
3036D Collector-Cutoff Current VeE=30,18=0 - IcEo - 1 pamp
3011A Collector-To-Emitter Ig = 0o 200ma - |BVggy | 60 - | Volts
Breakdown Voltage (inductive)
Vgg =-1.5V
R.F. Power Output f = 100mc, - P 6.5 - Watts
(See Fig. 1) VeE = 28V out
Pi=1W
3076 Forward Current Transfer Ic = 150ma, - hrg 9 - -
Ratio V%E =5V
3026D Emitter-To-Base IE = 100pa, Ic= 0 - BVEgg | 3.5 - Volts
Breakdown Voltage

* Acceptance/Rejection Criteria of Group B tests:

group.

For an LTPD plan of 7% the total sample size is 80 for which
the maximum number of rejects allowed is 2. Acceptance is also subject to a maximum of one (1) reject per Sub-

Group B tests are performed once every six months as part of Qualification Approval.
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IR

Solid State
Division

RF Power Transistors

40294

RCA-40294 is an ultra-high-reliability double-dif-
fused, epitaxial planar transistor of the silicon NPN
type for low-noise amplifier, mixer, and oscillator appli-
cations at frequencies up to 500 MHz (common-emitter
configuration), and up to 1200 MHz (common-base con-
figuration).

This transistor is electrically and mechanically
like RCA-2N2857, but is specially processed, precon-
ditioned, and tested for critical aerospace and military
applications.

The 40294 utilizes a hermetically sealed JEDEC
TO-72 package. All active transistor elements are
insulated from the case, which may be grounded by
a fourth lead in applications requiring shielding of
the device.

The curves of Typical Characteristics shown in
the technical bulletin for RCA-2N2857 also apply
for RCA-40294.

Maximum Ratings, Absolute-Maximum Values:
COLLECTOR-TO-BASE VOLTAGE, VcBo .. 30 max. V
COLLECTOR-TO-EMITTER VOLTAGE, VCEO 15 max. V
EMITTER-TO-BASE VOLTAGE, VEBO: - - - - 2.5 max.

COLLECTOR CURRENT, Ic. . .. oo v v an 40 max. mA
TRANSISTOR DISSIPATION, Pp:
For operation with heat sink:
At case tem- Y upto 25°C. . ... ... ... 300 max. mW
peratures* }ubove 250C . ... .. Derate at 1.72 mW/°C
For operation in free air:
At ambient 1 upto25°C. e i 200 max. mW
temperatures’( above 25°C . ..... Derate at 1.14 mW/°C
TEMPERATURE RANGE:
Storage and Operating (Junction) . .. ..... -65to +200 °C

LEAD TEMPERATURE (During soldering):

At distances 2> 1/32 inch from

seating surface for 10 seconds maximum. . . . 265 max. °C

* Measured at center of seating surface.

ULTRA-HIGH-RELIABILITY | .,
SILICON N-P-N EPITAXIAL |||

PLANAR TRANSISTOR

For UHF Applications
in Critical Aerospace
and Military Equipment

JEDEC
TO-72

Features

o Meets performance requirements of TX2N2857 MIL-S-
19500/343 USAF, 7 March 1966

o Extra-rigorous control and inspection of all parts,
materials, and internal assemblies before sealing

o 100% thermal and mechanical preconditioning after
sealing

o complete electrical and mechanical QUALITY CON-
FORMANCE test program

o 100% RELIABILITY ASSURANCE testing
o 100% PERFORMANCE-REQUIREMENTS testing
o 100% Noise Figure and Power Gain Tests at 450 MHz

o high gain-bandwidth product —
fr = 1000 MHz min.

o very low Device Noise Figure —
NF = 4.5 dB max. at 450 MHz

o high power gain as neutralized amplifier —
Gpe = 12.5 dB min. at 450 MHz for circuit
bandwidth of 20 MHz

© high power output as uhf oscillator —

Po = 30 mW min. at 500 MHz

o low collector-to-base time constant —
rp'C. = 15 ps max.

12-66
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100% LoT 100%
100% (AWAITING
o FACTORY COMPLETION semiaLize || RELMBILITY
SEAmG PRECONDITIONING [~ ELECTRICAL OF GROUPS F» ASSURANCE
(SEE TABLE 1) CLASSIFICATION A&B TESTS
_TESTS TESTS) (SEE TABLE IV)

TWO 100% INSPECTIONS
OF PELLET ASSEMBLIES
AND SHELLS PRIOR
TO SEALING

WAFER SELECTION

AND 100%
PELLET INSPECTION

)

GROUP A VISUAL

|_(see TaBLE M) _|

Fig.1- High-Reliability Testing Process Flow Diagram

TABLE | 100% PRECONDITIONING
BEFORE FACTORY, QUAL{TY RELIABILITY-ASSURANCE AND PERFORMANCE REQUIREMENTS TESTS

EXAMINATION AND 100%
ELECTRICAL TESTS
(SEE TABLE 1) PERFORMANCE
REQUIREMENTS
TESTS
GROUP B
MECHANICAL, (SEE TABLE V)
ELECTRICAL, AND
LIFE TESTS

STABILIZATION BAKE. . . ..... i
TEMPERATURE CYCLING

(PER MIL~-STD-750 METHOD 1051, COND. C)

48 hours minimum at 200° C

5 complete cycles from -65° C to +2000 C, each including
15 minutes at -65° C, 15 minutes at +200° C, and 5 minutes at 250 C

HELIUM-LEAK TEST (PER MIL-STD-202, METHOD 112 COND. C, PROC.IIA). . .
BUBBLE TEST (PER MIL-STD-202, METHOD 112 COND. A)
CONSTANT-ACCELERATION (CENTRIFUGE) TEST (PER MIL-STD-750, METHOD 2006).

. Leakage may not exceed 108 atm cc/s
150° C minimum, 1 minute, ethylene glycol

. 20,000 G’s; Y1 plane, 1 minute

DIMENS IONAL OUTLINE
JEDEC T0-72

230 MAX.

209 MIN.
DIA.

fe—

195 MAX.
178 MIN. — p—
DIA.

¥

210 MAX,
170 MIN.

i | SEATING PLANE
Lmo MAX,

500 MIN. ”u 4 LEADS
l] u‘\.on 7992 pia.
(NOTE 1)

ALY
N >'|00
/‘(NOTE 2
.

92¢s-12817

TERMINAL DIAGRAM

Bottom View

LEAD 1-EMITTER
LEAD 2 - BASE
LEAD 3 - COLLECTOR

LEAD 4 — CONNECTED
TO CASE

NOTE I:  THE SPECIFIED LEAD DIAMETER APPLIES IN THE
ZONE BETHEEN 0.050" AND 0.250" FROM THE SEATING PLANE.
FROM 0 250" T0 THE END OF THE LEAD A MAXIMUM DIAMETER
OF 0.021" 1S HELD. OUTSIDE OF THESE ZONES, THE LEAD
DIAMETER |s NOT CONTROLLED.

NOTE 2: MAXIMUM DIAMETER LEADS AT A GAUGING PLANE
0.054" + 0.001" — 0,000" BELOW SEATING PLANE TO BE
WITHIN 0.007" OF THElR TRUE LOCATION RELATIVE TO MAX.
WIDTH TAB AND TO THE MAXIMUM 0.230" DIAMETER MEASURED
WITH A SUITABLE GAUGE. WHEN GAUGE IS NOT USED, MEASURE-
MENT WILL BE MADE AT SEATING PLANE.

NOTE 3: FOR VISUAL ORIENTATION ONLY.

NOTE 4:  TAB LENGTH TO BE 0.028" MINIMUM — 0.048"
MAXIMUM, ANDWILL BE DETERMINED BY SUBTRACTING DIAMETER
A FROM DlMENS!ON B.
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TABLE 1
GROUP A TESTS
TEST CONDITIONS LIMITS
Lot Am- | pC DC
Tolor- - MILSTD | pient | Fre- Collector-[  DC bc | bc
Sub- | ance Choracteristic 750 | Tom. | Guen-| Collector- | "0, P ¢ ojlector | Emitter | Bass|  RCA )
group | Per ost Symbol | Reference pera-| :;"IB°S° Emitter Current | Current | Cur-| 40294 Units
Cont Test tore | f oMage | Voltage Ic Ig | rent
Defect- Method TA cB VCE Is
tve °C | MHz v \ mA mA | mA [Min.| Max.
Visual and Mechanical
! 5 Examination - 207 - - - - - - — | =] -=
Collector- 3036
Cutoff IcBO |Bias Condi-| 25:3 | —— 15 0 —=| 10| na
Current tion
Collector- 3041
Cutoff Icgs |Bias Condi-[ 25¢3 | —= 16 -— (100 | nA
Cursent tion
Collector-to-Base 3001
Breakdown BVcBO| Test Condi-f 25:3 | —- 0.001 0 30 (- | v
Voltage tion D
Collector-to-Emitter 3011
Breakdown BYCED| Tost Condief 25:3 | -- 3¢ o |15 || v
Voltage sus tion D
2 3 Emitter-to-Base 3026
Breakdown BVEBO| Test Condi-| 25:3 | —- 0 -0.001 2.5( -= \
Voltage tion D
Base-to- 3066
Emitter VBE | Test Condi-| 25:3 | —- 10 1 -- | v
Voltage tion A :
Collector-
to-Emitter VcE 3071 25:3 | -- 10 1 |--]04] v
Voltage
Static Forward
Current-Transfer hgge 3076 25:3 | -- 1 3 30 | 150
atio
Small-Signal Power
Gaina =~ 7 Gpe 25:3 | 450 6 1.5 12.5{ 19 | dB
gevice No'kse Figure®:
enerator Resistance
(Rg) = 50 Q" NF 25:3 | 450 6 L5 --| 451 dB
Measured Noise Figure
genirn'o Resistance NF 2513 | 450 6 15 ==| 50| dB
3 10 G =
Collector-to-Base Tim . -
Constanta p1Ce 25:3 | 31.9 6 -2 4|15 | ps
Oscillator Power
Output Po 25:3 (3500 10 a2 30 | —— | mwW
Collector-to-Base @ 20.1
Feedback Capacitance | Ccb 25:3 | & 10 0 = v |°eF
Static Forword Current
Transfer Ratio hEE 3076 [-55:3] -- 1 3 10 | -
(Low Temperature)
Collector-Cutoff 3036 0
Current (High Icgo |Bias Condi-| 150* 3| —- 15 0 — | 1 | uA
4 10 Temperature) tion D b
Small-Signal, Short
Circyit Porward Cur- | hey 3206 | 25:3 [0.001 6 2 50 | 220
rent-Transfer Rotios
Magnitude of Small-Signal,
Short-Circuit Forward Ihe | 3206 25:3 | 100 6 5 10| 19
Current Transfer RatioA fo

* Pulse Test

4 Lead No. 4 (Case) Grounded

@ Device noise figure is approximately 0.5 dB lower than the measured noise figure.
The difference is due to the insertion !oss at the input of the test amplifier and
the contribution of the following stages in the test setup.

L] .
Three-terminal measurement with emitter and case leads guarded.
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TABLE (Il
GROUP B TESTS
INITIAL AND ENDPOINT
CHARACTERISTICS TESTS
Lot RCA-40294
MIL-STD | ¢y Charac- | MIL-STD Test Initial End Point i
Subgroup Test 750 | PerCent |teristic | 120 Conditions | Values Valpes | Units
Reference| §ofocnve | "asy” | Reference
% Min.[Mox. | Min.|Mox.
PHYSICAL DIMENSIONS
V| (See Dimensional Out- 2066 20 -- - -- -~ |-- -~ --
line Drawing on page 7)
SOLDERABILITY 2026
Solder Temp. = 260150C]| . T 25:39C
TEMPERATURE- CBO | 3036D 15 -0 -] 10 | nA
CYCLING TEST 1051 Vep=1sV
(Condition C)
THERMAL-SHOCK TEST:|  oc0
2 Tmin 2073 °C Test Condi{ 10 Tp =25:3°C
tion
- 0 3076 Vee=1V 30 [150 30 | 150
Tmax = 10025 °C h,
FE 1c:3mA
MOISTURE-RESISTANCE 0.,
TEST
SHOCK TEST:
NON-OPERATING
1500 G's, 0.5 ms 2016 lego
5 blows each in X1, CB! TA =25:3°C
Y1, Y2, and Z1 plones A =25 . -] 10 | nA
i 30360 lvepoysy
TEST: NON-OPERATING | 2046 10
3 : NON- N
60 +20 Hz, 20 G's TA =25:3°C
VIBRATION VARIABLE.| o 3076 Veg='V 30 150 30 | 150
FREQUENCY TEST heg Ic=3mA
CONSTANT-ACCELERA-| 5000
TION TEST: 20,000 6's
MIL.STD
. 202 N
Helium [Method112 08 | 9
2036 ak [Condition C i - em®/s
4 | JERMINAL STRENGTH [roo) Condi-| 20 Test | Procedure
tion E A
MIL.STD 1500
Bubble | "2 ° | Taz150°C
Test Canimon 1 minoie
TA=25:3°C
'ceo | 30360 v::;ﬂsv -=| e --| 10 nA
SALT-ATMOSPHERE
5 | RSt 1041 20
TA =25:3°C
heg | 3076 Veg=1V 30| 150 | 30 | 150
Ic=3mA
TA =25:3"C
: --{ 10 -1 20 nA
HIGH.TEMPERATURE lceo | 3030 | D isv
6 | GPERATINGR N 1 X 7%
ATING): 031 =7%
T A =200:10°C T A =25:3°C
Duration=1000 hrs. "FE 3076 Vee=t V 30( 150 241 180
Ic=3 mA
STEADY-STATE OPERA.| 1 T A=25:3°C|{ __ - nA
TION LIFE TES CBO | 3030 | =70y 10 B
Famssgee Creent 102 | A=7% =2
7 =25+ =7% =25:30
v& i3 osy TA 2 c
PT=200 m heg 2076 CE= 30 | 150 24 | 180
Duration=1000 hrs. Ic=3 mA
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TABLE IV
100% RELIABILITY ASSURANCE TEST
THE CUMULATIVE REJECTS OF TABLES IV AND V SHALL NOT EXCEED 10% OF THE LOT
INITIAL AND ENDPOINT CHARACTERISTICS TESTS
MIL.STD
Test 750 Characteristic RCA-40294 MILP Test
Reference Test !In;:‘.‘nel Enip:;n' Reference Conditions
POWER BURN-IN: _ 3036 TA =25:30
Common-Base Circuit Alcgo 10 mox. | A= 15 Bias Condi- vA =15V ¢
- o nA nA tion cB
TA =25:3°C 1026
Vep=12.5:0.5V 0 min TA =25:3°C
PT=200 mW Ahpg 150 :ux' A=%15% 3076 Vce=1V
Duration=340 hours . lc=3 mA
TABLE V
100% PERFORMANCE REQUIREMENTS TESTS
THE CUMULATIVE REJECTS OF TABLES IV AND V SHALL NOT EXCEED 10% OF THELOT
TEST CONDITIONS LIMITS
MIL-STD . DC DC DC
Test Symbol | 750 |Ambient |Fre- |coyiccion |Collector- | Cole | Emit | S RCA  |Units
Reference |1 SPP2re= 99N | to-Base [to-Emitter | lector ter | cuose| 40294
ure | €Y | Voltage | Voltage |Current | Current | CUrren
Ta f Ve Vce Ic IE s
oC MHz v v mA mA mA  |Min. | Max.
3036
Collector-Cutoff . ;
Eollector-Cuto icpo | Bias Condif 25:3 |-~ 15 0 —-| 10 [ nA
3041
Collector-Cutoff . . N
Current Ices 5";;5*3#-- 25:3 | -- 16 —~| 100 | nA
3001
Collector-to-Base . .
Bfmd:;nf'vﬂlmge BVcBO Te'silogel;dl- 25:3 | —= 0.001 [ 30| - |V
; 3011
Collector-to-Emitter | BYCEQ | Tesy Condi-| 25:3 |-- 3* 0 15 —- v
Breakdown Voltage (sus) tion D -
Emitter-to-Bdse Y Tost Condi 2503 |- o |-0.001 25| - | Vv
Breakdown Voltage EBO | Teft -qrdv| € . .
A 3066
3:{;;:'5'“'"” Ve | Test Condic| 25:3 |-~ 10 1 —~l 1 |V
Collector-to-Emitt . —
VohoowerstesEmitter | veg 3071 25:3 |- 10 1 04 | Vv
Static Forward
Current-Transfer hEE 3076 25:3 |- 1 3 30 | 150
Ratio
Device Noise
Figurea: Generator
Resistance (RG)=50 | NF - 25:3  |450 6 1.5 --1 4.5 | dB
Ohms -
Measured Noise
Figure Generator
Resistance RG = NF 2513 | 450 6 1.5 == 50 dB-
50(01a
Visual Examination
‘(_,E"’:":r";“oll)?ow” Examine leads, header, and shell for visual defects..
Magnification

* Pulse Test

4 Lead No. 4 (Case) Grounded
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RGN

Solid State
Division

RF Power Transistors

40296

Features:

Ultra-High-Reliability Silicon
N-P-N Epitaxial Planar Transistor
For UHF Applications in Critical

Aerospace and Military Equipment

® Meets performance requirements of TX2N2857 MIL-S-
19500/343 USAF, 7 March 1966
m Extra-rigorous control and inspection of all parts,

materials, and i
® 100% thermal and

"
9

JEDEC TO-72 H-1299

RCA-40296 is an ultra-high-reliability double-diffused, epi-
taxial planar transistor of the silicon n-p-n type for low-noise
amplifier, mixer, and oscillator applications at frequencies up
to 500 MHz (common-emitter configuration), and up to
1200 MHz (common-base configuration).

This transistor is electrically and mechanically like RCA-
2N2857, but is specially processed, preconditioned, and
tested for critical aerospace and military applications.

The 40296 utilizes a hermetically sealed JEDEC TO-72
package. All active transistor elements are insulated from the
case, which may be grounded by a fourth lead in applications
requiring shielding of the device.

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-EMITTER VOLTAGE
COLLECTOR-TO-BASE VOLTAGE

EMITTER-TO-BASE VOLTAGE .................0onnnn
CONTINUOUS COLLECTOR CURRENT .................

TRANSISTORDISSIPATION . ...........coviiiiinnnn.
With heat sink, at case* temperatures up t0 26°C .........
With heat sink, at case* temperatures above 26°C .........

At ambient temperatures up to 25°C
At ambient temperatures above 25°C
TEMPERATURE RANGE:
Storage & Operating (Junction)
CASE TEMPERATURE (During soldering):
At distances == 1/32 in. (0.8 mm) from seating
surface for 10 seconds max.

* Measured at center of seating surface.

before

hanieal o

9

pr ioning after

8 Complete electrical and mechanical QUALITY CON-
FORMANCE test program

100% RELIABILITY ASSURANCE testing

100% PERFORMANCE-REQUIREMENTS testing

= 100% noise figure and power gain tests at 450 MHz

The curves of Typical Characteristics shown in the technical
bulletin for RCA-2N2857 also apply for RCA-40296.

..... VceEo 15 \Y
Veso 30 v
..... VEBO 25 \
...... I 40 mA
...... P:
...... T 300 mwW
...... Derate linearly 1.72 mw/°C
200 mW

Derate linearly 1.14 mw/°C

-65 to +200 °c

265 °c

144
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100%

LoT
FROM
SEALING

(SEE TABLE I)

PRECONDITIONING

TWO 100% INSPECTIONS
OF PELLET ASSEMBLIES
AND SHELLS PRIOR
TO SEALING

WAF EAR SELECTION

ND 100%
PELLET INSPECTION

GROUP A VISUAL
EXAMINATION AND
ELECTRICAL TESTS

100%

MECHANICAL,
ELECTRICAL, AND
LIFE TESTS

|_see TaBLEWn |

(SEE TABLE II) PERFORMANCE
L REQUIREMENTS

T

GROUP B TESTS

(SEE TABLE V)

Fig.1- High-Reliability Testing Process Flow Diagram

40296
100% Lot 100%
(AWAITING
FACTORY COMPLETION RELIABILITY
= ELECTRICAL OF GROUPS SERIALIZE r ASSURANCE
CLASSIFICATION A&B TESTS
TESTS TESTS) (SEE TABLE IV)

e o] Bl2 =
calp < (NoTE 2)
wort 1 Tuore 51t | 03-5
L © )
vy (NOTE2) 500 "
Cq Voutr
o8 4

500 ¢ 7T -8
= L
RG=502 = 00 =
= %1/2 TURN, No.l6 WIRE: LOCATED
1/4" FROM AND PARALLEL TO L2
500

1000
(ﬁ_ RESISTANCE VALUES IN ORMS.

= CAPACITANCE VALUES IN ?F.
W Ve

Q.= RCA Type 40296

92CS—-12140R!

NOTE 1: (NEUTRALIZATION PROCEDURE): (A) CONNECT
A 450-MHz SIGNAL GENERATOR (WITH Rq = 50 OHMS) TO
THE INPUT TERMINALS OF THE AMPLIFIER. (B) CONNECT
A 50-OHM RF VOLTMETER ACROSS THE OUTPUT TERMI-
NALS OF THE AMPLIFIER. (C) APPLY VEE, AND WITH THE
SIGNAL GENERATOR ADJUSTED FOR 5 mV OUTPUT FROM
THE AMPLIFIER, TUNE Cj, C3, AND C4 FOR MAXIMUM
OUTPUT. (D) INTERCHANGE THE CONNECTIONS TO THE
SIGNAL GENERATOR AND THE RF VOLTMETER. (E) WITH
SUFFICIENT SIGNAL APPLIED TO THE OUTPUT TERMI-
NALS OF THE AMPLIFIER, ADJUST C2 FOR A MINIMUM
INDICATION AT THE INPUT. (F) REPEAT STEPS (A), (B),
AND (C) TO DETERMINE IF RETUNING IS NECESSARY.

NOTE 2: L) & L2-SILVER-PLATED BRASS ROD, 1-1/2"
LONG x 1/4" DIA. INSTALL AT LEAST 1/2" FROM NEAR-
EST VERTICAL CHASSIS SURFACE.

NOTE 3: EXTERNAL INTERLEAD SHIELD TO ISOLATE
[EED(SZOLLECTOR LEAD FROM THE EMITTER AND BASE

Fig. 2 - Neutralized Amplifier Circuit Used to Measure 450-MHz Power Gain and Noise Figure.

TABLE |

100% PRECONDITIONING

BEFORE FACTORY, QUALITY, RELIABILITY-ASSURANCE AND PERFORMANCE REQUIREMENTS TESTS

STABILIZATION BAKE . . . ... ..o oo

TEMPERATURE CYCLING
(PER MIL-STD-750 METHOD 1051, COND. C)

15 minutes at -65° C, 15 minutes at +2000 C, and 5 minutes at 250 C
HELIUM-LEAK TEST (PER MIL-STD-202, METHOD 112 COND. C, PROC.IIIA). . . . Leakage may not exceed 10°8 atm cc/s

BUBBLE TEST (PER MIL-STD-202, METHOD 112 COND. A)

CONSTANT-ACCELERATION (CENTRIFUGE) TEST (PER MIL-STD-750, METHOD 2006). . 20,000 G's; Y] plane, 1 minute

48 hours minimum at 200° C

. 5 complete cycles from -65° C to +200°0 C, each including

150° C minimum, 1 minute, ethylene glycol
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TABLE Il
GROUP A TESTS
TEST CONDITIONS LIMITS
Lot Am- DC
Toler- . MILSTD | bient| Fre-|  DC | coliector-| DC pc | pc
Sub. | oler Chorgeteristic | o bol | Ref .., | Tem-| 4o Callector-| ™ to. | Callector| Emitter |Base|  RCA  |ypie
group [ Per es 4 eference | pera- Y Vol Emitter Current | Current | Cur-| 40206
Cent Test ture £ otage | Voltage Ic IE rent
Defect- Method TA CB VCE B
ive °C | MHz v v mA mA | mA |Min.| Max.
Visual and Mechanical
! 5 Examination - 207 -= - - - - - —_— | —= -=
Collector- 3036
Cutoff lcBo |Bias Condi-| 25:3 [ —— 15 0 —=] 10 | nA
Current tion D
Collector- 3041
uto Icgs |Bias Condi-f 25:3 | -~ 16 ——| 100 | nA
Current tion
Collector-to-Base 3001
Breakdown BVCRO| Test Condi-| 25:3 | —— 0.001 0 30 |- | v
Voltage tion
Collector-to-Emitter BV 3011
Breakdown CEO| Test Condi-| 25:3 | —- 3+ 0o |15]|—| v
) Voltage (sus tion D
2 3 [Emitter-to-Base 3026
Breakdown BVEBO| Test Condi-| 25:3 | - 0 0.001 25| - | v
Voltage tion D
Bose-to- 3066
Emitter Vge | Test Condi-| 25:3 | ~— 10 1, -- 1 v
Voltage tion A
Collector-
to-Emitter VcE 3071 25:3°) -- 10 1T [—-1]04 v
Voltage :
Static Forward
Current-Transfer hEE | 3076 [ 25:3| -- 1 3 30 | 150
Ratio
Small-Signal Power
aina Gpe 25:3 | 450 6 1.5 115|165 | dB
gevice Noise Figure®:
enerator Resistance . .
(RG) = 50 Q NF 25:3 | 450 6 1.5 34| dB
}éansured réoise Figure
enerator Resistance
hy NF 25:3 | 450 6 15 42| dB
3 | 10 |Re=s0ll
Collector-to-Base Time|
Constanta rp1Ce 25:3 | 31.9 6 -2 4 15 ps
Oscillator Power
Output Po 25:3 |3500 10 12 30 | - | mw
Collector-to-Base 20.1
Feedback Capacitance Ceb 25:3 | 3 10 0 - ! PF
Static Forward Current
Transfer Ratio hrge 3076 -55:3( -- 1 3 10 | —-
(Low Temperature)
Collector-Cutoff 3036 .0
Current (High Ico |Bias Condi-|150°3| - 15 0 I S T N
4 10 Temperature) tion
Small-Signal, Short
Circuit Forward Cur- | he, 3206 | 25:3 |0.001 6 2 50 | 220
rent-Transfer Ratioa
[Magnitude of Small-Signal,
Short-Circuit Forward Ih_ | 3206 25:3 | 100 3 5 10| 20
Current Transfer Ratiod fe

* Pulse Test

4 Lead No. 4 (Case) Grounded
@ Device noise figure is approximately 0.5 dB lower than the measured noise figure.
The difference is due to the insertion loss at the input of the test amplifier and

the contribution of the following stages in the test setup.

.Thvee-Oeminal measurement with emitter and case leads guarded.
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TABLE Il
GROUP B TESTS

INITIAL AND ENDPOINT

CHARACTERISTICS TESTS

Lot RCA-40296
LUSALE ) Charac- | MIL-STD Test Tnitial End Point i
Subgroup Test 750 | Bey Cant | teristic | go150 Conditions | Values Valoes | Units
Reference| Defociive | ' Fuoy eference
% Min.|Max. Min.|Mox.
PHYSICAL DIMENSIONS
1 | (See Dimensional Out- 2066 20 - - - -—]-- —--
line Drawing on page 7)
SOLDERABILITY 2026
Solder Temp. = 26015°C| Ta 25:30C
TEMPERATURE- lcBo | 3030 | A sy |- - 10 | nA
CYCLING TEST 1051 ca=
(Condition C)
THERMAL-SHOCK TEST:
2 A 1056 10
Tmin =013 °C Test Condid TA =25:3°C
0 tion £ v 30 [1s0
Tmax = 10072 0C hegé 3076 30 | 150
MOISTURE.RESISTANCE 1021
TEST
SHOCK TEST:
NON-OPERATING
;51?10 G's, 0.5 ms 2016 Ie
ows each in X1, BO TA =25:39C
Y1, Y2, and Z1 planes A =25 | - A
30360 |yep sy 0 10 n
V|BRAT|0N FATIGUE
3 T: ON-OPERATING 2046 0
60 ‘20 Hz
VIBRATION ; iVARIABLE-[ 55 3076 30 {150 30 | 150
[FREQUENCY TEST hFE
CONSTANT-ACCELERA-| 50,0
TION TEST: 20,000 G's
Mlli.SzTD
. 0
Helium [Method112 08 | o
2036 Leak [Condition C il i - cm®/s
4 }Eg‘#“"“ STRENGTH |regi Condi- 20 Test |lProcedure
tion E | 1A
MIL-STD 1500,
Bubble "7g2 | Tz150°C
Test CondAinon 1 hinute
=25:3°C
| Ta
0| 30360 . T --| 10 nA
SALT-ATMOSPHERE cB ves=1sV
5 |¥est 1041 20
TA =25:3°C
heg | 3076 VCE=1V 30| 150 | 30 | 150
Ic=3mA
TA=25:3"C
D -— -
E}E’E‘%E;"’f"””" lcpo | 3036 Vep-1s v 10 20 nA
ON-
6 DPERzAYING) 1031 A= 71%
=200:10
Duration=1000 hrs. hgg | 3076 30 150 24| 180
STEADY-STATE OPERA- |
TION LIFE T CBO | 303D --| 10 - 20 nA
Common-| Bose Cu‘:ml
7 225:3° C 1026 A=7% Ta 25:30C
Vcg=1V
hFE 3076 CE 30 | 150 24| 180
Ic=3mA

40296
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TABLE IV

. 100% RELIABILITY ASSURANCE TEST
THE CUMULATIVE REJECTS OF TABLES IV AND V SHALL NOT EXCEED 10% OF THE LOT

INITIAL AND ENDPOINT CHARACTERISTICS TESTS
MIL.STD
Test 750 Characteristic RCA-40296 M'%.SSJD Test
Reference Test Initiol [Endpoint Reference Conditions
Value Value
POWER BURN.IN: _ 3036 TA =25:30
Common-Base Circuit Alcgo 10 max. [ A=£5 | g, Conai. V:a='5 v ¢
TA =25:3°C 1026 . nA nA tion D
VcB=12.5:0.5V 30 min. Ta =25:3°C
PT=200 mW Ahpg 150 man. A=t15% 3076 VCe=l V
Duration=340 hours ’ lc=3mA

TABLE V

100% PERFORMANCE REQUIREMENTS TESTS
THE CUMULATIVE REJECTS OF TABLES IV AND V SHALL NOT EXCEED 10% OF THELOT

TEST CONDITIONS LIMITS
MIL-STD . DC DC DC DC
Test Symbol | 750 [ Ambient }Fre- Collector-|Collector. | Col- | Emir- eS| Rrea  |units
Ref. e - “1 to-Base [to-Emitter | lector ter 40296
srerens tore ey | yCliage | Voltage | Current | Current | CUrFent 9
Ta f vee VCE ic e ig
oC MHz v \4 mA mA mA  [Min. | Max.
- 3036 .
Collector-Cutoff Icgo | Bies Condid] 25:3 |- 15 0 -—1 10 nA
urrent tion
3041
Collecicr-Cutoff ; i . - - A
Collec, lces | Bios Condidf 25-3 |- 16 100 | n
3000 :
Collector-to-Base i . _— - v
BresictonnNatime | BVCBO| Test Condicf 25:3 0.001 0 30
. 3011
Collector-to-Emitrer [ BVCEO | Tesy Condi-| 25-3 _— 3¢ 0 15| —= v
Breakdown Voltage | (sus) o
Emitrer-to-Base . | gy Tesstondi] 253 |- 0 0.001 25 = | Vv
Breakdown Voltage | BYEBO| Tes! & ’ ’
. 3066
Base-to-Emitter vgg | Test Condis| 25-3 [-- 10 1 - 1 v
Voltage vion A
Collector-to-Emitter . . _— 4
Voo VCE 3071 25-3 10 ) 0 v
Static Forward
Current=Transfer hrg 3076 25-3 - 1 3 30 | 150
atio
gevice Naisc
igurea: Generator
Resistance (RG)=50 | NF - 25+3 1450 6 .5 --| 39 | 48
Ohms (See Fig. 3
for Test Circuit)
Visual Examination
(External) . . .
Under 20-Power Examine leads, header, and shell for visual defects.
Magnification

* Puise Test
alLead No. 4 (Case) Grounded
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File No. 603

40296
DIMENSIONAL OUTLINE
JEDEC TO-72
D —+f INCHES MILLIMETERS
un SYMBOL NOTES
M} MIN. MAX. MIN. MAX.
A 0170 [ 0210 | 432 | 533
h o 0016 | 0021 | 0406 | 0533 | 2
| oby 0016 | 0.019 | 0406 | 0483 | 2
oD 0209 | 0230 | 531 | 584
EAT! 1 - ”I' |—' ©Dy 0178 | 0195 | 452 | a9s
sLANENG £ e 0.100 TP, 254 TP. )
1 I] ] —4; el 0.050 TP, 127 TP, 4
— —1, h 0.030 0762
‘bz $b i 0.036 | 0.046 0914 117
K 0028 | 0048 | o711 | 122 3
U | 0500 12.70 2
\ Iy 0.050 127 2
= 12 0250 635 2
( o 45° TP 45° TP, 4.6

= INSULATION
X
* 92C5-17444
TERMINAL CONNECTIONS
Lead 1 — Emitter
Lead 2 — Base

Lead 3 — Collector
Lead 4 — Connected to case

Note 1: (Four leads). Maximum number leads omitted in this out-
line, “‘none’’ (0). The-number and position of leads actually present
are indi in the prod gi i Outline desi ion deter-
mined by the location and minimum angular or linear spacing of

any two adjacent leads.

Note 2: (All leads) ¢by applies between |4 and '2' @b applies be-
tween |5 and 0.50 in. (12.70 mm) from seating plane. Diameter is
uncontrolled in 1y and beyond 0.50 in. (12.70 mm) from seating
plane.

Note 3: Measured from maximum diameter of the product.

Note 4: Leads having maximum diameter 0.019 in. (0.484 mm)
measured in gaging plane 0.054 in. (1.37 mm) +0.001 in. (0.025
mm) — 0.000 (0.000 mm) below the seating plane of the product
shail be within 0.007 in. {(0.178 mm) of their true position relative
to a maximum width tab.

Note 5: The product may be measured by direct methods or by
gage.

Note 6: Tab centerline.
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File No. 144

R(EA RF Power Transistors
Solid Stat 40305
Dglilsiona ® 40306

40307

RCA-40305, 40306, and 40307 are high-relia-
bility variants of RCA-2N3553, 2N3375, and 2N3632
epitaxial silicon n-p-n overlay transistors. They
are intended for Class-A% -B, or -C amplifier, fre-
quency multiplier, or oscillator operation.

High
Reliability

) ) ) High-Power
These devices are subjected to special pre-

40306
40307
JEDEC T0-60

40305
JEDEC TO-39

conditioning tests for selection in high-reliability, VHF-UHF
large-signal, high-power, VHF-UHF applications Amplifier
in Space, Military, and Industrial communications
equipment.

FEATURES

e High-Reliability Assured By Seven (7) Precon- 100 Per-Cent Tested to A
ditioning Steps
tions

o Data Recorded Before and After ‘‘Power-Age Test"’

and Held to Critical Delta Criteria o High Power Output, Poy

Amplifier —

o High Voltage Ratings — At 400 Mc, 3 i w min
\/ = 65 volts max. 175 Me { -3 w min
Vggs = 65 volts max. 2.5 w min
Vceo = 40 volts max. 100 Mc, 7.5 w min

RF SERVICE*

Maximum Ratings, Absolute-Maximum Values

40305 40306 40307
COLLECTOR-TO-BASE

VOLTAGE, VCBO. « + « + « » « 65 65 65  volts A o .
case temperatures
ngh%ﬁggF-ToEMnTER above 26°C. ... ... Derate
With base open, VCEQ - + + « + 40 40 40 volts TEMPERATURE RANGE:
With VBg = -1.5 volts, VCEV. 65 65 65 volts Storage. .........eoeee
EMITTER-TO-BASE Operating (Junction)
VOLTAGE, VEBQ- + « « + + + + 4 4 4 volts PIN OR LEAD TEMPERATURE
COLLECTOR CURRENT, Ic.. 10 1.5 3.0 amperes  (During soldering):
TRANSISTOR At distances = 1/32“ from
DISSIPATION, PrpA: insulating wafer (TO-60
» P package) or from seating
At case temperatures plane (TO-39 package)
upto259C i 7.0 116 23 watts for 10 BeC. MBX. « v v 0 v o e oo
AS dary breakd iderations limit maximum DC operating conditions — contact your RCA representative for specific data.

ssure Freedom from Sec-

ond Breakdown for Operation in Class-A Applica-

, Unneutralized Class-C

. (40306)

. (40307)
. (40305)

. (40306)

40305 40306 40307

linearly to 0 watts at 200°0C
-65 to 200 °c

65 to 200 °c

230 °c

150
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File No. 144 40305—40307

ELECTRICAL CHARACTERISTICS
Cose Temperature = 25° C

TEST CONDITIONS LIMITS
DC DC bpC
Characteristic Symbol | Collector | Baose Current 40305 40306 40307 Units
Volts Volts (Milliomperes)
VecB| Vce| VBE| 1 | IB Ic Min. | Max.| Min.| Max.| Min.| Max.
Collector-Cutoff Current ICEO 30 0 - 01| - 0.1 - 10.25 | pamp
0 0.1 - - 65 - - -
Collectar-to-Base
Breakdown Voltage BVcmo g o N R I R A B RO
Emitter-to-Base 0.1 0 4 - 4 - - -
Breakdown Voltage BVEBO 0.35 0 - | - | 4| - |vouts
a bl . b| . bl .
Collector-to-Emitter BVCEO 0 | 0to2007| 40 40 40 volts
Breakdown Voltage BVCEX -1.5 0to200°| 65b| - | 65b] - | 5B - | volts
Collector-to-Emitter 100 500 - - - 1 - 1
Saturation Voltage Vcgfeat) 50 250 | - | 1 - | - | -] - | voit
DC Forward-Current h 5 150 10 - 10 - - -
Transfer Ratio FE 5 300 - - - - 10 -
Collector-to-Base Capacitance
Measured at 1 Mc Cob 30 0 - 10 - 10 - 20 of
RF Power Output
Amplifier, Unneutralized
At 100 Mc P 28 -a| - 75% - - -
175 Mc ouT 28 2.5 - - - - - | watt
175 Mc 28 - o BT B 2o B Rid
400 Mc 28 - - 3 - - -
@ Pulsed through an inductor (25 mh); duty factor = 50%. d For PIN =1/4 w; minimum efficiency = 50%.
b Measured at a current where the breakdown voltage is a minimum. ® For PIN = 3.5 w; minimum efficiency = 70%.
€ For PIN = 1.0 w; minimum efficiency = 65%. f For PIN = 1.0 w; minimum efficiency = 40%.

RELIABILITY TESTING

RCA types 40305, 40306, and 40307 are electrically lower collector-cutoff current. I¢go for the 40305 and
similar to RCA-2N3553, 2N3375, and 2N3632 respec- 40306 is 100 nanoamperes maximum and Iggo for the
tively; but they differ in that they have substantially 40307 is 250 nanoamperes maximum.

Preconditioning (100 Per-Cent Testing of Each Transistor)

1. Helium Leak, 1 x 10~8 cc/sec. max. 8. Power Age, Ty = 25°C, Vg =28V, t = 168 hours,
free air
. Pp(40305) =1 watt
2. Temperature Cycling-Method 102A of MIL-STD-202, P (40306, 40307) = 2.6 watts

3 cycles, -65° C to +200° C
* 9, Record Iceo hppr Veg(sat)

3. Methanol Bomb, 70 psig, 16 hours minimum 10. X-Ray Inspection, RCA Spec. 1750326

11. Record Subgroups 2 and 3 of Group A Tests.
4. Bake, 72 hours minimum, +200° C
* Delta criteria after 168 hours Power Age

+100% or +10 nanoamperes

40306 whichever is greater

5. Constant Acceleration-Method 2006 of MIL-STD-750, 40305
10,000 G, Y; axis CEO {

Icko 40307 +100% or +25 nanoamperes

6. Serialization whichever is greater
hpg +30%
7. Record Inp0, hpg, Vog(sat) Voglsat) $0.1V
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40305-40307 File No. 144
Group A Tests
MEENOD EXAMINATION LS
PER TgSRT SYMBOL CONDITIONS LTPD| 40305 40306 40307 UNITS
MIL-5TD-750 Min. | Max. | Min. [ Max. | Min. |Max.
Subgroup 1 10
2071 Visual and Mechanical - - - - - - - - - -
Examination
Subgroup 2 5
3041D Collector-To-Emitter I Vap =30V, I, =0 - - 0.1 - 0.1 - |0.25| pamp
Cutoff Current CEO CE B
Ic =300 pa, Ig=0 - 65 - - - - - volts
3001D Collector-To-Base BV, Ic = 100 Ig=0 - - - 65 - - - volts
Breakdown Voltage cBo [ C ~a, 1§
Ic =500 pa, Ig =0 - - - - - 65 - volts
. Ig = 100 pa, Ic =0 - 4 - 4 - - - volts
Emitter-To-Base
3026D BV,
Breakdown Voltage EBO Ig = 250 pa, Ic = 0 - - - - - 4 - volts
Collector-To-Emitter - a - b b b
3011D Breakdown Voltage BVggo |Ic =0to200ma’, Iy =0 - 40° - 40 - 40 - volts
Collector-To-Emitter Ic = 0to 200 ma® b b b
3011A | B eakdown Voltage BVCEX |VpE=-15V - | 657 - | 87 - | 857) - | volts
Coll B I =250 ma, Ig = 50 ma - - 1 - - - - volts
ollector-To-Emitter
3071 Saturation Voltage VcE(sat)
Ic =500 ma, Ig =100ma| - - - - 1 - 1 volts
3076 Forward Current n Ic =150 ma, Vg =5V - 10 - 10 - - -
Transfer Ratio FE Ic =300 ma, Ve =5 V B - - . - 10 .
Subgroup 3 5
3236 Open Circuit (o] f=1Mc, Vcp =30V, - - 10 - 10 - 20 pf
Output Capacitance ob Ig=0 cB
R. F. Power Output Pout VCE 0225 - 251 - - - - - | watts
watt
U Me,
Min. Effic. = 50%
Vcg =28V, - - - 7.5 - - - watts
Pﬁ?= 1 watt.
f =100
Min. Efﬁc. =65%
VCE =28V, - - - - - 185 | - | watts
IN 3.5 watts,
f =175 Mec,
Min. Effic. = 70%
VCE=28V, - - - 3 - - - watts
Py = 1 watt,
f =400 Mc,.
Min. Effic. = 40%
Subgroup 4 15
3036D  |Collector Cutoff 1 Ta =150°C ¢ 3°C, - - |100] - {100{ - |250]| pamp
Current CBO |yGR=30V,Ig=0
Ta =150°C £3°C, - - l20} - 20| - -
3076 Forward Current n Ic=150 ma, VCE =5V
Transfer Ratio FE Tp = 150°C 3°C, - - - - - - 200
Ic=300ma, Vcg =5V

® Pulsed through an inductor (25 mh); duty factor = 50%..

b

data

where the b

1d
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File No. 144 40305-40307

DIMENSIONAL OUTLINES

FOR TYPES 40306, 40307 FOR TYPE 40305
JEDEC T0-60 JEDEC T0-39
370 MAX.
335 M.
o335 MAX.
["7305 Min.
} ]
100 | f
MIN. 1260 MAX.
T 240 MIN.
A -L(m SEATING PLANE
T
e T 00
ZONE OPTIONAL

-200 3 LEADS

019 MAX
006 il
3 PINS 030 DIA. IGDI':.N
(NOTE 1)
ﬂ ﬂ |
228 —
1 %
320 L- Lhner -
2 RADII 4
090 .007 MAX.
T .034 MAX.
f i 028 MIN. W
| 25 e
L IN.
10—32UNF2A | 458 INDEX TAB 92cs-12742
THREAD ! 378
NOTE 2) H Dimensions in Inches
:
1
92C5-12045R5
Dimensions in Inches
NOTE 1: THE PIN SPACING PERMITS INSERTION IN ANY TERMINAL CONNECTIONS
SOCKET HAVING APIN-CIRCLE DIAMETER OF 0.200* AND
CONTACTS WHICH WILL ACCOMMODATE PINS HAVING A
DIAMETER OF 0.035" MIN., 0.045* Pin or Lead No.l - Emitter
NOTE 2: THE TORQUE APPLlED TO A 10-32 HEX NUT
ASSEMBLED ON THE THREAD DURING INSTALLATION Pin or Lead No.2 - Base
SHOULD NOT EXCEED 12 INCH-POUNDS.
#IOOTNE 3: THIS DEVICE MAY BE OPERATED IN ANY POSI- Pin or Lead No.3 - Collector (For 40306, 40307)

Collector, Case (For 40305)
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File No. 259

IR0

Solid State
Division

RF Power Transistors

40414

JEDEC TO-72

)
A

H-1299

High-Reliability Silicon N-P-N
Epitaxial Planar Transistor

For UHF Applications in Industrial
and Military Equipment

Features:

® High gain-bandwidth product: fT = 1000 MHz min.

= High converter (450-to-30 MHz) gain: G¢ = 15 dB typ. for circuit
bandwidth of approxi ly 2 MHz

= High power gain as neutralized amplifier: Gpg = 12.5 dB min. at 450 MHz
for circuit bandwidth of 20 MHz

30 mW min., 40 mW typ. at 500 MHz

= High power output as uhf oscillator: PO ={

20 mW typ., at 1 GHz

RCA-40414 is a double-diffused epitaxial planar transistor of
the silicon n-p-n type. It is extremely useful in low-noise-
amplifier, oscillator, and converter applications at frequencies
up to 500 MHz in the common-emitter configuration, and up
to 1200 MHz in the common-base configuration.

The 40414 is electrically and mechanically like the RCA-
2N2857, but each shipment of the RCA-40414 is accom-
panied by a certified summary of the results of the Group A
Electrical Tests and the Group B Environmental Tests shown
in Tables I and 11, respectively. The Test Data Summary and
Certification shown in the Specimen Copy on page 5 are the
results of the acceptance tests for the production lot from
which the shipment is made.

Maximum Ratings, Absolute-Maximum Values:

= | ow device noise figure:
NE = {4.5 dB max. as 450 MHz amplifier
7.5 dB typ., as 450-to-30 MHz converter
= Low collector-to-base time constant: tp'Cg =7 ps typ.
= Low collector-to- base feedback capacitance:

Ccb = 0.6 pF typ.

RCA-40414 utilizes a hermetically sealed 4-lead JEDEC TO-72
package. All active elements of the transistor are insulated
from the case, which may be grounded by means of the fourth
lead in applications requiring shielding of the device.

The curves of Typical Characteristics shown in the Technical
Bulletin for RCA-2N2857 also apply for RCA-40414.

COLLECTOR-TO-EMITTER VOLTAGE . VCEO 15 \Y
COLLECTOR-TO-BASE VOLTAGE VcBo 30 \Y
EMITTER-TO-BASE VOLTAGE VEBO 25 \%
CONTINUOUS COLLECTOR CURRENT. Ic 40 mA
TRANSISTOR DISSIPATION PT
At case temperatures™ up to 25°C . 300 mW
At case temperatures™ above 25°C . Derate linearly 1.71  mW/°C
At ambient temperatures up to 25°C 200 mW
At ambient temperatures above 25°C . Derate linearly 1.14  mW/°C
TEMPERATURE RANGE:
Storage & Operating (Junction) . —65 to +200 °c
CASE TEMPERATURE (During soldering):
At distances > 1/32 in.. (0.8 mm) from seating
surface for 10 seconds max. 265 oc
" Measured at center of seating surface.
10-72
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File No. 259

TABLE I - GROUP A TESTS

TEST CONDITIONS LIMITS
Lot
Am- bc
Toler- MIL-STD . bC
ance 750 bient | Fre- Collector- Collector-]  DC oc RCA
Sub-| pgr Characteristic Symbol | Reference Tem- | quen-| o.Base to- | Collector| Emitter 4414 | Units
groupl  cent Test Test pera- | ¢y | yoitage Emitter | Current | Current
Defect dethod | W Vollae | \
ive A CB CE C E
oC | MHz v v mA mA | Min.| Max.
Visual and Mechanical
1 10 Examination - 2071 - - - - - - - -
Collector- 3036
Cutoff Icgo | Bias Condi- | 2543 | -- 15 0 =] 10| nA
Current tion D
Collector-to-Base 3001
Breakdown BvVCBO| Test Condi-| 2543 | - 0.001 0 30 - v
Voltage tion D
Collector-to-Emitter 3011
2 5 | Breakdown VCED | Test Condi- | 2543 - #* |m=of15] -~ |V
Voltage (sus) tion D
Emitter-to-Base 3026
Breakdown BVEBQ| Test Condi-| 25+3| - 0 -0.01 | 25| - \
Voltage tion D
Static Forward
Current-Transfer hrg 3076 2543 | - 1 3 30 | 150
Ratio
Small-Signal Power
Gain* Gpe 25:3| 450 6 L5 1250 19 | dB
Device Noise Figure®
Generator Resistance s
(Rg) = 50¢: NF 25:3] 450 6 L5 ~- 45| d
Measured Noise Figure:
Generator Resistance
3 15 |(Ra)= 5087 A NF 25-3| 450 6 L5 - {50 a8
Collector-to-Base Time
Constant® 1h'Ce 2543 | 319 6 2 4] 15| ps
Oscillator Power
Output (See Fig.4 Py 2543 | 2500 10 -12 30| - | mW
for Test Circuit)
Collector-to-Base c >0.1 .
Feedback Capacitance® cb 2513 z1 10 0 - ! P
Static Forward Current
Transfer Ratio hFg 3076 -55 43| - 1 3 0| -
{Low Temperature)
Collector-Cutoff 3036 +0
Current (High Icgo | Bias Condi- | 150 - 15 0 - 1 A
Temperature) tion D -5
4 15
Small-Signal, Short
Circuit Forward Cur- hte 3206 2513 0.001 6 2 50 | 220
tent-Transfer Ratio®
Magnitude of Small-
Signal, Short-Cireuit | | | | 3206 | 2543] 100 6 5 0] 19
Forward Current-
Transfer Ratio®
* Pulse Test

“Lead No.4 (Case) Grounded

©Three-terminal measurement with emitter

and case leads guarded.

@ Device noise figure is approximately 0.5 dB lower than the measured noise figure.

The difference is due to the insertion loss at the input of the test amplifier and
the contribution of the following stages in the test setup.

40414
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40414 - File No. 259

TABLE II - GROUP B TESTS

Lot INITIAL AND ENDPOINT CHARACTERISTICS TESTS
0
MLSTO | Toterance| o, RCA-40414
: arac. - — - i
Subgroup Test 750 PerCent | i Mll;;]TD Test Initial | End Point | Units
Defecti Test | Ref Conditions Values Values
% Min. | Max. | Min. | Max.
PHYSICAL DIMENSIONS
1 (See Dimensional Out- 2066 20 - - - - - - -
line Drawing on page 6)
SOLDERABILITY 026
Without Aging . 20360 Ta =251 3% = 10 . . A
TEMPERATURE- (4:1] Ve =15V :
CYCLING TEST 1051
(Condition C)
THERMAL-SHOCK TEST: 2
s 1056
2 Tmin = 0-0 c Test Condi- o
Ty = 100%0 °C tion A Ta=25+3C
max = 100 g hrE 3076 | Veg=1V 30 (150 | 18 [ -
MOISTURE-RESISTANCE | Ic =3 mA
TEST
SHOCK TEST:
NON-OPERATING
1500 G's, 0.5 ms 2016 - 0 .
) TA=25:3C - -
5 blows each in Xy, 'cBo 30%D VQB 15V 10 0 nA
Y1, Y2 and Z] planes
VIBRATION FATIGUE
3 | TEST: NON-OPERATING| 2046 E
60 + 20 Hz, 20 G's
VIBRATION VARIABLE- 2055 Ta =25 3°C
FREQUENCY TEST hrE 30%6 | Vee=1V 30 [ 150 | 18| -
CONSTANT-ACCELERA- ic=3mA
TION TEST: 20,000 G's 2006
2036 - - - R e
TERMINAL STRENGTH | Tost Congi-| 20
4 Lrest
tion € - - . [ R R
I sosep | TA=2523% 10 0| A
ceo VeB =15V
. - 0,
s SALT-ATMOSPHERE Loa1 2 Th =252 3C
TEST heE 30% | VeE=1V 30 {150 18| -
Ic=3mA
0,
| HiGH-TEMPERATURE Ta=25+3C
IcB 30360 ~ w0 | ~| 3]
LIFE TEST (NON- c80 Ve =15V
6 OPERATING): 1031 A= 10% Ta =25 3%
Ta =200 ¢ 10°C hFE 3076 | VeE=1V 30 [ 150 | 18| -
Duration = 1000 hrs. Ic=3mA
STEADY-STATE OPERA- .
TION LIFE TEST: Ta=25 3%
- - A
Common-Base Circuit lcso 30360 | veg=15v 1o 30 n
7 Ta=2513% 1026 A= 10% Ta =25 £3°C
Veg= 125405V hrE 3076 | Vg =1V 30| 150| 18| -
Pt =200 mw Ic =3mA
Duration = 1000 hrs.
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File No. 259 40414

DIMENSIONAL OUTLINE INCHES MILLIMETERS.
SYMBOL NOTES
JEDEC TO-72 MIN. | MAX. | MIN. | MAX.
A 0170 | 0210 | 432 5.33
o 0016 | 0.021 0406 | 0533 | 2
¢by 0016 | 0019 | 0406 | 0483 [ 2
) 0209 | 0230 [ 531 584
¢Dy 0178 | 0195 | 452 | 495
le—$0 —of e 0.100 T.P. 254 TP, 4
el 0,050 T.P. 127 TP, a
[0~ h 0030 0762
i 0036 | 0046 | 0914 | 117
T 3 0028 | 0048 | o711 | 122 | 3
t 0500 12.70 2
] I 0.050 127 | 2
[ 0.250 6.35 2
1 H ] |.__|. « 45° TP, 45° TP, 4.6
SEATING
peane £ [ ] C,
2
“k =4 Note 1: (Four leads). Maximum number leads omitted in this out-
#by $b fine, “‘none” (0). The number and position of leads actually present
'y : are indicated in the product i i Outline desi: ion deter-
1 mined by the location and minimum angular or linear spacing of
Z = any two adjacent leads.

Note 2: (All leads) ¢b, applies between 14 and I,. ¢b applies be-
tween |5 and 0.50 in. (12.70 mm) from seating plane. Diameter is

=" INSULATION

g uncontrolled in I and beyond 0.50 in. {12.70 ‘mm) from seating
I plane.
k
92C5-17444 Note 3: M from i i of the product.

Note 4: Leads having maximum diameter 0.019 in. {0.484 mm)
measured in gaging plane 0.054 in. (1.37 mm) +0.001 in. (0.025
mm) — 0.000 (0.000 mm) below the seating plane of the product

TERMINAL CONNECTIONS shall be within 0.007 in. (0.178 mm) of their true position relative
Lead 1 — Emitter to a maximum width tab.

Lead 2 — Base Note 6: The product may be measured by direct methods or by
Lead 3 — Collector gage.

Lead 4.— Connected to case Note 6: Tab centerline. .
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RF Power Transistors

40577

HIGH-RELIABILITY TRANSISTOR

RCA—40577* is a high-reliability variant of the
RCA-2N3118, a triple-diffused transistor. It is espe-
cially processed for higﬁ reliability. It is intended for
Class A and C amplifier, frequency multiplier or oscil-
lator operation in high-reliability, large-signal, high-
power VHF applications in Space, Military, and Indus-

trial communications equipment.

High reliability is assured by eight precondition-
ing steps, including drift temperature measurements
after the High Temperature Reverse Bias and Power
Age tests. The 40577 also features complete qualifi-
cation and lot acceptance testing.

*Formerly RCA-Dev. No. TA7079

High-Gain Device for Class A or C
Operation in VHF Circuits

® 8 Preconditioning Steps

Complete Qualification and

b Lot Acceptance Testing

@ 1.0 Watt Output Min. at 50 MHz

@ 0.4 Watt Output Min. at 150 MHz
JEDEC TO-5

H-1380

RATINGS

Maximum Ratings, Absolute-Maximum Values:
COLLECTOR-TO-EMITTER

VOLTAGE:

With Vgg = —1.5volts. . . ... ...... Vegy 8 V

Withbase open. . .. ... ....uouuu.. VCEO 60 V
EMITTER-TO-BASE VOLTAGE . . . .. ... VEBo 4 V
COLLECTOR CURRENT . . . ......... Ic 05 A
TRANSISTOR DISSIPATION . . .. ...... P

At case temperatures up to 25° C. . .. ... ... 3 W

At free-air temperatures upto 25°C . ... ... 05 W

At case temperatures above 25°C .. ...... See Fig.4
TEMPERATURE RANGE:

Storage & Operating (Junction) ...... —65 to 200 °C

LEAD TEMPERATURE (During soldering):

At distances = 1/32 in. from
insulating wafer for 10 s max. . . . . . 230 °C

TYPICAL POWER OUTPUT vs. POWER INPUT

COMMON -EMITTER CIRCUI1;‘ “BASE INPUT.

TS (Vgg) = 28
COLLECTOR MILLIAMPERES (Ic) = 25
CASE TEMPERATURE (Tg) = 25°

]

o
>

o
o
1

4

RF POWER OUTPUT (Poyt) —WATTS
o
[

-]

4

RF POWER INPUT (P)y)— MILLIWATTS
92L8-1792

Fig. 1
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File No. 297 40577

ELECTRICAL CHARACTERISTICS
Case Temperature = 25°
Except As Indicated

TEST CONDITIONS
DC DC
Collector- | Collector-| DC DC
Characteristics Symbols Fre- |"t0-Base [to-Emitter| Base Current LIMITS |Units
quencyl Voltage | Voltage | Volts (Milliamperes)
(MHz) | (volts) (volts)
f ves VCe | VBE Ic E_| !B | Min. [Max.
Collector-Cutoff 250¢9 1 30 0 10 nA
Current 150°Cc® CBO 30 0 5 BA
Emitter-to-Base BVEBO 0 0.1 4 volts
Breakdown Voltage
Collector-to-Emitter 10
Breakdown Voltage BVgotsus) ulsedb 0 | 60 volts
(Sustaining) pulse
Reverse Collector-to-Emitter BVCEX ~15 0.1 85 volts
Breakdown Voltage
Output Capacitance Cob 1 28 0 6 pF
"bb’ Cb e Product ™b'Cb'c | 50 28 25 60 | ps
DC Forward-Current
h
Transfer Ratio™ FE 5 100 50 275
Small-Signal Forward-Current
Transfer Ratio hee 50 28 25 5
Real Part of Short-Circuit h;
Input Impedance ®(real) 50 28 25 25 [ 75 |ohms
Real Part of Short-Circuit 1/Y
Output Impedance 22(real) | 50 28 25 500 | 1000| ohms
Output Power
Class-C Service POU'I‘ 50 28 1.0 watt
Pin = 0.1 watt 150 28 0.4 watt
(with heat sink)
Power Gain
Class-A Service
Py = 0.2 watt PG 50 28 25 18 B
(with heat sink)

GTFA = free air temperature.
bPulse duration 300 ps; duty factor, less than 1.8%.

TYPICAL LARGE-SIGNAL OPERATION, CLASS-C SERVICE

150 MH: DISSIPATION DERATING CURVE
COMMON-EMITTER CIRCUIY, BASE INPUT. CASE T
CLASS-C SERVICE, 150 MHz FREE- AR TE ot
CASE TEMPERATURE (Tg)s25°C (T 1;
COLLECTOR-TO-EMIT TER VOLTS= V| FA
1

g L40 g, 4
¥ 1 28
i : o
5075 & gi H
n’O [3 l
= 2
> E
% 05 §§ 2
3 %8
5 X0
§ 1
& i

i o

50 iz 100 125 150 50 00 150 200
POWER INPUT (P} — MILLIWAT TS TEMPERATURE —C*
92CS-12273R1
Fig. 2 Fig. 3
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RELIABILITY SPECIFICATIONS . . . . . . .

In addition to Preconditioning and Group A tests,

a Qualification Approval test series (Group B tests) is

performed on each lot.

Preconditioning (100 Per Cent Testing of Each Transistor)

1. Serialization
2. Record ICBO' hFE

3. Temperature Cycling-Method 107B, Cond. C of
MIL-STD-202, 5 cycles, ~65° C to 200° C

4. Bake, 72 hours minimum, 200° C

5. Constant Acceleration-Method 2006 of MIL-STD-750,
10,000g, Y; and Yy axes

6. X-Ray
7. Record ICBO’ hFE

8. Reverse Bias Age, Ty = 175° C, Vpog = 60 V,
t = 96 hours

d
9. Record ICBO’ hpp.

10. Power Age, T = 25° C, Vog =28 V.t = 340 hours,
Pp = 1 W, free air

411. Record IgpQ, hpE at 340 hours
12, Helium Leak, 1 x 10 =7 cc/sec. max.
13. Gross Leak, MIL-STD-202, Method 112
14. Record Subgroups 2 and 3 of Group A Tests

dDelta criteria after 96 hours Reverse Bias Age and
340 hours Power Age.

A ICBO +100% or +5 nanoamperes whichever is greater
Ahgp +20%
Definitions

Delta (A): Delta shall be determined by subtracting the para-
meter value measured before application of stress
from the value measured after the application of

stress.
Group A Tests
TEST METHOD LIMITS
PER EXAMINATION OR TEST CONDITIONS LTPD|}SYMBOL UNITS
MIL-STD-750 Min.| Mox.
Subgroup 1 10
2071 Visual and Mechanical Examination - - . - - -
Subgroup 2 5 .
3036D Collector-Cutoff Current Ve =30v,IE=0 - IcBo - 110 nA
3001D Collector-to-Emitter Breakdown Voltage| IC = 100 uA, VBE = ~1.5V ~ |BVcEv | 859 — | volts
3026D Emitter-to-Base Breakdown Voltage IE = 100 pA, IC = 0 - BVEBO | 4 — | volts
3011D Collector-to-Emitter Breakdown Voltage| IC = 10 mA‘
IB=0o - | Vceo [609] — | voits
3076 DC Forward-Current Transfer Ratio I¢ =100 mA, Vo = 5V - hFE 50 | 275
Subgroup 3 5
3236 Output Capacitance £=0.1to 1.0MHz, VCB=28V,
IE=0 - Cob - |86.0 pF
Power Output f = 50 MHz, VCE = 28V
Pin=0.1W - | Pour [1.0]| — [watts
RF Power Output (Min. Eff. = 45%) VCE=28V,PIN=0.1W
f =150 MHz — | PouT 0.4 | — |watts
3306 Small-Signal Forward-Current
Transfer Ratio Ic=25mA, VCE=28V
f =50 MHz - hfe - |50
Subgroup 4 15 .
Collector-Cutoff Current TA =150°C, VCB =30 V - | kBo | - |5 A
3201 Input Impedance VCE= 28V, IC =25 mA
f = 50 MHz - hie | 25 | 75 | ohms
3231 Output Admittance Ve =28V,IC=25mA .
f =50 MHz - Yoo 1 2 | mmho

‘Pulsed through an inductor (25 pH): duty factor = 50%.
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40577

General Reliability Specifications that are applicable to all rf power transistors are given in booklet RFT-701
and must be used in conjunction with the specific Preconditioning, Group A Tests, and Group B Tests shown below.

Group B Testsh

TEST METHOD

PER EXAMINATION OR TEST CONDITIONS
MIL-STD-750
Subgroup 1 (13 Samples)
2066 Physical Dimensions JEDEC TO-5 Pkg.
Subgroup 2 (13 Samples)
2026 Solderability Omit aging, Dwell time =
10st1s
1051 Thermal Shock (Temp. Cycling) Test Condition C
1056 Thermal Shock (Glass Strain) Test Condition B
Seal (Leak Rate) Method 112 of MIL-STD-202
Test Cond. C, procedure III;
Test Cond. A for gross leaks|
1021 Moisture Resistance
Subgroup 3 (13 Samples)
2016 Shock 1,500 g, 0.5 ms, 5 blows each
orientation:
X1, Yy, Y2, 23
2046 Vibration Fatigue Nonoperating
2056 Vibration Var. Freq. -
2006 Constant Acceleration 20,000G Y, Y2
Subgroup 4 (13 Samples)
2036 Terminal Strength (Lead Fatique) Test Cond. £
Subgroup 5 (13 Samples)
1041 Salt Atmosphere
Subgroup 6 (25 Samples)
1031 High Temperature Life (Non-operating) Tstorage =200°C
t = 1000 hrs.
Subgroup 7 (25 Samples)
1026 Steady-State Operation Pr=1L5W, Tc =100° C

t=1000 hrs. YCB =40V

TEST METHOD LIMITS

PER EXAMINATION OR TEST CONDITIONS SYMBOL UNITS
MIL-STD-750 Min. |Max.

End Points
Subgroups (2, 3, 5, 6)

3036D Collector Base Cutoff Current Vep=30V,Ig=0 IcBo 1.0 | pa

3001D Collector Base Breakdown Voltage VBE = -1.5 V, Ic= 100 pA BVCEV 80

3076 DC Forward-Current Transfer Ratio Ic =100 mA,Vog =5V hgg 35 | 325 _

hAcceptance/Rejection Criteria of Group B tests: For an LTPD plan of 7% the total sample size is 115 for which the maximum
number of rejects allowed is 4. Acceptance is also subject to a maximum of one (1) reject per Sub-group. Group B tests are per-
formed on each lot for Qualification or Lot Acceptance.

i Pulsed through an inductor (25 mH); duty factor = 50%.

k

Measured at a current where the breakdown voltage is a minimum.
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DIMENSIONAL OUTLINE
JEDEC No.TO-5

370 (9 40)
3 35 8.5

- 308 (7%) >
DIA.

i

Rlele] (2 54)
.260 (6.60'

.—-—_f_ .240\6.10

1SEATING PLANE

)
453 35%J TUU ofe

DETAILS OF OyT— D D
LINE IN THIS R
ZONE OPTIONAL 200
P 3 LEADS
(5.08) 19 [.483
Dia. 12 (:3%2) om.

LEAD
INSULATING
EYELETS

.00 (2.54)

028

.045 (l.l4

INDEX TAB 029 \.737, 92C5-12656R2

Note  Dimensions in parenth are in milli s and
are derived from the basic inch dimensions as indi-
cated.

TERMINAL CONNECTIONS

Lead 1 — Emitter

Lead 2 — Base
Lead 3 — Collector,
Case
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IR0

Solid State
Division

RF Power Transistors

40578

HIGH-RELIABILITY TRANSISTOR

RCA—-40578* is a high-reliability variant of the
RCA-2N3866, an epitaxial n-p-n planar transistor of
‘‘overlay’’ emitter electrode construction. It is espe-
cially processed for high reliability. It is intended for
Class A, B, and C amplifier, frequency multiplier, or
oscillator operation in high-reliability, driver or pre-
driver stages, VHF-UHF applications in Space, Military,

and Industrial communications equipment.

High reliability is assured by eight preconditioning
steps, including drift temperature measurements after
the High Temperature Reverse Bias and Power Age
tests. The 40578 also features complete qualification
and lot acceptance testing.

* Formerly RCA—Dev. No. TA7080

High-Gain Device for Class A,B, or C
Operation in VHF-UHF Circuits

JEDEC
TO-39

H-1381

©8 Preconditioning Steps
OComplete Qualification and Lot Acceptance Testing

O®High Power Gain, Unneutralized Class C Amplifier
At 400 MHz, 1 W output with 10 dB gain (min.)
250 MHz, 1 W output with 15 dB gain (typ.)
175 MHz, 1 W output with 17 dB gain (typ.)
100 MHz, 1 W output with 20 dB gain (typ.)

RATINGS
Maximum Ratings, Absolute-Maximum Values:
COLLECTOR-TO-BASE

VOLTAGE «vvvveveennnnnnn. Vego 55 V
COLLECTOR-TO-EMITTER

VOLTAGE:

With external base-to-emitter

resistance. .. ........ .. ... VCER 55 v
Rpg = 10 ohms

With baseopen............... VcEO 30 v
EMITTER-TO-BASE VOLTAGE. . . . . VEBO 3.5 \%
COLLECTOR CURRENT . ........ Ic 0.4 A
TRANSISTOR DISSIPATION . . . . . .. Py

At case temperatures up to 25°C. . . ... .. .. 5 w

At free-air temperatures up to 25° C . . . . . . « . Lo w

At temperatures above 25° C . . ... ........ See Fig. 1
TEMPERATURE RANGE:

Storage & Operating (Junction). . . . . —65 to 200 °C

LEAD TEMPERATURE (During soldering):

At distances ©1/32 in. from
seating plane for 10 s max.

DISSIPATION DERATING CURVE

CASE TEMPERATURE (T¢)
FREE-AIR TEMPERATURE(TFA)

T Tl T N
i Telins \
e A Bt A
R N T
FE T N f
+11
o i HIE Y
@ i HH tH
e._ pasey H
ok U 1 2
< HE
£z H H
o = =
sk
3£
Za b \IHE HHHH
X0 HH H
38 =t
aed NS THIT

-100  -50 o 50 100 150 200
TEMPERATURE —°C
92CS-10446R3
Fig.1

8-67

163



40578 File No. 298

ELECTRICAL CHARACTERISTICS
Case Temperature = 25° C

TEST CONDITIONS
DC DC DC LIMITS
Characteristic Symbol Collector Base Current Units
Volts Volts (mA)
Vca VCE VBE Ig I} Ic Min. Max.
Collector-Cutoff Current Iceo 28 0 - 100 nA
Collector-to-Base - .
Breakdown Voltage BVCBO 0 0.1 55 - v
a
Collector-to-Emitter VCER(BHS) 5 55 g v
Voltage (Sustaining) VCEO(sus) 0 5 30 -
Emitter-to-Base X
Breakdown Voltage BVEBO 0.1 0 3.5 = v
Collector-to-Emitter Veop(sat)
Saturation Voltage CEfsat) 20 100 - L0 v
Collector-to-Base Capacitance
(Measured at 1 MHz) Cob 30 0 - 3.0 pF
RF Power Output
Class-C Amplifier,Unneutralized b
At 100 MHz Pour 280 1.8 (typ.)S
At 250 MHz 286 1.5 (typ.) w
At 400 MHz | . 28 1.0° |
Gain-Bandwidth Product fr 15 50 800 (typ.) MHz

“With external base-emitter resistance (Rgg) = 10 Q.
bVCC value.

SFor Pyy = 0.05 W; minimum efficiency = 60%.

dFor Piny = 0.1 W; minimum efficiency = 50%.

©For PIN = 0.1 W; minimum efficiency = 45%.

DIMENSIONAL OUTLINE
JEDEC TO-39

335 (8.5!
fe~ 305 \7.75) -»
DIA.

L 2

f

100 n(a?ﬁs‘” ‘
1 $3E%
-L[»u ) lsgnmc PLANE TERMINAL CONNECTIONS.
' .
,353 %5%)—’ U U [] 1.5 (38.10) Lead No. 1 — Emitter
OETAILS oF ouT~ 00 MIN. Lead No. 2 — Base
ZONE OPTIONAL Case, Lead No. 3 — Collector
.200 3 LEADS
5.08) 202 (433) o
olA. o6 {la06 -
100 (2.54)
)

DIMENSIONS IN INCHES AND MILLIMETERS

Note: Dimensions in parentheses are in millimeters and are

148 029 \. - i e h . gy
INDEX 92CS-12656R2 derived from the basic inch dimensions as indicated.
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RELIABILITY SPECIFICATIONS . . . .

40578

In ‘addition to Preconditioning and Group A tests,
a Qualification Approval test series (Group B tests) is

performed on each lot.

Preconditioning (100 Per Cent Testing of Each Transistor)

—

. Serialization

2. Record ICEO’ hFE
. Temperature Cycling-Method 107B Cond. C of MIL-
STD-202, 5 cycles, —65° C to 200° C

4. Bake, 72 hours minimum, 200° C

5. Constant Acceleration-Method 2006 of MIL-STD-750,
10,000g, Yy and Yy axes

6. X-Ray
7. Record ICEO’ hFE

8. Reverse Bias Age, Ty = 200° C, Vog = 50V,
t = 96 hours

. Record ICEO‘ hFE

w

dll. Record ICEO’ hFE’ VCE at 340 hours

12. Helium Leak, 1 x 10~7 cc/sec. max.

13. Gross Leak, MIL-STD-202, Method 112
14. Record Subgroups 2 and 3 of Group A Tests

dDelta criteria after 96 hours Reverse Bias Age and 340

hours Power Age

Alggo

Ahgg £20%

Definitions

+100% or +20 nanoamperes whichever is greater

Delta (A): Delta shall be determined by subtracting the para-

= 9r0 = = meter value measured before application of stress
10. Power Age, TA - 257 C, VCB =28V,t = 340 hours, from the value measured afterplzhe application of
PT = 1 W, free air : stress.
Group A Tests
TEST METHOD LIMITS
PER EXAMINATION OR TEST CONDITIONS LTPD|SYMBOL|. UNITS
MIL:STD-750 Min. | Mox.
Subgroup 1 10
2071 Visual and Mechanical Examination - - - - - -
Subgroup 2 5
3041D Collector-Cutoff Current Vog =28V - IcEO — | 100 nA
3001D Collector-to-Base Breakdown Voltage |Ic = 100 A - BVepo | 55 | — | volts
3026D Emitter-to-Base Breakdown Voltage Ig = 100 pA - BVEpp | 8.5 | — | volts
3011D Collector-to-Emitter Breakdown
Voltage Ic = 0to 5 mAf ~ | BVggo | 309] — | volts
3011B Collector-to-Emitter Breakdown
Voltage Ic = 0to 5 maf
Rpg= 10Q — | BVGER | 559 — | volts
3071 Collector-to-Emitter Saturation Voltage Ic = 100 mA, Ig = 20 mA ~ |Vcg(sat| — 1 volt
3076 DC Forward-Current Transfer Ratio Ic =100 mA, Vg =5V - hpg 10| - -
Subgroup 3 5
3236 Output Capacitance Ve =30V - Cob - 130 pF
3261 Extrapolated Unity Gain Frequency Ic =50mA, Ve =15V,
f =200 MHz - fp 500 — MHz
RF Power Output (Min. Eff. = 45%) Veg =28V, Py =.1W,
£ =400 MHz - Poyr | 10| — [ watts
Subgroup 4 15
3036D Collector-Cutoff Current Tp=150°C ¢ 3°c,
VCB =30V - IcBO — | 100 HA
3076 DC Forward-Current Transfer Ratio Tp = —55° C £3°C,
Io=100mA, Veg =5 V - | bhpg |5 ]| -] -

¥ Pulsed through an inductor (25 pH); duty factor = 50%.

9Measured at a current where the breakdown voltage is a minimum.
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General Reliability Specifications that are applicable to all rf power transistors are given in booklet RFT-701
and mustbe used in conjunction with the specific Preconditioning, Group A Tests, and Group B Tests shown below.

Group B Tests

TEST METHOD
PER EXAMINATION OR TEST CONDITIONS
MIL-STD-750
Subgroup 1 (13 Samples)
2066 Physical Dimensions
Subgroup 2 (13 Samples)
2026 Solderability
1051 Thermal Shock (Temp. Cycling) Test Condition C
1056 Thermal Shock (Glass Strain) Test Condition B
2036 Terminal Strength (Tension) Test Condition A, weight =
5 lbs. time = 15 s each
terminal
Seal (Leak Rate) Method 112 of MIL-STD-202
Test Cond. C, procedure Illa,
Test Cond. A for gross leaks
1021 Moisture Resistance 10-8 cc/s
Subgroup 3 (13 Samples)
2016 Shock 1,500 g, 0.5 ms, 5 blows each
orientation:
X1, Yy, Zy, (15 blows total)
2046 Vibration Fatigue Nonoperating
2056 Vibration Var. Freq. -
2006 Constant Acceleration 20,000 G Yy, Yo
Subgroup 4 (13 Samples)
2036E Terminal Strength (Lead Fatigue)
Subgroup 5 (13 Samples)
1041 Salt Atmosphere
Subgroup 6 (25 Samples)
1031 High Temperature Life (Nonoperating) | Tgtorage = 200° C
Subgroup 7 (25 Samples)
1026 Steady-State Operation TF A= 25° C t = 1000 hrs.
PT=1W,VCB=28V
free air, no heat sink
[ TEST METHOD LIMITS
PER EXAMINATION OR TEST CONDITIONS SYMBOL UNITS
MIL-STD-750 Min. | Max.
End Points
Subgroups (2, 3, 5, 6, 7)
3041D Collector-to-Emitter Cutoff Current Vg =28V Icko - 110 HA
3011B Collector-to-Emitter Breakdown .
Voltage Ig =5 mA (Inductive)' X
Rpg = 10 BVeER [50%% — [ volts
RF Power Output (Min. Eff. = 45%) Veg =28V, PN =0.1W,
= 400 MH2z Pour |0-95] — [watts
3076 DC Forward-Current Transfer Ratio Ic=100mA Veg =5V hFE 9 - .
3026D Emitter-to-Base Breakdown Voltage Ig = 100 mA BVERO 3.0 — | volts

"Acceptance/Rejection Criteria of Group B tests: For an LTPD plan of 7% the total sample size is 115 for which the maximum
number of rejects allowed is 4. Acceptance is also subject to a maximum of one (1) reject per Sub-group. Group B tests are
performed on each lot for Qualification or Lot Acceptance.

i pulsed through an inductor (25 mH); duty factor = 50%.

kMeasured at a current where the breakdown voltage is a minimum.
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m@m RF Power Transistors

Solid State
Division 40605

RCA-40605* is an epitaxial silicon n-p-n planar (4] 79
transistor featuring ‘‘overlay’’ emitter electrode con- SII.H cﬂ N N - P - N 0v erlay
struction. It is intended for class-A, -B, or -C amplifi-
er, frequency multiplier, and oscillator service in VHF/ IRANSIST“R
UHF equipment.

Premium high-reliability type 40605 is identical o "'Premium’’
RCA-2N3553 but is preconditioned and tested for use in

critical aerospace and industrial equipment. High'nenability Type
*Formerly RCA Dev. Type No. TA7361. Re, l
For Class-A-B, or -C

Service in YHF/UHF
Maximum Ratings, Absolute-Maximum Values: M““ary’ IndHSt"aL and H-1381

COLLECTOR-TO-BASE VOLTAGE . . . .. vemo  sv - GCommercial qullpmelll JEDEC T0-39
COLLECTOR-TO-EMITTER VOLTAGE:
With-1.5 volts (Vgp) of reverse bias &

cxternal base-to-emitter resistance FEATURES:
Rpp) =330 ...l LoV v .
BE CEX 65 o High Power Output
Wil‘h DASE OPENa v e v o e v e v a e v e v s an VCEO 40 V lifi
EMITTER-TO-BASE VOLTAGE. . ... ... Vego 4V Class 3 Amp 'f'e'l'7 M
CONTINUOUS COLLECTOR CURRENT . . Ig 0.33 A 2.5-W (min.) at z
PEAK COLLECTOR CURRENT. ....... Iopk 1A Oscillator . . .
TRANSISTOR DISSIPATION: ......... Pq 1.5-W (typ.) at 500 MHz
At case temperatures up to 25°C .. ... . YA
At case temperatures above 25°C
derate linearlyat . ............ 0.04 W/°C COLLECTOR SUPPLY VOLTS (V. c) =28
) CASE TEMPERATURE (Tg)=25° &
At ambient temperatures up to 25°C . . . 1w ol
At ambient temperatures above 25°C
derate linearly at « oo oo oo v il a 5.71 mW/°C 8 » ||
TEMPERATURE RANGE: o S e
Storage & Operating (Junction) ...... -65to +200°C a " | or %)
LEAD TEMPERATURE (During Soldering): E '\’A‘ »
At distances 2 1/32 in. (0.8 mm) from I &L
secating plane for 10 s max.. . . . . P 230°C g 4 \\05\
3
&, QasN
0
I~ /07\’» N
005
0 | | L]
50 75 00 150 200 250 300 350 400
FREQUENCY (f)— MHz

92Cs-12717RI"

Fig.1 - Typical power output vs. frequency.
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40605 File No. 389
ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 25°C
STATIC :
TEST CONDITIONS
DC DC bC
CHARACTERISTIC SYMBOL Collector Base Carrent LIMITS UNITS
Volts Volts mA
VeE Vee (I | IB Ic MIN. | MAX.
Collector-Cutoff Current IcE0 30 0 - {01 HA
Collector-to-Base
Breakdown Voltage V(BRICBO 0 03 1 - v
Collector-to-Emitter
Breakdown Voltage: b
(See Fig. 2.) V(BR)CEO 0 2000 40 -
With base open v
With base-emitter junction
reverse biased & external _ a bl -
base-to-emitter resistance V(BRICEX 15 20 65
(Rgg)=33Q _
Emitter-to-Base -
Breakdown Voltage V(BRIEBO ol 0 4 v
Collector-to-Emitter VgE(sat) 50 250 - 1 \
Saturation Voltage
a Puised through a 25-mH inductor; duty factor = 50%
b Measured at a current where the breakdown voltage is a minimum.
DYNAMIC
TEST CONDITIONS
LIMITS
CHARACTERISTIC | SYMBOL DC Collector Input Power Frequency UNITS
Supply (Vo) =V | (Pip) =W ()~ Wz MIN. | TYP.
P
. Poveer Qutput PoE 2 025 175 25¢ | - | W
Collector-to ¢ Veg=30V - 1 - 10 pF
Base Capacitance obo Ic=0
Gain-Bandwidth fr Veg=28V - - 350 - MHz
Product Ig=125mA
< Minimum efficiency = 50%
RESISTVE  INDUCTE  NOUCTNE. Lz 25 mH at 100 mA
LOAD LOAD LOAD Rpp;: 150 ()
H Rs: 1Q
5‘3,",_%8#;’0“# o " oF S: Clare Mercury Relay or equivalent
A v INDUCTANCE Veg: 20V
BB!
score RL. YR Vpp: 20 V
COMMON R . V(BR)CEO Measurement | V(grycEX Measurement
S S pme 2%
) vee Vpp2 =0 Vggz =-1.5V
Re — R of inductance =83 ()
< Vec
ST 201¢ 92CM- 15054

Fig.2 - Circuit used to measure voltages Y(gR)CEQ and V(BR)CEX (unclamped).
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RELIABILITY SPECIFICATIONS . . .

General Reliability Specifications that are applicable to all rf power transistors are given in booklet RFT-701
and must be used in conjunction with the specific lot screening,Group A Tests,and Group B Tests shown below.

Lot Acceptance Data

40605

Conditioning Screens ( 100% Testing, see Table |)

a) Attributes Data on Burn-In b) Attributes Data on Radiographic Inspection

c) Variables Data on Burn-In

a) Variables Data

Group A (Lot Sampling, see Table I1)

Group B

(Lot Sampling, see Table I11)
a) Attributes Data (From a member of the family)

Table 1. Description of Total Lot Screening — 100% Testing

TEST CONDITIONS MIL-STD-750 MIL-STD-202
METHOD CONDITIONS METHOD CONDITIONS
1. Lot identification - - - - -
In accordance with
2. Pre-seal visual inspection RCA's RFT-701 - - - -
(See note 1)
3. Temp. cycling 5 cycles 1051 C - -
4. High Temp. storage 72 hrs. min. at - - - _
Tp =200°C
5. Acceleration 20,000 g min.; 2006 - - -
Y1 direction only
6. Fine ieak - - - 112 C

7. Gross leak

Fluorocarbon bubble test
(See note2)

8. Serialize

9. Pre burn-in electrical

See Table 1 A

10. Burn-in

(See note 3)

11. Post burn-in electrical

Delta requirements
See table 1 A

12. Radiographic inspection

Note 1: Complete title of RFT-701 is: ‘‘General Reliability Specifications of RCA RF Power Transistors'’.

Note 2: Immersed in fluorochemical FC 78 at 65 psig for 4 hrs, unit is than placed in fluorochemical FC 48 at 80° C (nominal)

and observed for bubbles.
Note 3: Burn-in tests:

Reverse bias age — all transistors shall be operated for 96 hrs

at Ty =150°C, Veg =50 V
Power age — all transistors shall be operated for 340 hrs

at Tp=250C+30¢, Ve =30V, Pp=1W.
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Table 1A. Pre Burn-In & Post Burn-In Tests and Delta (A) Limits
TEST SYMBOL ML-STD750 LIMITS UNITS
METHOD CONDITIONS MIN. MAX.
Collector-Cutoff Current IcEo 3041 Vg =30V, bias cond. D - 0.1 LA
DC Forward-Current
Transier Ratio e | 3076 VGE=5V, I =150 mApulsed | 15 150 -

Delta (A) Limits:
IcEQ and hgg of Table 1A shall be retested after each burn-in test and the data recorded for all devices in the lot.

The tests measured shall not have changed during each burn-in test from the initial value by more than the specified
amount as follows:

Alggg= +100% or 10 nA, whichever is greater
Ahpg=120%

All transistors that exceed the delta (A) limits or the limits of Table 1A after each burn-in test shall be removed
from the lot and the quantity removed shall be recorded in the lot history.

Table Il. Group A Electrical Sampling Inspection

MIL-STD-750 LIMITS
EXAMINATION OR TEST LTPD| SYMBOL UNITS
METHOD CONDITIONS MIN. | MAX.
Subgroup 1 10
Visual and Mechanical Examination 2071 ~ - - - - -
Subgroup 2 5
Collector-Cutoff Current 3041D Vog =30V, g =0 - Iceo - | 100 nA
Collector-to-Base Breakdown Voltage 3001D g =0.3mA - |V(BRICBO| 65 - v
Emitter-to-Base Breakdown Voltage 3026D lg =0.1 mA - V(BR)EBO 4 - v
Coll Emitter Breakdown Volt soup Ic =200 mA® - |V 40b v
ollector-to-Emitter Breakdown Voltage See Fig. 2. c= m (BR)CEO
Collector-to-Emitter Breakdown Voltage 30118 Ic =200 mA®, Vgg =-1.5V, | _ V(BR)CEX e5b | — v
See Fig. 2. Rgg =330
Collector-to-Emitter Saturation Voltage 3071 'C =250 mA, Ig =50 mA - Vgg (sat) | - 1 \
DC Forward-Current Transfer Ratio 3076 Ic =150 mA, Vgg =5V - hFE 15 150 -
Subgroup 3 5
Output Capacitance 3236 VCB =30V,Ig =0 - Cobo - 10 pF
lc =125 mA, Vg =28V
. . c + VCE L . -
Extrapolated Unity Gain Frequency 3261 =100 MHz fr 350 MHz
Veg =28V, Pjg = 0.25W,
RF Power Output (Min. Eff. = 50%) See Fig. 3. 55175 i IE - | Poe |25| - | w
Subgroup 4 15
T, =1500C 30 C,
Collector-Cutoff Current 3036D A - \cBO - | 100 | pA
Vg =30V
. Tp=-55°C £3°C,
DC Forward-Current Transfer Ratio 3076 - heg 10 - -
Ig =150 mA, Vgg =5V

9 Puised through a 25 mH inductor; duty factor =50%

b Measured at a current where the breakdown voltage is a minimum
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Table Hl. Group B Environmental Sampling Inspection
MIL-STD-750
EXAMINATION OR TEST Ltep| symsoL | LMITS | yyirs
METHOD CONDITIONS MIN.] MAX.
Subgroup 1 20
Physical Dimensions 2066 - - - - -
Subgroup 2 15
Solderability 2026 - - - - -
Thermal Shock (Temp. Cycling) 1051 Test Condition C - - - -
Thermal Shock (Glass Strain) 1056 Test Condition B - - - -
Seal (Leak Rate) - Method 112 of MIL-STD-202
Test Cond. C, procedure 1l a - — [1X107] atmee/s
For Gross Leaks, Refer
to Note 1 in Lot Screen-
ing sequence — - — -
Moisture Resistance 1021 - - - - -
End Points:
Collector-Cutoff Current 3041D Veg =30V, 1g=0 IcEo - | 100 nA
Collector-to-Emitter Breakdown Voltage soup Ic =200 mA® Visrceo| 40 - v
See Fig. 2.
DC Forward-Current* Transfer Ratio 3076 Ic =150 mA, Vg =5V hEg 12 - -
Ve =28V, Plg=0.25V,
RF Power Output (Min. Eff = 50% See Fig. CE ' ' P 2 - w
ower Output (Mi o) ee Fig. 3 £ =175 NHz OE 5
Subgroup 3 15
Shock 2016 1,500 g, 0.5 ms, 5 blows each
orientation:
X1, Y1, Z3, Y2,(15 blows
total) - = - =
Vibration Fatigue 2046 Nonoperating - - - -
Vibration, Variable Frequency 2056 - - - - -
Constant Acceleration 2006 20,000 g Yq, Yo - - - -
End Points:
(Same as Subgroup 2)
Subgroup 4 15
Terminal Strength (Lead Fatigue) 2036E - - - - -
Subgroup 5 15
Salt Atmosphere 1041 - - - - -
Subgroup 6
High Temperature Life (Nonoperating) Tstg =+200° C, t =1000 hrs. - - - - -
End Points:
Collector-Cutoff Current 3041D Ve =30V, 1g=0 - IcE0 = 1 A
_to-Emi 3011D
Collector-to-Emitter Breakdown Voltage | G =200 mAS - |V@erceo| % _ v
See Fig. 2.
DC Forward-Current Transfer Ratio 3076 Ig =150 mA, Veg =5V - hFE 12 - -
Veg =28V, Pl =0.25 W,
" _ . CE » FIE ' - P
t (Min. Eff. = 50% Fig. 23 - w
RF Power Output (Min 50%) See Fig. 3 f = 175 MHz OE

@ Pulsed through a 25 zH inductor; duty factor = 50%
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File No. 389
DIMENSIONAL OUTLINE
JEDEC No.T0-39
SEATING PLANE
[ INCHES MILLIMETERS
e SYMBOL [, [ wAX. | M. | WAX. | NOTES
i"[‘ #a a0 | 210 | 483 | 5.3
e A 240 | 260 | 610 | 6.60
X DL Yl: ¢b .016 021 406 | 533 2
40 40, PY ¢y 016 | 019 406 | 483 2
ﬁ? @D .350 370 8.89 9.40
F__’l.‘. #by $b @D 315 .335 8.00 8.51
Tl h o9 | a5 | 29| 38
i .028 034 1 864
92Cs-15641 k .029 .040 J37 | 1.02 3
Note 1: This zone is controlled for automatic handling. The variation | -500 12.70 2
in actual diameter within this zone shall not exceed .010 in 11 .050 1.27 2
Note 2: :"l'zlziemlr::ds)qﬁb applies between 17 and 1. b applies be- 12 . 230 635 2
" tween Ip and .5 inz(12.70 mm) from sela!ing p.ane. Diameter is P 100 254 1
uncontrolled in Iy and beyond .5 in (12.70 mm) from seating Q 4
plane. o ) a 459 NOMINAL
Note 3: Measured from maximum diameter of the actual device. B 909 NOMINAL
Note 4: Details of outline in this zone optional.

TERMINAL DIAGRAM

LEAD 1 — EMITTER
LEAD 2 — BASE
CASE, LEAD 3 — COLLECTOR
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Solid State
Division

RF Power Transistors

40606

High-Reliability
Silicon N-P-N Overlay Transistor
For Large-Signal, High-Power VHF/UHF

Applications in Military and Industrial

Communications Equipment

Features:

# High power output, unneutralized class C amplifier

® High voltage ratings

® 100 per cent tested to assure freedom from second breakdown for operation
in class A applications

JEDEC TO-60 H-1307

RCA-40606 is an epitaxial silicon n-p-n planar transistor.

This device is intended for class A, B, C amplifier, fre-

quency multiplier, or oscillator operation. The device
was developed for vhf/uhf applications.

The transistor employs the overlay concept in emitter-

electrode design — an emitter electrode consisting of

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE

® All three electrodes electrically isolated from case for design flexibility

many microscopic areas connected together through the
use of a diffused-grid structure and an overlay of metal
which is applied on the silicon wafer by means of a
photo-etching technique. This arrangement provides the
very high emitter periphery-to-emitter area ratio required
for high efficiency at high frequencies.

........................ Veeo 65 A"

COLLECTOR-TO-EMITTER VOLTAGE:

With base-emitter junction reverse-biased (Vg =-1.5V) ... ....... Veev 65 v

With base open ... ... ... Vceo 40 v
EMITTER-TO-BASE VOLTAGE ... . ... .. .. .. .. .. ... .. VEBO 4 Y
COLLECTOR CURRENT | . .. .. .. . ... . ... .. . .. ... ... Ic 3 A
TRANSISTOR DISSIPATION . .. oot PT

At case temperatures upto 25°C . ... ... 23 w

At case temperatures above 25°C Derate linearly to O watts at

200°C

TEMPERATURE RANGE:

Storage and operating (JUNCLION) . . . . . .. -65 to 200 °c
TEMPERATURE (During soldering):

At distances = 1/32 in. (0.8 mm) from insulating wafer for 10 s max. . . 230 °c

10-72
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40606 File No. 600
ELECTRICAL CHARACTERISTICS, At Case Temperature (Tg) = 25°C
TEST CONDITIONS
DC 2]+ DC
Characteristi Symbol Collector Base Current Ll .
’ ristie ymbe Volts Volts (Milliomperes) MITS Units
Vee | Vee | VBe | 'e | '8 'c Min. | Max.
Collector-Cutoff Current IcEo 30 0 - 0.25 mA
Collector-to-Base
Breakdown Voltage BVceo 0 0.5 65 - volts
Collector-to-Emitter BVCEO 0 0 to 200* | 40°* - volts
Breakdown Voltage BVcEy -5 0 to 200* | 65** - volts
Emicter-to-Base BVEBO 0.25 0 4 - volts
Breakdown Voltage
Collector-to-Emitter
Saturation Voltage VCE(sa0 100 500 - 1 volt
Collector-to-Base Capacitance Cob 30 0 - 20 pF
Measured at 1 MHz
RF Power Output
Amplifier, Unneutralized POE Vee =
At 260 MHz 28 14.5%y
. p-)
400 MHz 28 104 |- vans
A © T
Gain-Bandwidth Product fr 28 150 400 (t'ylp.) MHz
Base-Spreading Resistance b 28 250 6.5 ((Iyp.) ohms
Measured at 200 MHz
Collector-to-Case Capacitance Cs - 6 pF
DC Forward-Current hpg 5 300 10 -
Transfer Ratio
Second-Breakdown
Collector Currentd Is/b 28 0.33 - A
(Base forward-biased)
* Pulsed through an inductor (25 mh); duty factor = 50%.
** Measured at a current where the breakdown voltage is a minimum.
® For Pjg = 4.0 w; minimum cfficiency = 60%.
* For Pjg = 4.0 w; minimum efficiency = 45%.
@ Pulse duration = 1s.
COLLECTOR-TO-EMITTER v0LTS (VCE) 28
CASE TEMPERATURE (TC)=2
@ “
) +Vgc= 28V
% e Q
1 Y ~a
g I
a 73
~ 10 5
5 9 “Qp S?’[JB
[ 4 TUNER
<
3 2 26+ 50) %
8 7 OHMS ==
< A T
4 & ’
z s,
e 7 &
w )
‘ 6 L | 92C5-20618
200 250 300 350 400 450 500 600 700 800

FREQUENCY — MHz

Fig.1—Power output vs. frequency.
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C,, 02: 7.8—17 pF

R4:0.56 ohm

Fig.2—RF amplifier circuit for power-output test at 400 MHz.



File No. 600 _ 40606

RELIABILITY SPECIFICATIONS:

Lot Acceptance Data

Conditioning Screens (100% Testing, see Table I)

(a) Attributes Data on Burn-In (b) Attributes Data on Radiographic Inspection {c) Variables Data on Burn-In
Group A (Lot Sampling, see Table 1) Group B (Lot Sampling, see Table i1)
(a) Variables Data (a) Attributes Data (From a member of the family)

Table 1. Description of Total Lot Screening — 100% Testing

MIL-STD-750 LIMITS

CONDITIONS UNITS
TesT METHOD CONDITIONS MIN. MAX.
1. Read:
Collector-to- Vgg=30V,1g=0 - - - 250 nA
Emitter Current
DC Forward-Current Ic=300mA,Veg=5V - - 10 -
Transfer Ratio
2. Temp. Cycling 5 cycles, —65°C to +200°C 1051C - - -
3. High-Temp. Storage Ta =200°C, t= 72 hrs. - - - -
4. Acceleration 20,000g;Yq,Y2 2006 - - -
5. Helium Leak - - - -
6. Gross Leak Ethylene Glycol,
Temp. = 150°C, - _ _ _
t=15s min.

7. Serialization S - — -

8. Radiographic
Inspection

9. Read and Record:

Collector-to- Vcg=30V,ig=0 - - — 250 nA
Emitter Current

DC Forward-Current

Transfer Ratio Ic = 300mA, Vgg =5V - - 10 B
10. Reverse-Bias Age Ta = 150°C, Veg =50 V, _ _ _ _
t =96 hrs.
11. Read and Record
Reverse-Bias End See Table 1A. - - - -
Points
12. Power Age Ta=25°C, Vgg =30V,

t =340 hrs. Pp = 2.6 W free air - - - -
Interim down period = 168 hrs.

13. Read and Record
Power-Age End See Table 1A. - - - -
Points

14. Read and Record
Subgroups 2, 3 of
Group A; Sample - - - -
Subgroup 4 of Group A
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Table 1A. Power Age and Reverse-Bias Age

TEST SYMBOL WL-STD-750 LIMITS UNITS
METHOD CONDITIONS MIN. MAX.
Collector-Cutoff Current 0] 3041 Veg=30V,ig=0 ) - 250 nA
DC Forward-Current
Transfer Ratio hEE 3076 Vge =5V, Ig =300 mA pulsed ‘ 10 - -

Delta (A) Limits:

lceo and hgg of Table 1A shall be retested after each burn-in test and the data recorded for all devices in the lot.
The tests measured shall not have changed during each burn-in test from the initial value by more than the specified
amount as follows:

A IcEO= $100% or 25 nA, whichever is greater

Ahpg=120%
All transistors that exceed the delta (A) limits or the limits of Table 1A after each burn-in test shall be removed
from the lot and the quantity removed shall be recorded in the lot history.

Table Il. Group A Electrical Sampling Inspection

_MIL-STD-750 LIMITS
EXAMINATION OR TEST LTPD| SYMBOL UNITS
METHOD CONDITIONS MIN. | MAX.
Subgroup 1 : 10
Visual and Mechanical Examination 2071 - - - - - -
Subgroup 2 5
Collector-Cutoff Current 3041D Vee =30V, ig=0 - Iceo - 250 nA
Collector-to-Base Breakdown Voltage 3001D I =05mA,Ig =0 | = [Vv(BRICBO] 65 - v
Emitter-to-Base Breakdown Voltage 3026D lg =025mA,Ic=0 - |VBRrIEBO| 4 - v
3011D b
Collector-to-Emitter Breakdown Voltage Ic =200 mA9,1g =0 = | VBrceo| 40 - v
Collector-to-Emitter Breakdown Voltage 3011A g =200 mA®, Vg =-1.5V, | _ V(BRICEV 65b | - v
Rgg =33()
Collector-to-Emitter Saturation Voltage 3071 lg = 500mA, Ig = 100 mA - |Vgg(sa)| - 1 v
DC Forward-Curtent Transfer Ratio 3076 lg =300mA, Vcg=5V - hrg 10 - -
Second Breakdown Collector Current - VCg =28V, t=15pulse - Isib 033 - A
Subgroup 3 5
Output Capacitance 3236 Vep =30V, 1g=0 - cobo - 20 pF
Common-Emitter, Small-Signal Short - lC =250mA, V=28V, - h 24 - -
Circuit Forward Current Transfer Ratio f =100 MHz fe .
A\ =28V, PIg =4 W,
RF Power Output (Min. Eff, = 45%) See Fig. 3. CE ' TIE - | Poe |0 | - | w
f = 400 MHz
Subgroup 4 15
Collector-Cutoff C D T =150°C £3%C, I
ollector-Cutoff Current 3036 Veg =30V - cBO - | 250 | A
Tp =-55°C £3°C,
DC Farward-Cutrent Transfer Ratio 3076 A=SC2S 1= 1 vee 0| -] -
lg = 300mA, Ve =5V

@ Pulsed through a 25 mH inductor; duty factor = 50%

b Measured at a current where the breakdown voltage is a minimum
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Table HIl. Group B Environmental Sampling Inspection
MIL-STD-750
EXAMINATION OR TEST LTpD| symsoL | LMITS | yyiTs
METHOD CONDITIONS MIN.[ MAX.
Subgroup 1 20
Physical Dimensions 2066 - - - - -
Subgroup 2 15
Solderability 2026 - - - - -
Thermal Shock (Temp. Cycling) 1051 5 cycles - - - -
—65°C to +200°C - - - -
Seal (Leak Rate) 1071 - — |1x107| atmee/s
Terminal Strength 2036 —_ —_ - =
Moisture Resistance 1021 - - - - -
End Points:
Collector-Cutoff Current 3041D Vee=30V,1g=0 Iceo - 250 nA
Collector-to-Emitter Breakdown Voltage 301D I 200 mA° ,1g=0 V(BR)CEO 40 - v
DC Forward-Current Transfer Ratio 3076 Ig = 300mA, Vg =5V hFg 10 - -
VeE =28V, Pjg =4W .
RF Power Output (Min. Eff = 45%) ig. CE ' TIE ’ P 10| - v
ower Output (Min See Fig. 3 f = 400 MHz OE W
Subgroup 3 15
Shock 2016 500 g, 1.0 ms, 5 blows each
otientation:
X1 Yy 2y, Y2,(20 blows
total) - - - -
Vibration Fatigue 2046 Nonoperating - - - -
Vibration, Variable Frequency 2056 - - - - -
Constant Acceleration 2006 20,000 g Y. Y2 - - - -
End Points:
(Same as Subgroup 2)
Subgroup 6
High Temperature Life (Nonoperating) 1031 Tstg =+200° C, t =1000 hrs. - - - - -
End Points:
Collector-Cutoff Current 30410 Vcg =30V, 1g=0 - Iceo - 25 A
Coll. IO E i R Ll 30110 -
to-Emitter Br Voltage ¢ =200 mA®, 1g =0 _ V(BR)CEO 20 _ v
DC Forward-Cutrent Transfer Ratio 3076 Ic =300mA, Vcg=5V - hFE 9 - -
Veg =28V, Plg =4W,
RF Power Output (Min, Eff. = 45%) cE=2V, Pig - PoE 10 - w
f =400 MHz
Subgroup 7
Operating Life
Steady-State DC 1026 Vcg=28V,Pp=4W, _ - - —
= 0,
End Points: Ta=170%
(Same as Subgroup 6)

9 Pulsed through a 25 JH inductor; duty factor = 50%
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DIMENSIONAL OUTLINE JEDEC TO-60

INCHES MILLIMETERS
symeot| min. | max. | min. | max, | NOTES
A lozis {0320 | 546 | 813
A - lows | - | 419 2
ob |0030 [o00d6 | 0762| 1.7 4
oD | 0360 | 0437 | 914 |1170 2

oDy | 0320 0360 | 813 | 9.14
E | 0424 |0437 |1077 |11.10
e |018s |0215 | 470 | 546
e; |0090 |0110 | 220 | 279
F | 00%0 |0135 | 229 | 343 1
s |o3ss |o04s0 | 9.02 |1219

om | 0163 0189 | 414 | 480
N | 0375 |o04ss | 953 | 1156
Ny - |oor8 | - | 198

ow | 01658 0.1697 | 4212| 4310| 3,5

NOTES:

1. Dimension does not include sealing flanges

2. Package contour optional within dimensions specified

3. Pitch diameter — 10-32 UNF 2A thread (coated)

4. Pin spacing perimts insertion in any socket having a
pin-circle diameter of 0.200 in. (5.08 mm) and con-
tacts which will accommodate pins with a diameter
of 0.030 in. (0.762 mm) min., 0.046 in. (1.177mm) max.

6. The torque applied to a 10-32 hex nut assembled on the
thread during installation should not exceed 12 inch-

S, unds.
s2¢5-18019 L

TERMINAL CONNECTIONS

Mounting Stud, Case, Pin No. 1 — Emitter
Pin No. 2 — Base
Pin No. 3 — Collector
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Microwave Power-Transistor Reliability
as a Function of Current Density
and Junction Temperature

by S. Gottesfeld

Questions concerning the effect of electromigration-related
failure modes on the life of microwave power transistors using
an aluminum metallization system are frequently asked. This
Note answers these questions as they pertain to RCA microwave
power transistors. First, the design aspects of these transistors
which aid in reducing the incidence of electromigration failure
to a negligible level under normal operating conditions are dis-
cussed. Second, supporting life-test data on commercial-level
RCA microwave power transistors is presented. The lifetime
of the products in this line can be predicted from the dataasa
function of current density and junction temperature — the
two main factors involved in electromigration failure modes.
Electromigration

Electromigration of the aluminum in the presence of high-
current densities and elevated temperatures is well known! and
results from the mass transport of metal by momentum ex-
change between thermally activated metal ions and con-
ducting electrons. As a consequence, the original uniform alumi-
num film reconstructs to form thin conductor regions and ex-
truded-appearing hillocks that may cause device degradation.

The electromigration process can be accompanied by the
dissolution of silicon into the aluminum. This dissolution
usually occurs during heat treatments employed in transistor
manufacturing until the aluminum-silicon saturation point is
reached. Therefore, little silicon can dissolve when the device
is in normal operation. At high-current densities and elevated
temperatures, however, the silicon ions which were diffused
into the aluminum during the manufacturing process can
be transported along with’the aluminum ijons undergoing
electromigration away from the silicon-aluminum interface
and into the aluminum. This situation allows further diffusion
of silicon into the aluminum and leads to the eventual failure
of the transistor junctions2.

RELIABILITY DESIGN FEATURES
Overlay-Transistor Construction

The basic transistor construction used by RCA for rf power
transistors is the “overlay” design. The emitters in this type

of device are separated into many discrete sites which are paral-
leled for high-power performance. The overlay configuration
provides the high ratio of effective emitter periphery to base
area3 needed for high-power generation at microwave fre-
quencies. In addition, this structure has the advantage of
permitting lower current densities in the emitter metal-
lizing stripes than other high-frequency structures. This
advantage results from the relatively broad emitter-metal
stripes  which interconnect the discrete emitters.  These
stripes are typically 35 microns wide compared to 3 to 5
microns for other interdigitated or matrix designs. Further-
more, the separation of the emitter- and base-metal fingers
is 3 to 4 times greater in the overlay structure than competitive.
structures. This separation permits the deposition of thicker
metal layers with greater cross-sectional areas; and further
reduces current densities.

Polycrystalline Silicon Layer (PSL)

Another advantage of the overlay transistor structure with its
broad emitter fingers and non-critical metal-definition is that
it is readily adaptable to the introduction of additional con-
ducting and insulating layers between the aluminum metal-
lization and the shallow diffused emitter sites required for
microwave performance. RCA has developed a polycrystalline
silicon layer (PSL), shown in Fig.1, which is deposited over the
emitter sites and under the aluminum metallization. The PSL
forms a barrier between the aluminum emitter finger and the
oxide insulating layer over the base; the barrier minimizes
failures caused by the interaction of aluminum with silicon
dioxide. In addition, the PSL layer helps to minimize ther-
mally induced failure modes by providing a barrier between
the aluminum and the shallow-emitter diffused region to
prevent “alloy spike” failures; PSL also increases the distance
that the silicon ions must travel from emitter-site region to
metallization, Fig.1. Therefore, the amount of silicon that can
be diffused into the aluminum is limited, and the possibility of
device failure as a result of the electromigration of the silicon
in the aluminum is reduced.

11-73
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WIDE EMITTER METALIZATION

G TR
/)
)

OLLECTOR
‘ EPITAXIAL LAYER

OXIDE LAYEI
[ conpucTIVE sussmns \Q&\l\gmmskx N
| _BASE GRID EMITTER BALLAST(PS|

92cs-22313

Fig.1 — Cross section of an overlay howing the polysilic
layer (PSL) between the metallization and emitter sites, and
how emitter ballasting may be placed in series with each emit-
ter site by controlling the doping and contacting geometry of
the PSL.

Emitter-Site Ballasting

RCA has utilized the PSL technology as a medium to intro-
duce emitter-site ballasting into its microwave power tran-
sistors. Emitter-site ballasting permits more uniform injec-
tion across the transistor chips by reducing hot-spotting. By
controlling the- resistivity of the PSL and restricting the con-
tacting geometry of the aluminum to the PSL layer, a ballast
resistor is placed in series with each emitter site, as shown in
Fig.1. These resistors function as negative-feedback elements
to control that portion of the transistor that is drawing ex-
cessive current. Since the overlay construction results in an
emitter thatis segmented into many sites which are connected
in parallel, each hot-spot may be isolated and controlled.
Furthermore, the large number of resistors in parallel mini-
mize the effects of excessive emitter resistance on input im-
pedance and gain. In fact, one microwave transistor, the
type 2N5921, which had low levels of emitter-site ballasting
added to its structure, exhibited a 35-percent improvement in
power output for the same drive level. At the same time, the
measurement of the dc safe-operating area, asdefined by a
200°C hot-spot junction temperature (infrared measurement),
indicated an approximate doubling of the allowable current at
15 volts (see Fig.2).

It is also known that hot-spotting under rf conditions in-
creases as the VSWR increases?. Device failures which occur
under high VSWR conditions at the output are often related
to a forward-bias second-breakdown failure mechanism which
is characterized by extremely high localized currents. Thus, it
could be expected that an emitter-ballasted transistor would
have greater resistance to failure under high VSWR conditions,
such as those encountered in some broadband amplifiers. In
fact, the 2-gigahertz power transistors which are site-ballasted,
types 2N6265 and 2N6266, have been characterized for their
ability to withstand °o:1 VSWR at all phases at rated power;
the 2N6267 has been characterized at a 10:1 VSWR. The 3-
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gigahertz chain of microwave power devices are also site-
ballasted, and are also rated at a 10:1 VSWR capacity.

Glass-Passi i-Al

Metallization

The standard metallization system used on all commercial
RCA microwave power transistors consists of an evaporated
aluminum-silicon film which is defined by means of photo-
lithographic and chemical-etching techniques. The addition
of silicon to the aluminum brings the state of the metal-
lization closer to the aluminum-silicon saturation point and
retards the electromigration of silicon into the aluminum.
Aluminum electromigration is also significantly retarded by
the deposition of a glass passivation layer over the aluminum
film subsequent to the definition procedures. It has been
shown! that the use of glass passivation results in a 40-percent
increase in the activation energy required before electromigra-
tion can begin. The silicon-dioxide layer also protects the
aluminum from contamination and from scratches or smears
that may occur during device assembly.

OPERATING-LIFE-TEST PROGRAM
Test Conditions

An accelerated operating-life-test program was undertaken to
study the effects of electromigration at various current densi-
ties on the lifetime of RCA microwave power transistors.
DC current-voltage conditions were used since electromigra-
tion is responsive to the dc components of the total wave-
form used in rf applications, i.e., electromigration is effected
by the unidirectional components of the field. Tests were run
at three different emitter-stripe current densities (JE) with each
current density in turn run at three different peak junction tem-
peratures (Tj); all tests represented stress levels above normal-

@ T
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& Ty=200°C
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92cs-22571

Fig.2 — DC infrared safe for d and
transistor (2N5921 coaxial packaged).
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use conditions. Peak junction temperature was determined by 35
infrared scanning of the transistor pellet at each life-test X
condition. Table I shows the matrix of test conditions. The ‘l’ RN
sample size per test condition ranged between 10 and 15 w N Q
units. A total of 114 units were tested. g 200
&
g
H
TABLE I — ACCELERATED LIFE-TEST CONDITIONS o
S
Collector Emitter Emitter Stripe  Peak J T * E 100!
Current Current  Current Density °c) 3
(Amperes) (Amperes) (A/cm?2) T T2 T3 5
1 1.02 8.5 x10% 300 280 254 50
2 2.07 1L7x105 283 258 230
3 3.22 2.7x10° 300 273 240
* Represents peak temperature as averaged over several devices at each 10 102 103 104 52 26806 107 108

life-test condition. External heat-sink size was adjusted to achieve
the differences in junction temperature on the life test.

Test Vehicle

A type 2N6267 device manufactured by RCA was used as the
test vehicle because it operates at one of the highest current
densities in the microwave family. This device incorporates
all the design features described in the prior sections of this
Note, and is considered representitive of the microwave
family. All the transistors used on test were commercial-
level devices, i.e., they were not subjected to conventional
hi-rel screening prior to life testing.

Failure Mode

The accelerated test conditions produced failures due to
electromigration of aluminum and silicon as described in the
introductory section. The failure indicator was degraded or
shorted transistor junctions. RF power output measured
at frequent life-test down-periods prior to device junction
failure exhibited only slight degradation (typically 8 percent);
this performance is excellent considering the severity of the
test conditions.

Data.

An Arrhenius plot (1/T, log scale) of the log-normal median-
time-to-failure (MTF) obtained from each test is shown in
Fig.3. The curves are extrapolated down from the data points
to enable prediction of MTF at operating junction tem-
peratures below the maximum rated 200°C. An estimated
MTF of 9.5 x 105 hours (or greater than 100 years) is pre-
dicted for the 2N6267 device under test at its typical-
application current density of 8.5 x 104 A/cm2 and junction
temperature of 150°C.

MEDIAN TIME TO FAILURE — HOURS

92c5-22572

Fig.3 — Arrhenius plot showing ex to lower
from the life-test MTF points for the 2N6267.
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Fig.4 — MTF as a function of current density and junction tem-
perature. In applying this chart, it is recommended that
no device be used above its maximum ratings as specified
in the published data sheet.

Points from each curve in the Arrhenius plot were taken in
the temperature range of 200°C to 100°C and replotted on a
log-log scale, Fig.4, for extrapolation over various current den-
sities. Fig.4 shows the general plot of MTF as a function of
emitter-current density and peak-junction temperature. This
chart can be used to estimate the MTF for each microwave
transistor at its typical operating-current density. Table 11 lists
the transistor types currently in the microwave family, and
shows the predicted MTF for typical-application values of
emitter current, emitter-stripe current density, and peak
junction temperature.
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TABLE 11 — ESTIMATED MTF FOR MICROWAVE FAMILY
AT TYPICAL-APPLICATION CURRENT DENSITIES

Operating Typical Operating Estimated
Package Frequency Type Conditions MTF (106 hours)
(GHz) Ig(Amperes)  JE(10%A/em?) @ Tj=150°C

HF-11 Coaxial 1 2N5470 0.119 5.2 4.0
2 2N5920 0.180 5.5 3.5
HF-21 Coaxial 2 2N5921 0.450 3.5 12.0
HI*-28 Stripline 2 2N6265 0.215 6.5 2.0
2 2N6266 0.540 4.2 7.0

2 2N6267 1.02 8.5 0.95
2.3 2N6268 0.275 8.3 1.0
2.3 2N6269 0.920 7.2 1.5

HI°46 Stripline 2 RCA2003 0.300 9.0 0.80
2 RCA2005 0.540 4.2 7.0

2 RCA2010 1.02 8.5 0.95
3 RCA3001 0.120 3.8 10.0

3 RCA3003 0.300 9.0 0.80
3 RCA3005 0.540 8.0 1.1

CONCLUSIONS ACKNOWLEDGMENT

The life-test data presented in this Note shows that the
design features of RCA microwave-power transistors assure
reliable operation at the current densities and junction tem-
peratures normally encountered in typical applications. Under
these operating conditions, the lifetime of these devices in
terms of failure due to electromigration is estimated at approxi-
mately 100 years.

The author acknowledges the assistance of D. S. Jacobson
in providing information concerning the transistor design
descriptions, C. B. Leuthauser in providing microwave-tran-
sistor application information, and L. J. Gallace for his com-
ments regarding the reliability aspects of this Application Note.
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Solid State
Division

Power Hybrid Circuits
High-Reliability Slash (/) Series

HC2000H/ . ..

&
N
\‘\

Metal Hermetic Package

H-1777

The RCA-HC2000H “Slash” (/) Series types are complete
solid-state hybrid operational amplifiers in metal hermetic
packages, especially designed for critical applications in aero-
space, military, and industrial equipment. These types are
electrically and mechanically interchangeable with the RCA-
HC2000H, but are specially processed and tested to meet the
aerospace and military electrical, environmental, and physical

High-Reliability Multi-Purpose
7-Ampere Operational Amplifier

For Aerospace, Military, and Critical Industrial Applications

Features:
30-kHz bandwidth at 60 W

High output power: up to 100 W (rms)
High output current: 7 A (peak)

Built-in |

oad-line limiting to protect

amplifier from short-circuit at output
terminals

Stability
Reactive

with resistive or reactive loads
-load fault protection

test methods and procedures established for microelectronic

devices in MIL-STD-883.

These units can be supplied to four screening levels; the
number following the slash (/) mark in the type designation,

e.g. HC2000H/1, indicates the screening level employed by

°

Microelectronics”

© Total Lot Screening (100% testing)
“Group A" (electrical) and “’Group
B" (environmental) sampling test

program

o Choice of 4 distinct screening levels
Internal visual (precap) inspection
performed on all 4 screening levels
in accordance with Method 2017

of MIL-STD-883

Examinations and tests performed
in accordance with MIL-STD-883,
““Test Methods and Procedures for

(] 18
(BASE PLATE)
®

These amplifiers are recommended for the following appli-
cations: servo amplifiers {(ac, dc, PWM); deflection amplifiers;
power operational amplifiers; audio amplifiers; voltage regu-
lators; and driven inverters.

Single or split power supply

(30 to 75 V, total)

Provision for feedback control
Direct coupling to load

Class B output stage

Rugged package with heavy leads
Light weight: 100 grams

Low crossover distortion

RCA to achieve the quality and reliability commensurate with
the intended application. A description of these levels (/1, /2,
/3, and /4) is given in Table 1.

Types HC2000H/. . . employ a quasi-complementary-symmetry
class B output circuit with built-in load-fault protection and
hometaxial output transistors. They can be operated from
single or split power supplies.

©
R3 Ri2 V,
10K s 27 *s
05 Loaptine ALs
LIMITI
c | N CIRCUIT Q9
Vin 005T 3
® Qn
Res
GCN)D 100
0
C3| SRy g Ry lc7
*, naoI % )%
IN RI "FT 18K Rg

1.8K
*

*

Fig. 1—Schematic diagram of type HC2000H/. . . power hybrid circuit operational amplifier.
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©
RESISTANCE VALUES IN OHMS
CAPACITANCE VALUES IN MICROFARADS —_____@
UNLESS OTHERWISE SPECIFIED
BASE PLATE /MOUNTING FLANGE : SEE DIMENSIONAL OUTLINE VFs

92CS-17574R2
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MAXIMUM RATINGS, Absolute-Maximum Values:

. —55to +125°C
. —55 to +150°C

Storage
Output-Transistor Junction

SUPPLY VOLTAGE: LEAD TEMPERATURE (DURING SOLDERING):
Betweenleads 1& 10........covnnnnnnn.. Y LAY At distance = 1/8 in. (3.17 mm)
OUTPUT CURRENT (PEAK) .......coovvinnnnnns . .. 7A from case for 10§ MaX. . ...vvueennneennneun.... 2359C
Tozg'bzﬁi”:;:g" SeoFig. 283 “EAD-BENDING RADIUS (MIN.)
e X ‘At distance = 0.075 (1.91 mm)
TEMPERATURE RANGE: fromecase ...l 0.04 in. (1.02 mm)
Table 1 — Descriptions of RCA Screening Levels
RCA " T s
Level Approximates MIL-STD-883 Application Description
For devices intended
n Class A with Condition B Precap Aerospace and for use where maintenance
Visual Inspection Missiles and replacement are impossible
and reliability is imperative
For devices intended
/2 Class A with Condition B Precap Aerospace and for use where maintenance
Visual Inspection. Centrifuge and Missiles and replacement are extremely
Radiographic Inspection difficult or impossible and
Omitted reliability is imperative
/3 Class B Military and Industrial; For devices intended
For example, in Air- for use where maintenance
borne Electronics and replacement can be performed
but are difficult and expensive
/4 Class C Military and Industrial; For devices intended for use
For example, in Ground- where replacement can readily
Based Electronics be accomplished

Total Lot Screening Flow Chart

(See Table 3 for details)

Centrifuge Radiographic External
Electrical Inspection Visual

Final

Conditioning Screens
Stabilization Bake Pre

Temperature Cycling |—— Burn-in
Electrical

Mechanical Shock

I Final I

External

Fine Leak
Gross Leak
o Precap Preseal
Serialize |
Visual Bake Sea l
Conditioning Screens Pre

Visual

Electrical

Stabilization Bake Burn-in
Temperature Cycling
Fine Leak

Gross Leak

—I Burn-in I
Electrical

|Electrical| l Visual |

Burn-in
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I Final l External
| Electrical I Visual
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Table 2 — Lot Acceptance Data

Levels Wli‘::h(’)‘:f!ir On Request

Conditioning Screens (100% Testing; see Table 3)

a) Final electrical test data n, 12,13, /4 v -

b) Radiographic inspection n Vv -

c) Pre-burn-in electrical test data n, 12 - v

d) Precap visual by customer’s inspector n, 12 - v
Group A (Lot Sampling; see Table 7) 11,12, /3 - v
Group B (Lot Sampling; see Table 8) n, 12,73 - v

Note: If several shipments are made from a specific production lot, Group A and B data will be supplied for only the first shipment.

Table 3 — Description of Total Lot Screening (X indicates 100-per-cent testing)

MIL-STD-883 Screening Levels
Test Conditions
Method Conditions nil/rz|nr3| /4
1. Serialize - - - X X X X
2. Precap Visual - 2017 — X X X X
Semiconductor Die 2010 X X X X
3. Preseal Bake 2 hrs. min. at 150°C min. X X X X
4. Seal - - - X X X X
5. Stabilization Bake 16 hrs. at 150°C min. 1008 C X X X X
6. Temperature Cycling 10 cycles 1010 [ X X X X
7. Mechanical Shock 5 pulses, Y1 direction 2002 B X X
8. Centrifuge Y1 direction only 2001 1500 g X
9. Fine Leak — 1014 A X | X X | X
10. Gross Leak — 1014 Cc X X X X
11. Pre-Burn-In Electrical See Table 4 - - X X X
12. Burn-In 4 hrs. See Fig. 17 - - X X X X
(Accelerated thermal
fatigue)
13. Final Electrical
250C See Table 6 - - X | X | X | X
—55 and +125°C See Table 6 - - X | X
14. Radiographic Inspection X2,Y2,21 2012 - X
15. External Visual - 2009 — X X X X
Table 4 — Pre-Burn-In Electrical Tests at case temperature (Tg) = 25°C
Test Conditions Limits
. Supply Output | Load Test .
Characteristic Symbol Voltage | Freq. Power Resist. Circuit Units
(Vg)-V | (fl-kHz | (Po)W [ (Ry)-Q (Fig.) | Min. | Max.
.| Yout
Open-Loop Voltage Gain v 375 1 25 4 16 2400 | - Vv/V
IN
Bandwidth fn +37.5 - 1 4 19 43 - kHz
Quiescent Current lo +37.5 - - - 18 - +30 [ mA
Offset Voltage Voffset | ¥37.56 - - 4 18 - +250 ( mV
Maximum Voltage Swing | Vout | 26 1 100 4 19 +28 - \
Short-Circuit Current Ig +37.5 1 - 05 19 — |35
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Table 5 — Characteristics not Measured in Screening Procedures

Test Condition Limits
Characteristic Symbol Supply Voltage Units
(Vg) -V Max. Typical
Signal-to-Noise Ratio S/N 1375 _ +78 dB

(Source impedance 600 £2)

Thermal Resistance
per output device RoJc - 2 - oc/w
(junction-to-case)

Common-Mode Input _ _ +Vg-5V v
Voltage Range ~-Vg+ 5V
Table 6 — Final Electrical Tests (Post-Burn-in)
Test Conditions Limits At Indicated Temperatures
Supply Output | Load | Test .. .
Characteristic | Symbol| Voltage| Freq. | Power | Resist. | Circuit Minimum Maximum Units
(Vg)-V | (f)-kHz | (Po)-W [(R)-© | (Fig.) |—-55°C|+25°C |+1250C|—55°C | +25°C | +125°C
Open-loop | VouT gy | 4 25 4 | 16 |2000 |2400 |2000* | -~ | - | - jwwv
Voltage Gain v
IN
Closed-Loop VouT |s375 | 1 1 4 19026 |26 |26 - - - v
Voltage Gain v
IN
Bandwidth fy +37.5 - 1 4 19 - 43 - - - - kHz
Quiescent
=+, -— — —_ —_— _ —_ p— +. —_
Current lo %375 18 +30 mA
Offset
=+, — - —_ —_ — |+ + +
Voltage Vofiset |£37.5 4 18 350 [:250 [#350 | mv
Total Harmonic ) oy )75 | 4 60 | 4 1w ]| - |- |- - |os - 1%
Distortion :
Maximum
+ * — - - \%
Voltage Swing Vour |¥37.5 1 100 4 19 24 28 24
Short-Circuit Is +26 ] _ 05 19 _ - — - 35 - A
Current
Input Impedance | Z|y [¥37.5 - - - 15 - 16 — - - - k2
Slew Rate SR |¥375 1 100 4 19.1 - 5 - - - - V/us
Maximum Power | P, (£37.5 1. 100 4 19 | 72 100 72* - - - w

* Pulse test; duration << 500 ms.
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Table 7 — Group A Electrical Sampling Inspection MIL-M-38510 A

HC2000H/ . . .

LTPD.®
Screening Level
Limits At Indicated Temperatures
nie | nia » -
> Characteristic [Symbol | Test Minimum Maximum Units
Temp °C Circuit
—55 | +25 | +125|-55 | +25 | +125 (Fig.) {—55°C| +25°C{+1259C|~55°C| +25°C | +125°C
“ “ ‘P Open-Loop VouT
. 16 | 2000 | 2400 | 2000 - - - VIV
Voltage Gain VIN
Closed-Loop | VouT| 19| 26 | 26 | 26 - - - v
Voltage Gain
Vin
10%] 5% 10% Bandwidth fu 19 — 43 - - - - kHz
Quiescent
Current o 18] - - - - +30 - | mA
Offset Voltage | Vogfset 18 - — - +350 | £250 | +350 mV
Tot‘al Hafmomc THD 19 _ _ _ _ 05 _ %
Distortion
7%| 5% | 7% —
aximum
1 * - - —
Voltage Swing Vour 9| 2 28 2 v
Short-Circuit
19 - - — - 35 -
Current 's A
Input Impedance| ZN 15 — 16 — - - - (391
Slew Rate SR 19 - - — - - V/us
Maximum *
P 19 72 100 72 - - - w
v VIV V[V | Power max

@ Lot Tolerance Percent Defectives

* Pulse test; duration < 500 ms

187



HC2000H/ . ..

Table 8 — Group B Environmental Sampling Inspection

File No. 789

Lot Tolerance

188

MIL-STD-88
STD-883 % Defectives
Subgroup Test
Reference Conditions Levels Levels
n, /2 /3,14
1 Visual and Mechanical 2008 Test Cond. B 10 15
and Marking Permanency 10X mag.
Physical Dimensions 2008 Test Cond. A
per Dimen. Outline
2 Solderability 2003 Temperature 230 + 50C 10 15
3 Temperature Cycling 1010 Test Cond. C, 25 cycles
4 Mechanical Shock 2002 Test Cond. B,0.5 ms,5 blows 10 15
Y1 direction only
Constant Acceleration 2001 - Test Level 1500 g
Y1 direction only
5 Lead Fatigue 2004 Test Cond. B, per Fig. 20 10 15
Fine Leak 1014 Test Cond. A, 5 x 10~/ min.
Gross Leak 1014 Test Cond. C
6 High Temp. Storage 1008 Test Cond. C, 1000 hrs. 7 15
7 Operating Life 1005 Ta=25°C, 1000 hrs. 7 10
Test Circuit—see Fig. 17
8 Bond Strength 2011 Test Cond. D 10 devices 10 devices
< 1% def. < 1% def.
Table 9 — Group B Electrical Test Limits
Test Limits
Characteristic Symbol Circuit Units
(Fig.) Min. Max.
Offset Voltage Voffset 18 —275 +275 mV
Maximum Power Prmax 19 20 - w
Voltage Gain Vout
(Open Loop) T— 16 2000 - VIV
in
Total Harmonic Distortion THD 19 - 0.6 %
Short-Circuit Current Ig 19 +1.5 +4.0 A
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HC2000H/ . ..

TYPICAL CURVES
AVERAGE POWER DISSIPATION IN EACH SEE FIG. 2 FOR DERATING FOR SYMMETRICAL
OUTPUT TRANSISTOR CAN BE CALCULATED WAVEFORMS WITH { >40 Ha.
1 -
3 FROK Pr(av) = P 7% AND EFFICIENCY bl : 1i {!T
5 FROMn = % YOK., WHERE Py IS THE OUTPUT < ,‘. H
a s = it
2 POWER AND Voy IS THE PEAK VALUE OF THE 8 m
- QUTPUT VOLTAGE. “ n
5 I | FOR EFFICIENCY DERATING AT HIGH z +
x4 F IES, SEE FIG. 8 &) 1+
[ T T

5 s 5 st
8 =, IBan & T T
[ | g 4 RN R}
o I 7 z O¢ .l
2 3 T OB,
e ; 5 s e 4
u ! g in i :
] 2 }
£, gaass g
H f ] 2 :

I 1 ]

+ T T T

T I 1 L] 1

o 2 0 75 00 15 150 3 3 0 s 15 50

CASE TEMPERATURE (T¢) - °C
92Cs-24271

Fig. 2—Dissipation (average) derating curve for each output

CASE TEMPERATURE (Tc) - °C
92CS-24272

Fig. 3—Dissipation (dc) derating curve for each output transistor.

transistor (for symmetrical waveforms with f > 40 Hz).

TEST ARRANGEMENTS AND PROCEDURES

+375V

10K

SIGNAL
GENERATOR

92Cs-24277

Fig. 4— Circuit for of de input i

PROCEDURE FOR MEASUREMENT OF COMMON-MODE INPUT IMPEDANCE

a) Insertunit

b) Apply 375 V
c) Close S1

d) Adjust signal generator for 1 V on voltmeter V1
e) Open S1

f) Read voltmeter V1

g) input impedance = (10 k)x

1-Vv1
Note: Circuit under test must have a heat sink so that Tg ~259C, unless
otherwise noted.
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+375V L2

B d

40
LOAD

= = =375V =

Fig. 5— Circuit for measurement of open-loop gain.

92CM-24278

PROCEDURE FOR MEASUREMENT OF OPEN-LOOP GAIN

a) Insert unit

b) Apply £375V

c) Set generator at 1 kHz and adjust until
V1=10V rms

d) Read V2

e) Open-loop gain = V1/V2

st
Vin
15V AC
60 Hz " 6:3v

Fig. 6— Circuit for burn-in and life test.

92CM-24279

1. BURN-IN (ACCELERATED THERMAL FATIGUE) PROCEDURE

a) Set R1=0, close S1

b) .Insert unit

c) Apply £275V

d) Adjust R1 for 13.0 V AC across load

e) Monitor flange temperature and adjust R1 (if necessary)
so that flange temperature stabilizes at 135°C +5°C

f) Total power dissipation ~35 W

g) Cycle switch S1; time on = 2.5 min., time off = 2.5 min.

h) Cool flange during off-cycle to 45°C * 2°C in moving air.

N

. LIFE-TEST PROCEDURE

a) Set R1=0,close S1
b) Insert unit
c) Apply £275V

d) Adjust R1 so that flange temperature stabilizes at 75°C max.

e) Cycle switch S1: time on = 25 min., time off = 2.5 min.
) Cool flange during off-cycle to 46°C * 2°C in moving air.

File No. 789
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92C5-24280

Fig. 7— Circuit for measurement of offset voltage
and quiescent current.

PROCEDURE FOR MEASUREMENT OF OFFSET VOLTAGE AND QUIESCENT CURRENT

A =DC ammeter 100 mA range

V = DC voltmeter £ 250 mV range

a) Close S1

b) Insert unit

c) Apply £375V

d) Read offset voltage on voltmeter. Change polarity if required.
e) Open S1

f) Read positive and i i current on

DIST. Vl
ANAL:

I
4

92CM-24281

Fig. 8~ Circuit for measurement of closed-loop voltage gain, total harmonic distortion, maximum voltage swing,
ir power, short-circuit current, bandwidth, and slew-rate.

1. PROCEDURE FOR MEASUREMENT OF CLOSED-LOOP VOLTAGE GAIN

a) Insert unit

b) Adjust signal generator to 1 kHz, V2=0

c) Apply £375V

d) Adjust signal generator for 2 V rms on voltmeter V1
e) Read voltmeter V2

Vi
f) Voltage gain = —
V2
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2.

C2000H/. .. File

PROCEDURE FOR MEASUREMENT OF TOTAL HARMONIC DISTORTION

a) Adjust signal generator for 15.5 V rmson V1
b) Adjust distortion analyzer. Record the meter reading as Total Harmonic
Distortion (THD).

PROCEDURE FOR MEASUREMENT OF MAXIMUM VOLTAGE SWING AND MAXIMUM POWER

a) Adjust signal generator for maximum output on scope No. 1
with no clipping. Read peak voltage as maximum voltage swing.
b) Read V1 2
vi
¢) Maximum power = ——
4

No. 789

4. PROCEDURE FOR MEASUREMENT OF SHORT-CIRCUIT CURRENT
a) Lower power supply to £26 V
b) Momentarily replace 4-ohm load with 0.5-0hm load
c) Scope No. 1 must show symmetrical square wave of less than 1,75 V
5. PROCEDURE FOR MEASUREMENT OF BANDWIDTH
a) Raise power supply to £375 V
b) Adjust signal generator at 43kHzto 2V rmson V1
c) Adjust distortion analyzer and verify that THD < 0.5%
6. PROCEDURE FOR MEASUREMENT OF SLEW RATE
a) Replace signal generator with square-wave generator.
b) Adjust generator for 500 Hz and V1 = 40 V peak-to-peak.
4 SPACES AT 0.160
c) Read time required for swing from peak to peak. o140 _,{ S50 2159
d) Slew rate = (3.56) H (5.08-2032) 1 \ [
easured time I} (1 ]._ o320
—)- 1) - - ).
T %@' T e $i83S
! HiH 7
-~ [-o0125 4, 60°.
0.040" R amn™ (4'47455,_.
MIN, 0.281 1.300 ___', 0.030. /_ o140
(T} [0 to.76)] ’1+(' (3.55)
5! +| J-0.015 x45°
HC2000H/_.. 0.312 N i |[f1038xa5%)
LEAD SHOULD (7.92) :
I '
‘:;,?N""’ LENGTH +
92CS-24282 < | (1a.27) __/L_o.0125
0.125 1.375 | (0.317)
(3.17) (34.93) 0.125 0.025
Fig. 9— R ded lead-bendi ificati e ——(6.633)
DIMENSIONS IN INCHES AND 30°
(MILLIMETERS)
92cs-21127
Fig. 10— Socket for use with HC2000H/. . . .
DIMENSIONAL OUTLINE e
e TERMINAL CONNECTIONS
Pin No. Connection
le-0.10 1 —Vg  Negative supply voltage
(@54 2 Vgg  Feedback voltage
3 VouTt Output voltage
4 P Phase compensation
5 GND  Ground
6 BP Base plate (internal
connection)
7 +V|n  Non-inverting input
8 GND  Ground
9 =V|N Inverting input
10 +Vg Positive supply voltage

| 280 (7.11
0.320(8.12) D200 (L4
0.310(7.87)

DIMENSIONS IN INCHES AND

(MILLIMETERS) 92C5-18037R2

#TERMINALS 6 AND 11 ARE CONNECTED INTERNALLY
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High-Reliability Thyristors
RCA offers, on a custom basis, high-reliability ver-
sions of a variety of standard-product thyristors (triacs
and SCR’s). These devices may be processed and
screened to any of four different reliability levels that are
approximately equivalent to, or exceed, the reliability
classes (JAN, JANTX and JANTXV) defined by
MIL-S-19500. They are supplied in hermetic packages
that meet the stringent mechanical and environmental
requirements of military, aerospace, and critical indus-
trial applications. Fig. 4-1 shows the package options
available for RCA high reliability triacs and SCR’s.

Basic Reliability Considerations

RCA high-reliability thyristors are the result of care-
ful design and screening and of careful adherence to
basic reliability-assurance techniques.

A good basic design is essential for devices for which
an assured high degree of reliability is a prime require-
ment. Any standard-product RCA triac or SCR selected
to undergo high-reliability processing, therefore, is sub-
jected to extensive design evaluations. RCA assesses the
inherent reliability of each device type under conditions
that simulate the types of service for which the device
may be employed in recommended applications.

Testing to failure is one method that RCA uses for
device reliability evaluations. The natural boundaries of
any life-test program used to evaluate device reliability,
however, are time and the number of available samples.
Accelerated testing is an accepted technique used to
obtain meaningful information in a reasonable time from
a limited number of samples. In this testing, the sample
devices are subjected to stresses that exceed rated or
normal operating conditions for relatively short periods
in order to generate failures that would normally occur
under typical conditions over longer stress periods. If
true acceleration exists, the results can be extrapolated to
predict the mean time to failure under typical operating
conditions. A device that survives the abnormal stresses
of accelerated life tests is presumed to be very reliable
when subjected to the less stringent conditions encoun-
tered in actual use. RCA uses accelerated life tests in
evaluation of high-reliability thyristors.

The operating conditions that a device is subjected to
in an actual system application have an important bear-
ing on its reliability. A numerical expression of reliabil-
ity is meaningless unless the prevailing electrical,
mechanical, and environmental conditions under which
the reliability was assessed are also specified, because if
these conditions are altered, the numerical value may
also be changed. Reliability specifications, therefore,
must define limit values for the electrical, mechanical,
and environmental conditions that affect the life or be-
havior of a device.

RCA defines the limiting operating conditions and
requirements of the system and of the circuit in which a
device is to be used and specifies in detail the necessary
device parameters.
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The equipment manufacturer must select devices tor
his system that can safely withstand the mechanical and
environmental conditions they may be expected to en- -
counter in the application. In addition, he must design
his circuits so that the system does not impose any excess
electrical strains that may adversely affect the life or
performance of the devices and thereby reduce over-all
system reliability. Special care must be taken to assure
that no maximum rating of a device is exceeded under
any condition of equipment operation. The equipment
designer should also realize that the maximum and
minimum ratings specified for the devices are worst-case
limits. A reliable equipment design should be conser-
vative so that devices are not operated at or near
maximum ratings.

In the design of equipment and circuits that use RCA
high-reliability triacs and SCR’s, the designer should
adhere strictly to the specifications that govern the use of
such devices.

Failure Analysis

The various problems encountered with thyristors
may be categorized in two large groups, as indicated in
the following listings:

1. Manufacturing defects
2. Application faults
a. Overvoltage, surface or bulk
b. di/dt, overvoltage turn-on
(1) di/dt turn-on
(2) Gated turn-on
(3) Gate noise turn-on
c. Gate dissipation, forward-reverse interchanged
cathode
d. Surge
e. Overload
f. Hermeticity

Manufacturing defects, and the required corrective
actions, are clearly the responsibility of the device man-
ufacturer. In application defects, the user and the man-
ufacturer have a joint responsibility. Experience has
shown that, in general, application defects outnumber
design or manufacturing defects by at least an order of
magnitude. Such problems can usually be solved, how-
ever, through careful analysis and close communication
between manufacturer and user.

Applications  faults fall into several general
categories. The first and most prevalent is that arising
from overvoltage. Overvoltage damage can be either in
the bulk of the device, at defects in the crystal, at diffu-
sion irregularities, or at localized spots on the surface.
The concentration of power dissipation at these small
areas causes material degradation in either the silicon or
the encapsulating materials at the edge. Closely as-
sociated with overvoltage turn-on, is a di/dt stress that
results from turn-on initiated by the overvoltage. If over-
voltage turn-on is accomplished without damage within
the chip, a danger is still present in that the current



Appendix

CA=
Press-Fit
H-1606 H-1601
L
TO-5
with Heat Spreader
t! nen
RG4H
Fr— R
.
‘ | H-1015
i i
TO-5
H-1599 TO-8 with Heat
Radiator
TO-5

Low-Profile

(]
s H-1812

Press-Fit
with Flex.
Leads
Stud Isolated Stud
TO-66 with Heat with Flex. with Flex.
Radiator Loads Lsads

Fig. 4-1—Packages used for RCA high-reliability triacs and SCR's.
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resulting from the thyristor turn-on is concentrated in the
small area within which turn-on began. Such localized
current conduction can result in over-temperature in a
small area. In turn-on initiated from overvoltage, the
mechanism to cause spreading of the current is not pres-
ent. The di/dt capability for a thyristor turned on from
overvoltage is much lower than the di/dt capability of the
thyristor turned on by a gate signal. As a result, even
though the di/dt in a circuit might be at a very comforta-
ble level for gated turn-on, it may exceed the overvoltage
turn-on di/dt capability. Often, during an examination of
the damaged area of the chip, it is difficult to determine
whether the failure is caused by the initial overvoltage or
the initial rise of current. Both types of faults result in
small burnt areas through the chip bulk or at the edge.

The di/dt capability for gated turn-on is high but it can
still be exceeded, particularly with very low values of
gate drive. A gated di/dt failure in RCA devices always
occurs at the inside edge of the n-type emitter, which is
the area at which conduction begins. This type of failure
results in a small area of molten silicon. Such a failure
mechanism is easily seen in the chip. Most users today
are conscious of the fact that adequate gate signal must
be provided, particularly in applications involving fast
rising pulses of large magnitude. Frequently, analyses
are made of devices from such circuits in which adequate
gate signal is provided and yet di/dt failures that stem
from inadequate gate signal are found. The conclusion is
that turn-on is initiated by noise in the gate circuit some-
where, and the designer of the equipment must correct
these unwanted signals.

Failure may also result because of gate over-
dissipation. RCA thyristors have relatively large gates
and robust gate leads, so that a good deal of dissipationis
acceptable. The dissipation limit, however, can be ex-
ceeded. A triac will operate as a triac when the gate lead
is inadvertently interchanged with the Main Terminal
No. 1. The gate area is much smaller than the Main
Terminal No. 1 area, and if full current flows, the gate
will be damaged. Triac gate damage often destroys
blocking voltage in the first quadrant without damage to
the blocking voltage in the third quadrant. A consistent
failure of first quadrant blocking voltage, therefore, sug-
gests gate damage.

Short-time surge failure generally results from a gross
melting of silicon over much of the cathode or main
terminal areas. In some RCA packages for lower-current
devices, the internal leads fuse at several hundred am-
peres of short-circuit current. Consequently if a device
fails because the internal leads of a device are fused, it
may be assumed that a momentarily shorted load condi-
tion existed. Overload results from a long duration of
current in excess of the steady-state rated current which
causes a gradual heat build up. The first area to be
attacked is the ohmic contact system. In an overload
failure, the high-temperature solder used on the chip
melts and flows out from under the chip. This flow,
which occurs prior to a resulting gross degradation of the
ohmic contact system and pellet, characterizes overload
failure.
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Hermeticity failures on hermetic devices generally
lead to the presence of ionizable material in the encapsu-
lated resin next to the surface. This condition leads to
surface current, surface inversion layers, a reductionina
device blocking-voltage capability, and increased block-
ing leakage current because of the high surface current.
Therefore, itis particularly important to maintain herme-
ticity on hermetically sealed devices. For device failure
because of degraded blocking characteristic, a gross and
time leak check is performed before any inspection for
other possible defects.

The most significant factor in the control failures is
careful process control in the factory and communication
between users and manufacturers in application defects.

Basic Reliability Testing

The most important factors in the control of manufac-
turing defects arise through knowledge of the device
design and tight process control in manufacture. Nothing
that can be done in terms of statistics or testing comes
close to the importance of good process control in man-
ufacture. This control is complemented by reliability
testing to monitor product capability. During the de-
velopment phase, various reliability tests are conducted
by the product development group. During the early
production phase, the device capability is monitored by
an engineering reliability group. During normal produc-
tion, the manufacturing-plant quality-control depart-
ment regularly performs various mechanical, environ-
mental, and life tests. Fig. 4-2 outlines the basic tests and
analyses performed in reliability evaluations of RCA
thyristors.

The high-temperature blocking test exposes the de-
vice to the maximum blocking voltage and the maximum
operating temperature. The blocking test is followed by
thermal-fatigue testing during which the rated current is
passed through the thyristor, and the resulting power
dissipation is used to heat the device to the maximum
junction temperature. The current is then interrupted,
and the thyristor is cooled rapidly. Thousands of thermal
cycles are accumulated to verify the mechanical sound-
ness of the pellet and its mounting system.

During the operating life tests, synthetic switching
circuits simultancously apply maximum current and
maximum voltage to the device at the normal line fre-
quency and maximum rated case temperature. This type
of testing simulates actual operating conditions. High-
temperature storage is used to accentuate instability that
may exist at the surface of the device. Temperature
cycling, surge, vibration, and shock are the familiar
environmental tests used to assess the mechanical
robustness of the package, the pellet, and the lead-
attachment system. Surge testing stresses the ohmic con-
tact system of the device to assure that low thermal
resistance and an even distribution is maintained under
the surge condition.

During the development phase, these tests are gener-
ally performed on a step-stress basis. During the quality
control phase, they are conducted at rated conditions.



MECHANICAL |

| ENVIRONMENTALJ l

LIFE

Centrifuge Relative Humidity
Impact Shock Moisture Resistance
Vibration Salt Atmosphere
Lead Fatigue Temperature Cycling
Lead Pull

Solderability

—

High-Temperature Blocking
High-Temperature Storage
Operating Life

Surge

Thermal Fatigue

STEP STRESS AND/OR CONSTANT OVERSTRESS TESTS
(WHENEVER APPROPRIATE)

| DATA AND FAILURE ANALYSES ]
I

FEEDBACK TO DESIGN AND APPLICATIONS ENGINEERING
I

SELECTED TESTS FOR CORRECTIVE-ACTION
EVALUATIONS

Fig. 4-2—Outline of reliability evaluations performed on RCA thyristors.

The data obtained from life testing can provide some
statistical representation of failure rate. Fig. 4-3 shows
an example of a method used to represent failure rate in
the United States Military Handbook on *‘Reliability of
Electronic Components.”” The curves shown present
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ng'. 4-3—Failure rates (in failures per 108 hours) for MIL-
S-19500 transistors, (for power transistors, 1 watt or greater
at TA = 25°C multiply values shown by two) and for the
RCA-2N5442 40-ampere triac (dashed line).

failure rates for transistors as a function of temperature.
However, because the blocking junctions in thyristors
typically form a p-n-p transistor structure, use of these
derating curves for thyristors is justified when sufficient
test data are available. Different failure rates have been
projected from the statistical summing of experimental
data. A derating curve that describes the failure rate of an
RCA-2N5442 40-ampere triac is superimposed (dashed
line) on the family of transistor derating curves shown in
Fig. 4-3. As indicated by this curve, the failure rate of
the 2N5442 triac (and of other thyristors that have been
studied) is similar to that for other silicon power devices.

Processing and Screening

RCA high-reliability thyristors that are subjected to
high-reliability preconditioning and screening in accor-
dance with the Group A, B, and C Sampling Tests as
specified in MIL-STD-750 or special customer re-
quirements can be obtained on a custom basis. These
thyristors can be supplied to four basic reliability levels
that are approximately equivalent to, or exceed, the
reliability classes (JAN, JANTX, JANTXV) defined
by MIL-S-19500.

Fig. 4-4 shows the basic processing steps required for
RCA high-reliability thyristors for each reliability level,
and Table 4-1 lists the screening tests to which these
devices are subjected. Tables 4-2, 4-3, and 4-4 list the
Groups A, B, and C Sampling Tests and the test
methods specified by MIL-STD-750.
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LEVEL
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IDENTIFICATION ScReEN

RADIOGRAPHIC | !
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IDENTIFICATION
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4

BURN-IN Jl

92CS-25054

Fig. 4-4—Basic processing and screening required for RCA high-reliability triacs and SCR’s.

Table 4-1— Screening Tests for High-Reliability Thyristors

Test

1.
2.
3.

ES

12.
13.

14.
. Hermeticity-fine leak
16.
17.
18.

Precap visual

Seal and lot identification
High-temperature
Storage

. Temperature cycling

. Acceleration

. Hermeticity-fine leak
. Hermeticity-gross leak
. Serialize

. Preburn-in electrical-

record

. Preburn-in electrical
. Burn-in

Post burn-in electrical
Post burn-in electrical-
record A’s

Final electrical

Hermeticity-gross leak
Radiographic
External visual

MIL-STD-750

Condition Method Conditions
20 power
24 hrs. at 150°C 1031
Low temperature 1051 F
per device
Y direction 2006

1071 H

1071 D
24 to 168 hrs;;
100°C to 125°C

2076

2071

Screening Levels

1

X X X X

X X X X X

x

X X X X X

2

X
X

xX X X

3

X

4

X



Table 4-2— Group A Tests Table 4-3— Group B Tests

MIL-STD-750 MIL-STD-750
Subgroup Test Method Test Method
1 Visual 2071 Reverse gate current 4219
2 Forward blocking current 4206.1 Surge current 4066
2 Reverse blocking current 42111 Temperature cycling 1051
3 High-temp. forward blocking current Thermal shock (glass strain) 1056
3 High-temp. reverse blocking current Terminal strength 2036
3 High-temp. gate-trigger voltage or Moisture resistance 1021
gate-trigger current 42211 AC blocking voltage -
3 Exponential rate of voltage rise 4231.2
4 Gate-trigger voltage or gate-trigger
current at 25°C
4 Gate-controlled turn-on time 4223
4 Circuit-commutated turn-off time 4224 Table 4-4— Group C Tests
4 Gate-controlled turn-off time 4225 MIL-STD-750
4 Forward “on” voltage 4226.1 Subgroup Test Method
4 Holding current 4201.2
1 Physical dimensions 2066
2 Shock 2016
Technical Data 2 Vibration, variable-frequency 2056
2 Constant acceleration 2006
Electrical ratings and gate or turn-off-time charac- 3 Barometric pressure 1001
teristics for RCA triacs and SCR’s for which high-re- 4 Salt atmosphere 1041
liability versions can be obtained are shown in the data 5 Solderability 2026
charts on the following pages. 6 Intermittent life -
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IRG7

Division

Thyristors

Solid State 2N5441-2N5446
T6400 T6410 T6420 Series

40-A Silicon Triacs

BASIC RATINGS 2N5441 2N5442 2N5443  T6400N
For Operation with Sinusoidal Supply Voltage at Frequencies 2N5444 2N5445 2N5446 T6410N
up to 50/60 Hz and with Resistive or Inductive Load. -T6420B T6420D T6420M T6420N
*REPETITIVE PEAK OFF-STATE VOLTAGE:® VDROM
Gate open, T = —65 to 110°C oo 200 400 600 800 \"
RMS ON-STATE CURRENT (Conduction angle = 360°): 'T(RMS)
Case temperature
TC = (2N5441—-2N5443, T6400N) 40 A
= (2N5444—-2N5446, T6401N) 40 A
= (T6420B,D,M,N) ..... ... ..ottt 40 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: ltsm
For o012 cycle of applied principal voltage
* 60 Hz (sinusoidal) . ..oovvereneneeiiiiie i 300 A
S50 Hz (sinusoidal) .. ..vvveeiinnn ittt 265 A
RATE OF CHANGE OF ON-STATE CURRENT: di/dt
Vom = Vorowmr !GT=200mA, t,=0.1us ...oeenn..n. ) 100 Alus
FUSING CURRENT (for Triac Protection): . 1t 2
Ty=—65t0110°C,t=1.25t0 10 M. ...vvueereennnnnnnn 450 A%s
*PEAK GATE-TRIGGER CURRENT: = g™
FOr TS MaX. cvviee e ieeneennneearnneeeonennnnnas 12 A
*GATE POWER DISSIPATION:
PEAK (For 10 us max., lgry< 4 A) Pom 40 w
*TEMPERATURE RANGE: o
S (o - T TP Tstg —65 to 150 OC
Operating (Case) Tc —651to0 110 C
GATE CHARACTERISTICS SYMBOL | TYP. MAX. UNITS
DC Gate-Trigger Current:@ m Mo:je VMTZ . VG
For vp =12V (dc) | positive positive 15 50
R =308 - negative  negative 20 50
o - . ) IGT mA
Tc=25C I+ positive negative 30 80
1" negative  positive 40 80
DC Gate-Trigger Voltage:® m
Forvp =12V (dc), R =30%,.
Tc=25C Vo1 1.35 2.5 A

PACKAGE: Press-Fit (2N5441-2N5443, T6400N)
Stud (2N5444-2N5446, T6401N)
Isolated-Stud (T6420 Series)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 593.

® For either polarity of main terminal 2 voltage (V\T2) with reference to main terminal 1.
B Eor either polarity of gate voltage (VG) with reference to main terminal 1.

* In accordance with JEDEC registration data format (JS-14, RDF2) filed for the JEDEC (2N-Series) types.
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IR/ Thyristors
gg,'iigi fgate 2N5567-2N5570
T4101 T4111 T4121 Series
10-A Silicon Triacs
BASIC RATINGS: 2N5567 2N5568 T4101M
For Operation with Sinusoidal Supply Voltage at Frequencies 2N5569 2N5570 T4111M
up to 50/60 Hz and with Resistive or Inductive Load. T4121B  T4121D T4121M
*REPETITIVE PEAK OFF-STATE VOLTAGE:® VoRrROM
Gate open, Tj=—6510100°C ........oovuiveeinnnneennnn... 200 400 600 V
*RMS ON-STATE CURRENT (Conduction angle = 360°): 'T(RMS)
Case temperature (T) = L o 10 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: ITSM
For one cycle of applied prinicpal voltage
* 60 Hz (sinusoidal) . .......ouiiii e 100 A
B0 Hz (sinusoidal) .. .........oiieeriiiiiiiiiiiieeennn 85 A
RATE-OF-CHANGE OF ON-STATE CURRENT:
Vom = VDROM' IgT =160 mA, L=0Tus o di/dt 150 Alus
FUSING CURRENT (for Triac Protection):
Ty=—6510100°C, 1= 1.250 10MS .ovevnenrrnnenennnnnnn 12 50 A%
PEAK GATE-TRIGGER CURRENT:® IGTM
LT I Ty 1 O 4 A
*GATE POWER DISSIPATION:
PEAK (For 1 us max., IGTMS4A (o Pem 16 w
*TEMPERATURE RANGE:
SEOFAGE ...\ttt e Tetg —65 to 150 :C
OpPerating (Case) . ...ouvveneeeinerennereneeenneonneennnennns TC —65 to 100 C
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Current:® m Mode VMT2 Vg
For Vp =12V (dc), I+ positive  positive 10 25
R =308, - negative  negative | 10 25 mA
TC =25°C - positive negative GT 20 40
n+ negative  positive 20 40
DC Gate-Trigger Voltage:® ®
For V=12V (dec), R =30Q, T =25"C Vet 1 25 \Y

PACKAGE: Press-Fit (2N5567, 2N5568, T4101M)
Stud (2N5569, 2N5570, T4111M)
Isolated-Stud (T41218, D, M)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 457.

* In accordance with JEDEC registration data format (JS-14, RDF 2) filed for the JEDEC (2N Series) types.

@ For either polarity of main terminal 2 voltage (Vj12) with reference to main terminal 1.

B For either polarity of gate voltage (V) with reference to main terminal 1.
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I_TQ(EZ}TJ Thyristors

gg,lggi os;ate 2N5571-2N5574
T4100 T4110 T4120 Series

15-A Silicon Triacs

BASIC RATINGS: 2N5571 2N5572  T4100M
For Operation with Sinusoidal Supply Voltage at Frequenmes up to 2N5573 2N5574 T4110M
50/60 Hz and with Resistive or Inductive Load. T4120B T4120D T4120M
*REPETITIVE PEAK OFF-STATE VOLTAGE:® VDROM
Gate open, T j=-65t0 100°C ot 200 400 600 A\
*RMS ON-STATE CURRENT (Conduction angle = 360°): ) 'T(RMS)
Case temperature
=80°C (2N5571—2N5574, T4100M, T4110M) .. .. .......... 15 A
=75°C (TA120€ries) . o v oottt 15
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: ITSM
For one cycle of applied prinicpal voltage .
* 60 Hz (sinusoidal) . .........oviiteniiii i, 100 A
50Hz (sinusoidal) .. ... ... .. i 85 A
RATE OF CHANGE OF ON-STATE CURRENT:
Vom=Vprowm: lgT=160mA, t, =0.1ps ............coeeaes di/dt 150 Alus
" FUSING CURRENT (for Triac Protection):
Ty==650100°C, t=1.2510 10MS ..uvenrnaneneennnnn., 12 50 H
PEAK GATE-TRIGGER CURRENT:® lgTm
FOr 1 S MaX. .ttt ettt ettt 4 A
*GATE POWER DISSIPATION: Pem
Peak (For 1 us max., IGTM <4A 16 w
*TEMPERATURE RANGE:
STOFAGE .. vvvette ettt Tog —65 to 150 °c
OPerating (Case) .. ....uuurerinnee e eeeeeeneenneaannns T — —65t0 100 °c
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Current:®™® Mode VvT2 Vg
For V=12V (dc), I+ positive  positive 20 50
R =30%, m- negative  negative 20 50
° . . gt mA
TC =256C - positive negative 35 80
1+ negative  positive 35 80
DC Gate-Trigger Voltage:® ™
For Vg =12V (dc), R| =30, T =25°C Ver 1 25 \

PACKAGE: Press-Fit (2N5571, 2N5572, T4100M)
Stud (2N5573, 2N5574, T4110M)
Isolated-Stud (T41208, D, M)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in
the RCA data bulletin File No. 458.

» In accordance with JEDEC registration data format (JS-14, RDF2) filed for the JEDEC (2N-Series) Types.
® For either polarity of main terminal 2 voltage (Vpy72) with reference to main terminal 1.
B For either polarity of gate voltage (V) with reference to main terminal 1.

202



RG]

Solid State
Division

Thyristors

2N5754-2N5757
T2303 T2313 Series

2.5-A Silicon Triacs

BASIC RATINGS:

For Operation with Sinusoidal Supply Voltage at Frequencies
up to 50/60 Hz and with Resistive or Inductive Load.

*REPETITIVE PEAK OF F-STATE VOLTAGE:®
Gate open, Ty=—65t0100°C .........................

RMS ON-STATE CURRENT (Conduction angle = 360°):

Case temperature

* T=70°C(T2303 Series) ... veeeeiiniiinnnns

Ambient temperature

T =25"C(T2313Series). .. ..neenennieiiiiiii.s
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT:

For one cycle of applied principal voltage

* 60 Hz (sinusoidal)

50 Hz (sinusoidal) ... ...ii et
RATE OF CHANGE OF ON-STATE CURRENT:

] VDM = VDROM' 'GT =50mA, t =0.1us
FUSING CURRENT (for Triac Protection):

T;=—65t0100°C, t=1.25t0 10 ms
*PEAK GATE-TRIGGER CURRENT:®

For T s maX, «.vuitit it e iiin e

*GATE POWER DISSIPATION:

PEAK (For TOUS MaX.) ......ovveuiuninneneenennnnnnnn

*TEMPERATURE RANGE:

B e o T
Operating (Case) . ..vuuunreie e iiieiiinnnennnnns

Vbrom

T (RMS)

2N5754 2N5755 2N5756 2N5757
T2313A T2313B T2313D T2313M

100

200

25

400

600

1.9

25

21

100

1

10

—65 to 150
—65 to 100

y £ P

o
[eNe)

GATE CHARACTERISTICS

SYMBOL

TYP.

MAX.

UNITS

DC Gate-Trigger Current:® @ Mode
For Vp=12V (dc) I+
R =308 "=
°
Tc=25C 1=
i+

VuT2

positive
negative
positive
negative

Ve
positive
negative
negative
positive

10
10

25
25

40

mA

DC Gate-Trigger Voltage:® ™

For V=12V (dc), R| =309, T =25°C

0.9

22

PACKAGE: Modified JEDEC TO-5 (2N5754-2N5757)

Modified JEDEC TO-5 with Heat Radiator (T2313 Series)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 414.

* |n accordance with JEDEC registration data format (JS-14, RDF-2 filed for the JEDEC (2N Series) types.
@ For either polarity of main terminal 2 voltage (VjT2) with reference to main terminal 1.
® For either polarity of gate voltage (V) with reference to main terminal 1.
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m@m Thyristors

gsﬂ.id. State T2300 T2302 T2310 T2312
vISion -
Series

2.5-Ampere Sensitive-Gate
Silicon Triacs

BASIC RATINGS » .
For Operation with 50/60-Hz, Sinusoidal Supply Voltage and Resistive or Inductive Load

REPETITIVE PEAK OFF-STATE VOLTAGE® (Gate Open): ~ Vprom

T;=-40°C 10 +90°C: T2300A, T2310A 100 v
T23008, T23108 .. 200 v
T2300D, T2310D.. 400 v
T,=-40°Cto +100°C: T2302A, T2312A. . 100 v
T23028, T2312B .. 200 v
T2302D, T2312D 400 \
RMS ON-SIATE CURRENT (Conduction Angle = 360°): IT(HMS)
Tc=60C: T2300series.......cuvurneeninennnennenananns 2.5 A
Tc= 70°C: T2302 SerieS v v eeisriii e e . 25 A
TA=25C: T2300series........c.ouvuverarnrnnnnnenannanns 0.35 A
T2302Lries .o ooeeeeeneeeeeneennannnnaennas 0.40 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: lTSM
For one full cycle of applied principal voltage
60 Hz sinusoidal ........ ...t e 25 A
B0 Hzsinusoidal ... ..vviiiiiii i 21 A
PEAK GATE-TRIGGER CURRENT™ . IGTM
FOr 1 S MaX. oottt ettt e i - 05 A
GATE POWER DISSIPATION: ®
Peak (FOr TS MaX.) . ..uuneeitie et e enannnnnns Pem 10 - w
Average: Te=60"C ..........ooiiiiiiiiiiiiiiiiiinenn. PG (AV) 0.15 w
- Tp= 25%C et 0.05 w
TEMPERATURE RANGE:
SHOTAGE .. vve ettt ettt e e et -40 to +150 °c
Operating (case):  T2300 Series . -40 to +90 °c
T2302 Series -40 to +100 °c
T2310, T2312 Series (From —40°C) Upper limits See RCA data bulletin
File No. 470
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Current:o m Mode VMT2 VG '
For Vp =12V (DC), |:'" positive  positive 3.5 10
R =30, and n- negative  negative IgT 3.5 10 mA
Tc=25C | N positive  negative 7 10
i negative  positive 7 10
DC Gate-Trigger Voltage:om
For V=12V (DC) and R, = 3002
AtTo=25C VeT 1 2.2 \

PACKAGES: Modified JEDEC TO-5 (T2300, T2302 Series) -
Modified JEDEC TO-5 with Heat Radiator (T2310, T2312 Series)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in
the RCA data bulletin File No. 470.

® For either polarity of main terminal 2 voltage (Vp12) with reference to main terminal 1.
# For either polarity of gate voltage (V) with reference to main terminal 1.
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NG

Solid State
Division

Thyristors

T2304 T2305
Series

400-Hz,0.5-A Sensitive-Gate Silicon Triacs

BASIC RATINGS:

For Operation with Sinusoidal Supply Voltage at Frequencies T2304B T2304D
up to 50/60 Hz and with Resistive or Inductive Load. T2305B T2305D
REPETITIVE PEAK OFF-STATE VOLTAGE:® VDROM

Gate open, Ty=—6510100°C ......ovvvuinniininnneeinnnnnnns 200 400 \Y
RMS ON-STATE CURRENT (Conduction angle = 360°): IT(RMS)

Case temperature To=70"C . ........ooiiiiiinniiiinineneenns 0.5 A

Ambient temperature T = 25°C (without heat sink) ............... 0.4 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: ITsm

For one cycle of applied prinicpal voltage

400 Hz (Sinusoidal) .. .......cuiiiiiiiiiiiie i, 50 A
60 Hz (Sinusoidal) . . ...t e 25 A

RATE OF CHANGE OF ON-STATE CURRENT:

Vom = Vprowm: lgT=60mA, t,=0.1us ...l di/dt 100 Alus
FUSING CURRENT (for Triac Protection):

Ty==6510100°Ct=1.2510 T0MS «..overnenenennnenenanennn. 12t 2 A%
PEAK GATE-TRIGGER CURRENT:® IGTM

FOr TS MaX. oottt it e ee e 1 A
GATE POWER DISSIPATION: Pom

Peak (FOr TS Max.) ...ttt eiicieanenann 10 w
TEMPERATURE RANGE:

SIOMAGE e ettt sttt Totg — -50to 150 °c

Operating (Case) «...vuveiueeeee it T —— —50to 100 °c

GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS

DC Gate-Trigger Current:®® Mode VT2 7

For Vp =12V (dc) I+ positive  positive 5 25

RL =30Q Hi= negative  negative | 5 25 A
Tg=25°C - positive  negative GT 10 40 m
1+ negative _ positive 10 40

DC Gate-Trigger Voltage:® ®

ForVp =12V (de), R =308, Tc=25"C VeT 1 2.2 \Y

PACKAGE: Modified JEDEC TO-5

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 441.

@ For either polarity of main terminal 2 voltage (VpT12) with reference to main terminal 1.
® For either polarity of gate voltage (V) with reference to main terminal 1.
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NG/

Solid State
Division

Thyristors
T2700 T2710

Series

6-Ampere Silicon Triacs

BASIC RATINGS
For Operation with Sinusoidal Supply Voltage at Frequencies
of 50/60 Hz, and with Resistive or Inductive Load.

REPETITIVE PEAK OFF-STATE VOLTAGE:®

Gate Open, for Ty=—6510 +100°C ..........oovvunnnnnnns

RMS ON-STATE CURRENT
For case temperature (TC) of +75°C

and a conduction angle of B360° . e

PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT:

For one cycle of applied prinicpal voltage . ..................

FUSING CURRENT (for triac protection):

Ty=—65t0100°C,t=1.2510 10 MS. ... .ccounenenrnnnnns

PEAK GATE-TRIGGER CURRNET:®

LT I 7T 11

GATE POWER DISSIPATION:®

Peak (For 1 us max., lgTm <4A(peak) ...voiiiiiiiiiia..

TEMPERATURE RANGE:

£ T T T Y
Operating (Case) . ........c.ciiiiininrnnenerneinennananns

Vbrom

IT(RMS)

ITsm

T2700B
T2710B

200

100

50

16

T2700D
T2710D

400 \

100 A

50 AZ

16 w

— —65t0 +150—— °c
—— —65t0 +100—— °c

GATE CHARACTERISTICS SYMBOL

MAX.

UNITS

DC Gate-Trigger Current: @ &
For Vp =12 volts (DC), RL=12Q
T¢ =+25°C, and specified triggering mode:
I+ Mode: positive V\ T2, positive VGT
I11- Mode: negative VT2, negative VGT
|- Mode: positive V|\jT2, negative VGT
111+ Mode: negative VT2, positive VGT

15
15

25
25

25
25

70
40

mA

DC Gate-Triggering Volgate: @ m
For Vp = 12 volts (DC) and R =12 Q

At Tgc=+25°C VGT

2.2

PACKAGE: JEDEC TO-66 (T2700 Series)

JEDEC TO-66 with Heat Radiator (T2710 Series)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 351.

@ For either polarity of main terminal 2 voltage (VjjT2) with reference to main terminal 1.

® For either polarity of gate voltage (VGT) with reference to main terminal 1.
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IR/

Solid State
Division

Thyristors
T4103 T4104 T4105

T4113 T4114 T4115
Series

400-Hz, 6,10, & 15-A Silicon Triacs

BASIC RATINGS: T4103B T4113B T4103D T4113D
For Operation with Sinusoidal Supply Voltage at Frequencies T4104B T4114B T4104D T4114D
up to 400 Hz and with Resistive or Inductive Load. T4105B T4115B T4105D T4115D
REPETITIVE PEAK OFF-STATE VOLTAGE:® VbRroMm
Gate open, Tj=—50t0 100°C .......ooveennnnnnnnnnn.. 200 400 v
RMS ON-STATE CURRENT (Conduction angle = 360°): IT(RMS)
Case temperature
TC =90°C (T4105B, T4105D, T41158, T4115D) ... ..... 6 A
=85°C (T4104B, T4104D, T4114B, T4114D) ........ 10 A
=80°C (T4103B, T4103D, T4113B, T4113D) ........ 15 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: ITSM
For one cycle of applied principal voltage
400 Hz (Sinusoidal) 200 A
60 Hz (Sinusoidal) 100 A
RATE OF CHANGE OF ON-STATE CURRENT:
Vom = Vorowm: lgT =160 mA, t, =01 pus ..ottt di/dt 150 Alus
FUSING CURRENT (for triac protection): I2t
T;=—5010100°C, 1= 12510 10MS .....cneuenunnnnn.. 3 A%
PEAK GATE-TRIGGER CURRENT:® IgT™
FOr TUSMaX. «.vuutiiiiiieiin i iiiieeennnnnnnennnns 4 A
GATE POWER DISSIPATION: PGM
Peak (For 1 us max., Ity SA4A) oo 16 w
TEMPERATURE RANGE:
SEOFBOE + v vvvsee e eeeaneeneaneeenenaneneanaeenns stg —50to 150 °c
Operating (Case) .« ....vvreeneenneneeneaneanennennenn Tc —50 to 100 °c
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Current:®® Mode VuT2 Vg
For VD =12V (dc), it positive positive 20 50
Ry =30 Q, {11 bl negative  negative \ 20 50 A
To=25°C I-  positive  negative GT 35 80 m
Cc
n+ negative  positive 35 80
DC Gate-Trigger Voltage:® ™
For Vp =12V (dc), R =30Q, T =256°C Vet 1 25 v

PACKAGE: Press-Fit (T4103, T4104, T4105 Series)

Stud (T4113, T4114, T4115 Series)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 443.

@ For either polarity of main terminal 2 voltage (V)y12) with reference to main terminal 1.

% For either polarity of gate voltage (V) with reference to main terminal 1.
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RG]

Thyristors

Solid State
Division T6401 T6411 T6421
Series
L1 -
30-A Silicon Triacs
BASIC RATINGS: T6401B T6401D T6401M
For Operation with Sinusoidal Supply Voltage at Frequencies T6411B T6411D T6411M
up to 50/60 Hz and with Resistive or Inductive Load. T6421B T6421D T6421M
REPETITIVE PEAK OFF-STATE VOLTAGE:® VpRrowm
Gate open, T; = —50 to 100°C o oo e 200 400 600 \
RMS ON-STATE CURRENT (Conduction angle = 360°): 'T(RMS)
Case temperature
T =66°C (T6401 Series) .. ..., 30 A
=60°C (T6411Series) .. .........c.ocuuiiiuennnnnnnnn. 30 A
=55°C (T6421Series) .. ... ...cuveiniinineennannnns 30 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: lrsm
For one cycle of applied principal voltage
60 Hz (Sinusoidal) ....... ..ot 300 A
60 Hz (Sinusoidal) .........oiiiiiiiiiiiii i 265 A
RATE OF CHANGE OF ON-STATE CURRENT: di/dt
Vom = Vorowr lgT=200mA, . =01 us ...oeoeininiin.t 100 Alus
FUSING CURRENT (for triac protection): 1%
Ty=—4010 100°C, t=1.25t0 10MS ...ueuuenenenannnnennnnn. 450 AZs
PEAK GATE-TRIGGER CURRENT:™ IGTM™
For THSMaX. ...ttt it iiiieiei e 12 A
GATE POWER DISSIPATION: PGM
Peak (For 1 usmax., gy <S4 A) oo 40 w
TEMPERATURE RANGE:
SHOTAGE « . vve v et ettt te et e et e e et Tetg —65 to 150 °c
OPerating (Case) «.....veeeeueenenneeeenneereneeenneennnenn T —65 to 100 °c
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Current:® ™ Mode VuTt2 Vg
For VD =12V (dc), I+ positive positive 15 50
RL =309, - negative  negative | 20 50 mA
Tg=25°C I=  positive  negative GT 30 80
i+ negative  positive 40 80
DC Gate-Trigger Voltage:® ®
- _ _ )
ForVp =12V (dc), R) =30Q,Tc=25C Vgt 1.35 25 \%

PACKAGES: Press-Fit (T6401 Series)
Stud (T6411 Series)
Isolated-Stud (T6421 Series)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 459.

® For either polarity of main terminal 2 voltage (Vp12) with reference to main terminal 1.

® For either polarity of gate voltage (V) with reference to main terminal 1.
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NG

Solid State

Thyristors
T6404 T6405

Division
T6414 T6415
Series
400-Hz, 25 & 40-A Silicon Triacs
BASIC RATINGS, Absolute-Maximum Values: T6404B T6404D
For Operation with Sinusoidal Supply Voltage at 400 Hz T6405B T6405D
and with Resistive or Inductive Load. T6414B T6414D
T6415B T6415D
REPETITIVE PEAK OFF-STATE VOLTAGE:® Vprom
Gate open, Ty=~6010 110°C ............coouviiiiiiiaeanns 200 400 v
RMS ON-STATE CURRENT (Conduction Angle = 360°): 'T(RMS)
Case temperature
T =857C(T6A05 Series) .. ... oot 25 A
=80°C (TBAI5SEries) . . .« vveeeeeeeenennanrneennnnnnnn. 25 A
=70°C (TBA0A SEries) . ..o e v vee s eeeeaeennnnnnnnnn. 40 A
=B5°C (TBATASErIEs) . . v v vveeseeaeeeenneennnennn. 40 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: ltsm
For one cycle of applied principal voltage
400 Hz (Sinusoidal) .......veteuninnneriiiiiiiiananeanannns 600 A
60 Hz (Sinusoidal) . ..... ... 300 A
RATE OF CHANGE OF ON-STATE CURRENT: di/dt
VDM = VDROM' IGT =200 mA, t= 0.1us ot 100 Alus
FUSING CURRENT (for Triac Protection): 12 5
T)=-50t0110°C,t=1.25t0 10MS .....ceuvuurnnnnnnnnnnnn.. 270 A%s
PEAK GATE-TRIGGER CURRENT:® IGTM
For TS mMax, ...ttt e aanns 12 A
GATE POWER DISSIPATION: PGM
Peak (For 10 us max., IGTM <4A(peak) ..ooiiiiiii i 42 w
TEMPERATURE RANGE:
57 1 Tstg —50 to 150 °c
Operating (Case) - ....vu'ueene e eee e eet e eieeanannns Tc —50to 110 °c
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Current:®® Mode VT2 Vg
For VD =12V (dc), I+ positive positive 20 80
RL =309, - negative  negative | 50 80 mA
Tg=25°C - positive  negative GT 80 120
1+ negative  positive 80 120
DC Gate-Trigger Voltage:®®
For V=12V (dc), R| =30 Q, T = 25°C Vet 2 3 v

PACKAGE: Press-Fit (T6404, T6405 Series)
Stud (T6414, T6415 Series)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 487.

@ For either polarity of main terminal 2 voltage (VjT2) with reference to main terminal 1.
® For either polarity of gate voltage (Vg) with reference to main terminal 1.
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RB/ Thyristors
Solid State T8401B T8411B T8421B
Division T8401D T8411D T8421D

T8401M T8411M T8421M

60-A Silicon Triacs

BASIC RATINGS T8401B T8401D T8401M

For Operation with Sinusoidal Supply Voltage at Frequencies T8411B T8411D T8411M

up to 50/60 Hz and with Resistive or Inductive Load. T8421B T8421D T8421M

REPETITIVE PEAK OFF-STATE VOLTAGE:® Vprom

Gate open, Ty=-40to 110°C o ittt ittt 200 400 600 \

RMS ON-STATE CURRENT (Conduction angle = 360°): T(RMS)

Case Temperature
T =85°C (TBAOT Series) -« vvvnnvuereinnneeniinaeeaanns 60 A
=80°C (TBATTSEries) -« evvnerreeeraeenaannnennnennn 60 A
=75°C (T8421Series) ........o.viiiienenenanannananns 60 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: ITsm
For one cycle of applied principal voltage
60 Hz (sinusoidal) .. ..ovveinn et i it 600 A
5O Hz (sinusoidal) v vvivnee i e 500 A

RATE OF CHANGE OF ON-STATE CURRENT:

Vom = Vorom lgT=300mA, t, =0.Tpus...ooenininin.... di/dt 300 Alus

FUSING CURRENT (for Triac Protection):

T)=—4010 100°C, t=1.25 10 10 MS . +vveveneenanenennannnn 12 1800 A%

PEAK GATE-TRIGGER CURRENT:®

FOr TOUS MaX, uuuiiiniitininnni et eienninnsenneennnnnnn IgTm 7
GATE POWER DISSIPATION
Peak (For 10 us max., lgTm ST7TA(Peak) .ovvnriniiiinnnnns PGM 42 w
TEMPERATURE RANGE:
SHOTAGE . v v v v et e e ee e et ene et et et stg —40 to 150 °c
OPerating (Case) «..vvveeeneeneereneeenennennereeeneennenns Te —40to 110 °c
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Current:® ™ Mode VuT2 Vg
For vp = 12 V (dc) 1+ positive positive 20 75
R = 3009 III: negative negatfve IGT 40 75 mA
Tc= 25°C | positive negative 40 150
mt negative positive 100 150
DC Gate-Trigger Voltage:® ®
For vp = 12 V (dc), RL =309,
Tc=25C Ver 1.35 2.8 \Y
PACKAGE: Press-Fit with Flexible Leads (T8401 Series)

Stud with Flexible Leads (T8411 Series)

Isolates-Stud with Flexible Leads (T8421 Series)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 725.

® For either polarity of main terminal 2 voltage (V)y12) with reference to main terminal 1.
® For either polarity of gate voltage (V) with reference to main terminal 1.
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R/ Thyristors
Solid State
Division
T8430 T8440 T8450
Series
80-A Silicon Triacs
BASIC RATINGS T8430B T8430D T8430M
For Operation with Sinusoidal Supply Voltage at Frequencies T8440B T8440D T8440M
up to 50/60 Hz and with Resistive or Inductive Load. T8450B T8450D T8450M
REPETITIVE PEAK OFF-STATE VOLTAGE:® Vprowm
Gate open, Ty = —40 to [ 200 400 600 \Y
RMS ON-STATE CURRENT (Conduction Angle = 360°): IT(RMS)
Case temperature
T =75.C (T8430Series) ........cuvviiiniieeninneeannns 80 A
= 65°C (T8BA40 Series) .....ovvvnrnnniiniiinniennes 80 A
=55 C (TBA50Series) ==« cvverreennnnnnnnnnneeeennnns 80 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: Itsm
For one cycle of applied principal voltage
60 Hz (sinusoidal) ....oovetn ittt i i 850 A
50 Hz (sinusoidal) .. ..ooveriiii it 720 A
RATE-OF-CHANGE OF ON-STATE CURRENT: di/dt
VDM = VDROM' 'GT =300mA, t.=0.Tus ....oviiniiiiininna, 300 Alus
FUSING CURRENT (for Triac Protection): 12 )
T)=—4010 110°C,t=1.2510 10 MSs «++ v vvversrneeeeannneens 3600 A%s
PEAK GATE-TRIGGER CURRENT:® 'GTM
FOr TO S MAX. vt vtentssisaenancnsensusenennsncnennennnnns 7 A
GATE POWER DISSIPATION:
Peak (For 10 us max., lgp <7 A (peak) . oovneii i Pem 40 w
TEMPERATURE RANGE:
SLOTAGE + o vttt ette e ettt e Teg —40 to 150 :C
Operating (Case) . ......viveeriiereeeernnnnenenennninnianss Tc —401to 110 Cc
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Current:® ® Mode VT2 Vg
For vpy = 12 V (dc) it positive  positive 20 75
=300 - negative  negative 40 75
T<|:' =25°C l: positive negative lGT 40 150 mA
i negative  positive 100 150
DC Gate-Trigger Voltage:® ®
For v1D = 12°V (dc), RL =301,
c=25C Vgt 1.35 25 \

PACKAGE: Press-Fit (T8430 Series)
Stud (T8440 Series)

Isolated-Stud (T8450 Series)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 549.

® For either polarity of main terminal 2 voltage (V\T2) with reference to main terminal 1.

® For either polarity of gate voltage (V) with reference to main terminal 1.
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RG]

Solid State
Division

Thyristors

2N681-2N690

25-A Silicon Controled Rectifiers

BASIC RATINGS: .
*NON-REPETITIVE PEAK REVERSE VOLTAGE:® VRrsom

Gate OPEN ..ttt t ettt 35 75 150 225 300 350 400 500 600 720 V
NON-REPETITIVE PEAK OFF-STATE VOLTAGE:® VDSOM
Gate OPeN ..\ttt 75 150 225 300 350 400 500 600 720 V
*REPETITIVE PEAK REVERSE VOLTAGE:® VRROM
Gate OPeN ..t vttt 25 50 100 150 200 250 300 400 500 600 V
REPETITIVE PEAK OFF-STATE VOLTAGE:® VDROM
Gate oPeN ... ... 650 100 150 200 250 300 400 500 600 V
ON-STATE CURRENT:
T = 65°C, conduction angle = 180°:
RMS 'T(RMS) 25 A
AVErage ...t IT(AV) 16 A
*PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: 'TSM
For one full cycle of applied principal voltage .......... 150 A
RATE OF CHANGE OF ON-STATE CURRENT:
Vp = Vprom: 'GT=MA 4, =05ms ..o, di/dt Alus
FUSING CURRENT (for SCR protection):
Ty=—65t0125°C,t=1108.3ms ........ouvenn.... 12 AZs
*GATE POWER DISSIPATION:™
Peak Forward (for 10 us max.) ..............ovuunnn. Pem 5 w -
Average (averagingtime=10msmax.) ................ PG(AV) 0.5 w
*TEMPERATURE RANGE:®
SEOTAGE ..\ttt it ittt Tetg —65 to 150 °c
Operating (Case) .............ooveveunnn.. P Tc —65 to 125 °c
GATE CHARACTERISTICS SYMBOL | MIN. TYP. MAX. UNITS
DC Gate Trigger Current:
Vp =12V (de), R =308, T =125°C IeT - - 25 mA
*|DC Gate Trigger Voltage:
Vp =12V (de), R =30Q, T =125°C Vet | 025 - - v
= —65 to 125°C = — 3

PACKAGE: JEDEC TO-48

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 96.

* In accordance with JEDEC registration data format filed for the JEDEC (2N Series) types.

® These values do not apply if there is a positive gate signal. Gate must be open or negatively biased.

B Any product of gate current and gate voltage which results in a gate power less than the maximum is permitted.
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R/

Solid State
Division

Thyristors

2N3228 2N3528
2N3525 2N3529
2N4101 2N4102

5-A Silicon Controlied Rectifiers

BASIC RATINGS:

ON-STATE CURRENT:

GATE POWER:*

2N3228 2N3525 2N4101 2N3528 2N3529 2N4102

NON-REPETITIVE PEAK REVERSE VOLTAGE ..... Vpggy 330 660 700 330 660 700
REPETITIVE PEAK REVERSE VOLTAGE ......... VRRom 200 400 600 200 400 600
REPETITIVE PEAK OFF-STATE VOLTAGE ....... Vprom 200 400 600 200 400 600
For case temperature (T) of +75°C,
and unit mounted on heat sink
Average dc value at a conduction angle of 180° ... IT(AV) 3.2 - - -
RMSValue ......coiiiiiiiiiniiiiinnnnn. 'T(RMS) 5.0 - - -
For free-air temperature (TFA) of 25°C,
and with no heat sink employed
Average dc value at a conduction angle of 180° ... IT(AV) - - —_ 1.3
RMSValue ...........iiiiiiiineaiann. 'T(RMS) - - — 2.0
PEAK SURGE CURRENT:
For one cycle of applied voltage . ............... 'TSM 60
FUSING CURRENT (For SCR protection)
Foraperiodof Tmsto83ms .........c.ouvnn.. 12¢ 15
RATE OF CHANGE OF ON-STATE CURRENT di/dt
Veg = Vgoo (Min. value)
|+ =200 mA, 0.5 us rise time 200
GT
Peak, Forward or Reverse, for 10 us duration . ..... PGM 13
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Current At Tc= +25°C 'GT 8 15 mA (dc)
DC Gate-Trigger Voltage At T = 25°C Vor 1.2 2.0 V (dc)

PACKAGE: JEDEC TO-66 (2N3228, 2N3525, 2N4101)
JEDEC TO-8 (2N3528, 2N3529, 2N4102)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

RCA data bulletin No. 114.

*In accordance with JEDEC registration data format {JS-14, RDF-1) filed for the JEDEC (2N series) types.

eThese values do not apply if there is a positive gate signal. Gate must be open or negatively biased.

sAny product of gate current and gate voltage which results in a gate power less than the maximum is permitted.

<
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NG

Solid State
Division

Thyristors

2N3650-2N3653, S7430M

35-A Silicon Controlled Rectifiers

BASIC RATINGS:

2N3650 2N3651 2N3652 2N3653 S7430M

*NON-REPETITIVE PEAK REVERSE VOLTAGE: Vrsom
Gate OPeN ..ttt it te it 150 300 400 500 700 V
NON- REPET!TIVE PEAK FORWARD VOLTAGE VDSOM
L e -1 150 300 400 500 700 V
*REPETITIVE PEAK REVERSE VOLTAGE: VRROM
Gate OPEN . i vttt ttiireeins e itnnnnaneeaeasanennnn 100 200 300 400 600 V
“REPETITIVE PEAK OFF-STATE VOLTAGE: VDoROM
Gate OPEN ... i. ittt iitin ettt 100 200 300 400 600 V
*PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: ITsm
For one cycle of applied principal voltage (60 Hz, sinusoidal) . 180 A
ON-STATE CURRENT:
For case temperature (T ) =25°C
* Average DC value, conductlon angle of 180°- I 25 A
RMSVAIIE .-+ enaeneeeeeenneeeeeeieene TAVS) 35 A
*RATE OF CHANGE OF ON-STATE CURRENT: di/dt
Vpm = V(BO)O' IgT=200mA, £, =0.1us ........ocnnnn 400 Alus
*GATE POWER DISSIPATION: Pam
Peak Forward (for 10 s max.) ......covvenneunnnennnns 40 w
TEMPERATURE RANGE: o
StOrage .....iiiiiiiiiii it i it Tstg —65 to 150 0C
Operating (Case) Te —65 to 120 C
Types 2N3650, 2N3651,
2N2652, 2N3653 Type S7430M
GATE CHARACTERISTICS SYMBOL | MIN. TYP. MAX. | MIN. TYP. MAX. | UNITS
DC GATE TRIGGER CURRENT:
Vp=6Vi(de), R =48, Tc=25C - - 80 180 - 80 180 mA
Vp=6V (de), R =28, Tc=-65"C - 150 500* | — 150 500
DC GATE TRIGGER VOLTAGE:
Vp=6V (dc), R =49, Tc=25C - 1.5 3 - 15 3
Vp =Vprowm: R =200, T = 120°C Vgr | 025%| - - oz - - v
Vp =6V (de), R =28, T =—65C - 2 45" | — 2 4.5

PACKAGE: JEDEC TO-48

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 408.

* In accordance with JEDEC registration data format (JS-14, RDF 1)—applies to the JEDEC (2N Series) types only.
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IR

Solid State
Division

Thyristors

2N3654-2N3658, S7432M

35-A Silicon Controlled Rectifiers

BASIC RATINGS:

2N3654 2N3655 2N3656 2N3657 2N3658 S7432M

*NON-REPETITIVE PEAK REVERSE VOLTAGE:® Vesom

Gate OPEN .t vtiietee i

75

NON- REPETITIVE PEAK OFF-STATE VOLTAGE:® Vbsom

Gate OPEN it vettiierneeeiin e

75

*REPETITIVE PEAK REVERSE VOLTAGE:® VRrOM

Gate OPEN ittt e eee e einneeanaaaneanns

50

*REPETITIVE PEAK OFF-STATE VOLTAGE:® VbRroMm

Gate OPeN ... .vvriiiii ittt
ON- STATE CURRENT:
Te= 40°C, conduction angle = 180°:

RMS e 17 (RMS)

Average ..... ettt a et IT(AV)
*PEAK SURGE (NON-REPETITIVE) ON-STATE
CURRENT: lrsm
For one full cycle of applied principal voltage
60 Hz (sinusoidal) ...........cooiiiin.,
*RATE OF CHANGE OF ON-STATE CURRENT: .
Vp=Vprowm: lgT=200mA, t,=01us ......... di/dt
FUSING CURRENT (for SCR protection): 2
Ty=-6510120°C,t=11t083ms .............. 14t

*GATE POWER DISSIPATION:® Pam
Peak Forward (for 1TO0usmax.) .......cooovunn.nn
*TEMPERATURE RANGE:
I (o] 1T T,
Operating (Case)

50

150
150
100
100

300 400
300 400
200 300
200 300

500 700
500 700
400 600

< < < <

400 600

35

25

> >

180
400

165

40

—65 to 150
—65 to 120

TURN-OFF TIME CHARACTERISTICS

SYMBOL

MIN.

TYP.

MAX.

UNITS

*|Circuit Commutated Turn-Off Time:

(Sinusoidal Pulse)
VDX = VDROM' l-|- =100 A, pulse duration = 1.5 us,
dv/dt = 200 V/us, VRX =30V min., VGK =0V (at
turn-off), TC— 115°C

us

PACKAGE: JEDECTO-48

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 724,

* In accordance with JEDEC registration data format (JS-14, RDF-1) filed for the JEDEC (2N Series) types.

® These values do not apply if there is a positive gate signal. Gate must be open or negatively biased.

® Any product of gate current and gate voltage which results in a gate power less than the maximum is permitted.
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NG/

Solid State
Division

Thyristors

2N3668-2N3670 2N4103

12.5-A Silicon Controlled Rectifiers

BASIC RATINGS:

2N3668 2N3669 2N3670 2N4103

NON-REPETITIVE PEAK REVERSE VOLTAGE ............ VRsom 150 300 660 700 \
REPETITIVE PEAK REVERSE VOLTAGE ................. Vgrom 100 200 400 600 \
REPETITIVE PEAK OFF-STATE VOLTAGE ............... Vprom 100 200 400 600 \
ON-STATE CURRENT:

For case temperature (T of +80°C

at conduction angle of 180°C,

AVEIagE ..ttt e et 'T( AV) 8 A
RMSvalue ......cooiiiiiniiiiiiitiiiiiiiainnnns 'T(RMS) 125 A

PEAK SURGE CURRENT:

For one cycle of applied voltage ...............coovvuun. ITSM 200 A
FUSING CURRENT (for SCR protection) :

Foraperiod of Tmst0 8.3mMS .. ..vuvrrenreannneennnnnn 12¢ 165 A2s
RATE OF CHANGE OF ON-STATECURRENT .............. di/dt 200 Alus

Veg = Voo (min. value)

'GT =200 mA, 0.5us rise time
GATE POWER*

Peak, Forward or Reverse, for 10us duration .............. PGM 40 w
TEMPERATURE:

SEOTAGE v e vt ee e e ae e et teae et Tig —40 to +125 :C

Operating (C_ase) .................................... Tc —40 to +100 [

GATE CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNITS
DC Gate-Trigger Current lGT
At T =+25°C 1 20 40 mA (dc)
Gate-Trigger Voltage Vo1
AtTg=+25°C - 1.5 2 V (dc)

PACKAGE: JEDECTO-3

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

RCA data bulletin File No. 116.

*Any values of peak gate current or peak gate voltage to give the maximum gate power is permissible.
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m@m Thyristors
Doud State 2N3870-2N3873 2N3896-2N3899

S6400 S6410 S6420 Series

35-A Silicon Controlled Rectifiers

BASIC RATINGS

2N3870 2N3871 2N3872 2N3873 S6400N
2N3896 2N3897 2N3898 2N3899 S6410N
S6420A S6420B S6420D S6420M S6420N

*NON-REPETITIVE PEAK REVERSE VOLTAGE:4 VRSOM
[ Y0 o1 P 150 330 660 700 900 V
NON- REPETITIVE PEAK OFF- STATE VOLTAGE:4 Vpsom
Gate OPBN oo ettt et iiiee e iiiiia i eaae e, 150 330 660 700 900 V
*REPETITIVE PEAK REVERSE VOLTAGE:4 VR ROM
Gate OPBN .ottt t e tttaies ettt 100 200 400 600 800 V
'REPETITIVE PEAK OFF-STATE VOLTAGE:4 Vprom
Gate OPEN & o vttt e teeeee e ciiiiie e aaaan 100 200 400 600 800 V
ON-STATE CURRENT:
T = 65°C9, conduction angle = 180°:
RMS ittt e i e | 35 A
*  Average Iﬂiv)s) 22 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: Itsm
For one full cycle of applied principal voltage
* 60 Hz (sinusoidal) ........cciiiiiiiiiiiiiiiiiann 350 A
50 Hz (sinusoidal) .........ccciiiiiiiii i 300 A
RATE OF CHANGE OF ON-STATE CURRENT:
=Vprom- lgT=200mA, 1, =05us ....o.iinnnnnn. di/dt 200 Alus
FUSING CURRENT (for SCR protection): 2 2
T,;=-40to 100°C, t=T1108.3MS.ecuurenuenreneenennns 14t 300 Acs
GATE POWER DISSIPATION:®
Peak Forward (for 10 usMax.) ......ovveiiieinnnnnnnnn. PGM 40 w
*TEMPERATURE RANGE: R
SHOTA0E .« vvvve s en s s reneennnesnnasannsesenerenns Tstg —40to 125 C
Operating (Case) . ...uueeereeeniiiineneeeeeennennnns Te —40 to 100 C
GATE CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNITS
DC Gate Trigger Voltage:
Vp =12V (dc), R =30 2, Tc =-40°C VGT - 1.5 3* \Y
Vp =12V (dc), RL =30, Tc = 25°C - 1.1 2
DC Gate Trigger Current:
Vp =12V (dc), R =30 2, T¢c =-40°C IGT - 46 80* mA
Vp =12V (dc), R =30, Tc = 25°C 1 25° 40

PACKAGE: Press-Fit (2N3870-2N3873, T6400N)
Stud (2N3896-2N3899, T6410N)
Isolated-Stud (S6420A, B, D, M, N)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 578.

* In accordance with JEDEC registration data filed for the JEDEC (2N-series) types.

A These values do not apply if there is a positive gate signal. Gate must be open or negatively biased.

4T = 60° for isolated-stud package types.

©® Any product of gate current and gate voltage which results in a gate power less than the maximum is permitted.
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NG

Solid State
Division

Thyristors

S$2400 Series

4.5- A Silicon Controlled Rectifiers
For Capacitive-Discharge Systems

BASIC RATINGS:

S2400A S2400B S2400D S2400M

NON-REPETITIVE PEAK REVERSE VOLTAGE:4 Vesom
Gate OPeN .. i ittt et 100 200 400 600 \
NON-REPETITIVE PEAK FORWARD VOLTAGE:4 Vpsom
Gate OPeN ...ttt i 150 250 500 700 \'
REPETITIVE PEAK REVERSE VOLTAGE:4 VRROM
Gate OPeN ...ttt i ey 100 200 400 600 \Y%
REPETITIVE PEAK OFF-STATE VOLTAGE:4 Vbrom
Gate OPeN ...ttt 100 200 400 600 \
ON-STATE CURRENT:
T = 75°C, conduction angle = 180°:
RMS L.ttt T(RMS) 45 A
N T T AP IT( AV) 3.3 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: lrsm
For one cycle of applied principal voltage
50 Hz, (Sinusoidal) . .......cooviii i 170 A
60 Hz, (Sinusoidal) ........cccveininiiiiininatns 200 A
RATE OF CHANGE OF ON-STATE CURRENT: di/dt
Vp=Vprom: IgT=200mA, ¢, =05us ................ 200 Alus
FUSING CURRENT (for SCR Protection): I2t
T;=—40to 100°C, t=151010MS .. ceeenererennannn... 150 A2
GATE POWER DISSIPATION:® Pam
Peak forward (for Tusmax.) ... veveeiinnennnnnnennnnn. 40 w
TEMPERATURE RANGE:®™
SEOMAGE v e vvvttaaeens et i Tetg —40 to 150 °c
Operating (Case) ........covviiiinninnneeneerannannnnn Tc —40 to 100 C
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Voltage:
VD=12V(dc),RL=309,TC=25°C Vet 1.1 2 \
DC Gate-Trigger Current:
VD=12V(dc),RL=3052,TC=25°C 6T 8 15 mA

PACKAGE: JEDEC TO-8

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the.RCA data bulletin File No. 567.

A These values do not apply if there is a positive gate signal. Gate must be open or negatively biased.
® Any product of gate current and gate voltage which results in a gate power less than the. maximum is permitted.

B Temperature measurement point is shown on the DIMENSIONAL OUTLINE.
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m@ Zm Thyristors

Solid State

Division S2600 S2610 S2620
Series

7-Ampere “Low-Profile”
Silicon Controlled Rectifiers
BASIC RATINGS $2600B $2600D S2600M

S$2610B  S2610D  S2610M
S$2620B  S2620D  S2620M

NON-REPETITIVE PEAK REVERSE VOLTAGE:® Vrsom
Gate OPEN Lottt it et e eiiiies et 250 500 700 \
NON- REPETITIVE PEAK FORWARD VOLTAGE:® Vbsom
Gt OPEM vt v vt et eeentensteeetnnaaneeesoananannnnneeens 250 500 700 \
REPETITIVE PEAK REVERSE VOLTAGE:® VRROM
GatB OPENM . ittt tit ittt ittt et ia i 200 400 600 v
REPETITIVE PEAK OFF-STATE VOLTAGE:® VDROM
Gate OPEN o vttt tit e is e et i 200 400 600 \
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: ITSM
For one cycle of applied principal voltage
60 Hz (sinusoidal) 100 100 100 A
50 Hz (sinusoidal) 85 85 85 A
PEAK REPETITIVE ON-STATE CURRENT: T
Duty factor =0.1%, T = 75°C
Pulse duration =5 us (min.), 20 s (max.) ......ovveniiinenn.nn 100 100 100 A
RATE OF CHANGE OF ON-STATE CURRENT:
Vpm = Vorowm: lgT =200 mA, 1, =05pus .....ooeniinia.... di/dt 200 Alus
FUSING CURRENT (for SCR protectlon): 2 2
TJ———65t01OOCt-1t083ms ............................ 1t 40 - A%s
GATE POWER DISSIPATION:4
Peak Forward (for Tusmax.) ......coiviiiiiiiiiiiineninn., PGM 40 40 40 w
TEMPERATURE RANGE: o
S 00T 1o PP Tstg ——65to +150 oC
Operating (Case) .....uvviiieennernneenneennerennneenanennn Te ————65 to +100 Cc
$2610 Series
S2600 Series $2620 Series
GATE CHARACTERISTICS SYMBOLS ‘UNITS
TYP. MAX. TYP. MAX.
DC GATE TRIGGER CURRENT:
Vp=12V (DC)
RL=30Q IGT
Tc=+25°C 6 15 6 15 mA
DC GATE TRIGGER VOLTAGE:
Vp =12V (DC)
RL=308Q VGT
Tc=+25°C 0.65 1.5 0.65 1.5 \

PACKAGE: Low-Profile TO-5 (S2600 Series)
Low-Profile TO-5 with Heat Radiator (S2610 Series)
Low-Profile TO-5 with Heat Spreader (52620 Series)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in
the RCA data bulletin File No. 496.

t When rms current 4 amperes (| { rating for the anode lead), connection must be made to the case.
® These values do not apply if there is a positive gate signal. Gate must be open, terminated, or have negative bias.
A Any values of peak gate current or peak gate voltage that yeild the maximum gate power are permissible.
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NG

Solid State
Division

Thyristors

S3700 Series

S-Ampere All-Diffused

Silicon Controlled Rectifiers
for Inverter Applications

BASIC RATINGS S$3700B  S3700D  S3700M
NON-REPETITIVE PEAK REVERSE VOLTAGE: VRSOM
Gate OPeN . ettt ittt e et 330 660 700 \'
REPETITIVE PEAK REVERSE VOLTAGE: Vg ROM
Gate OPeN . it it ettt ittt e et 200 400 600 v
REPETITIVE PEAK OFF-STATE VOLTAGE: Vborom
[T - 200 400 600 \2
ON-STATE CURRENT:
For case temperature of +60°C and 60 Hz:
Average DC value at a conduction angle of 180° ... ............. 'T(AV) 3.2 3.2 3.2 A
RMSvalue ...ttt ittt 'T(RMS) 5 5 5 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: lTSM
TEMPERATURE RANGE:
SHOTAOE « - e e et e e ee e s et e e e e e e Tetg —40to +150————  °C
OPErating (Case) ... ....uueueneeuneeueneneneneeeeneneneanns T —40 to +100———  °C
TURN-OFF TIME CHARACTERISTICS SYMBOLS |—S37008 $3700D S3700M___ | yniTs
Typ. | Max. | Typ. | Max. | Typ. | Max.
Circuit-Commutated Turn-Off Time, tq o
(Reverse Recovery Time + Gate Recovery Time)
VDX = V(B0O)O rated value,
1T = 2A, 50us min. pulse width,
VRx =.80 V min,, rise time = 0.1us,
dv/dt = 100 V/us, dig/dt = 10 A/us,
IGT = 100 mA at turn-on,
VGT =0V at turn-off, and
Tc =+80°C ) 4 6 4 6 4 6 us

PACKAGE: JEDEC TO-66

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 306.
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B/ Thyristors
Solid State
Division S3701M
5- Ampere Silicon
Controlied Rectifier
BASIC RATINGS:
REPETITIVE PEAK OFF-STATE VOLTAGE: VDROM
L -3 T - 600 \
RMS ON-STATE CURRENT (Conduction angle = 180°): it IT(RMS) 5 A
REPETITIVE PEAK ON-STATE CURRENT (0.2 us Pulse Width): lPM
Free-air cooling, F =500 Hz ... ......eieiuineneniinnenennnnns 75 A
Free-aircooling, f=5000Hz ......... .0 iiiiiiininennnnnnns 40 A
Infinite heat sink, f-10,000Hz ........... .0t iiiinnnennnnn. 40 A
Infinite heat sink, f=1,000Hz ......... ... ..o, 75 A
GATE POWER DISSIPATION: Pam
Peak (for 10 s pulse) ...ttt 25 w
TEMPERATURE RANGE:
STOMABE v e v v vt a e et e e aae e et aa e e e Tag —40to0 125 °c
OPErating (CaSE) . . .vv v ene et et et et et e e et e e Te —40 to 100 °c
GATE CHARACTERISTICS SYMBOL MAX. UNITS
DC Gate-Trigger Current: T =25°C IeT 35 mA
DC Gate-Trigger Voltage: T = 25°C Vgt 4 \%

PACKAGE: JEDEC TO-66

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 476.
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Solid State
Division

Thyristors

S$3704 S3714 Series

5-A Silicon Controlled Rectifiers

BASIC RATINGS: S3704A S3704B S3704D S3704M S3704S
S3714A S3714B S3714D S3714M S3714S
NON-REPETITIVE PEAK REVERSE VOLTAGE:® VRsom
[ e - 150 300 500 700 800 V
NON-REPETITIVE PEAK OFF-STATE VOLTAGE:® Vbsom
Gate OPEN o u vt ttiiiin e e et 150 300 500 700 800 V
REPETITIVE PEAK REVERSE VOLTAGE:" VRROM
Gate OPEN L.ttt tiiiiiii e re et 100 200 400 600 700 V
REPETITIVE PEAK OFF-STATE VOLTAGE:™ VbRrowm
Gate OPEN ..t v i tttiiaie ettt 100 200 400 600 700 V
ON-STATE CURRENT:
Te= 60°C, conduction angle = 180°:
RS e 1 5 A
AVErage .. ..ttt i i e I-;:Zl\vn)s ) 3.2 A
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT:
For one full cycle of applied prinicpal voltage
60 Hz (Sinusoidal) «..v.vvvirin it ITsm 80 A
RATE OF CHANGE OF ON-STATE CURRENT:
Vp=Vprom Ig=00mA, t,=0.1us ....oovninninan di/dt 200 Alus
FUSING CURRENT (for SCR protection): )
Ty=—40t0 100°C, t=1108.3M5 ..ueunerrrnnnnnnnns 12 25 A
GATE POWER DISSIPATION:®
Peak Forward (for 10 s max.) ....c.ovveiinviinennnenns Pem 13 w
Peak Reverse (for 1O0us max.) ....ovvvvvnenennnennennns PrGM 13 w
Average (averaging time =10msmax.) ..........c.couunune. G(AV) 0.5 w
TEMPERATURE RANGE:
SHOTAOE. « vt e v vt eeee e teee e e et et e Tstg —40 to 150 :c
Operating (Case) ....uuuuivrnneeinnerneeeianennennnns TC —40 to 100 C
TURN-OFF TIME CHARACTERISTIC SYMBOL TYP. MAX. UNITS
Circuit Commutated Turn-Off Time:
Vpx = VDROM' I+ =2 A, pulse duration = 50 us, dv/dt =
100 V/us, —di/dt = —10 A/us, IgT = 100 mA, Ve =0V (at
turn-off), T = 80°C tq 4 8 us

PACKAGE: JEDEC TO-66 (S3704 Series)
JEDEC TO-66 with Heat Radiator (S3714 Series)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 690.

B These values do not apply if there is a positive gate signal. Gate must be open or negatively biased.
© Any product of gate current and gate voltage which results in a gate power less than the maximum is permitted.
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Solid State
Division

Thyristors

S$6200 S6210 S6220
Series

20-Ampere Silicon
Controlled Rectifiers

BASIC RATINGS:

S6200A S6200B S6200D S6200M
S6210A S6210B S6210D S6210M
S6220A S6220B S6220D S6220M

NON-REPETITIVE PEAK REVERSE VOLTAGE: VRSOM
Gate OPeN .. vttitie ettt e 100 200 400 600 \
NON-REPETITIVE PEAK FORWARD VOLTAGE: VDSOM
Gate OPEN ...ttt i i e 150 250 500 700 \%
REPETITIVE PEAK REVERSE VOLTAGE: VRROM
Gate OPEN ..\ttt ittt ittt 100 200 400 600 \Y
REPETITIVE PEAK OFF-STATE VOLTAGE: VoroMm
Gate OPEN .t ett ittt et e 100 200 400 600 \
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: I1sm
For one cycle of applied principal voltage
50 Hz (Sinusoidal) ........c.ooviiiieiaiiiiian.n 170 A
60 Hz (Sinusoidal) ...........cviiiiiiiiiiiinnn. 200 A
ON-STATE CURRENT:
For case temperature (T) = 75°C, conduction angle of 180°:
AverageDCuvalue ..........oiiiiiiiiiininnnnnns lT(AV) 125 A
RMSvalue .......iiiiiiii it i lT(RMS) 20 A
RATE OF CHANGE OF ON-STATE CURRENT:
VDM = V(BO)O' 'GT =200 mA, t = 05us ...ooovvnnn. di/dt 200 Alus
FUSING CURRENT (for SCR protection): 1% )
Ty=-65t0100°C,t=1108.3ms......cuuunnnn.... 170 Acs
GATE POWER DISSIPATION: Pam
Peak Forward (for 1O us max.) ......covviiinnnaannnn 40 w
TEMPERATURE RANGE:
B e o T Tstg —65 to 150 :C
Operating (Case) .......oovuruiinneneniennnnennnnn Tc —65 to 100 C
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Current:
VD=12V(dc),RL=309,TC=25°C 'GT 8 15 mA
DC Gate-Trigger Voltage:
VD=12V(dc),R|_'=30SZ,TC=25°C Var 1.1 2 Vv

PACKAGE: Press-Fit (56200)
Stud (S6210)
Isolated-Stud (S6220)

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in

the RCA data bulletin File No. 418.
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m@m Thyristors

Solid State
Division

S6431M

35-A Silicon Controlled Rectifiers

BASIC RATINGS:
NON-REPETITIVE PEAK REVERSE VOLTAGE ...............c.... VRSOM 720
REPETITIVE PEAK REVERSE VOLTAGE ........cciviiiennnnnnnn VRROM ‘600 \%
REPETITIVE PEAK OFF-STATE VOLTAGE ...........ccoiiivin... VbroMm : 600
ON-STATE CURRENT:
For case temperature of +65°C
RMSvalie. . ..ottt it it et e 'T(RMS) - 35
PEAK PULSE CURRENT ... ..ttt 900
DYNAMIC DISSIPATION:
For case temperature of +65°C . .. ... .0uveuerenenrneannnanannns 30
GATE POWER:*
Peak, Forward or Reverse, for 10 usduration ............c.cuun... PGM 40
TEMPERATURE:
B T T T stg —65 to +150
OPerating (Case) ... euvuuueeennueernneeenneeaneeeaneennnenn Tc —65 to +125
GATE CHARACTERISTICS SYMBOL TYP. MAX. UNITS
DC Gate-Trigger Current At T = +25°C ot ‘25 80 mA (dc)
DC Gate-Trigger Voltage At T = +25°C Vgr 1.1 2 V (de)

PACKAGE: JEDEC TO-48

The basic electrical-characteristics curves and test conditions and the mechanical details for these devices are given in
RCA data bulletin No. 247. '

*Any values of peak gate current or peak gate voltage to give the maximum gate power is permissible.
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High-Reliability Integrated Circuits

RCA offers high-reliability versions of a broad range
of standard COS/MOS and linear integrated circuits
that are processed in accordance with MIL-STD-883
(Military Standard for Test Methods, Microelectronics).
In addition, twenty-seven COS/MOS integrated circuits
are currently being ‘qualified’’ to meet the requirements
of MIL-M-38510 (Military Standard .for Microelec-
tronics or Integrated Circuits). RCA plans to qualify
a number of its more than 100 standard linear integrated
circuits in accordance with MIL-M-38510 in the future.

RCA also offers a broad line of high-reliability
integrated-circuit chips for use in hybrid circuits. Stan-
dard chips are normally inspected to MIL-STD-883,
Method 2010.1, Condition B Visual. Chips subjected
to the more critical Condition A Visual inspections and
to SEM (scanning-electron-microscope) inspections are
also available.

General Considerations

RCA high-reliability integrated circuits are supplied
in hermetically sealed packages that are specially en-
gineered and developed to meet the requirements of
military, aerospace, and critical industrial applications.
Most COS/MOS devices are supplied in either the dual-
in-line package shown in Fig. 5-1(a) or the flat pack
shown in Fig. 5-1(b). These packages feature a ceramic
body with a welded cap. They are light in weight and can
safely withstand the thermal shock levels specified by
MIL-STD-883, Method 1011, Condition C. The flat
pack and dual-in-line package have been in use since
1964, and the excellent reliability exhibited by these
packages has been firmly established. Many currently

(c)

Fig. 5-1- Packages used for RCA high-
reliability integrated circuits: (a)
dual-in-line ceramic package;
(b) ceramic flat pack; (c) TO-
5-style package.
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available RCA high-reliability linear integrated circuits
are supplied in the TO-5 style package shown in Fig.
5-1(c).

For all COS/MOS and many linear integrated cir-
cuits, the package in which a particular type is supplied is
identified by the letter ‘D’ (dual-in-line ceramic), *‘K”’
(ceramic flat pack), or ““T’’ (TO-5 style in the device
type-number designation. The charts shown in Figs. 5-2
and 5-3 illustrate how the device type number may be
used to define the basic device, the reliability class, the
type of package, and the lead finish for RCA high-
reliability integrated circuits processed in accordance
with MIL-STD-883 or MIL-M-38510, respectively.

RCA high-reliability integrated-circuit products are
currently being used for a broad variety of functions in
military, aerospace, and critical industrial applications.
Table 5-1 lists a few typical examples of the use of RCA
high-reliability COS/MOS and linear integrated circuits
in satellite and military systems.

Manufacturing Controls

RCA high-reliability integrated circuits are proc-
essed in accordance with the Product Assurance Pro-
gram defined in Appendix A of MIL-M-38510. The
program includes the following items:

1. A clearly defined procedure for the conversion
of a customer specification into an RCA internal
specification with built-in safeguards to assure the
customer that the delivered parts meet or exceed
his specification requirements.

2. A formalized personnel training and testing pro-
gram which assures that each operation is per-
formed correctly.

. A complete inspection of incoming materials,
utilities, and work in process using on-site facilities
such as scanning-électron-microscope, gas-chro-
matography, atomic-absorption, and X-ray equip-
ment.

4. Maintenance of cleanliness in work areas, e.g.,
all critical operations are performed in a Class 100
environment.

. Rigorous control over changes in design, materi-
als, and processes with documentation kept in
active files for a minimum of three years and in
inactive files for a minimum of 20 years.

6. Tool and test equipment maintenance and calibra-
tion in strict accordance with MIL-C-45662,
‘‘Calibration System Requirements’’.

7. A quality-assurance program in accordance with
MIL-Q-9858, ‘‘Quality Program Requirements’’.

Detailed processing and screening requirements for
RCA high-reliability integrated circuits are defined sub-

-sequently in the discussions of MIL-STD-883 and
MIL-M-38510 Requirements.

w
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CD4000AD/1

[

Part Number Package Designation High-Reliability Class
CD4000A D=Dual-In-Line /1 = Class A Condition B Precap Visual
K=Flat Pack /IN = Class A Condition A* Precap Visual+ SEM Inspection
All have solder dipped lead flush /IR = Class A Condition B Precap Visual+SEM Inspection
In the Condition A Visual | ion, the ification for izati i /2 = Class A Condition B Precap Visual X-Ray Inspection Omitted
in section 3.1.1.7 (a) of the general specification will be changed to read as follows: /3 = ClassB
No device shall be acceptable which exhibits the following defects in metallization /4 = ClassC i
alignment: /5 = Standard Commercial Product + Burn-In
1. Contact window that has less than 50 per cent of its area covered by the Class A, B, & C is referenced to MIL-STD-883 Method 5004.
metallization.
2. Contact which has less than 75 per cent of the length of two adjacent sides
covered by the metallization.
3. A metallization path not intended to cover a contact window which is

separated from the window by less than 0.25 mil.
4. Any exposure of the gate oxide.

(a) COS/MOS Integrated Circuits

CA3015A/1
Part Number High-Reliability Class
CA3015A /1 = Class A Condition B Precap Visual Available Custom Options
/2 = Class A Condition B Precap Visual
s - ::('Hay Inspection Omitted JIN = Condition A* Precap Visual + SEM Inspection
. c:g::g /1R = Condition B Precap Visual + SEM Inspection
/5 = Standard Commercial Product + Burn-in

Class A, B, & C is referenced to MIL-STD-883 Method 5004.

Refer to section on MIL-STD-883 Slash-Series Types for detailed information covering the
RCA Slash-Series Programs to MIL-STD-883 for COS/MOS and Linear Integrated Circuits.

(b) Linear Integrated Circuits
Fig. 5-2— Guide to the reliability class, package, and lead finish of RCA high-reliability
(slash-number series) integrated circuits processed in accordance with

MIL-STD-883.
JM38510/05101ACA
General Specification (See Note 1)
Detail Specifications Specific Device Device Class Package Outline Lead Finish
/051 0r"Slash”" 51 is 01 is the Q:‘c:.'::sg C =14 Terminal Dual-In-Line A = Solder over Nickel-
for CMOS flip-flops CD4013A * D =14 Terminal Flat Pack (1/4"X x 3/8"") plated Kovar
C = Class C ! :
E = 16 Terminal Dual-In-Line
Notes: F = 16 Terminal Flat Pack (1/4" x 3/8")
1. A"J" or "JAN" prefix indicates qualified parts. J =24 Terminal Flat Pack
2. The section entitied “MIL-M-38510 COS/MOS Integrated Circuits” K =24 Terminal Dual-In-Line
provides detailed information on MIL-M-38510 speci

processing.

Fig. 5-3— Guide to the reliability class, package, and lead finish of RCA high-reliability
COS/MOS integrated circuits processed in accordance with MIL-M-38510.
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Table 5-1— A Few Typical Examples of Satellite and Military
Applications of RCA High-Reliability Integrated Circuits.

following systems:

RCA High Reliability COS/MOS integrated circuits are
now being used in, or are being designed into the

Satellites

Pioneer F Experimental

ATS — Series F and G

NIMBUS

HELIOS

ITOS

HEOS

APOLLO-15

Atmospheric Explorer, AE
(Experimenters and Flight-
Hardware Usage, Several
Thousand)

Classified Satellites

UK 4 (British/American)

IMP Satellites

Earth Resources Technical
Satellite, ERTS

Dual Air-Density Satellite
(DADS)

AIRS Program

Tenley Program

SATCOM

Sﬁace Shuttle

LANS Program

Military Equipment
Airborne Control
Data Buoy Platform

Atmospheric Digital
Equipment

F-15 Aircraft Equipment

Ground Digital Equipment
(Tanks)

Oceanographic Digital
Equipment

Army Digital Equipment
Navy Digital Equipment

Fuze and Arming
Equipment

AWAC Program

Navy Sonobuoy

TAC Fire-Control System
PRC-85

Aircraft Ground Control

RCA High-Reliability Linear Integrated Circuits are now
used in, or are being designed into, the following systems:

Military Communications
ARC-150

ARC-164

PRC-85

PRC-25

PRC-77

F-15 Aircraft Equipment

AEGIS Program
B-1 Bomber

AFGIS Radar (Navy)
Missiles

SAM-D

BULL-DOG
CONDOR

NIKE-X

Other Classified
Equipments

MIL-STD-833 Requirements

RCA Solid State Division offers a broad range of
COS/MOS and linear integrated circuits processed and
screened in accordance with MIL-STD-883, Method
5004, Class A, B, or C requirements. These devices
are used in satellities and other aerospace, military,
and critical industrial applications in which maintenance
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is extremely difficult..RCA high-reliability integrated
circuits are provided in four basic screening levels (/1,
/2, /3, and /4), as shown in Table 5-2. The basic /1
level has been subdivided to include two higher screen-
ing levels (/IN and /1R) as indicated in the table. These
levels, which are marked on the device package follow-
ing the type-number designation, meet the mechanical
and electrical screening requirements of MIL-STD-883,
imposed before the devices are sealed, and the screening
tests required on packaged parts. RCA offers a /2 part
which meets Class A requirements of MIL-STD-883
less radiographic inspection since the aluminum metalli-
zation and bonding wires do not show up under this
inspection.

The product flow for RCA high-reliability integrated
circuits processed in accordance with MIL-STD-883
is shown in Fig. 5-4. After wafer processing, special
visual inspections are performed to MIL-STD-883,
Method 2010.1, Condition B or A at both chip and
pre-seal inspections to assure a packaged chip of high
reliability . In the case of Class A product (RCA levels
/1 and /2), parts are tested functionally, and then receive
a dc parameter test; significant parameters are recorded.

A 240-hour burn-in at 125°C is performed on all
parts. All readings are repeated, and delta shifts calcu-
lated. The customer is provided with print-outs of these
parameters identified by the serial number on the part.
The parts then go through 100-per-cent high- and low-
temperature testing under functional and dc operating
conditions. Next, 100-per-cent ac testing is accom-
plished followed by Group A sampling of all test condi-
tions. The Class A product is branded, visually
inspected, and retested both functionally and to dc
parameters prior to packaging and shipment to the cus-
tomer. The screening tests for Class B (RCA level
/3) and Class C (RCA level /4) devices are reduced
as shown in Table 5-3 in which X designates that a
test is performed 100 per cent and S indicates that the
test is a screen. For Class-B devices, the main difference
is- that burn-in is for 168 hours with GO-NO/GO
parameter readings made before and after burn-in. Tem-
perature testing is done on a sampling basis, and visual
inspection prior to sealing is not as critical. Class-C
devices are tested similarly to Class-B devices less the
burn-in, temperature, and ac tests.

COS/MOS Integrated Circuits—All RCA high-
reliability COS/MOS products are subjected to 100-
per-cent production electrical tests after group A, quality
testing and branding. Table 5-4 shows the test criteria
for all product series. At a temperature of 25°C, all
product series are 100-per-cent functionally tested at
voltage extremes to guarantee 3- and 15-volt operation.
Parametric tests are performed at 5 and 10 volts. High

and low temperature plus dynamic (ac) testing is per-
formed on high-reliability products.

Table 5-5 presents the group A electrical samplmg

criteria which are used to retest a portion of the product
to assure that the 100-per-cent or other test parameters



Table 5-2— RCA Integrated-Circuit Screening Levels

Screening Levels®
RCA Equivalent to MIL-STD-883, Application Description
Levels Method 5004.1
For Packaged Devices
/1IN Class A with SEM* Inspection and For devices intended for use
Condition A Precap Visual Inspection where maintenance and replace-
ment are impossible and
reliability is imperative
Aerospace and
/1R Class A with SEM* Inspection and Missiles
Condition B Precap Visual Inspection
n Class A with Condition B Precap
. Visual Inspection
/2 Class A with Condition B Precap Aerospace and For devices intended for use
Visual Inspection. Radiographic Missiles where maintenance and replace-
Inspection Omitted ment are extremely difficult or
impossible and reliability is
imperative
/3 Class B Military and Industrial For devices intended for use
For example, in Airborne where maintenance and replace-
Electronics ment can be performed but are
difficult and expensive
/4 Class C Military and Industrial For devices intended for use
For example, in Ground- where replacement can readily
Based Electronics be accomplished
/5 - Commercial and For devices intended for use
Standard Industrial where a higher level of reliability
commercial is required than can be provided
plus burn-in by product without a burn-in
For Chips®
N SEM* Inspection and Condition A For hybrid applications where
Precap Visual Inspection maintenance and replacement
are extremely difficult and
Aerospace and reliability is imperative
Missiles
/R SEM™ Inspection and Condition B
Precap Visual Inspection
™M Condition B Precap Visual Inspection Military and Industrial For general applications

’SEM - Scannihg Electron M-icroscope Inspection per NASA Specification GSFC-S-311-P-12
A For details on Condition A and Condition B Precap Visual Inspection, refer to MIL-STD-883 Method 2010.1

® Lot acceptance testing for chips is available on a custom basis

meet guaranteed limits. The prime factor is LTPD (Lot-
Tolerance-Per Cent-Defective); the referenced numbers
specify the required sample size. Again, for special
tests of temperature extremes and dynamic (ac) tests,

either small quantities are tested, or high-reliability test -

data are used as judgment information.
Table 5-6 lists pre-burn-in and post-burn-in tests and
delta limits for critical device parameters.

Group B and C testing is similar to that ot Mu1L-
STD-883 for all COS/MOS product series. The purpose
of Group B and C tests is to show quality conformance
of the product being manufactured over specific periods
of time. Tables 5-7 and 5-8 present the ten subgroup
tests referenced to MIL-STD-883, the test conditions,
and acceptance criteria for all high-reliability
COS/MOS products.
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Fig. 5-4- Product-flow diagram for RCA high-reliability integrated
circuits processed in accordance with MIL-STD-883. 92CL-24949
Table 5-2— Description of RCA | d-Circuit ing Levels
Test Conditi MIL-STD-883 RCA Screening Levels*

Method | Conditions | /IN | /1R | /1 12 /3 /4
SEM I[nspection NASA Per GSFC-S-311-P-12 — - X X — — — -
Precap Visual - 2010.1 A X - - - - -
Precap Visual —_ 2010.1 B - X X X X X.
Preseal Bake 16 to 32 hrs at 200°C - - X X X X X X
Seal & Lot ldentification — — - X X X X X X
Stabilization Bake 48 hrs. at 150°C 1008 Cc X X X X X X
Thermal Shock 15 cycles 1011 C X X X X - -
Temperature Cycling 10 cycles 1010 C X X X X X X

Mechanical Shock 5 pulses, Y1 direction 2002 B X X X X —
Centrifuge Y2, Y1 direction 2001 E X X X X - -
Y1 direction only 2001 E - — — - X X
Fine Leak - 1014 A X X X X X X
Gross Leak — 1014 C X X X X X X
Etectrical Tests See Note 1 - - X X X X X —
Serialize — - - X X X X — -
Pre Burn-in Electrical See Note 2 — - X X X X — -
Burn-in 240 hours 1015 B,DorE X X X X - -
168 hours 1015 B,DorE - — - - X -
Post Burn-in Electrical Delta Requirements - - X X X X - -
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Table 5-3— Description of Total Lot Screening (X = 100% Testing) (cont'd)

Test Conditi MIL-STD-883 RCA Screening Levels*

Method | Conditions | /IN | /1R | /1 /3 /4
Final Electrical — — - - - - - - -
a) 25°C see Table 4 - - X | X | X [ x [x | Xx
b) -55 and +125°C see Table 4 - - X X X X X S
Radiographic Inspection 1 view 2012 - X X X - —
External Visual - 2009 - X X X X X

Note 1: See specific type Slash (/) Series type data bulletin Tor test conditions and imMITs

* RCA screening level /5 consists of a 168-hour burn-in screen performed on standard commercial product. The ambient test temperature is the

device thermal ratings. After burn-in, /5 devices meet all of the electrical requirements specified in the

appropriate ial data bulletin, Refi RCA DATABOOK SSD-201.
Table 5-4— Final Electrical Tests
TEST CRITERIA
TEMPERATURE TEST LEVELS LEVEL LEVEL
(TA) /1IN, /1R, 1, /2 /3 4
+25°C Selected Static Parameters 100% 100% 100%
+125°C Selected Static Parameters 100% 100% -
-55°C Selected Static Parameters 100% 100% -
+25°C Selected Dynamic Parameters 100% 100% -
Table 5-5— Group A Ek | pling Inspecti
LTPD
SUBGROUP TEST CONDITION LEVELS LEVEL LEVEL
/1IN, /1R, /1, /2 /3 /4
1 Selected Static Parameters Ta =+25°C 5 5 5
2 Selected Static Parameters Ta =+125°C 5 7 10
3 Selected Static Parameters Ta =-55°C 5 7 10
4 Selected Dynamic Parameters Ta = +25°C 5 5 5

Table 5-6— Pre and Post Burn-In Electrical Tests and Delta Limits (Ta = 25°C)

.CRITICAL PARAMETERS SYMBOLS LIMIT VALUES: For specific CD4000A Series Types and corresponding
(atVpp=10V) A limits for High-Reliability Versions *
Total Unit
1L(max) 0.1 0.5 1 2 5 10 15 50 MA
QUIESCENT DEVICE CURRENT
Al 0.05 | 0.2 0.3 0.5 1.0 1.3 15 5.0 MA
THRESHOLD VOLTAGE:
“N"* Channel AVTH'N” +0.3 — \
“P" Channel AVTRH''P" | = +0.3 > Vv
DEVICE DRAIN CURRENT: Total
Total Ips(min) -0.1-05 ]05-2 2-5 5-10 | 10-25 | 25-50 mA
“N* Channel Alpg''N” +0.1 0.5 +0.75 1 +2 15 mA
“P"" Channel Alps’'P” +0.1 +0.5 +0.75 +1 +2 £5 mA

* For example, if a specific CD4000A Series type has a maximum quiescent device current of 0.5 pA at Ta =25°C, RCA will test to a

Alimit of 0.2 uA for the high-reliability version of that type. In a similar manner, if a type has a quiescent device current rating of

& uA, RCA will test to a Alimit of 1.0 uA.
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Table 5-7— Group B Envir | pling Inspection (Note 1)
; MIL-STD-883 LTPD
SUBGROUP TEST LEVELS )
REFERENCE CONDITIONS /N, /1R, | LEVEL | LEVEL
niz | B "
1 Physical Dimensions 2008 Test Cond. A per 10 15 20
applicable data sheet
2 Marking Permanency 2008 Test Cond. B per 4 devices :
) Par.3.2.1 (no failures)
Visual and Mechanical 2008 Test Cond. B 1 device
10 X mag. (no failure)
Bond Strength 2011 Test Cond. D 5 15 20
10 Devices minimum
3 Solderability 2003 10 15 15
. 4 Lead Fatigue 2004 Test Cond. B2 10 15 15
any 5 leads -
Fine Leak 1014 Test Cond. A
Gross Leak 1014 Test Cond. C
Note 1: Group B tests are performed on each inspection lot per requirements of MIL-M-38510.
Note 2: Operating life circuits are included in specific type high-reliability data bulletins.
Table 5-8— Group C 1} p Inspection (Note 1)
MIL-STD-883 LTPD
SUBGROUP TEST LEVELS
REFERENCE CONDITIONS /N, /1R, | LEVEL | LEVEL
n, /2 /3 /4
1 Thermal Shock 1011 Test Cond. C 10 15 15
Temperature Cycling 1010 Test Cond. C,
Moisture Resistance 1004 No Voltage Applied
Fine Leak 1014 Test Cond. A
Gross Leak 1014 Test Cond. C
Critical Post Tests — Note 3
2 Mechanical Shock 2002 Test Cond. B, 0.6 ms 10 15 15
Vibration, Var. Freq. 2007 Test Cond. A
Constant Acceleration 2001 Test Cond. E
Fine Leak 1014 Test Cond. A
Gross Leak 1014 Test Cond. C
Critical Post Test — Note 3
3 Salt Atmosphere 1009 Test Cond. A 10 15 15
Omit Initial Conditioning
4 High Temp. Storage 1008 Test Cond. C 7 7 7
Critical Post Tests — Note 3 1000 hours
5 Operating Life 1005 T =125°C, 1000 hrs. 5 5 5
Critical Post Tests — Notes 2 Test Circuit (Note 2)
6 | Steady StateBias 243 1015 Test Cond. A, 72 hrs. 7 - -
Critical Post Tests — Note 3 At Tp = 150°C (Note 3)

Note 1: Group C tests are performed at 3-month intervals for
reliability history.

Note 2: Operating life circuits are included in specific type high-
reliability data bulletins.

Note 3: Static parameters and limits are shown in High-Reliability
Devices DATABOOK SSD-207, and in specific type high- '
reliability data bulletins.
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Linear Integrated Circuits—Table 5-9 is a general
guide to parameters that are tested for broad classifica-
tions of RCA high-reliability linear integrated circuits.

For RCA levels 1 and 2 (Class A) devices, the Table
indicates the typical parameters that are recorded before
and after burn-in. A device is rejected for failure to
comply with these limits. The column headed MAX A
shows the maximum change permitted in selected device
parameters during burn-in. In installations where re-

placement is difficult or impossible, any readjustment to
components for drifting is equally difficult or impossi-
ble.

For RCA level 3 (Class B) devices, only the
minimum and/or maximum limits apply for burn-in. No
values are recorded, and the tests are go/no-go.

RCA level 4 (Class C) devices are not subjected to
burn-in.

Table 5-9— Pre- and Post-Burn-In Electrical-Test and Delta Limits for RCA High-

Reliability Linear Integrated Circuits* (Typical Parameters)

OPERATIONAL AMPLIFIERS

Limits
Test Standard ‘ Premium
Characteristics Symbol Conditions Min. Max. Min I Max. | MaxA Units
Operational Transconductance Amplifiers (Example: CA3080A)
Input Offset Voltage Vlo IABC = - 5 - 2 +2 mV
500 mA**
Input Offset Current l|0 lABC = - 0.5 - 0.5 +0.05 uA
500 mA**
Input Bias Current I IaBC= - 5 - 5 +0.25 uA
500 mA**
Transconductance am lagc= 6700 13000 7700 12000 +3000 umho
500 mA**
Operational Voltage Amplifiers (Example: CA3015A)
Input Offset Voltage VIO - - - 2 +1 mV
Input Offset Current IIO - - - 1.6 +1 MA
Input Bias Current Iy - - 24 - 6 +1 ©HA
Device Dissipation Pp No Load 110 240 110 240 +25 o
Output 320 600 320 600 +50
Shorted
DIFFERENTIAL AMPLIFIERS (Example: CA3028B)
Limits
Characteristics Symbol Min. Max. MaxA Units
Input Bias Current II - 80 +8 MA
Input Offset Voltage VIO - 5 +2 mV
Quiescent Operating lgor '8 25 4 +0.4 mA
Current (IQ)
Input Current (term. 7) I 1 21 0.2 mA
Device Dissipation PD 120 220 +24 mW
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Table 4-9 — Pre- and Post-Burn-In Electrical-Test and Deta Limits for )HCA High-

Reliability Linear Integrated Circuits* (Typical Parameters) (Continued|
DEVICE ARRAYS

Limits
Test
Characteristics Symbol Conditions Min. Max. I MaxA Units
Diode Arrays (Example: CA3039)
Forward Voltage Drop Vg lg=0.2ma 720 +10 mV
(Any Diode)
Forward Voltage Drop Vg lg=1ma 780 +10 mV
(Any Diode)
Forward Voltage Drop Ve Ig=20ma 950 +10 mV
(Any Diode)
Transistor Arrays (Example: CA3018A)
Emitter-to-Base V(BR)EBO lg=10pa 5 +0.5 \
Breakdown Voltage IC =0
Collector-Cutoff Iceo Veg=10V, 0.5 +0.15 UA
Current lB =0
Input Current 'I Ig=1ma, 5 25 +3 MA
Veg=3V
Base-to-Emitter VBE 'C =1ma, 0.6 0.8 +0.10 v
Voltage VCE =3V

* Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests and delta limits. Level %3 requires pre-burn-in electrical tests only.

** Programming Current

MIL-M-38510 Requirements for High-Reliability
COS/MOS Integrated Circuits

Since 1970, RCA has been working closely with
various aerospace and military agencies to qualify and
provide COS/MOS devices to MIL-M-38510 specifica-
tions. Among these agencies are the ‘NASA Goddard
Space Flight Center, NASA Marshall Space Flight
Center, NASA Headquarters Center in Washington,
Rome Air Development Center, and the Defense Elec-
tronic Supply Center (DESC) at Dayton, a branch of
the Defense Supply Agency.

MIL-M-38510 is the general specification for inte-
grated circuits and the top document for MIL-STD-883.
This general specification, introduced a year after MIL-
STD-883 was in existence, adds a number of quality
constraints not included in MIL-STD-883, which is
a specification of test methods, procedures, and screen-
ing tests. Parts are provided to MIL-M-38510 under
a series of /050 numbers of which nine are in existence.
These nine numbers cover twenty-seven COS/MOS
types. Parts meet requirements similar to those of
Classes A, B, and C of MIL-STD-883, Method 5004
screening, except that additional requirements, includ-
ing more test conditions and tightened limits, are
imposed. The additional criteria for each class of product
are designated by an X in Table 5-10. Also provided
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in MIL-M-38510 tests are PDA’s (Per-Cent Defective
Allowed) of 10 per cent for the three burn-in operations
performed on Class-A product, and 10 per cent for
the one burn-in of Class-B product. Table 5-11 provides
a list of the COS/MOS devices for which MIL-M-38510
/050-number specification sheets have been written.

Table 5-10 — MIL-M-38510 requirements in addition to those
of MIL-STD-883

Class Class Class

Requirements A B Cc
Product assurance plan X X X
Manufacturing

Certification X X X
Line certification X
SEM inspection

GSFC-S-311-P-12 X
Radiographic

NHB5300.4(3E) X
Two bias burn-in 36 hrs X -
Tighter DC electrical X X X
Tighter AC electrical X X X




Table 5-11 — COS/MOS devices for which specification sheets have been written.

Detailed Electrical Detailed Electrical
Specification, Device Covered Specification, Device Covered
MIL-M-38510 MIL-M-38510
MIL-M-38510/050
01 CD40T1A MIL-M-38510/055
02 CD4012A 01 CD4009A
03 CD4023A 02 CD4010A
MIL-M-38510/051 03 CD4049A
01 CD4013A 04 CD4050A
02 CDA027A MIL-M-38510/056
MIL-M-38510/052 01 CD4017A
01 CD4000A 02 CD4018A
02 CD4001A 03 CD4020A
03 CD4002A 04 CD4022A
04 CD4025A 05 CD4024A
MIL-M-38510/053 MIL-M-38510/057
01 CD4007A 01 CD4006A
02 CD4019A 02 CD4014A
MIL-M-38510/054 03 CD4015A
01 CD4008A 04 CD4021A
No other detailed electrical specifications have been de- 05 CD4031A
fined by NASA or military agencies at this time. RCA plans MIL-M-38510/058
to qualify most of the COS/MOS product line in the future. 01 CD4016A
Fig. 5-5 shows a product-flow diagram for RCA Table 5-12 compares the general processing require-
COS/MOS integrated circuits processed in accordance = ments for COS/MOS integrated circuits of MIL-
with MIL-M-38510. STD -883 and MIL-M-38510, and Table 5-13 compares
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Fig. 5-5- Product flow diagram for RCA high-reliability COSIMOS integrated circuits processed in accordance
with MIL-M-38510.
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Table 5-12 — Comparison of MIL-STD-883 and MIL-M-38510 Pr ing and S ing Requi for RCA High-Reliability
COS/MOS Integrated Circuits.
RCA
MIL-STD-883 MIL-STD-883 . MIL-M-38510
METHOD LEVEL CLASS
iIN [ 1R 1 2 3 4 A B C
o Wafer
SEM Inspection GSFC-S-311-P-12* X X - - - - X - -
o Assembly
Precap Visual (Cond. A) 2010.1A X - - X -
Precap Visual (Cond. B) 2010.1B - X X X X X - X X
o Preconditioning
Thermal Shock 1011C X X | X X - - X - -
Temperature Cycle 1010C X X X X X X X X X
Mechanical Shock 20028 X X X X - - X - -
Centrifuge Y1 2001E - - - - X X - X X
Centrifuge Y1 & Y2 2001E X X X X - - X - -
Fine Leak 1014A X X X X X X X X X
Gross Leak 1014C X X X X X X X X X
o Test and Burn-in
Initial Test X | x | x | x| x| -4x|x |-
Serialize X X X X - - X - -
Bias Burn-in, - - - - - - X - -
Two 36-Hr. Deltas
Operating Burn-In, 1015D, E X X X X - - X - -
240-Hr. Deltas
Operating Burn-In 168 Hrs. 1015D, E - - - - X - - X 1 -
Final Electrical DC 25°C X X X X X X X X X
Final Electrical AC 25°C X X X X X S X X S
Final Electrical DC —55°C X X X X X S X X S
Final Electrical AC —55°C - - - - - - S S S
Final Electrical DC +125°C X X X X X S X X S
Final Electrical AC+125°C - - - - - - ] S S
o X-ray Inspection
One View 2012 X X X - - - - -
Two Views NHB53004(3E)* - - - - - - X - -
S = Sample X =100% Testing — = Not Performed

*These specifications, developed by NASA, are required by MIL-M-38510.

the detailed screening requirements of these specifica-
tions for Class A COS/MOS integrated circuits.

In the processing of high-reliability COS/MOS inte-
grated circuits, the wafer processing and metallization
steps, the wafer finishing operations, and the wafer test-
ing are the same as for standard-product COS/MOS
devices. The major difference is that, for Class A parts,
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an SEM inspection step is inserted after the wafer pro-
cessing and metallization, as shown in Fig. 5-6. After
these four basic operations are completed, the tested
wafer is subjected to the special high-reliability process-
ing. As shown in Fig. 5-7, thirty-five additional pro-
cessing and screening operations are required for Class
A COS/MOS parts.
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Table 5-13— Comparison of MIL-STD-883 and MIL-M-38510 D

od S

ing Requir for RCA Level /1N COS/MOS Devices

SCREENING PROCEDURES

RCA LEVEL /1N
(PER MiL-STD-883)

CLASS A MIL-M-38510

1. SEM Inspection Yes

2. Visual, Precap 2010.1 Cond. A
3. Pre-conditioning MIL-STD-883
4, Bias Burn-in High None

5. Bias Burn-in Low None

6. Operating Burn-in 240 hrs @

125°C
. DC Elect. Tests

~

and Outputs

8. DC Test-Limit Resolution

9. AC Dynamic Tests

and Outputs

. AC Test Limits At 15-pF Load

11. Radiographic

. Parts Qualification
Requirement

. Group B and C Qualification
Conformance

Cirteria 10% Lot Reject Max; If
Exceeded, Repeat Allowed
Measurements on Selected Inputs

50 nA Minimum; 10 mV Minimum

Measurements on Selected Inputs

View in One Dimension

10 Generic Families for 50
COS/MOS Types

Yes

2010.1 Cond. A

MIL-STD-883

36 hrs @ 150°C, A2 ppAlT)
36 hrs @ 150°C, A?) 5%

PDA 5% Max; if over 5% Reject
Entire Lot A

Measurements on all Inputs and
Outputs

1 nA Minimum; 1 mV Minimum
Measurements on all Inputs and
Outputs

AT 50-pF Load

View in Two Dimensions

9 Detailed Electrical Specifications

9 Generic Families for 27 COS/MOS
Types

(1pDA = Per-Cent Defective Allowable
COS/MOS Life-Test Data
Table 5-14 provides a summary of Group B 125°C
operating-life data for 1972 on RCA high-reliability
COS/MOS integrated circuits processed in accordance
with MIL-STD-883. These high-reliability COS/MOS
devices were processed to meet RCA level /2 require-

Table 5-14— Operating-Life Data on RCA High-Reliability
COS/MOS Integrated Circuits.

1,122 from the CD4000A Family

High-reliability per RCA COS/MOS
Reliability Report RIC-102
(MIL-STD-883, METHOD 5004)

Device Tested:

Specification:

Test Hours: 1,000 hours each device**

Total Device Hours: 1,055,372 hours

Inoperable Failures: Zero
125°C Failure Rate=  0.086%/1000 hours | At 60%
MTTF = 1,150,000 hours confidence
55°C Failure Rate* =  0.0126%/1000 hours) At 60%
MTTF = 7,900,000 hours } confidence
25°C Failure Rate = 0.0037%/1000 hours | At 60%
MTTF = 26,800,000 hours confidence

*Actual tests conducted at 125°C. Failure rates derived for a 55°C
operating temperature were obtained using acceleration factors of
6.8 and 23 for the 25°C operating temperature.

Acceleration factors were obtained from Report AD 614103,
“’Reliability of Integrated Circuits used in Missile Systems’’, Clearing
House for Federal Scientific and Technical Information.

**231 units had less than 1000 hours.
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Table 5-15 shows long-life reliability data for RCA
of the life capability of 1972 shipments of RCA high-
reliability COS/MOS integrated circuits.

Table 4-15 shows long-life reliability data for RCA
high-reliability COS/MOS integrated circuits that have

Table 5-15— Long Life Reliability Data on RCA COS/MOS’

integrated Circuits (Data obtained from 75 CD4001A inte-

gra:‘te)d circuits tested at 125°C in a ring-counter applica-
on.,

Specification: RCA commercial, full military-
temperature range (—55°C to
+125°C) per RCA COS/MOS
Reliability Report RIC-101A

Test Hours: 24,000 hours (AS OF MAY 1973)

Total Device Hours: 1,784,000 hours™*
Inoperable Failures:  Zero

125°C Failure Rate=  0.051%/1000 hours | At 60%

MTTF = 1,940,000 hours confidence

55°C Failure Rate* =  0.0075%/1000 hours | At 60%

MTTF = 13,300,000 hours confidence

25°C Failure Rate* = 0.0022%/1000 hours | At 60%

MTTF = 46,000,000 hours confidence

Notes:

*Actual tests conducted at 125°C. Failure rates derived for a 55°C
operating e were obtained using ion factors of
6.8 and 23 for the 25°C operating temperature.

Acceleration factors were obtained from Report AD 614103,
*“Reliability of Integrated Circuits used in Missile Systems", Clearing
House for Federal Scientific and Technical Information.

**Two parts were destroyed at the 16,000-hour point as a result of
gperator error. Only 73 parts, therefore, were operated to 24,000
ours.



been operating continuously since 1970 in a ring-counter
application that exercises the circuits in a functional
mode. The data obtained from this test, which is still
underway, indicate the long-term reliability of RCA
COS/MOS integrated circuits.

High-Reliability Terms and Definitions

MIL-STD-883

Class A
(MIL-STD-
883)

Class B
(MIL-STD-
883)

Class C
(MIL-STD-
883)

MIL-M-38510

Military Standard for Test Methods,
Microelectronics. This standard
defines the best methods used to
achieve three classes of reliability:
Class A, Class B, and Class C. This
specification defines standard test
methods and procedures for high-
reliability testing and processing.

The highest reliability category or
level. RCA levels /1 and /2 follow
MIL-STD-883 Class A; level /2 is the
same as level /1 with the exception that
X-ray inspection is omitted.

The intermediate reliability category
or level. This class is the most widely
used. RCA level /3 corresponds to
MIL-STD-883, Class B.

The lowest reliability category or
level. RCA level /4 follows
MIL-STD-883, Class C. Level /4 or
Class C parts have no burn-in.

Military Standard for Microelec-
tronics or Integrated Circuits, first is-
sued in 1969. MIL-M-38510 also
defines three classes of reliability,
Class A, Class B, and Class C, which
are patterned after the MIL-STD-883
format. The MIL-M-38510 require-
ments differ from the MIL-STD-883
requirements in two significant ways.

MIL-M-38510 has detailed electrical
specifications, or ‘‘slash sheets’’.

MIL-M-38510 requires Manu-
facturer’s Certification for Class B
and C devices and both
Manufacturer’s and Line Certification
for Class A devices. Although the
general specification has been availa-
ble since 1969, the detailed electrical
specifications have just recently been
issued for various technologies, in-
cluding COS/MOS.

The general specification includes
basic material, such as definition of

Slash Sheets

Manufactur-
ing Certifica-
tion (Appen-
dix A)

Line
Certification

QPL
(General
Definition)

Interim
Qualification
or Part-ll Qual
for
MIL-M-28510

classes and general requirements
common to all slash sheets.

Detailed electrical specifications that
define exact test conditions and limits.
Approved parts are shipped against
exact nomenclature specified in the
specification. The term slash sheet is
derived from the fact that the part
number is MIL-M-38510/XXXXX,
or ‘*MIL-M-38510 SLASH
XXXXX.

Slash sheets must have a governmental
sponsor. The COS/MOS sponsor is
NASA, who has developed the de-
tailed specifications for nine generic
families that include 27 COS/MOS
circuits.

MIL-M-38510 specification requires
that the supplier’s Product-Assurance
Program Requirements are being
adhered to. This certification is con-
ducted by DESC (Defense Electronic
Supply Center) and is one of the prere-
quisites for qualification approval.

This certification is conducted by
NASA to insure that the requirements
of NHB 5300.4 (3C) ‘‘Linc
Certification Requirements for Mic-
rocircuits’” are being adhered to. Line
certification is one of the prerequisites
for obtaining Class A qualification ap-
proval.

Qualified Parts List. High-reliability
users often develop a QPL which tells
designers within the company which
parts are qualified and can be used.

Before any supplier is fully qualified to
supply a part, it is possible to obtain
Interim Qualifications. Interim, or
Part-I1, Qualification is obtained by
receiving Manufacturing Certification
(and Line Certification for Class A
parts) and submitting a sample of
tested parts with data. It is not neces-
sary to go through the entire proces-
sing and burn-in cycle to obtain In-
terim Qualification. (RCA has re-
ceived Part II Qualification for a
number of COS/MOS circuits.) When
any  supplier receives Final
Qualification (i.c., submits approved
parts that have received the complete
processing and testing per the slash
sheet), Interim, Part II, Qualification
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Final

Qualification
or QPL | for
MIL-M-38510

SEM

SEM
Specification
GSFC-
S-311-P12

PDA

Condition
B Visual

Condition
A Visual

Group A
Tests

Group B
Tests
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for that part is withdrawn, and only
fully qualified parts can be supplied
against the specification.

Final Qualification is obtained when
all requirements of both the general
and detailed specifications are met.

Scanning Electron Microscope. SEM
inspection is a requirement for
MIL-M-38510 Class A parts. (RCA
has SEM facilities at both the Some-
rville, N.J., and Findlay, Ohio, loca-
tions.)

SEM inspection procedure including
accept-reject criteria. This
specification was written by NASA
Goddard Space Flight Center and is
the industry standard.

Per-Cent Defective Allowed. If this
per cent is exceeded, a lot fails. This
term usually applies to burn-in.

Refers to MIL-STD-883, Method
2010.1, Precap Inspection. Used for
RCA 883/1, 2, 3, 4 and
MIL-M-38510 Class B and C parts.

Used for MIL-M-38510, Class A
parts. The criteria for metallization,
foreign matter, oxide and diffusion
faults, and bonding is considerably
tighter than Condition B. Condition A

Visual is a requirement for
MIL-M-38510 Class A parts.

Quality audit of test parameters prior to
shipment to the warehouse, in accor-
dance with MIL-STD-883, Method
5005.

These tests are designed to test the

mechanical quality of the packaged
devices in accordance with

Group C Tests

Delta Tests
or Limits

MTTF or MTBF

LTPD

MIL-STD-883, Method 5005.
tests include:

The

Physical dimensions
Marking permanency
Visual and mechanical
Bond strength
Solderability

Lead fatigue
Hermeticity

These tests are designed to test both
the mechanical and electrical charac-
teristics of the packaged device as an
indicator of long-term stability. The
tests, which are conducted in accor-
dance with MIL-STD-883, Method
5005, include:

Thermal shock

Temperature cycling
Moisture resistance
Mechanical shock

Vibration, variable-frequency
Constant acceleration

Salt atmosphere
High-temperature storage
Operating life test
Steady-state reverse bias

Refers to specifications that define the
maximum shift of key parameters dur-
ing burn-in.

MTTF — Mean Time to Failure
MTBF — Mean Time between Fail-
ure

Both terms are interchangeable and
define reliability. Reciprocal of failure
rate. Expressed in hours.

Lot Tolerance Per Cent Defective-
—sampling-plan term. An LTPD of 5
means that a lot 5-per-cent bad will
pass incoming inspection only 10% of
the time.



File No. 826

IR

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash (/) Series

CA101/ ..., CA101A/ ...

High-Reliability
Operational Amplifiers

For Applications in Aerospace, Military and Critical
Industrial Equipment

Features:

(gl

.

= Short-circuit protection and latch-free operation
o Unity-gain phase compensation with a single 30-pF capacitor

CA101 | CA101A
S-Suffix Types T-Suffix Types
Max. VIO ) Ta = 5 2 mV
8LEAD TO5 8-LEAD TO-5 A
with Dual-In-Line Max. lio p 25°c | 200 | 10 nA
Formed Leads Min. AoL 50 50 V/mV
(DIL-CAN) o
TA Range —55to0 | -55to C
H-1787 H-1528 (Operating) +126 [ +125
Slew Rate
(Summing ampl.) - 10 V/us
The RCA-CA101, CA101A, “Slash” (/) Series are high- Applications:
reliability general-purpose, high-gain operational amplifiers
intended for applications in aerospace, military and industrial B Long-interval integrator
equipment. They are electrically and mechanically identical B Timers
with the standard types CA101, CA101A described in Data & Sample and hold circuits
Bulletin File No. 786 but are specially processed and tested B Summing amplifiers
to meet the electrical, mechanical and environmental test B Multivibrators
;net.hod.s lz\a/lnltld_ Sp_ltoDcegcégres established for microelectronic @ Comparators
evices in MIL-510-083. o Instrumentation
These types, which are externally phase compensated, permit 2 AC/D? conver.te‘rs
a choice of operation for optimum high-frequency per- " lr:lvertmg amplifiers
formance at a selected gain; unity-gain compensation can be 8 Sine- & square-wave generators
obtained with a single 30-pF capacitor. B Capacitance multipliers &

Type CA101A has all the desirable features and charac-
teristics of the CA101 plus superior input-offset charac-
teristics, and improved noise performance

The packaged types can be supplied to screening levels —
/1IN, /1R, /1, /2, /3, and /4 — which correspond to
MIL-STD-883 Classes A, B, and C. The chip version can be
supplied to three screening levels — /M, /N, and /R.

These screening levels and detailed information on test
methods, procedures and test sequence are given in Reli-
ability Report RIC-202A “’High-Reliability CA3000 Slash (/)
Series Types Screened to MIL-STD-883".

The CA101 and CA101A are supplied in either the standard
8-lead TO-5 package (T suffix), in the 8-lead TO-5 dual-in-line
formed-lead “DIL-CAN"’ package (S suffix), or in chip form
(H suffix).

The CA101T, S, and CA101AT, AS are direct replacements
for industry types 101 and 101A in packages with similar
terminal arrangements.

simulated inductors

NOTE: PIN 4 IS CONNECTED TO CASE
TOP VIEW

92s-23998

Fig. 1—Functional diagram.

9-74
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CA101, CA101A Slash (/) Series File No. 826

Maxi 1, IY)

Ratings, Ab imum Values at T4 = 25°C
DC SUPPLY VOLTAGE (between V* and V= terminals):
CA101, CAT0TA L . ... it i it iii e e e e e 44 v
DCINPUTVOLTAGE .. ... .. .. tiiiiinnnnnnnnnnnnnns s bee et ees e ee e PR 1] v
(For supply voltage less than 15 V, the
Input Voltage rating is equal to the DC Supply Voltage) .
DIFFERENTIAL INPUT VOLTAGE, . ... ... e e e e e ..., 130 v
OUTPUT SHORT-CIRCUIT DURATION |, , | ; Indefinite*
DEVICE DISSIPATION:

UptoTA=T75°C ... oiiin et e P ....... 500 mw
Above TA=75°C.........0onnn.. e e e e we+...... deratelinearly at 6.67 mW/°C
AMBIENT TEMPERATURE RANGE:
Operating—
CA101,CAT0TA . ... i it e i ans e e e e sreeeeaeans —55t0+125t:C
Storage (Alitypes) . ............. e e e e, —B65t0+160 C

LEAD TEMPERATURE (During Soldering):
At a distance 1/16" *1/32 (1.59 10.79 mm) o
from case for 10 secondsmax. . .......... e e e e e e +265 C

* At Tp <70°C and Tc < 125.C (CA101);
TA <75 Cand T¢c <125 C (CA101A)

PHASE
COMPENSATION PHASE
] ()FFSE\§ NUEL (P C) COMPENSATION vt

VI~ INV. 113 Qs

®§ INPUT
v
L al Q2
NON-INV. ol 62‘91
Q4 Vo:
NVVN—4
RI2 RIl
.__/\/\/\,____KQIB 75kQ
6200

OFFSET RI3
[
NULL 120 0 ) Qi
M
Qs Q6 alo al
R6 R7
RS
Roka 40k 30 ko

CALOI, CAIOIA
CA20I1, CA201A
CA301A

> R8
3650(}.

5

92CM-24000

Fig. 2—Schematic diagram.
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File No. 826 CA101, CA101A Slash (/) Series

ELECTRICAL CHARACTERISTICS
For Design Guidance Only

TEST CONDITIONS LIMITS
Supply Voltage (V) CA101 CA101A
CHARACTERISTIC SYMBOL =5t015V Typ. Typ. UNITS
Input Offset Voltage Vio TA=25°C | Rg<10kQ 1 - v
Rs<BOKQ | — 0.7 m
Average Temperature Tp=-55t0 L Rs < 10k 6 -
Coefficient of Input aVvio +1250C Rg <5082 3 — uv/eC
Offset Voltage = 3
Average Temperature aljo —55°C t0+25°C - 0.02 nASC
Coefficient of Input +25°C to +125°C - 0.01
Offset Current
Input Offset Current llo TaA=25°C 40 15 nA
Input Bias Current i Ta=25°C 0.12 0.03 HA
Supply Current 1= Ta=25°C | V=20V 1.8 1.8 mA
TA = 125°C | V=20V 1.2 1.2
Open-Loop Differen- AoL Ta=25°C | VE=15V 160 160 V/mV
tial Voltage Gain Vo =#10V | RL>2kQ
Input Resistance Ry Ta =25°C 0.8 4 mMQ
+ = =
OutPut Voltage Vopp V+ 15V RL = 10k2 +14 +14 v
Swing Vvi= 15V RL = 2kQ *13 #13
Corpmgn-Mode_z CMRR Ta=-55t0 | Rs10kQ 90 — dB
Rejection Ratio +1250C Rg <50k - 96
Supply-Voltage PSRR Tao=-55t0 | Rg< 10k 90 - dB
Rejection Ratio +125°C Rg < 50kS — 96
Tal;le 1. Pre Burn-In and Post Burn-In Electrical Tests and Delta Limits*
ELECTRICAL CHARACTERISTICS, At T4 = 25°C, V* =+15V, V— = —15V
LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. MAX.A UNITS
Input Offset Voltage v Rg < 10k CA101 — 5 +1 v
10 Rg<B50kQ  CA101A | — 2 105 m
Input Offset Current ( CA101 — 200 +20 A
10 CA101A | - 10 2 "
Input Bias Current | CA101 - 500 +50 A
! CAI01A | — 75 8 "

Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 19.
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CA101, CA101A Slash (/) Series

Table il. Final Electrical Tests and Group A Sampling Inspection

File No. 826

ITEST CONDITIONSA Lll!q.lTS
Supply Voltage (VE) CAT01 CAT01A
CHARACTERISTIC |SYMBOL|= 15V unless other- | MINIMUM | MAXIMUM | MINIMUM | MAXIMUM |y, rs
wise specified 55 [+25 [+125 |55 |+25 +125|-55 [+25 [+125 | —565 |+25 [+125
Input Offset Voltage | V|0 Re<10kQ |- |- | - | 6 |5 |6 |- |—| — - |=-1-| mv
Rs<60kQ2 | — |— | = | = |- =1-1-1=13 |23
Average Temperature| aV|0 Rg<50Q [— |- |- | = |=-|-|-1=-1-1|- |18| = |uv/C
Coefficient of Input
Offset Voltage
Average Temperature| «al|g |-55°C to +256°C - 1—- |- - |1-1l-1-1-1- — 10.2] — [nA/°C
Coefficient of Input +25°C to +125°C -i=-1l-1-1-1-1-1-1- - o1 —
Offset Current
Input Offset Current ho - |- | — |500 (200200 — | - | — 20 {1020 | nA
Input Bias Current liB - |- | — [|1500|500|500( — | — [ — [100 |75 {100 nA
Supply Current 1+ vi=20v|—- |- |- | 4 [3|25| - |-| - 4 130|25| mA
Open-Loop Differen-| Agp [Vo=%10V R <2kQ |25 |60 [256 | — |- | — | 25 |50 | 25 - |-1- Nmv
tial Voltage Gain
Input Resistance R| 0.3 i R 15| — - =1 -1 MQ
Output Voltage Vopp RL=10kQ[s12[s12[12 | = [ = [ = [212]£12 - |=T1=1TvV
Swing RL =2k [x10 |10 [ %1 - 1-1- 10 {10 £ - - =
Common-Mode Vicr | vE=15V #f2lE12|£12) - |- | - |-~} —-]-1-]- \Y
Input-Voltage vE =20V — | =1 -1-1-11#05%15[z15| = | - -
Range
Common-Mode CMRR Rg<10kQ|70 |70 | 70 | — | — | — | — | — | — — | -] -1 dB
Rejection Ratio Rs<60kQ| - [- | - [ - |- -8 80]8 ]| - | -] -
Supply-Voltage PSRR Rg<10kQ|70|70 |70 | — |- | - | = | -} — - - - dB
Rejection Ratio Rg<60kQ| - [ -1 - T —-[-]—-]8|8]8] - [—-] -
‘Ambient temperature range T p = —55 to +1 25°C unless otherwise specified.
Table I1l. Group C Electrical Characteristics Sampling Tests
TaA =+25°C V=415V —=-15V
SPECIAL LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. | MAX. UNITS
Input Offset Voltage v Rg < 10k CA101 — 5 v
10 Rs< 50k CA101A | - 2 m
Input Offset Current : ) CA101 — 200 A
10 CAI01A | - 10 "
Input Bias Current | CA101 — 500 nA
! CAI01A | — 75
Large-Signal Vo =+10V
Voltage Gain AoL RL = 2kQ 50 - Vimv
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TYPICAL STATIC CHARACTERISTICS

CA101, CA101A Slash (/) Series
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Fig. 3—Input bias current vs. supply voltage for CA101.

Fig. 4—Output characteristics for CA101, CA101A.

Fig. 7—Inverter pulse response.
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Fig. 8—0utput voltage swing vs. frequency.
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File No. 826

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA101A
Single-Pole Compensation
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CA101, CA101A Slash (/) Series

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA101A
Two-Pole Compensation
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Fig. 19—Burn-in and operating life test circuit for CA101 and CA101A.
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TYPICAL DYNAMIC CHARACTERISTICS
FOR TYPE CA101
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2 4t
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I} 80 g
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Fig. 20— Voltage gain vs. frequency. Fig. 21—Qutput voltage swing vs. frequency.
35!
4
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o
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TIME () —puS
92C5-23997

Fig. 22—Voltage follower pulse response.
Lead Finish:
In accordance with MIL-M-38510, paragraph 3.6.2.5, lead finish “A"’.
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File No. 827

NG/

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon
High-Reliability Slash (/) Series
CA107/ ...

High-Reliability
Operational Amplifiers

For Applications in Aerospace, Military, and Critical Industrial Equipment

= |ow input current over temperature range (100 mA max)
m 30-pF on-chip capacitor provides internal frequency compensation

CA107S CA107T Temp.
8-LEAD TO-5 8-LEAD TO-5
with Dual-in-Line ) Feature| Max. V|o Max. ljo Max. l|g Range (Tp)
Formed Leads Type (mV) (nA) (nA) oC
(DIL-CAN)
—~! +
11787 1528 CA107 3 20 100 55 to +125
The RCA-CA107 “Slash” (/) Series type is a high-reliability Applications:
linear integrated circuit operational amplifier intended for B Longinterval integrators
applications in aerospace, military, and industrial equipment. a Timgrs 9
It is electrically and mechanically identical with the standard @ Sample-and-hold circuits
type CA107A described in Data Bulletin File No. 785 but is - Sumll)n' amplifiers
specially processed and tested to meet the electrical, . Multiv::gator's) b

mechanical and environmental test methods and procedures
established for microelectronic devices in MIL-STD-883.

The CA107 features a 30-pF on-chip capacitor to provide
internal frequency compensation. Low input current over
temperature range (100 nA max.) for the CA107 make this
type especially well suited for applications such as long
interval timers and sample-and-hold circuits.

The packaged type can be supplied to six screening levels —
/IN, /1R, /1, /2, /3, and /4 — which correspond to
MIL-STD-883 Classes A, B, and C. The chip version can be
supplied to three screening levels — /M, /N, and /R.

These screening levels and detailed information on test
methods, procedures and test sequence are given in Relia-
bility Report RIC202A “High-Reliability CA3000 Slash (/)
Series Types Screened to MIL-STD-883".

NOTE: PIN 4 IS CONNECTED TO CASE
TOP VIEW

The CA107 is supplied in the standard 8-lead TO-5 style
package (“T" suffix), the 8-lead TO-5 style with dual-in-line
formed leads (“’S” suffix), and in chip form (’H" suffix). It
is a direct replacement for industry type 107 in packages
with similar terminal arrangements.

92Cs-23982

Functional diagram for TO-5 style packages
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CA107 Slash (/) Series

File No. 827

Manxii Ratings, Absolute-Maximum Values at T = 250C:
DC SUPPLY VOLTAGE (Between V* and V= Terminals):

CA107 ........ S TP 44 v
DO INPUT VOLTAGE . . ottt tttttnttentneatraresesereessesosesssesasannsnasnasnnsassosnnsasssssnnnnnes +5 \"

(For supply voltages less than £15 V, the absolute maximum input voltage is equal to the supply voltage)

DIFFERENTIAL INPUT VOLTAGE ...... 430 \"
OUTPUT SHORT-CIRCUIT DURATION Indefinite
DEVICE DISSIPATION UP TO Tp = 70°C 500 mw
Above Ta = 70°C Derate linearly at 6.67 mW/°C
AMBIENT TEMPERATURE RANGE:
—556°C to +125°C
—65°C to +150°C
LEAD TEMPERATURE (During Soldering):
At distance 1/16 +1/32 inch {1.59 £0.79 mm) from casefor 10 SECONAS MAX. .. .vvvvuevurnrrrenrnrnrsceenenss +265°C

v~ a6
V.
los
V. +
I al Q2
NON~INV.
o o o
"
i e 3 75ka
} AV s
30pF 6200
7 RI3
g 120 a0
NV
s a6 a0 ait
R6
Rk 40kQ 30 ka
a8
a8
R8
6500
R3
0k
v-
®
92CM-23983

Fig. 1—Schematic diagram of CA107.
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File No. 827

CA107 Slash (/) Series

ELECTRICAL CHARACTERISTICS For Design Guidance Only

TEST CONDITIONS
Supply Voltage (V%) = TYPICAL
CHARACTERISTIC SYMBOL 5Vto 15V VALUES UNITS
Input Offset Voltage Vio TA = 259C, Rg < 50 k2 0.7 mV
Average Temperature Coefficient 0, 0
of Input Offset Voltage Vio —55 to +125°C 3 uv/ec
Input Offset Current lo TA =25°C 1.5 nA
Average Temperature Coefficient | +25 to +1259C 0.01 RA/OC
of Input Offset Current 10 —55 to +25°C 0.02
Input Bias Current Iig TA = 250C 30 nA
= ] B
Supply Current 1= T =*+1250C, V2 =20V 12 mA
Ta=250C, V=20V,
1.8
Open-Loop Differential AoL VE=15V,Vg =10V 160 V/mV
Voltage Gain RL=>2kQ, Ta =250C
Input Resistance R| TA = 250C 4 MQ
V=15V, R =10kQ +14
Output Voltage Swin Vi . Vv
i 9 opp V=15V, R =2kQ +13
Common-Mode Rejection Ratio CMRR Rg <50kQ 96 dB
Supply-Voltage Rejection Ratio PSRR Rg < 50 k2 96 dB
Table I. Pre Burn-in Electrical and Post Burn-in Electrical Tests, and Delta Limits *
ELECTRICAL CHARACTERISTICS, at Tg =259C, Vf =+15 V, V—=—i5V
CHARACTERISTIC SYMBOL TEST CONDITIONS LIMITS UNITS
MIN. | MAX. | MAX.2
Input Offset Voltage Vio - 2 +0.5 mV
Input Offset Current o - 10 +2 nA

Input Bias Current

75 +8 nA

* Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits.
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 4.
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CA107 Slash (/) Series i i File No. 827

Table I Final Electrical Tests and Group A Sampling Inspection

TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL Supply Voltage (V) MINIMUM MAXIMUM UNITS
=5Vto15V
-55 +25 | +125 | -55 +25 | +125
Input Offset Voltage Vio Tp =25°C, Rg <50 k2 - - - 3 2 3 mvV
Average Temperature
Coefficient of Input o - - - 15 15 15 | uv/°C
Offset Voltage .
Input Offset Current 'IO - - - 20 10 20 nA
Average Temperature
Coefficient of Input alg - - - 0.2 - 0.1 | nA/°C
Offset Current
Input Bias Current I - - - 100 75 100 nA
Supply Current 1* - - - 4 3 2.5 mA
Open-Loop Differential AOL Vi=15V, VO =10V 25 50 25 - - - V/mV
Voltage Gain R >2kS2, Ty = 25°C
Input Resistance R ’ - 1.5 - - - - MQ
Output Voltage Swing Vopp vi=15V, Ry =10 kQ +12 | £12 +12 - - - \
VE=15V,R =2kQ | #10 | +10 | 10 | — - -
Input Voltage Range Vicr vi=20V +15 | %15 +15 - - - v
Common-Mode CMRR Rg <50 k2 80 80 80 - - - dB
Rejection Ratio
Supply-Voltage PSRR Rg <50 k2 80 80 80 - - - dB
Rejection Ratio

Table 111. Group C Electrical Characteristics Sampling Tests

Tp =+25°C Vit=+15V V-—=—15V
SPECIAL LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. | MAX. UNITS
Input Offset Voltage Vio — - 3 mV
Input Offset Current llo — - 15 nA
Input Bias Current Iy - - 85 nA
Large-Signal Vo=%10V _

Voltage Gain AoL RL =2>2kQ 40 Vimv
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CA107 Slash (/) Series

TYPICAL CHARACTERISTICS

Fig. 2—Open-loop differential voltage gain vs. frequency.
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Fig. 3—0utput voltage swing vs. output current.
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Fig. 3—Output voltage swing vs. frequency.
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Fig. 4—Burn-in and operating life test circuit.
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File No. 828

NG

Lmear Iintegrated Circuits

Monolithic Silicon

ggj}gi g}ate ngh-Rehablhty Slash (/) Series
CA108/ ..., CA108A/ ...
High-Reliability
- Precision Operational Amplifiers

Features:

CA108S, AS CA108T, AT
8-Lead TO5 8-Lead TO5
with Dual-In-Line
Formed Leads

H-1787 H-1528

The RCA-CA108 and CA108A Slash (/) Series types are
uncompensated precision operational amplifiers using super-
beta transistors and feature very low offset parameters, high
input impedance, and defined drift rates with temperature
change. They are intended for applications in aerospace,
military, and industrial equipment. They are electrically and
mechanically identical with the standard type CA108 Series
described in Data Bulletin File No. 621 but are specially
processed and tested to meet the electrical, mechanical and
environmental test methods and procedures established for
microelectronic devices in MIL-STD-883.

The packaged type can be supplied to six screening levels —
/1IN, /1R, /1, /2, /3, and /4 — which correspond to
MIL-STD-883 Classes A, B, and C. the chip version can be
supplied to three screening levels — /M, /N, and /R. These
screening levels and detailed information on test methods,
procedures and test sequence are given in Reliability Report
RIC-202A “High-Reliability CA3000 Slash (/) Series Types
Screened to MIL-STD-883.”

The “A" versions have all the desirable features and
characteristics of their prototypes plus exceptionally low
input offset voltage characteristics. The CA108, CA108A, are
direct replacements for industry types 108 and 108A in
packages with similar terminal arrangements. The CA108 and
CA108A are supplied in standard 8-lead TO-5 packages,
8-lead TO-5 packages with dual-in-line formed leads (“DIL-
CAN"), or in chip form (H suffix).

For Applications in Aerospace, Military, and Critical Industrial Equipment

a Maximum input bias current — 2 nA

& Maximum input offset current — 0.2 nA

m Supply current of only 300 uA, even in saturation

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

Applications:

8 |nstrumentation
® Summing amplifier
® Comparator

® Multivibrators
® Band-pass filters
u Sample and hold

PHASE
comvswimou =y 7A8

NO
(5)connection

NOTE: PIN 4 IS CONNECTED TO CASE

92C€S-22020
Fig. 1—Functional Diagram

ELECTRICAL
CHARACTERISTICS, CA108T | CA108AT
MAXIMUM VALUES CA108S | CA108AS
ATT,=25°C
Input Offset Voltage (V|q) 2mV 0.5 mV
Input Offset Current (Ilo) 0.2 nA
Input Bias Current (IIB) 2nA
Average Temperature Coefficient
of Input Offset Voltage 15uVv/°C | 5uv/°C
(BV|o/AT)

Ambient Operating- —565to +125°C

Temperature Range
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Maxi Ratings, Absolute-Maximum Values at T 4 = 25°C
DC SUPPLY VOLTAGE (Between V* and V— Terminals):

CA108, CA108A . .
DC|NPUTVOLTAGE M it eseettireeeatieanerietoseteatisornsatatieananstanans

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

input voltage is equal to the supply voltage)

DIFFERENTIAL INPUT CURRENT .........oovvunnnn.

OUTPUT SHORT-CIRCUIT DURATION ...t tat it inteinetitieetnaesnasnureannens
DEVICEDISSIPATION .........ciiiiininnns Cretreiseasaeaee ieereeaas
AMBIENT TEMPERATURE RANG!

Operating . ..ooovevinennennenann P e P
Storage .. .....veuuan et ise s, e,

LEAD TEMPERATURE (Durlng Soldenng)

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

Oa————COMPENSATION “C)

CA108, CA108A Slash (/) Series

40
+15.

+10
Indefinite
500

—55° to +125
—65° to +150

+300

2 12
029 b 8200
ok 20k
NV V
55K 5009 55K
92CM- 21129

Fig. 2—Schematic diagram for CA108 and CA108A.

mA
mw

°c
°c
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CA108, CA108A Slash (/) Series

ELECTRICAL CHARACTERISTICS For Design Guidance Only

File No. 828

TEST CONDITIONS
Supply Voltage (V) = +5 V to +15 V
CHARACTERISTIC SYMBOL Ambient Temperature TA =25°C CA108 CA108A UNITS
Typ. Typ.
Input Offset Voltage VIO 0.7 0.7 mV
Average Temperature Coefficient AV|0 3 1 uv/°c
of Input Offset Voltage IN3 )
Input Offset Current ho 0.05 0.05 nA
Average Temperature Coefficient Ao 0.5 0.5 pA/°C
of Input Offset Current AT
Input Bias Current 'IB 0.8 0.8 nA
Tpa=+125°C 0.15 0.15
Supply Current la T: —5500 s o3 mA
Large-Signal Voltage Gain Ay V=%15V,
VO =*10V, RL 210 kQ 300 300 V/mV
Input Resistance R} 70 70 mMQ
Output Voltage VO V==%15V, RL =10kQ +14 +14 \%
Common-Mode Rejection Ratio CMRR 100 110 dB
Supply-Voltage Rejection Ratio VRR 96 110 dB
TABLE | Pre Burn-1n Electrical and Post Burn-In Electrical Tests and Delta Limits*
ELECTRICAL CHARACTERISTICS, at TA =25°C, vt = +15V,V—=—-15V
CHARACTERISTIC SYMBOL 'I;EST CONDITIONS LIMITS UNITS
MIN. MAX. MAX.A
Input Offset Voltage VlO CA108 - 2 +1 mV
CA108A - 0.5 +0.25
Input Offset Current lio - 0.2 +0.05 nA
Input Bias Current h - 2 0.2 nA

* Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests and delta limits.

Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 8.

256



File No. 828

Table Il Final Electrical Tests and Group A Sampling Inspection

CA108, CA108A Slash (/) Series

Test Conditions LIMITS
CHARACTERISTIC | SYMBOL | Supply Voltage (V) CA108 CA108A UNITS
+15 Volts MINIMUM MAXIMUM MINIMUM MAXIMUM
65 | +25 |+125 | -65 | +256 +125| -65 | +25 |+125 |-55|+25|+1
Input Offset Voltage | Vg -l -1-13]l2 3|{-|-|-{1]os| 1] mv
Average Temperature AVIO
Coefficient of Input - |- |- |1B|15 15| - |- |- |5|5]|5 |uvC
Offset Voltage oT
Input Offset Current 'lO - - — |o4|02 04| — - -~ |04]02| 04| nA
Average Temperature| Al 10
Coefficient of Input - - - |25(|25 25| — - — |25|25| 25| pA/°C
Offset Current oT
Input Bias Current hig - - - 3 2 3 - - - 32| 3 nA
Supply Current la - - - |08(06 04| — - - 10.8{0.6]| 04| mA
Large-Signal Voltage Ay V=%15V, 25 | 50 | 25 - |- — 148 |8 |40 | —| =] - |V/mV
Gain Vb =10V,
R >10kQ
Input Resistance R| - 30 - - - - - 30 - - =1 - MQ
Output Voltage Vo V=215V, 13 [#13 [#13 | — | = — [#13 |13 {#13 | - | — | — v
R =10kQ
Input Voltage Range v, V=%15V +13.5|+13.5|+135] — | — — |#13.5/+*13.5(*135 —| — | — \%
Common-Mode CMRR 85 |8 8 | -] - -~ |9 |9 |9 |—-—|—-| — dB
Rejection Ratio
Supply-Voltage VRR 80 (80 (8 | —| — — |9 |9 |9 | —-| -] — dB
Rejection Ratio
Table NI Group C Electrical Characteristics Sampling Tests
Tp=+25°C vt=+15V —=-15V
SPECIAL
CHARACTERISTIC SYMBOL TEST CONDITIONS LIMITS UNITS
MIN. MAX.
CA108 - 3
Input Offset Voltage Vio CA108A — 1 mV
Input Offset Current ho - 0.4 nA
Output Voltage Vo RL =10k - +13 A"
. X Vo =10V CA108 40 -
-Si V/mV
Large-Signal Voltage Gain AgL Ry > 10kQ CA108A 70 — /m
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CA108, CA108A Slash (/) Series File No. 828
TYPICAL CHARACTERISTICS FOR TYPES CA108 AND CA108A
N 10%] AMBIENT TEMPERATURE (Ta)*25°C CF =0 I
2 s FREQUENCY (F) =100 Hz
[ a FOR TEST CIRCUIT, SEE FIG.2
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Fig. 3—Input offset voltage vs. input resistance. Fig. 4—Voltage gain vs. supply voltage.
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Fig. 8—Burn-in and operating life test circuit.
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NG

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash (/) Series

CA111/ ...

The RCA-CA111 “Slash” (/) Series type is a high-reliability
linear-integrated-circuit voltage comparator intended for appli-
cations in aerospace, military, and industrial equipment. It is
electrically and mechanically identical with the standard type
CA111 described in Data Bulletin File No. 797 but is specially
processed and tested to meet the electrical, mechanical, and
environmental test methods and procedures established for
microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1N, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M,/N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A ‘High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883.”"

INPUT OFFSET/
e STROBE

(5) wpuT OFFsET

v
NOTE: PIN 4 IS CONNECTED TO CASE

92Cs-24379

Functional Diagram

High-Reliability Voltage Comparators

For Applications In Aerospace, Military and Critical Industrial Equipment

(S Suffix) Features: Applications:
8-Lead TO5 (1% Suttix) = Single- or dual-supply operation ® Multivibrators
. . utfix
‘:"" D:a"'“:s-'"" 8-Lead TOS ® Power consumption — 135 mW at+15V  m Positive and negative peak detectors
L - .

..;:T::ANG: = Strobe capability = Crystal oscillators

® Low input-offset current — 4 nA (typ.)  ® Zero-crossing detectors
H-1787 H-1528

-

Differential input-voltage range — +30 V  ® Solenoid, relay, and lamp drivers

The CA111 Slash (/) Series types are supplied in 8-lead TO-5
style packages (“T” suffix), and in “DIL-CAN" packages,
8-lead TO-5 style packages with dual-in-line formed leads
(“S" suffix). The CA111 is also supplied in chip form (“H"’
suffix).

MAXIMUM RATINGS, Absolute-Maximum Values at TA=25°C
DC SUPPLY VOLTAGE (Between V¥ and V™ terminals) . . . .. .. 36V

DCINPUT VOLTAGE® ... .tiiiiiinnnnnnnnnnnn, 15 Vv
DIFFERENTIAL INPUT VOLTAGE .............. +30V
OUTPUT TO NEGATIVE SUPPLY VOLTAGE (V5 4) 50V
GROUND TO NEGATIVE SUPPLY VOLTAGE (Vig) .. ...30V
OUTPUT SHORT-CIRCUITDURATION . .......covunnnn.. 10s
DEVICE DISSIPATION:

UptoTa=25% ..oooiiiiiiiiiiiiiiii e 500 mW

Above Tp =26°C .............. derate linearly at 6.67 mW/°C
AMBIENT TEMPERATURE RANGE:

OPErating . ..covveeenreneeannennnannnenns —55 to +125°C

SIOFAge .+ ..ttt —65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32in. (159 * 0.79 mm)

from case for 10 5eCONAS MAX.  « . vvvevrrenannenannns +265°C
*This rating applies for £ 15 V lies. The p input-voltag

limit is 30 V above the negative supply. The negative input-voltage
limit is equal to the negative supply voitage 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.

9-74
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CA111 Slash (/) Series

ELECTRICAL CHARACTERISTICS For Design Guidance Only

File No. 832

TEST CONDITIONS
+y =
CHARACTERISTIC | SYMBOL | et eV oE nATURE (Tp) < 25%C | VALUES unTs
Unless Otherwise Specified
Input Offset Voltage* Vio Rg<5kQ 0.7 mV
Saturation Voltage Vi=-6mV,Ig=50mA 0.75 A
Input Voltage Range Vipp Tp = —55 to +125°C +14 \
Input Offset Current® lio 4 nA
Input Bias Current” g 60 nA
Positive Supply Current I+ 5.1 mA
Negative Supply Current - 4.1 mA
Output Leakage Current Vi=26mV,Vg=35V 0.2 nA
Strobe On Current 3 mA
Voltage Gain A 200 V/imV
e -
Final Electrical Tests and Group A Sampling Inspection
TEST CONDITIONS
CHARACTERISTIC SYMBOL SUPPLY VOLTAGE (V) = 15 V Mt:s:#;M UNITS
Unless Otherwise Specified 55| +25 [ +125
Input Offset Voltage* Vio Rg <5k 4 |13 1| 4 mv
5 Vy=-6mV, g =50 mA ) - |15 -
Saturation Voltage VTS 45V V-0, V,<—omv, \
IsinK <8 mA 04 04|04

Input Offset Current® hio 20 | 10 | 20 nA
Input Bias Current® g 150 | 100 | 150 nA
Positive Supply Current 1+ - 6 - mA
Negative Supply Current - - 15 - mA
Output Leakage Current V|25mV,Vg=35V . 500 | 10 |500 nA

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

dual supply.
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Table I1l. Pre Burn-in Electrical and Post Burn-in Electrical Tests, and Delta Limits* For All Types

ELECTRICAL CHARACTERISTICS AT Tp, = 25°C, V¥=+15V,V"=-15V

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. | MAX. | MAXA UNITS
Input Offset Voltage Vio Rg <5k - 3 +1 mV
Input Offset Current lio - 10 *2 nA
Input Bias Current I - 100 +10 nA

* Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits.
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 9.

Table IV. Group C Electrical Characteristics Sampling Tests

Tp =+259C, Vi=15V
SPECIAL LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS Tk UNITS
Input Offset Voltage Vio Rg<5kQ - 3 mV
Input Offset Current lio - 14 nA
Input Bias Current Iy - 110 nA

AMBIENT TEMPERATURE (Tp)=25°C 0.7 175] AMBIENT TEMPERATURE (Tp)*25°C
« + SUPPLY VOLTAGE (V™) =I5V
E 150 0.6 < 150
| z 3
3 KL
: 125/ 05 ,_Q E 125
= ) =]
& H HPOWER DISSIPATION (Pp1 111 = =
x 100H D043 Z 100
g . AN 117 = 4
o § 5
o
E 7 03 3 o 15
o N o ‘_(
x @ @
T so 024 = 50
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@ o o
o c ) a z
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Fig. 1—Qutput limiting characteristics. Fig. 2—Input characteristics.
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File No. 832
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Fig. 3—Schematic diagram for CA111. 92CM-24380
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Fig. 4—Input bias current vs. ambient temperature. Fig. 5—Input offset current vs. ambient temperature.
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CA111 Slash (/) Series

AMBIENT TEMPERATURE (Ta)*25°C
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Fig. 6—Transfer function.
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Fig. 7—Output saturation voltage vs. output current.
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Fig. 9~Burn-in and operating life test circuit.
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Solid State
Division

File No. 829

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash (/) Series

CA723T/ ...

High-Reliability
Voltage Regulators

For Regulated-Output Voltages Adjustable from 2 V to 37 V
at Currents up to 150 mA Without External Pass Transistors
In Aerospace, Military, and Critical Industrial Equipment

Features:
= Up to 150 mA output current
® Positive and negati Itage regulati
m  Regulation in excess of 10 A with suitable pass transistors
10-Lead TO-5 = Input and output short-circuit protection
“T" Suffix ® Load and line regulation: 0.03%
H-1384 = Direct repl for 723 industry types
m Adjustabl p Itage: 2 to 37 V

The RCA-CA723 Slash (/) Series types are high-reliability
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. These devices are
intended for applications in aerospace, military, and
industrial equipment. They are electrically and mechanically
identical with the standard type CA723 described in Data
Bulletin File No. 788 but are specially processed and tested
to meet the electrical, mechanical and environmental test
methods and procedures established for microelectronic
devices in MIL-STD-883.

Each type includes a temperature-compensated reference
amplifier, an error amplifier, a power series pass transistor,
and a current-limiting circuit. They also provide
independently accessible inputs for adjustable current
limiting and remote shutdown and, in addition, feature low
standby current drain, low temperature drift, and high ripple
rejection.

The CA723 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 milliamperes and in excess
of 10 amperes with the use of suitable n-p-n or p-n-p external
pass transistors.

The packaged type can be supplied to six screening levels —
/IN, /1R, /1, /2, /3, and /4 — which correspond to
MIL-STD-883 Classes A, B, and C. The chip version cam be
supplied to three screening levels — /M, /N, /R.

These screening levels and detailed information on test
methods, procedures and test sequence are given in
Reliability Report RIC-202A ‘‘High-Reliability CA3000 Slash
(/) Series Types Screened to MIL-STD-883".

The CA723 is supplied in the 10-Lead TO-5 style ceramic
package (T suffix), and is a direct replacement for industry
type 723 in packages with similar terminal arrangements. It is
also available in chip form (H suffix).

Applications

® Series and shunt voltage regulator
@ Floating regulator

2 Switchi .

= High-current voitage regulator
® Temperature controller

FREQUENCY
vt COMPENSATION
UNREGULATED
INPUT
TEMPERATURE=
COMPENSATED
ZENER
INVERTING Ve
INPUT

VOLT. SERIES PASS
REF. VREF. TRANSISTOR
AMPL.

NON-INVERTING Vo
INPUT REGULATED
OUTPUT

(g CURRENT
V- LIiMIT

CURRENT
SENSE
CURRENT
LIMITER

92CS-24742

Fig. 1—Functional diagram of the CA723.
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CA723 Slash (/) Series

MAXIMUM RATINGS, Absolute Maximum Values

DEVICE DISSIPATION:
Up to Tp = 25°C

DC SUPPLY VOLTAGE CA723T ...... C e e .. B0 mW
(Between V* and V= Terminals) . ....... ... 40 \
PULSE VOLTAGE FOR 50-ms PULSE WIDTH Above Ta = 25°C
(Between V¥ and V= Terminals) ... .......... 50 v CA723T ............... Deratelinearly 6.3 mW/°C
DIFFERENTIAL INPUT-OUTPUT VOLTAGE 40 v
DIFFERENTIAL INPUT VOLTAGE: AMBIENT TEMPERATURE RANGE:
Between Inverting and Non-Inverting Inputs . .. ... 35 v Operating ...........coveueen..... —B55t0+125°C
Between Non-Inverting InputandV= . ......... 8 v StOrage .. ..ttt ieenriaaaan... —B65to+150°C
CURRENT FROM VOLTAGE REFERENCE LEAD TEMPERATURE (During Soldering):
TERMINAL (VRER) « v vvvvnnnnn.. L...15 mA At adistance 1/16” £1/32" (1.59 10.79 mm) o
from case for 10 seconds max. . ..... . .. +265 C
CURRENT
LiMIT
92cs- 24157
Fig. 2—Terminal arrangement of the CA723T
in the TO-5 style package.
Ve
vt o
UNREGULATED w s
N 5000 'éém Im kQ
03 a8
Q3
a7 p
DI, ais
62v 5 R2. »—E” v
RI2 o
15kQ —O
Qa2
Qi3
al | FREQUENCY
—————OCOMPENSATION
CURRENT
RIO a6
e L LIMIT
CURRENT
. (B O sense
O O
VReF NON-INVERTING V™  INVERTING
INPUT INPUT
92CM-24743

c

Fig. 3-

ic dic of the CA723,
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CA723 Slash (/) Series File No. 829
ELECTRICAL CHARACTERISTICS For Design Guidance Only
TEST CONDITIONS (See Note) CA723
TA=25°C,Vj=V+=Vc=12V,V—=0,
CHARACTERISTIC SYMBOL Vo =5V, I = 1mA, Cq = 100 pF, Typ. UNITS
ZDIVIDER < 10 kS2 (into error
amplifier as shown in Fig. 14) un-
less otherwise indicated
Quiescent Regulator _ _ .
Current la IL=0,V|=30V 2.3 mA
Reference Voltage VREF 7.15 Vv
. . Vi=12t040V 0.02 %V,
Regul (o]
Line Regulation V=121 15V 0.01
Load Regulation IL=11t050 mA 0.03 %VO
Output-Voltage Tem- _
perature Coefficient AVo Ta = —55 to +126°C 0.002 %/°C
f =50 Hz to 10 kHz 74
Ripple Rejection =50 Hz to 10 kHz, CREF = 5 uF 86 dB
Short-Circuit Limitin
Current 9 LM Rscp=10QVQ=0 66 mA
Equivalent Noise Vi BW = 100 to 10 kHz, CREE =0 20
Output Voltage NOISE ™ gwW =100 to 10 kHz, CREF = 5 #F 25 UVRMS
.. Note: Line and load regulation specifications are given for dition of a chip e for high dissi
conditions, temperature drifts must be ly taken into
Table 1. Pre Burn-In Electrical Post Burn-In Electrical Tests, and Delta Limits*
ELECTRICAL CHARACTERISTICS, at T4 = 25°C
LIMITS
CHARACTERISTICS SYMBOL TEST CONDITIONS UNITS
MIN. | MAX. | MAX.A
Reference
Voltage VREF 6.95 | 7.35 | 0.05 v
Quiescent
Regulator Current o IL=0 V=30V - 3.5 0.5 mA

* Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits

Level 3 requires pre burn-in test only. The burn-in and operating life test circuit is shown in Fig. 13
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Table I1. Final Electrical Tests and Group A Sampling Inspection

CA723 Slash (/) Series

TEST CONDITIONS (See Note)
TA=25°C,V|=V*=Vc=12V,V—=0, |
Vo=5V, I =1mA,C}=100pF,
CHARACTERISTIC | SYMBOL | ZpjvipER<10k2 (into error LIMITS UNITS
amplifier as shown in Fig. 14) un- MINIMUM _ﬂ XIMUM
less otherwise indicated —55 [+25 |+125 | —55 [+25 [+125
Quiescent Regulator _ _

Current la IL=0,V|=30V - | - - - |35 — | mA
Input Voltage Range Vi - 19.5 - — |40 - |V
Qutput Voltage Range Vo - 2.0 - - 137 - |V
Differential Input-

Output Voltage Vi-Vo - [30 - - (38 -V
Reference Voltage VREF — 1695 -— - 1735 —|V

. i Vi=12t040V — | - — — |0.2 —
Line Regulation V=12t 15V T = = [o3]o1 [o3]|*Vo
Load Regulation I =11to 50 mA - - - 0.6 |0.15| 0.6 |%Vo
Note: Line and load regulation specifications are given for condition of a chip e: for high dissi
drifts must be separately taken into account.
Table I11. Group C EI I Ch istics Sampling Tests
(TA=25°C, Vcc =16V, VEE=—6 V)
LIMITS
CHARACTERISTIC SYMBOL | TEST CONDITIONS MIN. | max, | UNITS
Reference y 6.95 7.35 v
Voltage REF - -
Line =
Regulation Vi=12t0 15V - 0.15 %VOo
Load
Regdlation IL=1to 50 mA - 0.2 %Vo
Quiescent
Regulator Current lo IL=0V|=30V - 3.5 mA
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CA723 Slash (/) Series File No. 829

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723

MAX. JUNCTION TEMP. (T, ):150°C OUTPUT VOLTAGE (Vq)=5V
gafg&}m::;g;rﬁ%}:sgc% INPUT VOLTAGE (V )=12V
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Fig. 4—Max. load current vs. differential input-output voltage. Fig. 5—Load latic ithout current lii
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Fig. 6—Load lation with current limiting Fig. 7—Load regulation with current limiting.
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Fig. 8—Current limiting characteristics. Fig. 9—Line transient response.
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TYPICAL CHARACTERISTICS CURVES (Cont'd)

i 06 I
i 6| INPUT VOLTAGE (vp) =12V
> ! T 4| OUTPUT VOLTAGE (Vg)=5V !
w 200 € LOAD CURRENT (I )*50mA 5
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Fig. 10—Current limitil h istics vs. ji it Fig. 11—Output impedance vs. frequency.
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S HERIOUTPUT VOLTAGE (Vo) @
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2 fesisastasiitaancaiitaisaitian:
s INPUT VOLTAGE (Vr) =12V -20
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Fig. 12—Load transient response.
vt Vo
Vr *—?——-?
VREF Vo
+30V
REGULATED
CURRENT ouTPuT
CA723
caresc LM
CURRENT
SERSE R3
R3 INV.
! 100 oF
V‘é |
v,
Rgc*20Q, 174 WATT OVour = comp
R2 *2kR t5%, V2 WATT
RI= 800 45 %,1/2 WATT CIRCUIT PERFORMANCE DATA:
R3:=580Q $5%,1/2 WATT :‘;&U’l‘-ggsf Sg;u(: ‘\IIOL;'C)GE ... BV
CA723T AT OPERATING 1= .. .05 mV
TEMPERATURE OF 125°C LOAD REGULATION (Al =50 mA). . . 15 mV
R1R
1 Note: R3 = 5 IwRi for minimum temperature drift
92C5-24744 92¢s-24178
Fig. 13—Burn-in and operating life test circuit. Fig. 14— Low-voltage regulator circuit { Vo =2to 7 volts).
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NG

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash(/) Series

CA741/..., CA747/..,
CA748/..., CA1558/...

2

8-Lead TO-5 Style

H1528

8-Lead TO-5 Style

RCA-CA741, CA747, CA748, and CA1558 “Slash” (/) Series
types are high-reliability linear integrated circuit High-Gain
Single and Dual Operational Amplifiers intended for
applications in aerospace, military, and industrial equipment.
They are electrically and mechanically identical with the
standard types described in Data Bulletin File No. 531 but
are specially processed and tested to meet the electrical,
mechanical and environmental test methods and procedures
established for microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These scieening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A “‘High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883.”

High-Reliability
Operational Amplifiers

High-Gain Single and Dual Operational Amplifiers

Package with
Dual-in-Line Package L . - . ) .
Formed Leads - For Applications in Aerospace, Military, and Critical Industrial Equipment
f .
e Features:
Y
i ﬂ i{%\i‘ e = Input bias current (all types): 500 nA max.
3 H e .
10-Lead TOS = Input offset current (all types): 200 nA max.
Style Package

Applications:

Comparator

DC amplifier

| or diff

Multivibrator

Narrow-band or band-pass filter
Summing amplifier

The CA741, CA748, and CA1558 Slash (/) Series types are
supplied in the 8-lead TO-5 style package (“T" suffix) and in
the 8-lead TO-5 style package with dual-in-line formed leads,
DIL-CAN ("S" suffix). The CA747 is supplied in the 10-lead
TO-5 style package (“T'* suffix). All the types are also
available in chip form (“"H’* suffix).

RCA NO. OF PHASE | PACKAGE OFFSET AoL Vio TAOPERATING COMPATIBLE WITH
"TYPE NO. | AMPLI. COMP. TYPE VOLT.NULL | (MIN.) (MAX.) RANGE INDUSTRY TYPE(S)
CA1558T dual internal | 8-lead TO-5 no 50,000 5mV —55 to0 125°C MC1558, 55558
CA741 single internal | 8-lead TO-5 yes 50,000 5 mV —55 to 125°C nA741
CA747 dual internal | 10-lead TO-6 no 50,000 5mVv —55 to 125°C uA747
CA748 single external | 8-lead TO-5 yes 50,000 5mV —55 to 125°C HA748
9-74
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File No. 718 CA741, CA747, CA748, CA1558 Slash (/) Series

MAXIMUM RATINGS, Absolute-Maximum Values at T4 = 25°C

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

CA741T, CA747T, CA748T, CAI558T . L . . o i i it ittt ettt i et e e et a e e et ae s 4 v
Differential Input Voltage . ... ... P T T I I NI R +*30V
DC Input Voltage® . . . . . . i i it e e e e e e e e e e e et e e e e e 15V
Output Short-Circuit DUration . . . . . . . . . . o i i it et e e e h e e e Indefinite
DEVICE DISSIPATION:

Upto75°C (CAZA1T, CATABT) . . o vttt ittt e et et et e e e 500 mW

Upto 30°C (CATATT) . . ot et e e e e e e e e e e e e e e 800 mW

Up1to 30°C {CATEEBT) . . . v it s it et e e e e e e e e e e e e e e e 680 mW

Above Indicated TeMPEratures ~ « « « =« s o e s bt e e e e Derate linearly 6.67 mW/°C
Voltage between Offset Null and VTCATATIT ... . . . . 0 i i i it it et it o et et ot s e e et o n e e e +0.5V
TEMPERATURE RANGE:

Operating .. coovvensans ettt e eieateee e e e e e ... .-B510+125°C

STOFATE - & & vt v e e e e e e e e e e e e e e e e e e e e e e e -65 to +150 °C
LEAD TEMPERATURE (During Soldering)

At distance 1/16x1/31 inch (1.59£0.79 mm) from case for 10secoNdS Max . . « « « v v v v v v v e v oo v v o s 300°C

*If Supply voltage is less than £ 15 volts, the Absolute Maximum Input Voltage is equal to the Supply Voltage.
AVoltage values apply for each of the dual operational amplifiers.

® PHASE
©) COMPENSATION
. @v+
3 3
INVERTING
INPUT 4 R o
@ 4 o
Q Q2 N Q3
NON-INVERTING A
a5k
Q2
Q R
Q; Q " 9
3 (i |\ 4 25
D4 | Rg
3 ouTPUT
PHASE 15K )
COMPENSATION L I ®
0 Rs
~ 39K 1
OFFSET NULL } J
%5 SRio
A [N S50
-] 4 t Qe
Qg Q7 Qq Qq \|
03 "'{ K Q7
RIS R3 R2 Rg S Ri2 S Ry
n(? 50K 13 3K %50;( %so
. o v-

ALL RESISTANCE VALUES ARE IN OHMS
92CM-19432

Fig. 1 — S ic diag of ional ifier with external phase compensation for CA748T.
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CA741, CA747, CA748, CA1558 Slash (/) Series

ELECTRICAL CHARACTERISTICS at T4 = 25°C

File No. 718

TOP VIEW
INV.
A - - “[ INPUT (&)
CHARACTERISTICS SYMBOLS|SUPPLY VOL UNITS NON-INV. OQUTPUT(A)
V=+15V INPUT (A)
V==~15V
v- v+
TYP.
TAB
Input Offset Voltage Vio Rg < 10k 1 mV NON-INV, SUTPUT (B)
INPUT (8)
INV.
INPUT (B)
Input Offset Current Ilo 20 nA sacs-isaso
{a) — Functional diagram of CA1558T with
internal phase compensation.
TOP VIEW
Input Bias Current [IT:} 80 nA N
OFFSET
NULL
Input Resistance Ry 2 MQ A
Open-Loop e (2) > () outpur
Differential AoL | RL=22ke 200,000 '
Voltage Gain Vo=zx10V G) (s
Commoniods 1 "R WA
ommon-Mode Input | , 413 v ’
Voltage Range ICR v
NOTE : PIN 4 IS CONNECTED TO CASE
Common-Mode
Rejection Ratio CMRR | Rg < 10kQ 90 dB L 92c5-19426
- b) — Functional diagram of CA741T with
Supply Voltage internal phase compensation.
Rejection Ratio VRR Rs<10ke 30 WV
TOP VIEW
+14 NC  TAB
R > 10k OUTPUT(A) @ OUTPUT (B)
Output Voltage Vo(P-P) v )
Swing v*(a) v* (8)
RL > 2 k& +13
INPUT WPt
s (a) (8)
upply Current 1.7 mA NON-INY. NON=INV.
INPUT (A) INPUT (B)
v
92C€S5 - 19427
Device Dissipation Pp 50 mwW
(c) — - Functional diagram of CA747T with
i phase 7
Input Capacitance Cy 1.4 pF
— PHASE TOP VIEW
Offset Voltage Adjust +16 mV COMPENSATION
ment Range TAB
OFFSET
Output Resistance Ro 75 Q NULL
Output Short-Circuit 25 mA
Current v (2) (&) oureur
Transient Response Unity Gain
t, 0.3 S
Risetime r Vi=20mv ¢ . rser
RL =2k e O
Overshoot 5.0 % Vo
CL <100 pF NOTE : PIN 4 IS CONNECTED TO CASE
. 92CS-19428
Slew Rate: SR 05 (d) — Functional diagram of CA748T with
Closed Loop RL2>2kQ Vl/us external phase compensation
Open Loop* 40

*Values apply for each of the dual operational amplifiers.
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File No. 718 CA741, CA747, CA748, CA1558 Slash (/) Series

’ ’ —@®v+
& 0 i 02
INVERTING
mpg J Qs a0
O ——_I
Q Q2 Q3
Rz
NON=INVERTING _L 30pF
INPUT G 45K
Q2
Q, R
Q 9
3 | NG 25
D.
4 ';g X OUTPUT
Rg é
39K S y
Qs Rio
50
Qg l“ i/ Qe
Qg _t a7 Qg ’_4 ‘%:l'1 I\
[} Q
oFFsET ® A A t 7
NULL,
b N
Ry R3 b Rp Rq Rj2 SRy
1K 50»(% 1K %u %50& %so
ALL RESISTANCE VALUES ARE IN OHMS ¥ gep puNCTIONAL DIAGRAM FOR TERMINAL
NUMBERS OF RESPECTIVE TYPE NUMBERS 92CM-19433
Fig. 3 — Sch ic diag of op ional amplifiers with ir / phase ion for CA741T and for each
amplifier of the CA748T and CA1558T.
Table | — Pre Burn-In Electrical and Post Burn-In Electrical Tests, and Delta Limits* For All Types
ELECTRICAL CHARACTERISTICS, at T4 =25°C, VF =+15V, V-=-15 V
CHARACTERISTIC SYMBOL TEST CONDITIONS LIWITS UNITS
MIN. MAX. MAX. A
Input Offset Voltage Vio - 5 +1 mV
Input Offset Current ho - 200 +24 nA
input Bias Current I - 500 +60 nA
Device Dissipation PD 85 +18 mw

*Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits.
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 5.
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CA741, CA747, CA748, CA1558 Slash (/) Series

Table 11 — Final Electrical and Group A. Electrical Sampling Inspection for All Types

File No. 718

CHARACTERISTIC

SYMBOL

TEST CONDITIONS

LIMITS FOR INDICATED TEMPERATURES (°C)

MINIMUM

MAXIMUM

V¥=+15V, V" =-15V

+25

+126

-55

+25

+125

UNITS

STATIC

Input Offset Voltage

Vio

mV

Input Offset Current

ho

200

nA

Input Bias Current

500

nA

Supply Current

3.3

2.8

mA

Device Dissipation

Pp

85

75

mwW

DYNAMIC

Open-Loop Differen-
tial Voltage Gain

AoL

Ry =2k, Vg=*10V 25000

25000

Common-Mode
Rejection Ratio

CMRR

70

70

70

dB

Maximum Output-
Voltage Swing

Vo(P-P)

RL > 10k
RL2 2k

+12
+10

112
+10

12
+10

Input Resistance

03

mMQ

Common-Mode Input-
Voltage Range

Rg <10k

12

12

12

Supply Voitage
Rejection Ratio

Rg <10kQ

150

150

150

uVIvV

Table 111 — Group C. Electrical Characteristics Sampling Tests

Tp=+25°C V=415V, V-=-15V

CHARACTERISTIC

SPECIAL

SYMBOL | TEST CONDITIONS

LIMITS

UNITS

MIN.

MAX.

Input Offset Voltage

Vio

8

mV

Input Offset Current

o

240

#A

Input Bias Current

800

nhA

Open-Loop Differential
Voltage Gain

AOL Ry =2k, V0=t'|0V

Supply Current

mA
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File No. 718 CA741, CA747, CA748, CA1558 Slash (/) Series

10 DC SUPPLY VOLTS (V*=15,V==-15)
P AMBIENT TEMPERATURE (Ta)=25°C
103
]
2 108
z %
3 N
w ol
¥ 10y
2"
2
> 102
o 'y
=]
3 N
I 1
w
& N
N
H
10
| 10 2 103" o 05
FREQUENCY (1)—Hz
92CS-17620

Fig.4 — Open-loop voltage gain vs. frequency for all types.

68kQ o
'A% Ovt=tisv
v+a4i5V 1kHz
2 Mpinl
=5
TO DEVICES
DEVICE UNDER TEST
UNDER
TEST
V=x-I5V
O
51k 1k d
DRIVER CIRCUIT
= TO OTHER

DEVICES
VHsasi5y £
O

vtetisv
O

6

pF

\—
100 10kQ 10 kQ

1.3x8. 13%8 13%8 1360

TERMINAL No'S IN CIRCLES ARE FOR UNIT No.|

A THESE RESISTORS MAY BE ADJUSTED TO GIVE REQUIRED
TERMINAL No'S IN SQUARES ARE FOR UNIT No.2

DRIVE UNDER DIFFERENT LOAD CONDITIONS 92CcM-22837

Fig.5 — Burn-in and operating life test circuit for CA741, CA747, CA748, CA1558.
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File No. 705

RE Linear Integrated Circuits

Solid State

Monolithic Silicon

Division High-Reliability Slash(/) Series

CA3000/. . .

Features:
® [nput Impedance

High-Reliability
DC Amplifier

For Applications in Aerospace, Military and Critical Industrial Equipment

cereerenaaees 195 KQ typ.

®m VoltageGain . ....ccevvivienannnaann 37dB typ.
® Common-Mode Rejection Ratio . ........ . 98dB typ.
® Input Offset Voltage .............. 1.4 mV typ.
® Push-Pull Input and Output
H-1528 ® Frequency Capability
10-Lead TO-5 Stvle Package DC to 30 MHz (with external C and R)
- = Wide AGC Range e e 90dB typ.
Applications
® Schmitt Trigger
. e ® RC-Coupled Feedback Amplifier
BCA-C{ASOOO "Sla.sh”‘ (/) Series t.y.pe 'is a hlgh~rellab|I|tY m Mixer
linear integrated circuit DC Amplifier |r'\tende(.i for appl.l- = Comparator
cations in aerospace, military, and industrial equipment. It is
electrically and mechanically identical with the standard type ® Modulator
CA3000 described in Data Bulletin File No. 121 but is ® Crystal Oscillator
specially processed and tested to meet the electrical, u Sense Amplifier
mechanical and environmental test methods and procedures = See Companion Application Note ICAN-5030

established for microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A ‘“High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883.”

The CA3000 Slash (/) Series type is supplied in the 10-lead
TO-5 style package (T suffix) or in chip form (“H"’ suffix).

“Applications of RCA-CA3000 IC DC Amplifier.”

+Vee

b

Fig. 1 — Schematic diagram

92CS-12979
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File No..705 CA3000 Slash (/) Series Type

Maximum Rati Absolute-Maxi Values
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"
(1.59 mm +£0.79 mm)
fromcase for10smax. . .................. 265°C
MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE |, :2V

MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE | | 2V

MAXIMUM DEVICE DISSIPATION . . . .. ......... 300 mW
Absolute Maximum Voltage and Current Limits at Tp = 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 Moximum Current
the vertical terminal 1 with respect to terminal 9 is 0 to —12 volts. Ratings
Term- Term- | 1
inal 1 2 3 4 5 6 7 8 9 10 inal IN ouT
No. No. mA mA
+164 +4 0 |+
1 * A * L 1 |5 1 1|01
2 +!g * * * 9 :: * -?G * 2 - -
3 =
+5 |+ 1o |28 0 -] -
3 SR T IS TR Sl I TR 3
88
4 * * 3 * 0 * 4 - -
e -16
5 * HIERENE 5 1|01
= -16
+1 0
6 BYINISTH 6 i
7 Internal Connection 7 _ _
Do not use —
0
8 6 | " 8 i
+16 - -
9 0 9
10 10 - -
Case Connected to Terminal #3 —Do Not Ground

*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.

A This rating applies to the more positive of Terminals #1 or #6.
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CA3000 Slash (/) Series File No.. 705

ELECTRICAL CHARACTERISTICS, at T4 = 259C, V* = +6 V, V— = —6V, unless otherwise specified

LIMITS

SPECIAL TEST CONDITIONS TYPE
Connected Unless Specified

Typ. ] Units

STATIC CHARACTERISTICS
Input Offset Voltage Vio 4| my
Input Offset Current 110 1.2 | uA
Input Bias Current I7 23 A

TERMINALS
Y 5

Quiescent.Operating Ve NC NC 2.6 | v
Voltage v°' NC v- 4.2 [ v
To v- N -1s] v
C V- . V- 0.6 v
Device Dissipation PT NC NC 30 mW

DYNAMIC CHARACTERISTICS
Differential Voltage Gain ADIFF Single-Ended Output f = | kHz 32 dB

Single-Ended Input Double-Ended Output f = | kHz 37 dB
Bandwidth at -3 dB Point BW 650 | kHz
Max imum Output Voltage _ '

Swing vouT(P-P) f=1 kHz 6.4 |V(P-P)
COnm?n-Mode Rejection CMRR f=1 KHz 98 48

Ratio
Single-Ended Input ZIN £ =1 KHz 195K Q

Impedance
Single-Ended Output B )

Impedance ZouT f=1 kHz 8K Q
Total Harmonic Distortion THD f =1 kHz 0.2 %

AGC Range (Maximum Vol tage

Gain to Complete Cutoff) Age

-+
n

| kHz l 90 dB
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File No..705 CA3000 Slash (/) Series
Table 1 — Group A Electrical Sampling Inspection

Limits for Indicated Temp.(° C)

Characteristics sym-| Test Conditions
bol vt=4+6V, Minimum Maximum Units
V- =6V
-55 +25| +125 | -55 | +25 {+125
STATIC
Input Offset
Voltage Vlo - - - - 6.5 ) 6.5 mV
|input Offset | _ _ _ _ 20 | 10 20 A
Current 1o W

Input Bias Current I -

Terminal | Terminal
Quiescent Vg 4 5
Operating or
Voltage V1o NC NC 1.5 | 1.5+ 15 | 3.2 | 3.2.( 3.2 \"
Terminal | Terminal
4 5
NC NC 30 25 20 60 60 50 mw
Device Pr | nc -v 25 | 20 | 15 [ 55|55 | 50 | mw
Dissipation
-V NC 55 50 45 | 105 | 105 90 mwW
Ry Ry 35 | 35 | 25 | 70 [ 70 | 65 | mw
DYNAMIC A}l tests at 1 kHz, except BW
Differential A Sil-?ngclle:j 28 4B
Voltage Gain Diff oqtpﬁt - I i i
Maximum Output | VouT]| =
Voltage o | 7K R e i S
Bandwidth at -3 - _ _ - - - -
dB Point BW [V, =10mV,Rg=1kQ 600 kHz
Common-Mode - _ - - - -
Rejection Ratio CMR | f=1kHz 70 a8
Single-Ended b4 — - - - -
Input Impedance IN 70k Q
Single-Ended
Output impedance| Zg 1 — |5.5k| - - |105k| - Q
Total Harmonic _ _ - _ - 7
Distortion THD S 8
AGC Range |
(Maximum Volt- - _ _ - - -
age Gain to AGC | f=1kHz 80 48
Complete Cut-
off)
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CA3000 Slash (/) Series

File No. 705

Table I1 — Pre Burn-in Electrical and Post Burn-In Electrical Tests, and Delta Limits*

Electrical Characteristics, at Tpo =25° C,V¥=46V, V-= 6 V

LIMITS
UNITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. MAX. &
Input Offset Current h . - - 35 4 BA
Quiescent Vgor Terminal 4: NC 15 32 £0.3 v
Operating Voltage Vio Terminal 5: NC
Device Dissipation PT Terminal 4: NC 25 60 16 mw
Terminal 5: NC
*Levels 1 and 2'require pre burn-in electrical and post burn-in electrical tests, and delta limits.
Level 3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 7.
Table 111 — Final Electrical Tests
TEST CONDITIONS LIMITS FOR INDICATED TEMPERATURES (°C}
CHARACTERISTIC SYMBOL vi=46 v, MINIMUM MAXIMUM UNITS
Vi =6V —55 +25 +126 -55 +25 +125
Input Offset v, - - - -
Voltage 10 65 5 65 mv
Input Offset \
o Current 10 - - - - 20 10 20 BA
s
& Input Bias
Current Y - - - - 70 36 2% BA
Quiescent Operat- Vg or Terminals 4 and 5
ing Voltage Vio No connection 15 |15 15 3.2 3.2 3.2 v
. L Terminals 4 and 5
Device Dissipation Pr No Connection 30 25 20 60 60 50 mwW
2 Differential Volt-
8 age Gain Single Apiff f=1kHz - 28 - - - - dB
8‘ Ended Output
Table IV — Group C Electrical Characteristics Sampling Tests (T A = 25°C)
TEST CONDITIONS Limits )
Characteristic Symbol | 4 . Units
V' =46V, V=6V Min. Max.
Input Offset Voltage Vio - S mv
_Input Offset Current o - 10 HA
Input Bias Current I - 36 WA
Quiescent Operating Voltage Vgor Vyp L5 3.2 \
Device Dissipation Pr 25 60 mw
" Differential Voltage Gain A Single Ended 28 = 4B
Single-Ended input DIFF Output f=1kHz
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File No. 705 -

[FOSTTIVE DC SUPPLY VOLTS (Vgg) = +6

NEGATIVE DC SUPPLY VOLTS (Vgg)* —6

STATIC CHARACTERISTICS

POSITIVE DC SUPPLY VOLTS (Vcc)* +6
NEGATIVE DC SUPPLY VOLTS (VEg)= —6

CA3000 Slash (/) Series

FREQUENCY (f) = Ike/s
9 ]
g LI L]
,I_ o FREE— AIR TEMPERATURE (TFp)=-55°C
<
z
I 125
4 L] L o
<@ T T T <
ke INNEEEEREEA] ! T [+
[=3 pnES o
>l anm SINGLEENDED| ouTPUT 71 > -20
- o
K 8
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FA =l
(g b4
oz Z -30|
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u o z
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2 -49
-T5 -%0 -25 O 25 8 75 100 125 0.001 0.01 o1 | o
FREE-AIR TEMPERATURE (Tpa)—°C FREQUENCY (f) — Mc/s
92CS-13594 92€5-13294
Fig.2— Differential voltage gain vs temperature Fig.3— Bandwidth at -3 dB point vs temperature
TTIT
mua sz:x‘;wEe DC SUPPLY VOLTS (Vcc) = +6 POSITIVE DC SUPPLY VOLTS (Vgg)*® +6
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Fig.6— Single-ended output impedance vs temperature

Fig.7— Burn-in and operating

life test circuit
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File No. 714

RGN

Solid State
Division

Linear Integrated Circuits

" Monolithic Silicon

High-Reliability Slash(/) Series
CA3001/. ..

High - Reliability
Video Amplifier
For Applications In Aerospace, Military and Critical Industrial Equipment
Features:
# Push-Pull Input & Output
® AGCRange ..........ciieuinennnnnar 60 dB typ.
® Bandwidth . ............... e 29 MHz
® jpputResistance .........c000innuen.. 150 k<2 typ.
5 0 t Resi cieeae Ceeeeiacnan .
11463 . Vultpu Ges‘ustance 1:59 typ.
12-Lead TO-5 Style Package oltageGain .................. e dB typ.
® nput Offset Voltage ........ cerereee.  1.5mVtyp:
RCA-CA3001 “Slash” (/) Series type is a high-reliability Applications
linear integrated circuit Video Amplifier intended for ® DC, IF, & Video Amplifier

applications in aerospace, military, and industrial equipment.
It is electrically and mechanically identical with the standard
type CA3001 described in Data Bulletin File No. 122 but is
specially processed ‘and tested to meet the electrical,
mechanical and environmental test methods and procedures
established for microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1N, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A “High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883.”

The CA3001 Slash (/) Series type is supplied in the 12-lead
TO-5 style package (“T" suffix) or in chip form (“H"" suffix).

® Schmitt Trigger

= Mixer

® Modulator

® See Companion Application Note ICAN-5038
“‘Applications of the RCA-CA3001 IC Video Amplifier’”

@
©—
27

282

500 2
Ri3
All tesistors
are in ohms.
vee® 92CM-135T1R2
* Internal Connection — DO NOT USE
Fig. 1 — Schematic diagram.
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File No. 714

MAXIMUM RATINGS, Absolute-Maximum Values

CA3001 Slash (/) Series Type

OPERATING TEMPERATURE RANGE .... -55°Cto+125°C
STORAGE TEMPERATURE RANGE . . ... —65°C to +150°C
LEAD TEMPERATURE (During Soldering):
At distance 1/16"" £1/32"
(1.59 mm £0.79 mm)
fromcasefor10smax. . ............ 265°C
MAXIMUM SINGLE-ENDED INPUT-
SIGNALVOLTAGE ............... 25V
MAXIMUM COMMON-MODE INPUT-
SIGNALVOLTAGE . .............. 25V
MAXIMUM DEVICE DISSIPATION . . ... .. 300 mW
ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT
LIMITSat T4 = 25°C
Indicated voltage or current limits for each terminal can be applied
under the specified conditions for other terminals. All Voltages are
with respect to ground (common terminal of Positive and Negative
DC Suppilies).
VOLTAGE OR CONDITIONS
VOLTAGE OR CURRENT LIMITS
TERMINAL|  CURRENT LiMiTS CONDITIONS TERMINAL
NEGATIVE I POSITIVE | TERMINAL | VOLTAGE
NEGATIVE | POSITIVE | TERMINAL | VOLTAGE
2,6 0 1, 26,10 0
1 2.5 2.5 3,10 - 3 b
8 25 mA 9 %
9 %
200-Q RESISTOR
L6 0 CONNECTED as‘rwseuj
2 8.5 ° 3 ;° ‘f: TERMINALSNo.8 & No.1
1,2,6,10 0
1,26 ) 9 0 +10 "y %
3 -10 0 9 6
10 6 1,26 0
10 -10 0 3 -6
1,26 0 9 %
4 -8.5 0 9 % 1,2,6, 10 0
10 6 3 5
1,2,6 0 1 25 mA 9 6
5 -6 0 3,10 € 2002 RESISTOR
9 16 CONNECTED BETWEEN
1,2 0 TERMINALS Na 10&No.11
6 -2.5 2.5 3,10 3 INTERNAL CONNECTION. .
9 % 12 DO NOT USE
INTERNAL CONNECTION CASE INTERNALLY CONNECTED TO TERMINAL No.3
7 DO NOT USE (SUBSTRATE) DO NOT GROUND
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CA3001 Slash (/) Series Type
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File No. 714

ELECTRICAL CHARACTERISTICS, AT Ty = 25°C, Ve = +6V, VEg = -6V

LIMITS
SPECIAL TEST CONDITIONS
CHARACTERISTICS SYMBOLS Terminals No.4 and No.5 TYPE
Not Connected CA3001
Unless Specified
Typ. | Units
STATIC CHARACTERISTICS:
Input Offset Voltage vio 1.5 mv
Input Offset Current 1o 1 uh’
Input Bias Current Iy 16 uA
Output Offset Voltage Voo 54 mV
TERMINALS
MODE 4 5
Quiescent Operating Vg or A | nc | Nc a4 | v
Voltage
vy B NC | VEE 4.8 v
c VEg | NC 2.7 \
D VEE | VEE 4 v
A NC NC 78 mw
B NC | VEE 71 mw
Device Dissipation Pt
Cc VEE | NC 110 mwW
D VEE | VEE 86 mwW
DYNAMIC CHARACTERISTICS:
Differential Voltage Gain ADIFF f = 1.75 MHz 19 dB
(Single-ended input and output) f = 20 MHz 14 dB
Bandwidth at -3 dB Point BW 29 MHz
Maximum Output Voltage Swing | VoyT(P-P) f =1.75 MHz 5 Vp-p
f = 1.75 MHz, Rg = 1 K{) 5 dB
Noise Figure NF
= 11.7 MHz, Rg =1 K{} 7.7 dB
Common-Mode Rejection Ratio CMR f =1KHz 88 dB
Input Impedance Components:
Parallel Input Resistance RIN f = 1.75 MHz 140 | KQ
Parallel Input Capacitance Cin f = 1.75 MHz 3.4 pF
Output Resistance RouT = 1.75 MHz 45 Q
AGC Range (Maximum voltage AGC f = 1.75 MHz 60 dB
gain to complete cutoff)




File No. 714 CA3001 Slash (/) Series Type

Table I. Group A Electrical Sampling Inspection

Limits for Indicated Temp. (°C)
Characteristics Test Conditions
ISymbol VCC: 6V, Minimum Maximum Units
VEE = -6V
-55 [+25 |+125 -55 | 425 |+125
Static
Input Unbalance _ . _
Current lIU 211045
Input Bias Current I‘ - - - - 16636 22 A
Output Offset Voltagel V. - - - — | 420} 300|260 | mV
Quiescent 380' Terminal 4 | Terminal 5
Operating Voltage |V} NC NC | 38]|38[38]48|48|as| v
Terminal 4 | Terminal 5
NC NC 60| 60 { 50| 125{ 115|110 mwW
Device
Dissipation Pr NC Veg | 55| 55| 45| 120( 105105 | mW
Veg NC 80| 80 | 70 } 175/ 160 [ 155 | mW
Veg “Veg 60 | 60 | S50 | 135f125]125 | mW
Dynamic
Differential Voltage =175 MHz -1w®| - -f-]-14dB
Gain (single-ended ADiff
input and output) f= 20 MHz -jwy-1-1-1- dB
Bandwidth at -3
dB Point BW ~lw.| -] -] -1]-1|mz
f V,
Maximum Output OouT] =
Voltage Swing (p-p) = 1.75 MHz -4 i i e B VD-D
Noise Figure NF | = 1.75 MHz, R = 1kQ - | - -1 -1 8 - dB
Common-Mode -
Rejection Ratio CMR f=1kHz -{l-1-1-1- a8
Common Mode _ -.35
input Voltage Range | VemR f=1kHz - +;°5 -l -1 -1 - v
Parallel Input R RIN f=1.75 MHz - 50 - - - - KQ
Parallel Input C CiN f=1.75 MHz -1 - - -7 - pF
Output Resistance | Ry f=1.75 MHz -1 -1 -1 -1 - Q
AGC Range (max.
voltage gain to AGC f=1.75 MHz - | 55 - -1 - - dB
complete cutoff)
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CA3001 Slash (/) Series Type File No. 714

Table II. Pre Burn-In Electrical and Post Burn-In Electrical Tests, and Delta Limits*

Electrical Characteristics, at Tg = 25°C, V¥ =+6V,V—=-6V
Limits
Characteristic mbol Test Conditions Uni
Sy Min. Max. Max.A | nits

Input Offset Current o - - - 10 +2 WA
Input-Bias Current [ - - .36 *+4 WA
Output Offset Voitage Voo - - 300 +100 mV
Quiescent Operating Vg or Terminal 4: NC 3.8 48 +0.5
Voltage v Terminal 5: NC ) . o v

. Ccinag Terminal 4: NC

Di P 60 11 *1

Device Dissipation T Terminal 5 NG ] 2 mwW

*Level /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 5.

Table IIl. Final Electrical Tests

Test Conditions Limits for Indicated Temp. (°C)
Characteristic Symbol | v*=+6V, |  Minimum - Maximum Units
VT=-8V 55 | +25 | +125 | 55 | +25 | +125
Input Offset Current o - - - - - 10 - BA
o Input Bias Current 1 - - - - 66 36 22 bA
'gl Output Offset Voltage Voo - - ~ —~ 420 | 300 | 260 mv
w N . : .
3‘;:::;:" ! Operating x‘i 1°' o ng | 38 |38 | 38 | a8 | a8 | a8 | v
5 Device Dissipation Py I::z:::: ‘; zg - 60 - - 115 - mwW
él‘ Differential Voltage Gain Ap; f= 1.75 MHz - 16 - - - - B
(single-ended input & output) itf

Table IV. Group C Electrical Characteristics Sampling Tests (T4 = 25°C, V¢ =+6V, VEE=—-6 V)

Limits .
Characteristic Symbol Test Conditions - Units
o Min. Max.

Input Bias Current 1} - - 36 uA
Output Offset Voltage Voo - - 300 mV
Quiescent Operating Vg or Terminal 4 5 38 48 Y,
Voltage Vi1 NC[NC
Device Terminal 4 5
Dissipation PT NCINC 60 115 mw
Voltage Gain ADiff f=1.75 MHz 16 - dB
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File No. 714 i CA3001 Slash (/) Series Type

TYPICAL DYNAMIC CHARACTERISTICS

POSITIVE DC SUPPLY VOLTS (Vcc)=+6 POSITIVE DC SUPPLY VOLTS (Vcc)*+6
NEGATIVE DC SUPPLY VOLTS (Vgg)=-6 NEGATIVE DC SUPPLY VOLTS (VEE)*~6
FREQUENCY (1)=1.75 MHz AMBIENT TEMPERATURE (Tp)=25°C
1T T TT
1 mmmana: 20
7 [
18. —ﬂ—$L
g = g
184 &
Le ; 3 N
Esstasy: 0 -
3 1851 3
S N w \
w © g
o <
£ 04 g
- =3
I3 >
> 4
103 \
8.2 — 3
-75 -%0 -25 O 25 50 75 100 125 o 0 100 1000
AMBIENT TEMPERATURE (T)—°C 92Cs-13287 FREQUENCY (f) — MHz 92C3-13262RI
Fig. 2 — Differential voltage gain vs. temperature. Fig. 3 — Differential voltage gain vs. frequency.

POSITIVE DC SUPPLY VOLTS (Veg)*+6 [ HHTH
NEGATIVE DC SUPPLY VOLTS (VEE)=~6
AMBIENT TEMPERATURE (Tp)=25°C

o
2
R
E H
=~ 28,
g o
[}
i EREQU) NCY;] y
w :
s s A
2 7
[ 0 2000 2500 3000

1001 0
SOURCE RESISTANCE (Rg)—Q
92CS-13284
Fig. 4 — Noise figure vs. source resistance and frequency.

9215 - 2837

Fig. 5 — Burn-in and operating life test circuit.
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File No. 713

REI Linear Integrated Circuits

Solid State Monolithic Silicon

Division High-Reliability Slash(/) Series
CA3002/. ..

High-Reliability
IF Amplifier

For Applications in Aerospace, Military and Critical Industrial Equipment

Features:

Input Resistance — 100 kS2 typ.

Output Resistance — 70 S typ.

Voltage Gain — 24 dB typ. @ 1.75 MHz
Push-Pull Input, Single-Ended Output

-3 dB Bandwidth — 11 MHz typ.

AGC Range — 80 dB typ.

Useful Frequency Range DC to — 15 MHz

H-1528

10-Lead TO-5 Style Package

RCA-CA3002 Slash (/) Series type is a high-reliability
integrated-circuit IF Amplifier intended for applications in
aerospace, military, and critical industrial equipment. It is

electrically and mechanically identical with the standard type : Produ\c/:.t Dstector : AM Dete;tor
CA3002 described in Data Bulletin File No. 123 but is ':&”',"“ Schmitt Trigger
mplifier

specially processed and tested to meet the electrical,
mechanical, and environmental test methods and procedures
established for microelectronic devices in MIL-STD-883.

= See Companion Application Note ICAN-5038
“‘Application of RCA-3002 IC IF Amplifier”

The packaged types can be supplied to six screening levels—
/1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883 v

Classes A, B, and C. The chip version can be supplied to three ) @ e

screening levels—/M, /N, and /R. These screening levels and I)
detailed information on test methods, procedures, and test R
sequence are given in Reliability Report RIC-202A “‘High- 3K
Reliability CA3000 Slash (/) Series Types Screened to MIL-

STD-883."”

© 50 50

Rp Ry Rq Rs Re

The CA3002 Slash (/) Series type is supplied in the 10-lead 48K 4.8k 2K
TO-5 style package (“T* suffix), or in chip form (“H"”

suffix). 20 ©"

* Terminal No.6 is an
internal connection

DO NOT USE!

All resistors are in ohms.,
vee G
92CS -12953RI

Fig. 1 Schematic Diagram
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CA3002 Slash (/) Series

MAXIMUM RATINGS, Absolute-Maximum Values:

OPERATING TEMPERATURE RANGE .. ..... 55°Cto+125°C LEAD TEMPERATURE (During Soldering):
STORAGE-TEMPERATURE RANGE. . . ...... 65°Cto+150°C Atdistance 1/16" + 1/32"
MAXIMUM INPUT-SIGNAL VOLTAGE . ........... 135V (1.59 mm + 0.79 mm)
MAXIMUM DEVICE DISSIPATION . . . ............ 300 mwW fromcasefor10smax. . ..............0vov... 265°C
ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, at
Ta =25°C
Indicated voltage or current limits for each terminal can be applied
under the ified operating ditions for other terminals.
All voltages are with respect to ground (-Vgc, +VEE,) or common
terminal of Positive and Negative DC supplies).
VOLTAGE OR CURRENT VOLTAGE OR CURRENT
LIMITS CONDITIONS LIMITS CONDITIONS
TERMINAL TERMINAL
| NEGATIVE | POSITIVE [ TERMINAL | VOLTAGE NEGATIVE | POSITIVE| TERMINAL | VOLTAGE
2,7 -8
K INTERNAL CONNECTION
1 8V 0w 5.910 1’g 6 DO NOT USE
2 -0V ov L5 10 0 1,510 )
9 *6 7 12V ov 2 ]
1,5 10 0 Ll *6
3 -85V ov 7 -6 157,10 0
9 +6 8 20 mA 2 £
+
1,5, 10 0 9 6
4 -8V ov 2,7 -8 200 ) Resistor B
+6 Terminals 7 & 8
1,10 0 1,510 0
5 35V 435V 2,7 5 9 ov Hov 2,3,7 r]
9 +6
1,5 0
INTERNALLY CONNECTED TO TERMINAL No.2 R
CAsE (SUBSTRATE) DO NOT GROUND 10 35V rsv 27 :
Table 1 — Pre-Burn-In and Post Burn-In Electrical Tests and Delta Limits*
TEST CONDITIONS
° + LIMITS
ATT,=25°C,V =46V
HARAC 4 4
[ ACTERISTIC SYMBOL A ) MIN. MAX. MAX. A UNITS
V=6V
v* =16 V, Terminal
. No.2=-6V,
Input Bias Current 'l Terminal No. 1 to ground —_ ki +10 BA
Total Drain Current 'T 12 = Ig = 'T 5.0 15.8 1.5 mA

*Levels /1N, /1R, /1, and /2 require pre and post burn-in electrical tests and delta limits Level /3 requires pre burn-in electrical

test only. The burn-in circuitis shown in Fig. 7,
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ELECTRICAL CHARACTERISTICS,at T4 =25°C, VI =+6V,V—=—-6V

LIMITS
SPECIAL TEST CONDITIONS
CHARACTERISTICS symsoLs | TERMINALS No.3 & Nod4 | cA3002
NOT CONNECTED
UNLESS OTHERWISE NOTED , -
Typ. IUmts
STATIC CHARACTERISTICS:
Input Unbalance Voltage Viu 2.2 mV
Input Unbalance Current Iu 2.2 rA
Input Bias Current I1 20 “A
MODE TERMINAL
2 4
Quiescent Operating
Voltage A IVEE NC 2.8 \
VEE VEE 3.9
Device Dissipation Pr 55 mwW
DYNAMIC CHARACTERISTICS:
Differential Voltage Gain
(Single-Ended Input ADIFF f =175 MHz 24 dB
and Output)
Bandwidth at -3 dB Point BW - [ 11 MHz
Maximum Output Voltage Swing | VouT(P-P) - 5.5 | Vp.p
Noise Figure NF f =175 MHz Rg = 1 k{2 4 dB
Input Impedance Components:
Parallel Input Resistance RIN f =175 MHz 100k Q
Parallel Input Capacitance CIN f =175 MHz 4 pF
Output Resistance RouT f=175MHz . 70 Q
3rd Harmonic Inter-
modulation Distortion IMD ) -40 B
AGC Range (Maximum Voltage
Gain to Complete Cutoff AGC f = 1.75 MHz 8 a8
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Table II — Final Electrical Tests

CA3002 Slash (/) Series

TEST CONDITIONS LIMITS FOR INDICATED TEMPERATURES (°C)
CHARACTERISTIC SYMBOL + . MINIMUM MAXIMUM UNITS
V' =4V, V=6V —55 +25 +125 ~55 +25 +125 |
Input Unbalance e = - - -

Current hu ho-'s=huy 35 10 10 HA
Input Bias Current | | - - - 85 35 30 HA
Total Drain Current v I2+ Ig = IT - - - 167 15.8 15.0 mA

Table IIT — Group A Electrical Sampling Inspection
TEST CONDITIONS LIMITS FOR INDICATED TEMPERATURES (°C)
CHARACTERISTIC SYMBOL + = MINIMUM MAXIMUM | UNITS
Vi =4BV, V=6V 55 |+5 [vizs | -85 | v | vi%s
Static
Input Unbalance Current hu ho-'s=hu - - - 35 1o 10 HA
Input Bias Current i - - - 85 35 30 7y
Total Drain Current It lytlg=lg - - - 16.7 15.8 15.0 mA
Max Output Voltage +VOM - 4.6 - - 5.4 - \
Min. Output Voltage +V0M Terminal No. 1 Ground - - - - 0.05 - \'Z
Dynamic
Noise Figure NF f=1.75 MHz, RS =1k - - - - 8 - dB
Voltage Gain A f = 1.75 MHz, single-ended _ 19 _ _ _ _ dB
input and otitput
AGC Range (Maximum
Voltage gain to complete AGC f=1.75 MHz - 60 - - - - dB
cutoff)
Table IV — Group C Electrical Characteristics Sampling Tests (T4 = 25°C)
TEST CONDITIONS
CHARACTERISTIC SYMBOL + LimiTs UNITS
Vi=46V,V =6V MIN. MAX.
Mhput Unbalance Current 'IU IIO - I5 = I"J - 10 MA
Input Bias Current II - 35 MA
Total Drain Current r lytlg=lg 5.0 15.8 mA
Voltage Gain A f=1.75 MHz, single- 19 - dB
ended input and output
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DYNAMIC CHARACTERISTICS

- T
POSITIVE DC SUPPLY VOLTS (Vcg) = +6 llﬁ POSITIVE DC SUPPLY VOLTS (Vgc) = +6
NEGATIVE DC SUPPLY .VOLTS (Vgg)= —6 INEE NEGATIVE DC SUPPLY VOLTS (Vgg)= —6
FREQUENCY (f) =1.75 MHz AMBIENT TEMPERATURE (Ty)=25°C
FREQUENCY (f) = .75 MHz
-]
T Y
2
= T o
$ B z
w
ps «
E 3
3 [y
o
w 23 g 5
<] =
< z
5
g
22 (4]
-75 -50 -25 o 25 50 75 100 125 [ 500 1000 1500 2000
AMBIENT TEMPERATURE (Ta)—°C SOURCE RESISTANCE (Rg) —Q
92Cs-13344 92C5-13397

Fig.2 — Differential voltage gain vs temperature. Fig.5 — Noise figure vs source resistance.

POSITIVE DC SUPPLY VOLTS (Vecl= +6 :g::.'x,i %cc ss‘:;':t: ‘(,gt:z ((\Ccc’)’ f:
NEGATIVE DC SUPPLY VOLTS (Vgg) = -6 AMBIENT TEMPERATURE (Ta)=265C
AMBIENT TEMPERATURE (Tp)=25°C 2
20
@ -40
] \ :
N T
z 15 13 45
3 N\ )
w N i
g 0 2.5
6‘ 45
> W
5 Ti.sg
of
= 1T
IRNEI
el INEE
ot 0 100 ° ° r!;:oueuzs ) 25n *
FREQUENCY (f)— MHz MHz sacss0
92Cs-13382 : =
' Fig. 6 — AGC range vs frequency.
Fig.3 — Differential voltage gain vs frequency.
. vtetiev
H POSITIVE DC SUPPLY VOLTS (Vec)® +6
H NEGATIVE DC SUPPLY VOLTS (Vgg)= —6
"
I
=z
4
& HH
e 5
o
a.
[
3
L
1
g
£ 10
=]
z
o
F4
<
@
9
-75 -50 -25 O 25 50 75 00 I
AMBIENT TEMPERATURE (Tp) — °C
92C5-13346 V=z-6V 92cs~-22838
Fig.4 — Bandwidth at -3 dB point vs temperature. Fig. 7 — Burn-in and operating life test circuit.
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m@m Linear Integrated Circuits

Solid State

Monolithic Silicon

Division High-Reliability Slash(/) Series

CA3004/. ..

Features:

12-Lead TO-5 Style Package

RCA-CA3004 “‘Slash” (/) Series type is a high-reliability
linear integrated circuit RF Amplifier intended for
applications in aerospace, military, and industrial equipment.
It is electrically and mechanically identical with the standard
type CA3004 described in Data Bulletin File No. 124 but is
specially processed and tested to meet the electrical,
mechanical and enviromental test methods and procedures
established for microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1N, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed irformation on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A “High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883.”

The CA3004 Slash (/) Series type is supplied in the 12-lead
TO-5 style package (T’ suffix) or in chip form (“H" suffix).

High-Reliability
RF Amplifier

For Aerospace, Military and Critical Industrial Equipment

&  QOperation from DC to 100 MHz

= RF, IF, and Video frequency capability

Balanced differential amplifier configuration
with controlled constant-current source

Applications:

Detector

Push-Pull Input and Output

Wide and Narrow-Band Amplifier

AGC

Mixer

Limiter

Modulator

Companion Application Note ICAN-5022
“‘Applications of RCS-CA3004, CA3005, and
CA3006 IC RF Amplifiers”

SEE NOTE|

92Cs-12959R2

Fig. 1 — Schematic Diagram

9-74
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CA3004 Slash (/) Series

ABSOLUTE-MAXIMUM VOLTAGE LIMITS, at T,=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)

VOLTAGE LIMITS CONDITIONS VOLTAGE LIMITS CONDITIONS
TERMINAL TERMINAL
NEGATIVE | POSITIVE | TERMINAL | VOLTAGE NEGATIVE { POSITIVE | TERMINAL | VOLTAGE
1 NO CONNECTION 7 NO CONNECTION
6 0 8 NO CONNECTION
12 0 2 0
3 9.5 .
2 9.5 0 g % g (G]
1[] % 9 0 +12 10 %
11 % 11 6
2 0 12 0
6 0 2 0
¢ € 3 -6
3 - =12 0 10 % 6 0
1 % 10 0 +2 9 %
12 0 1 %
2 0 12 0
6 0 2 0
9 6 3 -6
4 g 0 10 % § 0
1 % 1 0 +2 10 %
12 0 1 6
26,12 0 12 0
3 -6 2 0
5 5 0 9 ' 3 -6
10 % 6 0
11 % 12 -3.5 3.5 9 %
2 0 10 6
3 -6 11 +
6 35 35 9 % CASE INTERNALLY CONNECTED TO TERMINAL
- - 1(: 2 . NO.3 (SUBSTRATE) DO NOT'GROUND
1
12 0

File No. 712
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MAXIMUM RATINGS, Absolute-Maximum Values-

MAXIMUM SINGLE-ENDED INPUT-

SIGNALVOLTAGE . ..............

MAXIMUM COMMON-MODE INPUT-

SIGNALVOLTAGE ...............
MAXIMUM DEVICE DISSIPATION .......

OPERATING-TEMPERATURE RANGE

LEAD TEMPERATURE (During Soldering):
At distance 1/16" Mﬁ% "
(1.59 mm £0.79 min)

fromcasefor 10smax. ............

3.5V

—25V,+35V
300 mW

. —55°C to +125°C
STORAGE-TEMPERATURE RANGE ......

—65°C to +150°C

265°C



File No. 712 CA3004 Slash (/) Series

ELECTRICAL CHARACTERISTICS, at Tp = 25°C, V' = +6V,
V" = .6 V unless otherwise specified

LIMITS
TEST CONDITIONS TYPE
CHARACTERISTICS SYMBOLS Terminals No.4 and No.5 Open CA3004
Unless Otherwise Specified W
STATIC CHARACTERISTICS .
Input Offset Voltage Vio 17 mv
Input Offset Current Iio 0.125 HA
Input Bias Current I 21 uA
TERMINALS
4 5
Quiescent Iy NC NC 1 mA
Operating or
Current n1 \a NC 2.7 mA
NC A\ 0.45 mA
V- \Va 1.25 mA
U opestns | gmy | -
Device Dissipation Pt 26 mw
DYNAMIC CHARACTERISTICS
Power Gain Gp f =100 MHz 12 dB
Noise Figure NF f =100 MHz 6.3 dB

C%ngtiggdlgatio CMRR f=1kHz 98 dB

AGC Range (Max. Voltage :

Gain to Complete Cutoff) AGC f=175 MHz - dB
Table I — Pre Burn-In and Post Burn-In Electrical Tests and Delta Limits*

CHARACTERISTIC SYMBOL TIEf %%Nﬁggg\sl, MIN. ;’:::Ts MAX. & UNITS
Input Offset Voltage VIO - 5 2 mv
Input Bies Current ! - 40 4 bA
Device Dissipation PD - 45 5 mwW

*Levels /1N, /1R, /1, and /2 require pre and post burn-in electrical tests and delta limits
Level /3 requires pre burn-In electrical test only. The burn-in circuit is shown in Fig. 4.
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File No. 712
Table Il — Final Electrical Tests
LIMITS FOR INDICATED TEMPERATURES (°C)
| LIMITS FO
CHARACTERISTIC SYMBOL vafT +:‘? '\‘,T:’ng’ MINIMUM | MAXIMUM UNITS
g -|-85 I +25 I +125 | -55 l +26 | +125
STATIC
Device Dissipation PD - 16 - - 45 - mw
Input Offset Current| I|0 - - - 9 5 7 LA
Input Bias Current |I - - - 60 40 40 uA
DYNAMIC
Power Gain Gp Diff. Amp., f = 100 MHz - 10 - - - - dB
Noise Figure NF Diff. Amp., f = 100 MHz - - - - 9 - d8
Table III — Group A Electrical Sampling Inspection
TEST CONDITIONS LIMITS FOR INDICATED TEMPERATURES (°C)
CHARACTERISTIC SYMBOL TA=25°C, V* +6V, MINIMUM | MAXIMUM UNITS
V==-6V —55 ‘+25 |+1zs 55 | +25 I +125
STATIC
Input Offset Voltage| Vio - - - 5 i5 5 mv
Input Offset Current l|0 - - - 9 5 7 KA
Input Bies Current l - - - 60 40 40 HA
Device P Terminals 4 & 5 NC 16 16 | 14 50 5 45 w
Dissipation D erminals m
DYNAMIC
Power Gain Gp =100 MHz - 10 - - - - d8
Noise Figure NF f= 100 MHz - - - - 9 - dB
) AGC Range (Max.
Voltage gain to
Complete Cutoff) AGC. - -60 - - - - dB
Table IV — Group C Electrical Characteristics Sampling Tests (T4 = 25°C)
TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL V=46V, V== —6V MIN, - MAX. UNITS
.
Device Dissipation PD - 45 mwW
Power Gain Gp =100 MHz 10 - dB
'Input Bias Current N - 40 A
Input Offset Voltage Vio - 5 mV
Input Offset Current ho - 5 HA

296



File No. 712 CA3004 Slash (/) Series

TYPICAL DYNAMIC CHARACTERISTICS FOR TYPE CA3004

POSITIVE DC SUPPLY VOLTS (Vce)* +6 POSITIVE DC SUPPLY VOLTS(Vcc)* +6
NEGATIVE DC SUPPLY VOLTS (Vgg)® -6 NEGATIVE DC SUPPLY VOLTS (Vgg)=* -6
FREE-AIR TEMPERATURE (Tfa) = 25°C FREE -AIR TEMPERATURE (Tfa) = 25°C
SOURCE IMPEDANCE (Rg) = 50 0 SOURCE RESISTANCE (Ry) = 50 8
LOAD IMPEDANCE (R) = 50 Q +
25
\ 65
2 N £
? \\ 1 A1
™
g ™ < =
2 N ¥ . P
z 3 7
3 2 L~
[3 W s e
H 2 L~
® 5 2
as
Q 4
10 100 (] 100
FREQUENCY (f)—Mc/s FREQUENCY (t) —Mc/s
Fig. 2 — Power Gain Vs Frequency 92cs-i3369 Fig. 3 — Noise Figure Vs Frequency ~ 257%™
v*ti+6V

QO+6v

92Cs-22839

O
VT2-6V

Fig. 4 — Burn-In and Operating Life Test Circuit
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[R@Z)ﬂ Linear Integrated Circuits

Monolithic Silicon
Solid State

Division High-Reliability Slash(/) Series
CA3006/. . .

High-Reliability
RF Amplifier

For Applications in Aerospace, Military and Critical Industrial Equipment

Features: .
= Input offset voltage (ViQ) = 1 mV (max.)
®m  AGC range = 60 dB (min.) at 1.75 MHz Tas+izsee
® Cascode power gain = 20 dB (typ.) at 100 MHz
®  Operation from dc to 100 MHz
12-Lead TO'5 Stylo Package ® Sharp limiting characteristics
H-1463 ® Balanced input and output
= U itted bases and coll (]

RCA-CA3006 “Slash” (/) Series types are high-reliability linear ~ Applications:
integrated circuits intended for a wide variety of applicationsin g Wide and narrow band
aerospace, military, and critical industrial equipment operating amplifiers _
at frequencies up to 100 MHz. They are electrically and Detectors | VeV R
mechanically identical with the standard type CA3006 de- Burn-in and operating life test circuit.
scribed in Data Bulletin File No.125 but are specially pro-
cessed and tested to meet the electrical, mechanical and
environmental test methods and procedures estabiished for
microelectronic devices in MIL-STD-883.

92CS-1538IR2

Mixers

Limiters
Modulators
Cascode Amplifiers

The packaged types ean be supplied to six screening levels—
/1N, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A ‘“High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883.”

SEE NOTE

CASE_AND
The CA3006 Slash (/) Series types are supplied in the 12-lead SUBSTRATE T Ouma CE VALUES
TO-5 style package (““T* suffix), and in chip form (""H" suffix). 92Cs-13343R1
NOTE: Connect Terminal No.9 to most posi-
tive dc supply voltage used for circuit.
Fig.1 — Schematic diagram of CA3006.

MAXIMUM RATINGS, Absolute-Maximum Values AMBIENT TEMPERATURE RANGE:

=9250C .

atTp=25°C: Operating . . . . . . . . .. . —55t0+125 oc

DEVICEDISSIPATION. . . . . . . . 300 mW Storage . . . . . . . . . . . =—65t0+150 oc

SINGLE-ENDED INPUT-SIGNAL LEAD TEMPERATURE (During Soldering):

VOLTAGE. . . . . . . . . . . i35 \ At distance 1/16 £ 1/32 in. ,

COMMON-MODE INPUT-SIGNAL (1.59 £0.79 mm) from case for

VOLTAGE. . . . . . . . . . -25t0+35 v 10 s max. Ce e e e e e e +300 oc
9-74
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File No. 763 CA3006 Slash (/) Series

Maximum Voltage Ratings at Ty = 25°C

This 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 Maximum
vertical terminal 9 with respect to terminal 5 is O to +18 volts. Current Ratings
TERM-| | TERM- [’ lout
9 10 1 12 1 2 3 4 5 6 7 8 INAL INAL ! ou
No. No. mA mA
* * +18 * * +18 +18 | +18 +18 * +18
[ [} 0 0 0 0 9 9 - -
* * * +12 * * * * +12 +18
o i ° 10 10 +20 +0.1
* +12 +12 * * * * * +18
1 0 o 1 1 +20 +0.1
* * +18 +18 * * * +18
-18 | -18 5 12 12 - -
+ * * * +10 +4 %
4 4 4 1 1 +2 +0.1
+12 . " +10 +4 N
1 ° 4 2 2 +20 +20
* * +1 * +10
2 -5 3 3 - -
* * * +10
-5 4 4 - -
* * * 5 5 - -
+4 * - _
_10 6 6
* 7 7 +2 +0.1
REF.
SUB- 8 8 +0.1 +20
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.
DIFFERENTIAL-AMPLIFIER CONFIGURATION |
.
2:?2“ CORFIGURATION AMBIZ:Y TEMPERATURE (Tp):25°C —
IENT TEMPERATURE (Ta)s25°C S
Z
) \‘Q"r
35 {/‘ﬁ o 25
s NN i
s N 46, ~N
.l. S a 2
3 b )
2 2 T ".\91« 1 z
z =
= a
s \\'\ RN °
©
g N 5
o ! o
a
a 10
: —
0 FREQUENCY (1) — M 10 0 100
= MH.
2 925135191 FREQUENCY (f) — MHz s2cs-13520m
Fig.2 — .Power gain vs. fi Y, d ig i Fig.3 — Power gain vs. freq , i tial fig i

Table I — Pre Burn-In Electrical and Post Burn-In Electrical Tests, and Delta Limits*
ELECTRICAL CHARACTERISTICS, at Tp = 259C, vt =6 V,.VT=6V

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS ) UNITS
Min. Max. Max.A
Input-Bias Current IT:} - - 40 tq nA
Quiescent l«;ro Terminal 4: NC 06 6 +0.2 A
Operating Current 111 Terminal 5: NC " 1 - m
. PR Terminal 4: NC
0 +
Device Dissipation Pp Terminal 5: NC 16 45 54 mwW

* Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits.
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown on page 298.
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CA3006 Slash (/) Series File No. 763

ELECTRICAL CHARACTERISTICS, Typical Values Intended Only For Design Guidance

LIMITS
SPECIAL TEST CONDITIONS. TYPE
CHARACTERISTIC SYMBOL Terminals No.3,4,5, and 6 Not UNITS
CA3006
Connected Except Where Noted
Typ.
STATIC
Input Offset Voltage Vio 038 mV
Input Offset Current o 1.4 HA
Input Bias Current hg 19 uA
TERMINALS i
4 5
!
Quiescent Operating (:0 NC NC 1 mA
Current ,1'1 NC V= 2.7 mA
vV~ NC 0.45 mA
V- v 1.25 mA
Quiescent Operating l10
i roon 1.05 -
Current Ratio 11
Device Dissipation Pp R 26 mW
DYNAMIC
. f= Cascode Configuration 20 dB
Power Gain Go ] 100 Differential-Ampl. 6 B
MHz Configuration
f = Cascode Configuration 78 dB
Noise Figure NE 100 Differential Ampl.
MHz Configuration 7.8 dB
Common-Mode
Rejection Ratio CMRR f=1kHz 101 dB
AGC Range (Max. Voltage AGC f=1.75MH _ 4B
Gain to Complete Cutoff) . z
Table II — Final Electrical Tests
LIMITS
FOR INDICATED TEMPERATURE (°C)
CHARACTERISTIC | SYMBOL TEET CONDITIONS ini " UNITS
Vi=6V,VT =6V
’ 55 | +25 | +125 | -85 | +25 | +125
STATIC
Input Offset Current ho - - - - 2 - uA
Input Bias Current B - - - 60 40 30 uA
Quiescent Operating l10 Terminal 4 Terminal 5
Current 1 NC NG 06 {06 ]| o5 | 17| 16| 14 mA
Device Dissipation Pp Terrrl:ligd 4 TerrrN\igal 5 _ 16 _ _ 45 _ mw
DYNAMIC
Power Gain Gp f =100 MHz Diff. Amplifier - 14 - - - - dB
Noise Figure NF f=100 MHz Configuration — - - - 9 - dB
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Table III — Group A Electrical Sampling Inspection

TEST CONDITIONS Limits for Indicated Temp. (°C)
CHARACTERISTIC SYMBOL ini Manxi UNITS
Vt=6V,V==6V
55 | +25 | +125 | 55| +25 | +1zs
STATIC
Input Offset Voltage Vio - - - - 2 1 1.5 mV
Input Offset Current lio - - - - 4 2 1 HA
Input Bias Current g - - - - 60 40 30 KA
Terminal 4 Terminal 5
o NC NC 0.6 0.6 0.5 1.7 1.6 14 mA
Quiescent Operating Current NC v— 1.6 1.6 1.4 4.5 4.4 4 mA
|
" \ NC 0.25 | 0.25 | 0.25 08 | 075 | 085 mA
v V- 0.7 0.8 0.75 2.3 2.4 2.2 mA
Terminal 4 Terminal 5
NC. NC 16 16 14 50 45 45 mwW
Device Dissipation Pp NC v— 45 45 40 125 120 110 mw
e NC 10 10 9 30 30 30 mwW
i V= 20 25 20 70 70 70 mW
DYNAMIC
Cascode
X . - 16 - - - - dB
Configuration
Power Gain Gp f =100 MHz
Differential
Amplifier - 14 - - - - dB
Configuration
Cascode _ _ _ _ 9 _ a8
Configuration
Noise Figure NF =100 MHz
Differential .
Amplifier - - - - 9 - dB
Configuration
AGC Range’
(Max. Voltage Gain AGC f=1.75 MHz - —-60 - - - - dB
to Complete Cutoff)

Table IV — Group C Electrical Characteristics Sampling Tests (T4 = 25°C, V¥ =6V, V™ =6 V)

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS UNITS
Min. Max. Max.A

Input Bias Current IT:) - - 40 +4 uA
Quiescent lhg or Terminal 4 | 5
Operating | 0.6 16 t0.2 mA
Current n NCINC

i Terminal 4 | 5
g?svs'iceation Pp 16 45 +54 mwW

P ne | ne

Power Gain - _ .
(Differential) Gp f=100 MHz 14 *2 d8
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ME Linear Integrated Circuits

Monolithic Silicon
Solid State High-Reliability Slash(/) Series

CA3015A/...

High-Reliability
Operational Amplifier

For Applications In Aerospace, Military and Critical Industrial Equipment
Features:

® Open-loopvoltagegain ............ 70dB  typ.
® Common-mode rejectionratio ....... 103dB typ.
® Inputimpedance ............. e 10kQ  typ.
8 Input offsetvoltage ........ e 1mV typ.
% Inputoffsetcurrent .............. 0.5uA typ.
H-1463 ® Inputbiascurrent ............... 4.7 uA  typ.
12-Lead TO-5 Style Package  Static powerdrainat £ 12V .. ...... 175mW typ.
MAXIMUM RATINGS, Absolute-Maximum Values: Applications:
Operating-Temperature Range . . . . ........ -55°C to +125°C % Narrow-band and band- = QOscillator
Storage-Temperature Range . . ........... 65°C to +150°C pass amplifier = Comparator
LEAD TEMPERATURE (During Soldering): = Operational functions m Servo driver
A by 2 = Feedback amplifier = Scaling adder
.59 mm + 0.79 mm) 9
fromcase for10Smax. .. ...........c00uu. 265°C  ® DC and video amplifier = Balanced
Maximum Input-Signal Voltage .. .............. 8V, +1V ® Multivibrator modulator-driver
MAXIMUM DEVICE DISSIPATION:
At Ambient Upto70°C .. ......cuvunnn 700 mW
Jemperatures  AboVe70°C .. - Derateat 6.7 mW/'C RCA CA3015A “Slash” (/) Series type is a high-reliability

Temperatures  Upto125°C .. v\ v oo vevnsnnn. 830mw  linear integrated circuit operational amplifier intended for
applications in aerospace, military, and industrial equipment.
It is electrically and mechanically identical with the standard
type CA3015A described in Data Bulletin File No. 310 but is
specially processed and tested to meet the electrical,
mechanical and environmental test methods and procedures
established for microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A “High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-

STD-883."”
9zcs-2z641 The CA3015A Slash (/) Series type is supplied in the 12-lead
Burn-in and operating life ‘testci!tl)it. TO-5 style package (“T* suffix) or in chip form (“H" suffix).
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Maximum Voltage Ratings at T, = 25°C

The following chart gives the range of voltages wnich can be applied to the terminals
listed vertically with respect to the terminals listed horizontally. For example, the

voltage range of the vertical terminal 12 with respect to terminal 10 is 0 to -15 volts. Maximum

Current Ratings

TERM- TERM-
INAL [ 12 1 2 3 4 5 6 7 8 9 10 1 INAL | ‘v | lout
No. No. mA mA
+15 +5 0 +1 °
12 * 1 * * * 3 * * * .15 15 12 1 1
1 * * *zg * * * * * * * 1 - -
2 +5 +!g * * * * * * * 2 1 0.1
-5 Note 2
3 41-2 * +1 * * * * * 3 1 0.1
Note 2 -15
0
A 0 0 0 A - -
4 e o ") a0 | a0 | a2 | 7 4
5 * P * * .3g * 5 - -
+1 0
6 15 * * .20 * 6 1 1
+20 0
7 o * 20 * 7 3 3
+1 0
8 s .30 * 8 3 3
9 32 * 9 30 30
+20
10 9 w | - -
n n 3 3

4 CA3015A Case is internally connected to the substrate (Terminal Lead #4), DO NOT GROUND.

Note 1: For normal circuit operation, external voltages should not be Note 3: Carefully observe maximum dissipation ratings.
applied to terminals 5,6,8, and 12. * Voltages are not normally applied between these terminals. Voltages
Note 2: This rating applies only to the more positive terminal of ter- appearing between these terminals will be safe if the specified limits
minals 2 or 3. between all other terminals are not exceeded.
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Ovce
75K R|2é7.5K 1o
<

L On

INVERTING
INPUT

INPUT

'JD 4 92CM-15435
VEE

Fig. 1 — Schematic diagram.

+ POSITIVE DC SUPPLY VOLTS (V+)
POSITIVE DC SUPPLY VOLTS (V) NEGATIVE DC SUPPLY VOLTS (V=)
® NEGATIVE DC SUPPLY VOLTS (v-) AMBIENT TEMPERATURE (Tp)=25°C
i SOURCE RESISTANCE (Rg):Ik TERMINAL No. 10 OPEN
2 | TERMINAL No.10 oPER 0]
2 = 1] 100 = N
z . z
a ™~ =3 ™N +=
Z K 22 4, 1 M| vy
g . sl N N
5 =T 1 g 80| . N
4 AMBIENT TEMPERATURE (Ta)*-55°C w3 V76V N N
o 40 8= VT=-8V
g —[ | | vi=iav =0 70 AN
- 30 + VoE-2V \ e
7 vteev 52 N
z =6V = 60
& 20 H )
o Q
o
0 50|
+i25°¢C \
0 L 40,
000! 001 2 10 100 0.00! oot ol 0 100
FREQUENCY (f)—MHz FREQUENCY (f)— MHz
92CS—-14848R| 92CS—14859RI
Fig. 2 — Open loop voltage gain vs. frequency Fig. 3 — C de rejection ratio vs. fi
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ELECTRICAL CHARACTERISTICS AT Tp = 25°C

TEST CONDITIONS
vt=+12V,V=-12V
CHARACTERISTICS SYMBOLS TERMINAL NO. 5 NOT CA3015A| UNITS
CONNECTED UNLESS
OTHERWISE SPECIFIED TYP.

STATIC CHARACTERISTICS:

Input Offset Voltage Vio 1 mV
Input Offset Current Iio 0.5 kA
Input Bias Current 1} . 4.7 nA
Input Offset Voltage
Sensitivity:  Positive AVio/aVee 0.096 IV
Negative AV|0/AVEE 0.156

" iyt 175 v

Device Dissipation Pr Terminal 8 shorted to 500 m
Terminal 12

DYNAMIC CHARACTERISTICS:

Open-Loop Differential AoL dB
Voltage Gain 70
Open-Loop Bandwidth kHz
. BW,
at -3 dB Point oL 320
Slew Rate SR Rg=1kQ 7 Vlus
Common-Mode Rejection CMRR dB
Ratio 103
Maximum Output-Voltage
. VolP-P Vp.|
Swing ofP-P) 14 P-P
Input Impedance ZIN k2
10
Output Impedance Q
2ZouTt
85
Common-Mode
Vemr v
Input-Voltage Range +0.65
Noise Figure NF Rs= 1k ‘ dB
1
- [s[ s = [ T75] POSITIVE DC SUPPLY VOLTS (Veo) |1+
T N H B NEGATIVE DC SUPPLY VOLTS (Vgg) [1H]
4 15 = +259C ] a .| TERMINAL No.8[5] OPEN h
) 1 ° EESUN RN SUNE S
=, [ +125°C = T [t 1
Py ) T INRE T
Sis I 3 s ; Eu =
§12. ve:+i2v FEH . g T s =
< VEE*-12V [] § 1 : i pae:
a I = 1 VegEH2V 1T 1]
= — 5 o Yec
3 AMBIENT TEMPERATURE (Ta) = =55°C 3 F vegs-r2v T4 AMBIENT TEMPERAT
H / AT o LN
T 1777
< T w T
ET IJ’ ;*25'.(':' n; Il 1171 1 17T ‘M'
& =! £ i25°C e BS:
5 Il 2 IndiEe 0 s
X 5 T I R x T 1 T
=4 T T 2 1
I&J TI%H 1 IBER S| EEREES | a 4
s IhewrrIv POSITIVE DC SUPPLY VOLTS (v¢c) = *
2 25 H vcc--sv NEGATIVE DC SUPPLY VOLTS (Vgg) 2 . I e
£ i EE® T~ TERMINAL No.8 (5] SHORTED TO 1 = It " I
g HH 1t []  TERMINAL No.12 (3] g WA AT mmmant 1
JTTT T ESERSEERERSEReREARER NN SASEN N ITT \T!Lx IL! b i 1 1 188
o 025 05 075 [ 125 15 1715 2 o 0 15 20
LOAD RESISTANCE (R )— K OHMS LOAD RESISTANCE (RL)— K OHMS
92C5-14849 92CS-14862

Fig. 4 — Maximum peak-to-peak output voltage vs. load resistance.
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Table I )
Pre Burn-In and Post Burn-In Electrical Tests, and Delta Limits*
ELECTRICAL CHARACTERISTICS, at Ty = v+= +12}/, V-=.12V
LIMITS .
CHARACTERISTIC | SYMBOL TEST CONDITIONS UNITS
Min. Max. Max.A
Input Offset Voltage Vio - 2 +1 mv
Input Offset Current 1o - 1.6 +1 zA
Input Bias Current - - 6 +1 A
Device Dissinati p 110 240 +25 -
vice Dissipati
evice bissipation T Sshoted o9 | 320 | G0 | <50
*Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits.
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circult is shown on page 302.
Table 1T
Final Electrical Tests
LIMITS FOR INDICATED TEMP,(°C)
CHARACTERISTICS | SYMBOL TEST CONDITIONS Mini Maxi UNITS
V+=+12V,V'=-12V inimum aximum g
-55 | +25 [ +125 | 55 [ +25 | +125
STATIC
Input Offset Voltage Vig - -1 - - 3 2 3 mv
Input Offset Current g - -1 - - | 3§16 2 (A
Input Bias Current Iy - -1 - - 141 6 8 LA
Device Dissipation. p 1151 110} 95 | 280} 240 235 mW
T 5 shorted to 9 330) 320 - |700) 600) - mW
DYNAMIC
Open-Loop Differential A f=1KkHz ~| 66 _ - - - dB
Voltage Gain oL
Table III
Group C Electrical Sampling Tests
TpA=#25°C  VH=+12VV-=-12v
SPECIAL
CHARACTERISTIC SYMBOL | TEST CONDITIONS LIMITS UNITS
MIN. | MAX.
Input.Offset Voltage Vig - - 2 mV
Input Offset Current 'IO - - 1.6 #A
Input Bias Current I - - 2#A
Input Offset Voltage Sensitivity:
Positive AVio/AVee - - 0.5 [ mv/vV
Negative AVyo/DVgg - - 0.5 | mV/V
- 110 | 240 mW
Device Dissipation P ¢
evice P T Terminal 30 600 | mw
) 5 shorted to 9
Open-Loop Differential A fo _ d
Voltage Gain oL 1 kiz 6 B
Common-Mode Rejection Ratio CMR f=1kHz 80 - dB
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Table IV
Group A Electrical Sampling Inspection

Limits for Indicated
Test Conditions Temperature (°C) .

Characteristics | Symbol | V¥=+12V, Minimum Maximum | Units
V-=-12 V
-55| +25 | +125{-55}+25{+125

STATIC
Input Offset Voltage Vin - - -1 -1312!3]|mv
Input Offset Current llo - - -1 - 13]16] 2| »A
Input Bias Current Iy - -1 - - 1141 6] 8 | »A
Input Offset Voltage

Sensitivity .

Positiv SVig 05 V/V

ositive NG - - =1 -}|-}j05] - |m

AV,
Negati 10 - [ I R -
egative NG 0.5 mv/V

- 115] 110 | 95 [280[ 240} 235 | mW

Device Dissipation Py

Sshorted to 9 {330] 320 | — [700{600] — | mW
DYNAMIC  All tests are at 1 kHz except BWQL
Open-Loop Differential A - _ ~{=1-1 =14
Voltage Gain oL & ®
Open-Loop Bandwidth | gy _ _ 1=l =] -1«n
at -3 dB Point 0L 20 iz
Common-Mode CMR _ e -1-1-1-]2da8

Rejection Ratio

Maximum Output- Vn(P-P _ _ I O A Y
Voltage Swing oPP) 1 P-P

Input Impedance Zy - 17151 ==~ -«

Output Impedance ZouT - I1-1 -1 -1-h2 -]

Common-Mode Input- | _ _lvo NN
Voltage Range CMR 20'?85

Noise Figure NF Rg=1K |-| - | - |-]16] — | dB
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NG/

Solid State
Division

'Linear Integrated Circuits
Monolithic Silicon

High-Reliability Slash(/) Series
CA3018A/ . ..

High-Reliability
General-Purpose Transistor Array

For Applications in Aerospace, Military and Critical Industrial Equipment
Features:

u Matched fight 1

g purpose nsistors
® Hpg matched + 10%
® Vg matched £ 2 mV

12-Lead TO-5 Package

H-1463

RCA-CA3018A “Slash” (/) Series types are high-reliability
linear integrated circuits intended for a wide variety of
applications in aerospace, military, and critical industrial
equipment. It consists 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,
and the substrate is connected to a separate terminal for maxi-
mum flexibility. The CA3018A is electrically and mechanically
identical with the standard type CA3018A described in Data
Bulletin File No. 338 but is specially processed and tested to
meet the electrical, mechanical, and environmental test
methods and procedures established for microelectronic de-
vice in MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1N, /1R, /1,/2, /3, and /4—which correspond to MiL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A “High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883.”

The CA3018A Slash (/) Series types are supplied in the 12-lead
TO-5 style package (“T* suffix), and in chip form (“H"’ suffix).

m Operation from DC to 120 MHz
= Wide operating current range

u CA3018A performance characteristics controlled
from 10 uA to 10 mA

® Low noise figure — — 3.2 dB typical at 1 kHz

Applications:

™ General use in signal processing systems in DC
through VHF range

= Custom designed differential amplifiers

® Temperature compensated amplifiers

Q Q
6 ! 3
CASE
AND
SUBSTRATE
[e]]
92CS-14244R1

Fig. 1 — Schematic diagram for CA3018A.
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CA3018A Slash (/) Series

MAXIMUM RATINGS, Absolute Maximum Values at T 4 =25°C

DEVICE DISSIPATION:
ANy ONe transistor . .........evinernnanaenns
Total package

mw
mw

TA>85%C oo derate linearly at 5 mW/°C
AMBIENT TEMPERATURE RANGE: .

OPerating  .......eiuiinennneninaeneannns —55to + 125°C

BT (e T - PP —65t0+ 150 C

* The collector of each transistor of the CA3018A/ is isolated from the
substrate by an integral diode. The substrate (terminal 10) must be
connected to the most negative point in the external circuit to main-

The following ratings apply for each transistor in the device:

Collector-to-Emitter Voltage, VCEO .............. 15 v
Collector-to-Base Voltage, Vogg  «+ - -+ 30 v
Collector-to-Substrate Voltage, Voio* - - 40 v
Emitter-to-Base Voltage, VeBp v -- 5 v
Collector Current, Ig o .vvvivviniiienn, 50 mA
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £ 1/32in. (1.59 £0.79 mm)
fromcase for 10smax. ..................... +300 °c

tain isolation between transistors and to provide for normal transistor
action.

ELECTRICAL CHARACTERISTICS (For Each Transistor) Intended For Design Guidance

3018,
CHARACTERISTICS SYMBOL SPECIAL TEST CONDITIONS CL‘.\IIV?I!I’SA UNITS
AT Tp =25°C
Typ.
STATIC CHARACTERISTICS
Collector-Cutoff Current ICBO VCB =10V, IE =0 0.002 nA
Collector-Cutoff Current 'ceEo Veg=10V,1g=0 See Curve MA
Collector-to-Emitter Breakdown
Voltage V(BR)CEO Ic=1mA,lg= 0 24 \
Collector-to-Base Breakdown Voltage V(BR)CBO Ic= 10 A, 'E =0 60
Emitter-to-Base Breakdown Voltage V(BH)EBO 'E =10 uA, Ic= 0 7
Collector-to-Substrate Breakdown v | 10 8A L o 60 v
Voltage (8rICIO | Ic=10uA g =
Collector-to-Emitter Saturation Voltage VCES 'B =1 mA, 'C =10 mA 0.23 A\
lc=10mA 100 -
Static Forward Current Transfer Ratio hFE VCE =3V, Ic=1mA 100 -
Ic=10uA 54 -
Magnitude of Static-Beta Ratio v 3
=3V, g1 =lpp=1mA 0.97 -
(1solated Transistors Qq and Qp) CE c1-'c2 m
Static Forward Current Transfer Ratio h v av Ic=1mA 5400
Darlington Pair (Q3and Q) FED CE” Ic = 100 uA 2800 -
) Ig=1mA 0.715
Base-to-Emitter Voltage Vgg Veg=3V _ \
lg=10mA 0.800
\
Input Offset Voltage BE1 Veg=3V, Ig=1mA 0.48 mv
VBE,
Temperature Coefficient: I AVBE l o
—_ Ve =3V, =1 -1.
Base-to-Emitter Voltage Qq, Q, AT CE le mA 19 mv/ie
Base (Qz)-to Emitter (Q4) Voltage VBED lg =10 mA 1.46
Darlington Pair Vg 1) Vee =3V g =1mA 1.32 v
9-1 E .
Temperature Coefficient: I I
Base-to-Emitter Volta i AVeeD = = ©
ge Darlington e Veg = 3v, lg=1mA 4.4 mV/ C
. AT
Pair-Qz, Q4
Temperature Coefficient: IVBE1'VBE2I Vec=+6V, VT =6V °
—_— 10 V/ C
Magnitude of Input-Offset Voitage AT l Icq =gy =1 mA mv/
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TYPICAL CHARACTERISTICS, (Cont'd)

CA3018A
DYNAMIC CHARACTERISTICS SymMBOL SPECIAL TEST CONDITIONS TYP UNITS
f=1kHz, Vog =3 V,Ig=100pA:
Low Frequency Noise Figure NF . 3.25 ds
Source resistance = 1 KQ
Low-Frequency, Small-Signal
Equivalent-Circuit Characteristics:
Forward Current-Transfer Ratio hee 110 -
Short-Circuit Input Impedance hie 35 K
Open-Circuit Output Impedance hge f=1kHz, Veg=3V,Ig=1mA 15.6 pmho
Open-Circuit Reverse Voltage- 4
i hre 18x 10 -
Transfer Ratio
Admittance Characteristics: X
Forward Transfer Admittance Yfe 1 3115 mmho
Input Admittance Y 0.3 +j0.04 mmho
i - ie f=1MHz, Vgg =3V, Ig = 1 mA !
Output Admittance Yoe 0.001 +j0.03 mmho
Reverse Transfer Admittance Yre See Curve mmho
Gain-Bandwidth Product 'T VCE =3V, Ic= 3mA 500 MHz
Emitter-to-Base Capacitance Ceg Vgg=3V,1g=0 0.6 pF
Collector-to-Base Capacitance Cai Ve = 3V,ic=0 0.58 pF
Collector-to-Substrate Capacitance CCI Vg =3V,ic=0 28 pF
STATIC CHARACTERISTICS
1028 EMITTER CURRENT (Ig)1+0 1070~ BASE_CURRENT (Ig)+0]
B v,
10 2 oy
R 2 8 S
] 1 @\A -
] ] S
H o} O AL A
: g% S/
5 £ S/
3 & ,(f‘l/
3 10+ ?} \ ,«7’ /
'g 6| lg ’&j/ va
e &
2 5 L
8 o g 1o tP%/
8 8
] B A
8 g “
102 102 /
8 y: ava
L_10¢ 1 ‘ | 1073
[ 25 50 7 100 125 25 50 75 100 125
AMBIENT TEMPERATURE (Ta)—°C AMBIENT TEMPERATURE (Ta)—°C
92cs-23778 s2cs-23776
Fig. 2 — Typical collector-to-base cutoff current vs. ambient tempera-. Fig. 3 — Typical colle 0 itter cutoffcurrent vs. i J4
ture for each transistor. ture for each transistor.
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TABLE I —PRE BURN-IN ELECTRICAL AND POST BURN-IN ELECTRICAL TESTS, AND DELTA LIMITS*
ELECTRICAL CHARACTERISTICS, at Tp = 25°C

CHARACTERISTIC SYMBOL . TEST CONDITIONS ey LIMI.I:“. Mo UNITS
Emitter-to-Base Breakdown Volts, Q1, Qp V(BH)EBO lg= 10uA, I = 1] 5 - 105 A\
Collector Cutoff Current, Qy, Qp : Iceo Vgg=10V,Ig=0 - 0.5 10.15 uA
Collector Cutoff Current, Qz, Qg Iceo(p) Veg=10V,lg= 0 - 5 *1 BA
Input Current Qq, Qp hN Ic=1mA,Vcg=3V - 16.7 2 BA
Input Current Darlington Pair, Qz, Q4 NIN(D) Ic=1mA, Veg =3 v - 05 +0.1 HA
Base-to-Emitter Voltage, Qq, Qp * Vgge lg=1mA,Vcg=3V 0.6 038 0.1 v
Base-to-Emitter Voltage, Darlington VBE(D)

Pair, Q3, Q4 Vg.1) lg=1mA,Vcg =3V 1.1 15 0.1 \

* | evels/1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits.
Level/3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 12.

TABLE II — FINAL ELECTRICAL TESTS

TEST LIMITS FOR INDICATED TEMPERATURE °c)
CHARACTERISTIC SYMBOL CONDITIONS Minimum Maximum UNITS
STATIC -55 +25 |+125 —55 +25 | +125
Collector Cutoff
1 Veg=10V,lg=0 - - |- - 4 | -
Current, Qq, Qp, Q3, Q4 CBO cs E nA
Collector-to-Base Br _ ~
Voltage Vigrico | lc=108A 1g=0 - 30 | - - - - v
Emitter-to-Base Breakdown B
Voltage Vigrigso [ 'g=10#A.lc=0 - 5 |- - il v
Collector-to-Substrate v 1= 10 kA, I = 0 40 v
Breakdown Voltage (BRICIO c ' #Ader= - - - -
Collector-to-Emitter ) - =0 _ 5 | — — - | -
Breakdown Voltage’ V(BRICEO Ic=1mA,lg ! v
Collector Cutoff Current
.0 Iceo Veg=10V,1g=0 - - - - 05} 100 HA
152
Collector Cutoff Current
Q. !ceo(p) Vcg=10V,1g=0 - - |- - s | 2000 uA
3 44
) Ic=1mA 29 60 | 70 - -] - -
Static Forward Current n v av.d 10mA 50
=3V, =10 m - - - - - -
Transfer Ratio, Qq, Qy FE CE ’C 10A 20
c=10u - C - - - - -
Static Forward Current Ilc=1mA 1000 2000 | 2300 - - - -
Transfer Ratio, Q3,0 | "TED) Veem3Vey o100
. Q3. Q4 c= HA - 1000 — - - - -
Base-to-Emitter Voltage, v 3 lg=1mA 0.7 06 | 04 1 0.8 0.7 v
Veg =3V, 4
Q,.Q, BE CE lg=10ma | - - |- - 09 | - v
VBE1
Input Offset Voltage o 3v, lg=1mA - - - - 2 - mV
VBEe2
Base-to-Emitter Voltage, v v 3V ] lg=1mA - 1.1 ) - - 15 - v
Q3,04 BE(D) CE "M lig=toma | - - |- - | 16| - v
Collector-to-Emitter
Saturation Voltage VCES '8 =1mA, Ig= 10 mA - - - - 0.5 - v
Q3. Qp
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TABLE III-GROUP A ELECTRICAL SAMPLING INSPECTION
LIMITS FOR INDICATED TEMP.(°C)
CHARACTERISTIC SYMBOL TEST CONDITIONS MINIMUM MAXIMUM UNITS
55 | 425 | +125 | —s5 | +25] 128
STATIC .
Collector Cutoff Current
‘ ! Veg =10V, g =0 - - - - 40 - nA
Q4.Q,,Q3 04 c8o cs E
Collector-to-Base Breakdown v =10 LA, I =0 20 v
Voltage, Q1, Qp, Q3. Qy (BRICBO c BA-Tg
Emitter-to-Base Breakdown v te = 10 A In=0 5 v
Voltage, Q;, Qp, 03,0, | * (BRIEBO e=10kA Ic
Collector-to-Substrate v 1n = 10 gA. Iy = 0 20 v
Breakdown Voltage (BRICIO c=orAlct = - - - - -
Collector-to-Emitter
Breakdown Voltage, V(BR)CEO Ic=1mA,lg=0 - 15 - - - - v
Qy,Qp,Q3. Q4
Collector Cutoff Current, \ Vae =10V, Ia =0 05| 100 A
Q. 0, CEO CE [ - - - - u
Collector Cutoff Current,
Q3,Qq4 1CEO(D) Vee=10V,1g=0 - - - - 5 | 2000 uA
Static Forward Current
Transfer Ratio, heg Ig=1mA, VCE =3V 29 60 70 - - - -
Q4, Qp
Static Forward Current
Transistor Ratio, hFE(D) Ilgc=1mA, VCE =3V 1000 2000 2300 - - - -
Darlington Pair
Baseto Emiter Voltage |, lg=1mA,Vgg =3V 07 | o6 | oa 10 | o8| o7 v
Voltage, Q;, Q) BE g=1mA. Vee= : . . :
Static Forward Current Ic=10mA, Ve =3V - 50 - - - — -
; hrE
Transfer Ratio, Qq, Qp lc=10uA, Vg =3V - 30 - - el B -
Static Forward Current
Transfer Ratio, hFE(D) Ic=100pA, Vop =3V - 1000 - - - - -
Darlington Pair
Base-to-Emitter Voltage,
Q. 0, Vge 1g=10mA, Ve =3V - - - - 09| - v
Input Offset Voltage VBE1' lIg=1mA, Ve =3V - - - - 2 - mV
VBE,
Base-to-Emitter VBE(D) lIg=10mA, Ve =3V - - - - 1.6 - A
Voltage, Darlington Pair | [Vg.q] lg=1mA, Vcg=3V - 1.1 - - 15| - \
Magnitude of Static Ig1=lg2=1mA 0.9
Beta Ratio, Qq, Qp Veg=3V - - - - 11 - —
Collector-to-Emitter
Saturation Volitage, VCES 'B =1mA, 'C =10 mA - - - - 05 - \"
Q,,Qp
Static Forward Current h I = 10 MA, Ve = 3V
Ratio, Darlington Pair FE(D) c=1OmA Vee = - - - - - -
DYNAMIC .
Gain Bandwidth Product | 1 Veg=3V.lc=3mA - 300 - - | =1 Mh:
f =100 MHz
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TABLE IV— GROUP C ELECTRICAL CHARACTERISTICS SAMPLING TESTS (Tp = 25°C)

CA3018A Slash (/) Series

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS - UNITS
Min. Max.
Emitter-to-Base Breakdown Volts,
’ \ Ig=10mA,1=0 5 - \%

Q,0Qp,Q3,Q4 (BR)EBO E Cc
Col to-Emitter k Volts, v =1 mA. In =0 15 v

Q;.0,,Q3.04 (BRICEO c=1mA.lg=
Collector Cutoff Current, Qq,Q, Iceo Veg=10V,1g= V] - 0.5 uA
Collector Cutoff Current, 03, 04 'CEO(D) VCE= 0V, 'B =0 - 5 A
Input Current, Qq, Qy N Ic=1mA,Vcg=3V - 25 uA
Input Current, Darlington Pair, _ _

Qg 04 IN(D) Ic=1mA, Vegp =3V - 1 uA
Base-to-Emitter Voltage, Qq, Qp Vgg lg=1mA,Vee=3V 0.6 08 \
Base-to-Emitter Voltage, Darlington ) _

Pair, Qg Qg VgE(D) Ig=1mA, Ve =3V 1.1 1.5 v

120] COLLECTOR-TO-EMITTER VOLTAGE (VCE)*3V 1) 8000 |+
AMBIENT TEMPERATURE (Ta)=25°C 2000 ]
1ol =
I < N B N
& < Qo8
£ ool g 800 /
3 ! TE
~
§E‘ 90| b neer | [hee2|+H £ g’g *° LA
EH Lt ‘hml LFEI | E 32 400
25 80 9 L 2%
© o c
g ( £, 3000
@x
5 { 88
o 2Q 2000
a ] COLLECTOR-TO-EMITTER VOLTAGE (Vcg)=3V
@ = o,
0 8 5% oo AMBIENT TEMPERATURE (Ta)=25°C
o . |
ool o1 0 ol N ! 10
— EMITTER CURRENT (Ig)—mA
EMITTER CURRENT (Ig)—mA S (Igl—m: s2cs-23778

Fig. 4 — Typical static forward-current transfer ratio and beta ratio for

transistors Q, and Qg vs. emitter current.

Fig. 5 — Typical static forward-current transfer ratio for Darlington-
connected transistors Qg and Q4 vs. emitter current.
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O8[COLLECTOR-TO-EMITTER VOLTAGE (Vgg)=3V
ENT TE ATURE (Ta)» 25°C // z COLLECTOR-TO-EMITTER VOLTAGE (Vcgl)*3V
>
1 { 13 |
) >
= et 3
8 07] <pGE =T 3 & L
2 qo\v/ = w o9l
w e & £ HA
= 70~ W 2 w
3 ot 1 H © o8 53
g o L, & g
e © 2 o 8
] > o7]
E 2 = 07
s 3 u
? : £
o ol N jn} g
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Fig. 10 — Typical static input voltage characteristics for Darlington pair
(Qz and Q) vs. ambient temperature.

+120

COLLECTOR-TO-EMITTER VOLTAGE (Vgcg)=3V
AMBIENT TEMPERATURE (Ta)=25°C

GAIN-BANDWIDTH PRODUCT (f1)—MHz

-60O

o 12 3 4 5 6 7 8 9 10
COLLECTOR CURRENT (Ic)—mA

NOTE: ALL RESISTORS /2 WATT
92CS-23792 92C¢5-23502

Fig. 11 — Typical gain-bandwidth prod: (fTI vs. colle current. Fig. 12 — Burn-in and operating life test circuit.
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NG

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash(/) Series

CA3019/...

Features:
H-1528

10-LEAD TO-5 STYLE PACKAGE |

RCA-CA3019 “‘Slash” (/) Series type is a high-reliability
linear integrated circuit Diode Array consisting of a diode
quad and two individual diodes. It is intended for telemetry,
data processing, instrumentation and communications appli-
cations in aerospace, military, and industrial equipment. It is
electrically and mechanically identical with the standard type
CA3019 described in Data Bulletin File No. 236 but is
specially processed and tested to meet the electrical, me-
chanical and environmental test methods and procedures
established for microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence, are given in Reliability Report RIC-202A “High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883."

The CA3019 Slash (/) Series type is supplied in the 10-lead
TO-5 style package (“T** suffix) or in chip form (“H"’ suffix).

High-Reliability
Diode Array
Diode Quad and Two Individual Diodes

For Applications In Aerospace, Military and Critical Industrial Equipment

= Excellent diode match
® Low leakage current
®  Low pedestal voltage when gating

Applications:

® Modulator

= Mixer

= Balanced modulator

s Analog switch

® Diode gate for chopper-
modulator applications

= See companion application note ICAN-52911
application of the RCA CA3019 IC Diode Array

SUBSTRATE,
Case
[} ©

92CS-14254

* Connect to most negative circuit potential.

Fig. 1 — Schematic diagram.
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CA3019 Slash (/) Series

Table I — Pre Burn-In and Post Burn:In Electrical Tests and Delta Limits*

TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL MIN_ T MAX. | MAX. 2 UNITS
=1mA — . .
Each Diode: lF=1m 078 | :0.010 v
DC Forward Voltage Drop VE Ig =0.2mA - 0.72 +0.010 \4
Ig=20mA - 0.95 +0.010 v
*Levels /1N, /1R, /1, and /2 require pre and post burn-in electrical tests and delta limits
Level /3 requires pre burn-in eloctrical test only. The burn-in circuit is shown in Fig. 5,
TYPICAL CHARACTERISTICS
DC FORWARD CURRENT (Ig) = DC REVERSE VOLTS (VR) ACROSS DIODE = -4
o »
g & 30
> E
=
= 8 2
5 [ 2
o o T
o =
£ o, F2
5oz g
S 3
o
g o 5 10
= w
x >
S @
w (3
o 05 Q
(=] P=1 —{T
04 CIT] EEENE NN [¢] i+
-75 ~50 -25 25 . S0 75 100 ‘125 -75 -50 25 o 25 50 s 100 125
AMBIENT TEMPERATURE (Ta)—*°C AMBIENT TEMPERATURE (Tp)— °C
92C5-14253 92Cs- K251

Fig. 2~ DC Forward Voltage Drop (any Diode] vs Temperature for

CA3019.

ABSOLUTE-MAXIMUM RATINGS:

DISSIPATION:

Any one diode unit
Total for device

LEAD TEMPERATURE (During Soldering):

At distance 1/16" £1/32"
(1.69 mm +0.79 mm)
from case for 10 s max.

CA3019.

Fig. 3 — Reverse {Leakage) Current (any Diode) vs Temperature fpr

Absolute-Maximum Voltage Limits at Tp = 250¢C

TERMINAL VOLTAGE LIMITS CONDITIONS
NEGATIVE | POSITIVE | TERMINAL | VOLTAGE
20 max. mw ! -3 +12 7 -5,
120 max. mw 2 -3 +12 7 -6
-3 -3 +12 7 -6
-65 10 4150  °C - -
6510 +125  °C 4 3 +12 ! §
5 -3 +12 7 -6
6 -3 +12 7 -6
o 1,2
zee 7 18 0 3.6, 0
8
8 -3 +12 7 -6
9 -3 +12 7 -6
10 NO CONNECTION
CASE INTERNALLY CONNECTED TO TERMINAL 7
DO NOT GROUND
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File No. 722

ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, T A of 25°C
CHARACTERISTICS APPLY FOR EACH DIODE UNIT, UNLESS OTHERWISE SPECIFIED.

318

DC REVERSE VOLTS (Vg) ACROSS DIODE

92CS5-14252

Fig. 4 — Diode capacitance (any diode) vs reverse voltage

for CA3019.

LIMITS
CHARACTERISTICS SYMBOLS | SPECIAL TEST CONDITIONS JAYszfg
Typ. | Units
DC-Forward Voltage Drop VF DC Forward Current (IF) =1 mA 073 V
DC Reverse Breakdown Voltage |  V(BR)R |DC Reverse Cument (IR) =-10A | 6 v
DC Reverse Breakdown Voltage
Between any Diode Unit and V(BR)R |DC Reverse Current (Ig) =-10 A [ 80 v
Substrate
DC Reverse (Leakage) Current IR DC Reverse Voltage (VR) =-4V  [0.0055| w«A
DC Reverse (Leakage) Current
Between any Diode Unit and R DC Reverse Voltage (VR)=-4V | 0.010 | «A
Substrate
Magnitude of Diode Offset
Voltage (Difference in DC _
Forward Voltage Drops of lVFl - VFZ‘ DC Forward Current (IF) =1 mA 1 mv
any Two Diode Units)
. " . Frequency (f) = 1 MHz
Single Diode Capacitance Cp DC Reverse Voltage (VR) =-2 V 1.8 pF
Frequency (f) = 1 MHz
DC Reverse Voltage (VR) between
Diode Quad-to-Substlate Cp Terminal 2,5,6, or 8 of Diode Quad
Capacitance ol and Terminal 7 (Substrate) =-2 V
Teminal 2 or 6 to Terminal 7 4.4 pF
Terminal 5 or 8 to Terminal 7 2.1 pF
Series Gate Switching
Pedestal Voltage Vs 0] v
TYPICAL CHARACTERISTICS
[ (AT TEwrEATORe (s vhegy
I
8
g a
3
3
=}
o

92C5-22934-

Fig. § — Burn-In and operating life test circuit
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Table II — Final Electrical Tests

CA3019 Slash (/) Series

TEST CONDITIONS LIMITS FOR INDICATED TEMPERATURES (°C)
CHARACTERISTIC SYMBOL MINIMUM MAXIMUM UNITS
—55 | +25 +125 —~55 +25 | +125
Each Diode:
If =0.2mA NE - - - 072 | — v
DC Forward Voltage Drop VE Ig=1mA ,[0-76 — 0.41 0.97 0.79 | 0.60 Vv
Ig =20 mA - - - — 0.95 - Vv
DC Reverse Leakage Current IR VR=-4V — - — - 10 - HA
DC Reverse Leakage Current - _ _ _ _ _
To Substrate 'R VR=-4V 10 A
Between Any Two Diodes: _
Diode Offset Voltage IVF1 - VF2l IF=1mA - | - - - 5 | - mv
o —50 V through a 25 K to terminal 7.
":":":; '°f‘\‘/b‘|"‘“: Ground terminal 1 through 6,8and9, | — | 50 | — 25 | -25|-25 v
akdown Voltag Measure voltage at terminal 7
Table IIl — Group A Electrical Sampling Inspection
TEST CONDITIONS LIMITS FOR INDICATED TEMPERATURES (°C)
CHARACTERISTIC SYMBOL ~__MINIMUM MAXIMUM UNITS
-55 | +25 +125 ~55 +25 +125
Each Diode:
Ig=0.2mA = - = = 0.72 — \
DC Forward Voltage Drop VE Ig=1mA .76 — 0.41 0.97 0.78 |0.60 v
Ig = 20 mA = - = = 095 | — v
DC Reverse Leakage Current| IR VR=—4V - - - - 10 - HA
DC Reverse Leakage Current - _ _ _ _
To Substrate 'R VR=—4V 10 - BA
Between Any Two Diodes: - . _ _ _ _ _
Diode Offset Voltage WE1=VE2l| IF=1mA 5 mv
Isolati o-Sub: —50 V through a 25 K to terminal 7.
‘g r::::;wn ‘\‘/;‘fua’f: Ground terminal 1 through 6, 8and 9. | — s0 | - —25 25 [-25 v
Measure voltage at terminal 7
Table IV — Group C Electrical Characteristics Sampling Tests (T4 = 25°C)
TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL WIN MAX UNITS
Each Diode:
: Ig =0.2mA 0.39 0.73 \
DC Forward Voltage Drop VE Ig=1mA 0.49 0.79 \2
Ig =20mA 0.59 0.96 Vv
DC Reverse Leakage Current IR VR -4V - 10 nA
DC Reverse Leakage Current _
To Substrate 'R VR=—-4V B 10 BA
Between Any Two Diodes: _
Diode Offset Voltage VF1-VF2 IF=1mA - 5 mv
; —50 V through a 25 KQ to terminal
Isolation-to-Substrate .
Breakdown Voltage 7.Ground terminal 1 throu.gh 6,8 and -25 \
. 9. Measure voltage at terminal 7

319




File No. 767

NG/

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash (/) Series

CA3020A/...

Features:

12-Lead TO-5 Style Package

H-1463

RCA-CA3020A “Slash” (/) Series types are high-reliability
linear integrated circuits intended for a wide variety of appli-
cations in aerospace, military, and critical industrial equipment.
They employ a highly versatile and stable direct-coupled cir-
cuit configuration featuring wide frequency range (dc to
8 MHz), high voltage and power gain, and high power output.
These features plus inherent stability over a wide temperature
range make the CA3020A extremely useful for a wide variety
of applications, particularly as class B power amplifiers. It can
provide a maximum power output of 1 watt from a 12-volt dc
supply with a typical power gain of 75 db.

The CA3020A is electrically and mechanically identical with
the standard type CA3020A described in Data Bulletin File
No. 339 but is specially processed and tested to meet the
electrical, mechanical, and environmental test methods and
procedures established for microelectronic devices in MIL-
STD-883.

The packaged types can be supplied to six screening levels—
/1N, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A ‘‘High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883."

The CA3020A Slash (/) Series types are supplied in the 12-
lead TO-5 style package (“T” suffix), and in chip form
(“H" suffix).

= High power output — class B amplifier. . .
1.0W typ. at V¥ =+12V
u Wide frequency range. . .
Up to 8 MHz with resistive loads
® High power gain. . .75dB typ.

High-Reliability
Multipurpose Wide-Band
Power Amplifier

For Applications in Aerospace, Military and Critical Industrial Equipment

= Single power supply for class B
operation with transformer. . .
3to12V

e-tracking o

®= Built-in p
regulator provides stable operation
over —55°C to +125°C temperature range

Applications:

AF power amplifiers for portable and fixeu 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”

09 (.Pe On
Rio 13K
R 215K
s
) 4 033Re Oﬁ
0 Vo
02 SReSP A3 Re
OK18K 2K 12K (N
)
(D 4 s
3 0 o3
O o5 .
Ry R7 °p3
12K
10K e
04Tk
Re
1 03K '1
7
5:2 2

s2cs-ta3asm

Fig.1 — Schematic diagram.
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CA3020A Slash (/) Series

MAXIMUM RATINGS, Absolute Maximum Values

at Ty = 250C:
Without Heat Sink

With Heat Sink

DEVICE DISSIPATION:
AtTA=25°C. . . . . . . . . . . . ... w
Above Tp =25°C. P derate linearly 6.7 mW/°C
AMBIENT TEMPERATURE RANGE: -
Operating . .
Storage . . . . . . . . . . .
LEAD TEMPERATURE (During Soldering) :
At distance 1/16 £ 1/32 in.
(1.59 £ 0.79 mm) from case for
10smax. . . . . . . . . . . ..

Maximum Voltage Ratings at Tp = 25°C

AtTG=25°C. . . . . . . . . .
AtTC=25°CtoTc=55°C. . . . . . . . . . .2W
Above T¢ = 55°C . . . . derate linearly 16.7 mW/°C
. . . . . . . . . . . . . .-55%to+125°%

. —65°C to +150°C

2w

+300 °C

The following chart gives the range of voltages which can be applied to the terminals listed

vertically with respect to the terminals listed horizontally. For example, the voltage range
of the vertical terminal 1 with respect to terminal 12 is 0 to +10 volts.

Maximum
Current Ratings

Term- Term- 1 |
inal 1] 2] 3] 4 5 6 7 8 9 10 " 12 inal In Out
No. No. mA mA

o +3 +10
1 * * * * * * * -12 Note 1 0 1 - 20
2 * * * * * * * * * +2 2 — —
—2
3 * * * * * * * * +2 3 — -
—2
4 +25 * * * * * * +25 4 300 -
0 0
5 * * * * * * +3 5 - 300
Note 2
6 0 * * * * +3 6 - 300
—25 Note 2
7 * * * * +25 7 300 -
0
8 Note 3 * * Note 3 8 - -
0
9 +10 Note 1 +12 9 20 -
0 0 0
10 * +10 10 1 -
0
1 * 1 20 -
Ref.
12 Sub- 12 - -
Strate

Note 1: This voltage is i by the current rating.
Note 2: The emitters of Qg and Q7 may be returned to a negative
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 are not normally applied between these terminals. Volt-
ages appearing between these terminals will be safe if the spec-
ified limits between all other terminals are not exceeded.
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Fig.2 — Typical transfer characteristics with R g shorted out. Fig.3 — Typical transfer characteristics with R g in circuit.

AMBIENT TEMPERATURE (Tp)=25°C
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POWER AMPLIFIER COLLECTOR VOLTAGE (V4,V7)—V ~
' 92C5-15228R! 92L5-2842

Fig.4 — “Minimum drive” typ. current-voltage saturation curve. Fig.5 — Burn-in and operating life test circuit.

TABLE l,.,— PRE BURN-IN ELECTRICAL AND POST BURN-IN ELECTRICAL TESTS, AND DELTA LIMITS*

Electrical Characteristics at T = 25°C
TEST CONDITIONS LIMIT:
CHARACTERISTIC SYMBOL vk Vi i Max.s Vi s UNITS
Peak Output Currents, Qg & Q7 14PK, 17PK 9V 2V 180 - +15 mA
Cutoff Currents, Qg & Q7 4 Cutoff 9V 2V - 1 +0.1 mA
|7 Cutoff

Differential Amplifier Current Drain 1+ 9V qvVv 6.3 125 +1.3 mA
Total Current Drain 1t +1%o 9V 9V 14 30 +3 mA

* Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits.
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 5.

4 vty is the collector voltage applied to Qq through Qg
V+7 is the collector voltage applied to Qg and Q7
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ELECTRICAL CHARACTERISTICS AT Tp = 25°C

Intended Only For Design Guidance

CA3020A Slash (/) Series

TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL DC SUPPLY VOLTAGE CA3020A UNITS
vHa viph MIN. TYP. MAX.

Idle Currents, Qg & Q7 'I‘; 'lgti 9 2 - 55 - mA
Differential Amplifier Current Drain I+-| 9 9 6.3 9.4 125 mA
Total Current Drain 1+ 4+ 1%y 9 9 14 215 30 mA
Differential Amplifier Input Terminal Voltages \\/lg 9 2 - 1.1 -
Regulator Terminal Voltage Vi 9 2 - 2.35 -
Forward Current Transfer Ratio, Qq at 3 mA heEy 6 - 30 75 -
Bandwidth at —3 dB Point BW 6 6 — 8 - MHz

6 6 200 3002 -
Maximum Power Output Po(mAax) 9 9 400 5502 - mwW

9 12 800 1000b -
Sensitivity for PgyT = 800 mW ey 9 12 - s0b 100 mv
Input Resistance — Terminal 3 to Ground RiN3 6 6 - 1000 - Q
3 Rec =130 82
b Rcc =200 2

TABLE II — FINAL ELECTRICAL TESTS
TEST LIMITS FOR INDICATED TEMP.(°C)
CHARACTERISTIC SYMBOL CONDITIONS MINIMUM MAXIMUM UNITS
vHd | vt | 55 | +25 | 125 ~55 | +25 | +125

STATIC
Peak Output Currents, Qg & Q7 14PK,17PK 9V 2V - 180 - - - - mA
Cutoff Currents, Qg & Q7 14Cut,17Cut 9V raY - - - - 1 - mA
Differential Amplifier Current Drain 1% qv 9V 5.5 6.3 35 16.5 125 10 mA
DYNAMIC
Total Current Drain 1+t 9V 9V 6 14 8 51 ‘30 25 mA
Sensitivity for PoyT = 800 mW el A" 172v - - - - 100 - mV

4 vty is the collector voltage applied to Qq through Qg
V*3 is the collector voltage applied to Qg and Q7
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TABLE III — GROUP A ELECTRICAL SAMPLING INSPECTION

TEST
CONDITIONS
LIMITS FOR INDICATED TEMP.(°C)
CHARACTERISTIC SYMBOL DC SUPPLY UNITS
VOLTAGE MINIMUM MAXIMUM
vht [ver] —ss| +25] w125 | 55 | 425 | w28

STATIC
Collector-to-Emitter Breakdown Voltage, V(BRICER - = - 25 ot - - - v

Qg & Q7 at 10 mA V(BR)CEO _ _ _ 21 _ _ _ _
Collector-to-Emitter Brezkdown Voltage, v

Qqat0.1 mA (BR)CEO - - - 10 - - - - \%
Peak Output Currents, Qg & Q7 14PK gv | 2v - 180 - - - - mA

17PK
14Cutoff

Cutoff Currents, Qg & Q, 17Cutoff gv | 2v — — - - 1 - mA
Differential Amplifier Current Drain 1+ 9V | 9V 5.5 6.3 3.5 16.5 | 125 10 mA
Total Current Drain 11 +1%5 9V | 9v 6 14 8 51 30 25 mA
Q4 Cutoff (Leakage) Currents:

Collector-to-Emitter ICEQ 0V§ — — — — - 100 — kA

Emitter-to-Base leBO 3V - - - - - 0.1 - RA

Collector-to-Base cBO 3V - - - - - 0.1 - A
Forward Current Transfer Ratio,

Qjat3mA hegt 6V - - 30 - - - -
DYNAMIC
Maximum Power Output, _ _ _ _ _

Rec = 200 £ PO(Max.) 9V |12V 800 mwW
Sensitivity for Poy =800 mW en 9V |12V - - - - 100 - mVv

TABLE IV — GROUP C ELECTRICAL CHARACTERISTICS SAMPLING TESTS at T = 25°C

TEST CONDITIONS LIMITS
CHARA STI YMB
RACTERISTIC SYMBOL VA o MIN. MAX. UNITS

Peak Output Currents, 14PK v sV 180 _ mA

Qg & Q7 17PK
Cutoff Currents, 14Cutoff av v _ 1 mA

Qg & Q7 I17Cutoff
Differential Amplifier Current Drain Ity 9V 9V 6.3 125 mA
Total Current Drain It 41y 9V 9V 14 30 mA
Sensitivity for PoyT = 800 mW e 9V 12V - 100 mVv

4 v+ is the collector voltage applied to Qq through Qg
V*7 is the collector voltage applied to Qg and Q7
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File No. 706

RE Linear Integrated Circuits

-Solid State Monolithic Silicon

Division High-Reliability Slash(/) Series
CA3026/. ..

High-Reliability
Transistor Array
Dual Independent Differential Amplifier

For Applications In Aerospace, Military and Critical Industrial Equipment

Features:

® Two differential amplifiers on a common substrate

= Independently accessible inputs and outputs
12 Lead TO-5 Style Package @ Maximum input offset voltage — *5 mV

H1463 8 Full military temperature range capability —-55°C to +125°C

RCA-CA3026 “Slash” (/) Series type is a high-reliability linear  Applications:

integrated circuit Dual Independent and Differential Amplifier B Dual sense amplifiers
is internded f?r applicatiorjs in aferospace, military,. and @ Dual Schmitt triggers
:2:::;?‘;?: Iz:; e:;n dal: d I:y;f‘g:gao“z\% Zr:s‘cr?l];ijh?:lgzlz a Multifunction combinations — RF/Mixer/Oscillator; Converter/IF
Bulletin File No. 388 but is specially processed and tested to @ |F amplifiers (differential and/or cascode)
meet the electrical, mechanical and environmental test @ Productdetectors
methods and procedures established for microelectronic = Doubly balanced modulators and demodulators
devices in MIL-STD883. = Balanced quadrature detectors
®w Cascade limiters
The packaged types can be supplied to six screening levels— g Synchronous detectors
/1N, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883 Pairs of balanced mixers
Classes A, B, and C. The chip version can be supplied to three ) .
screening levels—/M, /N, and /R. These screening levels and @ Synthesizer mixers
detailed information on test methods, procedures, and test @ Balanced (push-pult) je amplifiers

sequence are given in Reliability Report RIC-202A ‘‘High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883."”

The CA3026 Slash (/) Series type is supplied in the 12-lead
TO-5 style package (““T** suffix) or in chip form (“H"" suffix).

SUBSTRATE
92Cs-15245 AND CASE

Fig. 1 — Schematic Diagram

CAUTION: Substrate MUST be maintained negative with
respect to all collector terminals of this device. See
Maximum Voltage Ratings chart.
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MAXIMUM RATINGS, Absolute-Maximum Values, at T4 = 25°C

POWER DISSIPATION, The following ratings apply for each transistor in the device:
Any one transistor . ... ... ... ... 300 mw Collector-to-Emitter Voltage, VCEQ - - - - - - - 15 \
Total package . . . 600 mwW Collector-to-Base Voltage, VCBO - - - « « « + « « 20 Y
For Tp > 55°C Derate at§ mW/°C Collector-to-Substrate Voltage, Vcjo* - - . . . 20 Y
TEMPERATURE RANGE: Emitter-to-Base Voltage, VERO -+« + - . . .+ . 5 \Z
OPErating . .« v vvvveene e —5510+125 °C Collector Current, I . .. .... e 50 mA
StOrage . . . v i e —65t0 +200 °C

*The collector of each transistor of the CA3026 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

intain isolati by and provide for normal

LEAD TEMPERATURE (During Soldering):

At distance 1/16" £1/32" transistor action. The substrate should be maintained at signal (AC)
(1.59 mm £0.79 mm) ground by means of a suitable groundi paci to avoid
fromcasefor 10smax. . ........ R 265 °c undesired coupling between transistors.

MAXIMUM VOLTAGE RATINGS

The following chart gives the range of voltages which can be applied to the terminals listed vertically with respect to the
terminals listed horizontally. For example, the voltage range between vertical terminal 1 and horizontal terminal 3 is
+15 to —5 volts.

Maximum
Current Ratings
CA3026—> Note 1 CA3026 |\ | gyt
TERMINAL | 10 (11 (12 1 |2 3 [4[ 5| 6]7 8 9 TERMINAL | a | mA
No. No.
10 A I - I I I N R PO O 10 s | o1
11 | o | x *go R * *go 1 50 | ol
12 *(2’0 * *go P I R R *go 12 50| 0.1
1 « *;5 w| x| o x| s 1 5 | 01
2 '+51 *| * * | x * * 2 s 0.1
3 LT IR B I B 3 0.1 -50
0 +5 +15
4 2] {55 4 51 o1
5 N I 5 50| 0.1
6 201 . | 0 6 50| ol
7 .| 7 s | o1
41
8 % 8 5| 01
9 * 9 01| 50
Ref
9 Sub-
strate
*Voltages are not normally applied between these terminals. Note 1: In the CA3026 terminal No. 9 is connected to the emitter
Voltages appearing between these terminals will be safe if the of Q4, the reference substrate, and the case; therefore, should not be
specified limits between all other terminals are not are ded
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ELECTRICAL CHARACTERISTICS at Tp = 25°C

CA3026 Slash (/) Series

CA3026
CHARACTERISTICS SYMBOLS TEST CONDITIONS LIMITS UNITS
TYP.
STATIC CHARACTERISTICS
For Each Differential Amplifier
Input Offset Voltage Vig 0.45 mv
Input Offset Current Iio 0.3 LA
Input Bias Current I Veg =3V 10 LA
Quiescent Operating o) ~ ) on 0.98 to
Current Ratio o) lecgy) TeQa)™ TecQuy™ 2™ 1.02
Temperature Coefficient 14 V10| 11 V¢
~ Magnitude of Input-Offset Voltage AT
For Each Transistor
S lo=50,A] 060
DC Forward Base-to- v Veg =3V 1 mA 0.715 v
Emitter Voltage BE | "CB 3mA | 0750
10 mA 0.800
Temperature Coefficiént of Base- AVge Veg =3V, Ig = L mA 19 mv.0c
to-Emitter Voltage AT
Collector-Cutoff Current Iceo Veg =10V, Ig=0 0.002 nA
Collector-to-Emitter v Ir=1mA Ig =0 2 v
Breakdown Voltage (BRICEO | 'C =" ™™ B
Collector-to-Base
v lp=10pA 1Ig =0 60 \
Breakdown Voltage (BRICBO | lc = 1044 I
Collector-to-Substrate
Vv lp =10LA 1y =0 60 v
Breakdown Voltage (BR)CIO | °C HA Tgl
Emitter-to-Base Breakdown Voltage | Vigpyepgg | Ig = 10#A. Ig = 0 7 v
DYNAMIC CHARACTERISTICS
Common-Mode Rejection Ratio CMR 100 dB
For Each Amplifier
AGC Range, One Stage AGC Vee = 12V 75 dB8
Voltage Gain, Single Stage A Vg =6V 32 dB
Double-Ended Output Vy=-33V
f=1kHz
AGC Range, Two Stage AGC 105 dB
Voltage Gain, Two Stage A 60 dB
Double-Ended Output
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CA3026.Slash (/) Series File No. 706
ELECTRICAL CHARACTERISTICS at Tp = 25°C — Cont'd. )
CA3026
CHARACTERISTICS SYMBOLS TEST CONDITIONS LIMITS UNITS
TYP.
7 DYNAMIC CHARACTERISTICS (Cont'd.)
Low-Frequency, Small-Signal
Equivalent-Circuit Characteristics:
(For Single Transistor)
Forward Current-Transfer Ratio hfg 110
Short-Circuit Input Impedance hie 3.5 k2
Open-Circuit Qutput Impedance hoe f=1KHz, Vg =3V, 15.6 mho
Open-Circuit Reverse Voltage- e Ig = 1mA 1.8x10%
Transfer Ratio
L/f Noise Figure f=1kHz, Vgg =3V 3.25 6B
(For Single Transistor) NF +'CE ’
Gain-Bandwidth Product £ Vee =3V 1o = 3 mA 550 MHz
(For Single Transistor) T CE. ''C
Admittance Characteristics;
Differential Circuit Configuration:
(For Each Amplifier)
Forward Transfer Admittance Y91 Veg=3V -20+j0 mmho
Input Admittance v lEac“ 1‘3;;'“;0' 0.22+0.1 | mmho
~l.Zom
Output Admittance ¥22 fC= 1 MHz 0.01+j0 mmho
Reverse Transfer Admittance Y12 -0.003 +j0 mmho
Admittance Characteristics; -
Cascode Circuit Configuration:
(For Each Amplifier)
Forward Transfer Admittance Y91 Veg=3V 68-j0 mmho
Input Admittance ¥11 lTotal zs?geA 0.55+j0 mmho
[ 2am
Output Adnittance v22 |7 Mz 0+0.02 | mmho
Reverse Transfer Admittance ¥i9 0.004-j0.005 | wmho
Noise Figure NF f = 100 MHz 8 dB
Tal;le 1. Pre Burn-In and Post Burn-In Electrical Tests and Delta Limits*
LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. MAX. & UNITS
Input Bias Current
For Each Transistor I Vg =3V, Ig = 2mA - 24 6.0 BA
Q1,Q2, 05, and 06
Base-to-Emitter Vol
For Each Transistor O3 and Q4 VBE Ve =3V, lg = 1mA o7 o8 *01 v
Input Offset Vol
Fr::ruéach s;itffe‘:e‘natgi:I Amplifier Vio Veg =3V, g = 2mA - 5 *2 mv

*Levels /1N, /1R, /1, and /2 require pre and post burn-in electrical tests and delta limits.

Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown on page 329.
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CA3026 Slash (/) Series

Table Il. Group A Electrical Sampling Inspection Tests and Final Electrical Tests

LIMITS FOR INDICATED TEMPERATURES (°C)
CHARACTERISTIC SYMBOL TEST CONDITIONS MINIMUM | MAXIMUM UNITS
-55 +25 | +125 | —-55 | +25 +125
For Each Transistor:
Collector Cutoff
VeB = = - - -
Current IceBo CB=10V,Ig=0 0.1 0.1 20 HA
Collector To-Base - _ _ _ _ _ _ v
Breakdown Voltage V(BRICBO lc=10uA, 1g=0 20
Emitter-To-Base - _ _ _ _ _ _ v
Breakdown Voltage V(BRIEBO le=10uA,1c=0 5
Collector-To-Substrate - - _ _ v
Breakdown Voltage | Y (BRICIO lc=101A,Ic =0 - 20 - -
Collector-To-Emitter
= = - - — — - A"
Breakdown Voltage V(BRICEO lc=1mA,lg=0 15
input Bias Current )
For Transistors Q3 I Vcg =3V, Ig=2mA - - - 50 25 20 BA
and Q4
Input Bias Current
For Transistors Q1, n VCg =3V, Ig =2mA - - - 50 25 20 KA
Q2, Q5, and Q6
Base-To-Emitter Volt-
age For Transistors VBE Vce=3V,lg=1mA 0.7 0.7 0.4 1.05 0.8 0.75 \%
Q3 and Q4
For Each Differential Amplifier
Input Offset Current I|6 Vcg=3V, Ig = 2mA 1 - [ - I = 1T -1 2 [ = [ wA
Input Offset Voltage | Vio Ve =3V, Ig = 2mA [ - 1 - 1T -T-T "] -T av
Table I11.. Group C Electical Characteristics Sampling Tests (Ta =25°C)
LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS UNITS
MIN. MAX.
For Each Transistor :
Collector Cutoff Current lcBo Vep=10V.1g=0 - 0.2 uA
Input Bias Current \ Veg = =
For Transistors Q1, Q2, Q5, & Q6 ! CE=3V.lg=2mA - 28 BA
Base-to-Emitter Voltage -
For Transistors Q3 and Q4 VeE Vee =3V, lg=1mA 0.65 0.85 v
For Each Differential Amplifier : - =
Input Offset Voltage Vio Vce=3V.Ig =2mA - 6 mv

ALTY Y

V76 Vv

92€5-22937

Burn-in and operating life test circuit.
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R(E/] Linear Integrated Circuits

- Monolithic Silicon
Solid State

Division High-Reliability Slash(/) Series
CA3028B/. ..

High-Reliability
Differential/Cascode Amplifier

For Applications In Aerospace, Military and Critical Industrial Equipment
Features:

= Controlled for input offset voltage, input offset current,
and input bias current

= Balanced differential amplifier configuration with con-
trolled constant-current source to provide unexcelled

8-LEAD TO-5 Style .
versatility

Package with Dual-

In-Line Formed TO-5 Style = Single- and dual-ended operation
Leads Package ® Operation from DC to 120 MHz
H-1787 H-1528 @ Balanced-AGC capability

@ Wide operating-current range

Applications:

B RF and IF amplifiers (differential or cascode)

DC, audio, and sense amplifiers

Converter in the Commerical FM Band

Oscillator @ Mixer = Limiter

See Application Note, ICAN 5337 ““Application of the

RCA CA3028 integrated circuit amplifier in the HF and
VHF ranges.”

—0

RCA-CA3028B "Slash” (/) Series type is a high-reliability
linear integrated circuit Differential/Cascode Amplifier
SUBSTRATE 8 CASE intended for applications in aerospace, military, and

92¢S-19a17R2 industrial equipment. It is electrically and mechanically

Fig. 1 — Schematic diagram, identical* with the standard type CA30288B described in Data
Bulletin File No. 382 but is specially processed and tested to

Vee +izv meet the electrical, mechanical and environmental test

methods and procedures established for microelectronic
devices in MIL-STD-883.

"The packaged types can be supplied to six screening levels—
Tas+125°C /1IN, /1R, /1,/2, /3, and /A—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test

Qi CA30268 sequence are given in Reliability Report RIC-202A ‘‘High-
® Reliability CA3000 Slash (/) Series Types Screened to MIL-
L STD-883.”

The CA3028B Slash (/) Series type is supplied in the 8-lead

TO-5 style package (“T* suffix), in the 8-lead TO-5 style

Veg -2V package with dual-in-line formed leads, DIL-CAN, ("S”
92Cs-13831 suffix), or in chip form (*H"* suffix).

Fig. 2— Burn-in and operating life test circuit.
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ABSOLUTE-MAXIMUM RATINGS at T = 25°C:

DISSIPATION:
AtTAUPTOBE C L oot i 450 mW
AtTA>85°Cderate linearly . . ... ... vveneununnnnenneeennnnns 5mW/°C
AMBIENT TEMPERATURE RANGE:
OPBFAtING .« o v v vttt e e e e e e e e —55 to +125°C
STOTA0E .« v ottt it e e —65 to +150°C

LEAD TEMPERATURE (During Soldering):
At distance 1/16" +1/32"
(1.59 mm $0.79 mm)

fromcase for TOSMaX. . .. v vt i ettt et e 265°C
o MAXIMUM
MAXIMUM VOL TAGE RATINGS at T, = 25°C CURRENT RATINGS
TERM- This chart gives the range TERM-1 1 | TouT
'm!’ ! 2 3 4 5 6 7 8 of voltages which can be applied Im!' mA | mA
0.] o 0 +5 +20 to the terminals listed horizontally
1 to | to | to | to * * to with respect to the terminals 1 j 06| 01
-15 -15 -15 5 0 . .
> " s listed vertically. For example,
2 to 105 {},5 * to * the voltage range of the horizontal 2 4 0.1
A1 o4 0 0 terminal 4 with respect to terminal
+10 -415' | +30@ 4309 is -
3t | o] o] B % 2is 11045 volts. 3 Jo1]| =
0 0 0 0 0 t
+5 Terminal #3 is connected to the sub-
4 '3 * * * strate and case. 4 2 | o0l
+5076;> * \tlultage"s1 are ot pou'11all¥l a';:plied be-
: ween these terminals. oltages
5 '3 * * appearing between these termignals 5 0.6 0.1
. will be safe, if the specified volt-
age limits between all other termi-
6 * * . nals are not exceeded. 6 20 0.1
® Limit is +24V
7 * 7 4 0.1
8 8 20 0.1
ELECTRICAL CHARACTERISTICS at Tp = 25°C_L
LIMITS
CHARACTERISTIC SYMBOL | TEST CONDITIONS UNITS
TYP.
STATIC CHARACTERISTICS
vt V-
6V 6V 0.98
Input Offset Voltage Vio 12v 12v 0.89 mV
6V 6V 0.56
Input Offset Current ho 12v 12v 1.06 RA
. 6.V 6V . 16.6
Input Bias Current 1y 12V 12v 36 RA
Quiescent Operating Ie or | 6V 6V 1.25 mA
Current 6orls 12v | 12v 33
Input Current | 6V 6V 0.85 mA
(Terminal No. 7) 7 12v | 12v 1.66
" S 6V 6V 36
Device Dissipation Pt 12V 12v 175 mW
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ELECTRICAL CHARACTERISTICS AT Tp = 25°C — Cont'd.

CHARACTERISTIC | SYMBOL TEST LIMITS |yniT
CONDITIONS Typ.
DYNAMIC CHARACTERISTICS
f =100 MHz | Cascode 20 B
_ Vee = +9v Diff.-Ampl. 17
Power Gain Gp  F=To.7mMnz | Cascode 39 8
| Vee = 19V Diff.-Ampl. 32
Noise Figure NF | f =100 MHz | Cascode 7.2 a8
Veg =49V [ Diff.-Ampl. 6.7
Input Admittance Y11 Caé”“ 0.6+i16 mmho
Diff.-Ampl.{ 0.5 +j 0.5
Reverse Transfer Y12 Cascode 0.0003 - jo mmho
Admittance f =10.7 MHz | Diff.-Ampl. {0.01 - j0.0002
Forward Transfet Yoy Vee =49V ] Cascode 99-i18 | mmho
Admittance Diff.-Ampl. -37 +j0.5
Output Y22 Céscode 0. + ;0..08 mmho
Admittance Diff.-Ampl. 0.04 +j0.23
Diff.-Ampl.
Power Output Py |r=10.7MHz |50 input- 5.7 uW
(Untuned) Qutput
AGC Range
(Max.Power Gain AGC Vee = Y9V Diff.-Ampl. 62 dB
to Full Cutoff)
at =10.7 MHz |Cascode 40 @B
f =10.7 MHz Vee = +QV Diff.-Ampl. 30
Ry = 1kid
Vgltage A 7 v
Gain - g = -6V,
Differential R 38
at L B
f=1khz Mec =12V, Vgg =-12v
R, = 1.6 k() 42.5
Nee = =
Max. Peak-to-Peak RCC_ '%/ o VEETEV Ve.p
Output Voltage V(PP RL=2K
atf=1kHz Vee = +12v, VEE =-12V|
L= 1.6k0 3
Vee = 6V, Veg =6V,
L=2K0 73
Bandwidth
at -3 dB point BY  Neg=#2v, vgg=-av MHz
R = 1.6 k) 8
Common-Mode v Voo =tV Vgg =6V [3.2-45)
Input-Voltage Range CMR VCC =+2V, Vg =-12V] (-7-9)
Common-Mode cMr  [Ycc= V. Vgg=-6V | 110 8
Rejection Ratio Vcc =42V, Vgg=-l2v 90
Input Impedance ZN Vec.= 6V, Vgg =6V 5.5 Q)
atf=1kHz VCC =412V, Vgg =-12v 3
VCC =49V |f =10.7 MHz 4
Peak-to‘-Peak \ e = 400mY mA
Curent PP Voc = 12V [nite Ampl. 6

CA3028B Slash (/) Series Type
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TABLE I. GROUP A ELECTRICAL SAMPLING INSPECTION

Limits for Indicated Temp. (°C)
Test Conditions
Characteristics  [Symbol Minimum Maximum Units
Vee Vee | s l +25 L+125 -55] 125 |+125
Static
Input Offset +6 -6 - |=1-f§7|5]75
Voltage Vio myv
+12 -12 - =1-15 516
Input Offset +6 -6 - |=1-1w0]5]75 '
Current llo KA
+12 -12 - -1- 12| 6 |9
Input Bias | +6 -6 - = |=17] 40|35 LA
I
Current +12 ;12 | =|=1]= |30} so|ss
|
Quiescent Oper. 06‘ +6 -6 0.5]/1.0(05]20[15] 2.0 mA
Current g | +12 -1z |20|25|15|45]40] 40
Input Current | +6 -6 0.5 0.‘5 0.350 1.5 1.0 | 1.2
(terminal 7) 7 mA
+12 -12 1.0 { 1.0 |0.75)2.5| 2.1 2.0
Device +6 -6 20 | 24 120 1 45| 42| 45
Dissipation Pr mw
+12 -12 120 | 120 | 105} 230} 220 210
Dynamic
Vee ® +9v s Cascode|] _ (35| _} | — | —
£=10.7 MHz [oit-ampll _ 28 | — | —| — | =
Power Gain Gp dB
Vap =+t9V ( Cascode — |16 | = | = | = | =
cc
f=100 MHz (Diff-Ampl] _ |14 | = } = | — | =
Ve 719V (Cascodel _ | — | — | 9 [ =
Noise Figure NF dB
f =100 MHz [Diff-Ampl} — -1 -1- 9 | -
Freq. | R
Vee| VEE | s |46
Voltage Gain A
(Differential) +6 -6 21 - 3| - - |42 -
1 dB
+12 | -12 16 - 40 | — | - {45 | -
Max. Peak-to- +6 -6 2l _ |7 I D
Peak Output Me-p) 1 Vip-P)
Voltage +12] -12 16 - |15 | = | =] = | =
Common-Mode 16 | -6 T
Input-voltage  [VomR +2 v
Range +12 | -12 - 10” -1 -] -]-
- |+6 - - - -] -] -
CoTnmo.n Mode. MR 6 60 B
Rejection Ratio +121 -12 —leol =1 =f=1-=
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Table Il. PRE BURN-IN ELECTRICAL AND POST BURN-IN ELECTRICAL TESTS,
AND DELTA LIMITS*

CHARACTERISTIC | SYMBOL TEST CONDITIONS , LIMITS UNITS
Min. Max. Max.A
Input Bias Current I - 80 +8 MA
Input Offset Voltage Vig - 5 +2 mV
Quiescent Oper. Current | Ig or Ig 2.5 4 +0.4 mA
Input Current (term. 7) I 1.0 2.1 +0.2 mA
Device Dissipation Pt 120 220 +24 mW

*Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tosts, and delta limits.
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown In Fig, 2,

Table I11. FINAL ELECTRICAL TESTS

SYM- TEST CONDITION LIMITS FOR INDICATED TEMPERATURE (OC)
CHARACTERISTICS " Minimum | Maximum UNITS
BOLS vt | v :
55 | +25 | +125 | 55 | +25 | +125
STATIC
Input Offset +6 -6 - . - . 5
Voltage Vi 12 -12 - - - 5 1 s 6 mv
Input Offset +6 -6 - - - - 5
Current o +12 12 . - -l s 9 HA
Input Bias +6 -6 - - - - 40 -
Current Iy 12 12 - - - |30 | 80 | ss HA
Quiescent Oper. '6 +6 -6 - 1 - . 1.5 -
Curtent o1 +12 12 20 | 25 | 15|45 | 40 | 40 mA
Input Current +6 -6 - 0.5 - - 1.0 -
(terminal 7) I7 12 12 10 | 1o | o] 25 | 21 | 20 mA
Device +6 -6 - 24 - - 42 . -
Dissipation Pr +12 12 120 | 120 | 105 § 230 | 200 | 210 W
DYNAMIC
Viep = +9V, f = 10.7 MHz
. DﬁlC.-AmpI. Config. ) 28 ) ) . ) 8
Power Gain Gp
Ve = 9V, f =100 MHz
Cascode Ampl. Config. : 16 N - N : a8
e Vgg = +9V, = 100 MHz
Noise Figure NF Cascode Ampl. Config. . . . - 9 . a8
Voltage Gain Vo= +12V, = 1 kHz
(Diff.) AR 16ke S I N R I d8
Table IV. GROUP C ELECTRICAL CHARACTERISTICS SAMPLING TESTS (TA = 25°C, Vt =+ 12V, V-=-12V)
CHARACTERISTIC | SYMBOL TEST CONDITIONS Mi“L”\ 'Jas; UNITS
Input Offset Voltage Vio - 5 mV
Input Bias Current I - 80 KA
Quiescent Oper. Current [ g or I 2.5 4.0 mA
Input Current (term. 7) 17 1.0 2.1 mA
Device Dissipation Pt 120 220 mW
Vg = +9v, 1= 10.7 WAz
Power Gain G : X 28 - dB
P Diff.-Ampl. Config.
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REA] Linear Integrated Circuits

Solid State High-Reliability Slash(/) Series
CA3039/. ..

Monolithic Silicon

File No. 704

H-1463

12-Lead TO-5 Style Package

RCA-CA3039 “Slash” (/) Series type is a high-reliability
linear integrated circuit Diode Array intended for
applications in aerospace, military, and industrial equipment.
It is electrically and mechanically identical with the standard
type CA3039 described in Data Bulletin File No. 343 but is
specially processed and tested to meet the electrical,
mechanical and environmental test methods and procedures
established for microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1N, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A ‘‘High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883.”

The CA3039 Slash (/) Series type is supplied in the 12-lead
TO-5 style package (“'T* suffix) or in chip form (“H" suffix).

High-Reliability
Diode Array

Six Ultra - Fast Low -
Capacitance Matched Diodes

Features:

For Applications in Communications and Switching Systems of
Aerospace, Military and Critical Industrial Equipment

= Excellent reverse recovery time — 1 ns typ.
m Matched monolithic construction —

Vg matched within 5m V

® Low diode capacitance —

Cp = 0.65 pF typical at Vg =— 2V

Applications:
a Balanced modl or

® Ring modulators
® High speed diode gates
® Analog switches

03 02 0
ISR R D
‘ ® S ® O-P-O

4 o

SUBSTRATE
AND CASE

92Cs-15262

Fig. 1 - Schematic Diagram
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ABSOLUTE MAXIMUM RATINGS at Tp = 25 °c

DISSIPATION:

Any one diode unit . ........ ... .. 100 mw Peak Inverse Voltage, PIV for: D4-Dg . .. ... 5V
Total for device. . ...l 600  mw Dg ........ 05V
For Tp >65 C ........ derate linearly 5.7 mW/C Peak Diode-to-Substrate Voltage, Vp,

TEMPERATURE RANGE for D4-Dg (term. 1,458 or 12 to term. 10) 420, - 1V
Operating -« vt tv i e e 55 to + 125 °C DC Forward Current, Igp .. ............ 25 mA
Storage . ...t i aeiaeeneaes 65 to + 150 °C Peak Recurrent Forward Current, I ...... 100 mA

Peak Forward Surge Current, ¢ (surge). . .. .. 100 mA

LEAD TEMPERATURE (During Soldering): At distance 1/6" * 1/32” (1.59 mm * 0,79 mm) from case for 10 smax ......... 265°C

ELECTRICAL CHARACTERISTICS, at Ty = 25° C

Characteristics apply for each diode unit, unless otherwise specified.

LIMITS
CHARACTERISTICS SYMBOLS TEST CONDITIONS UNITS
TYP.
IF =50 A - 0.65 v
1 mA 0.73 \
DC Forward Voltage Drop Vg ImA 076 v
10 mA 0.81 v
DC Reverse Breakdown Voltage V(BRIR IR = 40uA 7 v
DC Reverse Breakdown Voltage ~
Between any Diode Unit and Substrate V(BR)R I = ~10A - v
DC Reverse (Leakage) Current IR VR=-4V 0.016 nA
DC Reverse (Leakage) Current ~
Between any Diode Unit and Substrate IR Vg=-10V 0.022 nA
Magnitude of Diode Offset Voltage v v
(Difference in DC Forward Voltage I Fi-"F l IF =1mA 05 | mv
Drops of any Two Diode Units)
g VF - VR o
Temperature Coefficient of lv,.-1 - V|:2| T IF=1mA 1 uv/oC
A Vg
Temperature Coefficient of Forward Drop XT__ I =1mA -19  [mv/oC
DC Forward Voltage Drop for B
Anode-to-Substrate Diode (Dg) VF Ip=1mA 0.65 v
Reverse Recovery Time t IF=10mA, Iz = 10mA 1 ns
Diode Resistance Rp f=1kHz, If =1mA 30 Q
Diode Capacitance Cp VR=-2V,Ig=0 0.65 pF
Diode-to-Substrate Capacitance Cp| Vpj=+4V, Ig=0 32 pF
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Table | — Pre Burn-In and Post Burn-In Electrical Tests and Delta Limits*

CHARACTERISTIC SYMBOL TEST CONDITIONS LIMITS UNITS
ATTp=25°C MIN. MAX. MAX. &
Each Diode % IF=3mA 0.69 0.81 +0.010 v
DC Forward Voltage Drop F F m
*Levels /1N, /1R, /1, and /2 require pre and post burn-in electrical tests and delta limits
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig, 7.
Table Il — Final Electrical Tests and Group A Electrical Sampling Inspection
LIMITS FOR INDICATED TEMPERATURES (°C)
CHARACTERISTIC SYMBOL TEST CONDITIONS MINIMUM MAXIMUM UNITS
—55 +25 +1256 -55 +25 +125
Each Diode:
DC Forward Volt- Vg IE=3mA 082 069 | 047 | 10 |o0ss | 063 v
age Drop
DC Reverse Leak-
age Current IR VR=-4V - - - - 100 - nA
DC Reverse Break- _
down Voltage V(BRIR 'R =40 kA - 5 B - B - v
Between Any Two
Diodes:
Diode Offset Voltage| |Vgq — Vel IE=1mA - - - - 8 - mv
~50 V through a 25 kQ re-
Breakdown Volt sistor to terminal 10. Ground
° age terminals 1 through 9, 11and | — - - 25 | -25 | -25 v
Isolation-to-Substrate) .
12. Measure voltage at termi-
nal 10.
Table l11— Group C Electrical Characteristics Sampling Tests (T4 = 25° C)
CHARACTERISTIC SYMBOL TEST CONDITIONS LIMITS UNITS
’ : MIN. MAX.
Each Diode:
DC Forward Voltage Drop VE Ig=3mA 0.69 0.81 \"
DC Reverse Leakage Current IR VR=-4V - 100 nA
DC Reverse Breakdown Voltage V(BR)R IR =40 uA 5 - v
Between Any Two Diodes:
Diode Offset Voltage IVF1 - VF2| IF=1mA - 8 mV
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Fig. 2 — DC forward voltage drop (any diode) and diode
offset voltage vs DC forward current.
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Fig. 3 — DC reverse (leakage) ct:rrent (diodes 1,2,3,4,5) vs temperature.
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Fig. 4 — DC reverse (leakage) current between diodes (1,2,3,4,5) and
substrate vs temperature.
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Fig. 6 — Diode resistance (any diode) vs DC forward current.

Fig. 5 — Diode offset voltage (any diode) vs temperature.
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Fig. 7 — Burn-in and operating life test circuit.
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REA Linear Integrated Circuits

Solid State
Division

Monolithic Silicon

High-Reliability Slash(/) Series

CA3045/. ..

Pair

Features:

= Two

High-Reliability
General-Purpose Transistor Array

Three Isolated Transistors and One Differentially-Connected Transistor

For Low-Power Applications at Frequencies Through the VHF Range
In Aerospace, Military, and Critical Industrial Equipment

hed pairs of istors

14-Lead Dual In-Line
Ceramic Package

RCA-CA-3045 “Slash” (/) Series type is a high-reliability
linear integrated circuit general-purpose transistor array
intended for applications in aerospace, military, and indus-
trial equipment. It is electrically and mechanically identical
with the standard type CA3045 described in Data Bulletin
File No. 341 but is specially processed and tested to meet the
electrical, mechanical and environmental test methods and
procedures established for microelectronic devices in MIL-
STD-883.

The packaged types can be supplied to six screening levels—
/1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A “High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883.”

The CA3045 Slash (/) Series type is supplied in the 14-lead
dual-in-line ceramic package (“D* suffix) or in chip form
(“H" suffix).

VBE matched £5 mV
Input offset current 2 uA max. at Ic = TmA
® 5 general purpose monolithic transistors

m 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

m 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.

2 | 5 4 8 1 14
3 € 7
UB

9 0 12 13
St

STRATE
92C5-15206

Fig. 1 — Schematic diagram.
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ABSOLUTE MAXIMUM RATINGS AT TA = 25°C:

POWER DISSIPATION:

EACH TOTAL

TRANSISTOR PACKAGF

AtTAUPto75°C . ... . 300 750 mw

AtTAS>TEC. ..ot Derate at 8 mW/°C
Collector-to-Emitter Voltage, VCEQ « + + + + « -+« « 15 - v
Collector-to-Base Voltage, VCBO + + + + « « v« v+ + + 20 - \"
Collector-to-Substrate Voltage, Vgjo* . ... ... . 20 - v
Emitter-to-Base Voltage, VEBQ - -+ + + + + + v v v v o« 5 - \
Collector Current, IC .. . . ..o v v i i e v u 50 - mA
TEMPERATURE RANGE:

OPerating . .. vt et e 55 to +125 °c

StOrAGE « & v v v v e e e -65 to +150 °c
LEAD TEMPERATURE (During Soldering):

At distance 1/16" £1/32" (1.59 mm #0.79 mm) from case for 10smax............ 265°C

*The collector of each transistor of the CA3045 is isolated from the substrate by an integral

diode. The substrate (terminal 13) must be connecte

external circuit to
action,

ELECTRICAL CHARACTERISTICS, at T = 25°C

d to the most negative point in the
and to provide for normal transistor

CA3045 Slash (/) Series

LIMITS

CHARAC- -
CHARACTERISTICS SYMBOLS SPECIAL TEST CONDITIONS | T¥Pe CAS0S | g TC[iJRRI\SIESC
TYP. FIG.
STATIC CHARACTERISTICS
Collector-to-Base Breakdown Voltage V(BRICBO Ig = 104A, 1g =0 60 v
Collector-to-Emitter Breakdown Voltage V(BRICEQ Ig=1 mA, lg=0 24 \
Collector-to-Substrate Breakdown Voltage V(BR)CIO Ig= 104A, 1 =0 60 v -
Emitter-to-Base Breakdown Voltage V(BR)EBO lg=102A,1g =0 7 v
Collector-Cutoff Current IcBo Veg =10V, 1g =0 0.002 nA 2
Collector-Cutoff Current ICEO VCE =10V, Ig = 0 See curve LA 3
Static Forward Current-Transfer Ratio g =10mA 100
(Static Beta) hrg Ve =3 V} lg=1mA 100 4
Ig =10 LA 54
Input Offset Current for Matched Pair
Vep =3V, lp=1mA 0.3 5
Q and 0z- l1pg, - lig, | e ohe a
f le =1mA 0.715
Base-to-Emitter Voltage v Vep=3VIJE v 6
i BE CE {IE - 10mA 0.800
Magnitude of Input Offset Voltage for Differ-
ential Pair lv,3El - vBE2| Vep=3V.lg=1mA 0.45 mv 6,8
Magnitude of Input Offset Voltage for Iso-
|Iz\;lted T{a\l;mslolrs I|Y/BE3 - \CBE“'] Veg =3V, ig=1mA 0.45 mv 6,8
BE4 " VBEg5!. IVBE5 - VBE3
Temperature Coefficient of AVpe
Veg=3V,ig=1mA -19 7
Base-to-Emitter Voltage AT CE coim /e
Collector-to-Emitter Saturation Voltage Vegs 'B =1 mA, g = 10 mA 0.23 v -
Temperature Coefficient: [avgl
Magnitude of Input-Offset Voltage AT Veg =3V Ig =1mA L1 e 8
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ELECTRICAL CHARACTERISTICS (Cont'd)

LIMITS CHARAC- |

CHARACTERISTICS _ SYMBOLS SPECIAL TEST CONDITIONS | T¥Pe CASOAS) ypypg TCFiJ’;iIiTE'SC
TYP. FIG.
DYNAMIG CHARACTERISTICS
Low-Frequency Noise Figure NF f=1kHz, Vog =3V, Ig = 1004 3.5 dB 10(b)

Source Resistance = 1

Low-Frequency, Small-Signal
Equivalent-Circuit Characteristics:

Forward Current-Transfer Ratio hie. 110

Short-Circuit Input Impedance hie 35 K2

Open-Circuit Qutput Impedance Noe f=1kHz, Vog =3V, I =1 mA 15.6 (mho "

Open-Circuit Reverse h 1 4

Voltage-Transfer Ratio e B0
Admittance Characteristics:

Forward Transfer Admittance Yie 31415

Input Admittance Yie f= 1 MHZ Ve = 3V 1 =1 mA 0.3+j0.04

Output Admittance Y PESTRCT 0.001+j0.03 | -

Reverse Transfer Admittance Yo l See curve -
Gain-Bandwidth Product i Veg =3Vl =3mA 550 - 9
Emitter-to-Base Capacitance Ceg Veg =3V Ig=0 0.6 pF
Collector-to-Base Capacitance Cep Veg=3V.lg =0 0.58 pF
Collector-to-Substrate Capacitance [ Veg =3V, ig =0 2.8 pF

Table | — Pre Burn-In Electrical and Post Burn-In Electrical Tests, and Delta Limits *

Electrical Characteristics, at Ty = 25%C For Each Transistor (Except where otherwise indicated)

Characteristi symbol Test Conditi Linits Units
aracteristics mbo est Conditions - ni
/ Min. { Max. | Max.A

Emitter-to-Base V(BR)EBO |E = 10uA, lC =0 5 - +0.5 v

Breakdown Voltage (Except Qg)

Collector-Cutoff | Vep = 10V, In = 0 R 05 +0.15 A

Current CEO CE '8 ) T K

Input Current I Ig=1mA, Vg =3V 5 25 +3 HA

Base-to-Emitter v In=1 -

= 1mA, Vpog = 3V 0.6 0.8 £0.10 v

Voltage BE c ' 'CE

* Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits.
Level 3 requires pre burn-in test only. The burn-in and operating life test circuit is shown in Fig. 6.

GB[COLLECTOR -TO-EMITTER VOLTS(Vcg):3 COLLECTOR-TO-EMITTER VOLTS (Vcg)*3 H
AMBIENT TEMPERATURE (Ta)= 25°C % T aus
a IBNNEREEEE i
2 ST
- S I (1"
3 o7 - s & . MITTER MILLIAMPERES %
- e p e e
2 = 2 g
5 3 >
o 1 > 5 2
> L1 3 ; P
© o 2 §' =
= - 5 ors
H 9 2
uw o v 3\
e s £ 050 1o
., 05 |- > =
> a
e [ H
@ INPy L £ 025
UT_OFFSET VOLTAGE
o | 1] o o
ool 2 4 68g 2 | 0 -5 -50 -25 3] 25 S50 75 100 I
EMITTER MILLIAMPERES(Lg) 92cs-15217 AMBIENT TEMPERATURE (Ta)—°C 92¢5 15218
Fig. 2~ Typical static b itter voltage istic Fig. 3—Typical input offset voltage characteristics for
and input offset voltage for differential pair and differential pair and paired isolated transistors
paired isolated transistors vs emitter current. vs ambient temperature.
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Table Il— Final Electrical Tests (For each transistor unless otherwise indicated)

CA3045 Slash (/) Series

COLLECTOR MILLIAMPERES (I¢)

Fig. 4 — Typical gain-b

92C5-15196

current.

P

vs

Fig. 5 — Typical lized forward

Limits For Indicated Temperature (°C)
Characteristics Symbol Test Conditions Minimum | Maximum Units
-SSj +25 | +125 | -55 , +25 [ +125
STATIC
Collector-to-Base
\ lp=10uA, 1g =0 20 v
Breakdown Voltage (BR)CBO c = 10uA. T
Collector-to-Emitter v o= IMA, In=0 . 15 . . - v
Breakdown Voltage (BR)CEO Y B
Collector-to-Substrate
\ lo = 10uA, 1o =0 20 v
Breakdown Voltage (BR)CIO c HRTel
Emitter-to-Base
v lg = 10uA, 1p=0 5 - v
BR)EBO E ' 1C
Breakdown Voltage (BR) (Except Q5)
Collector-Cutoff | Veg = 10V, I = 0 10 A
Current B0 cB "B
Collector-Cutoff | Ve = 10V, In =0 0.5 100 A
Current CEO CE ''B #
Static Forward Ig = 10mA - 30 -
Cur!ent-Transfer heg Vep=3Wlg= ImA 18 40 45 - - - -
Ratio Ig = 10uA - 15 - - -
Input Offset |I|0 -
Current for ||0;| V=3V, Ig= ImA 2 KA
Differential Pair
Base-to-Emitter v Vor = 3yf I = 10mA 1.0 v
Voltage BE CE™"™ig= A [07 |06 | 04 | 10| 08 | 07
Input Offset |VBE -
Voltage for v 1 Vep=3V.lg= ImA - 5 mV
X ) ) BE
Differential Pair 2 I
Input Offset
Voltage for ) V,0 VCE =3V, Ig= 1ImA - - - 5 mV
Isolated Transistors
Collector-to-Emitter v In = 1mA, I = 10mA R R R R 05 v
Saturation Voltage CES B e
100 L COLLECTOR-TO-EMITTER VOLTS (Vgg)=3
6} FREQUENCY (f) =1kHz
T 4} AMBIENT TEMPERATURE (Tp)=25°C
COLLECTOR-TO-EMITTER VOLTS (Vcg):3 i | [
AMBIENT TEMPERATURE (Ta)=25°C + @ hge =110 I
E4 3 E o By :i,:i?ga):?o"‘ otimA o
1 z N hoe*15.6 umho v
= 800 g T /
a 600 3 ™
E 500 § 5 § = S =%, S==
=z E] [~ Lre ]
2 400 Z
?s 117 N
z° 7
© 20 0l
o oo COLLECTOR MILLIAMPERES (I(l:) °
92CS-15190
(o] 2 3 4 5 6 7 8 9 10

ratio, short-circuit input impedance, open-
circuit output impedance, and open-circuit

reverse voltag ratio vs

current,
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Table 11— Group A Electrical Sampling Inspection

File No. 710

Limits for Indicated Temperature (°c)
Characteristics Symbol Test Conditions Minimum Maximum Units
-55 | 425 | 125 | -55 I 125 l +125
STATIC
Collector-to-Base Breakdown Voltage V(BR)CBO 'C = 10LA, 'E =0 . 20 . . . . v
Collector-to-Emitter Breakdown Voltage V(BR)CEO Ic = 1mA, 'B =0 - 15 - - - - \
Collector-to-Substrate Breakdown Voltage V(BR)CIO Ic = 104A, 'Cl =0 . 20 - . . . v
Emitter-to-Base Breakdown Voitage V(BR)EBO Ig = 10LA, Ic = 0 (Except QS) - 5 - - - - v
Collector-Cutoff Current lcgo Veg =10V, Ig =0 - - - - 40 - nA
Collector-Cutoff Current lceo Veg =10V, 1g =0 - - - - | 0.5 100 A
IC = 10mA - 30 - - - - -
Static Forward Current-Transfer Ratio hep Veg 73V 1g = ImA 18 40 45 - - 200 -
Ic = 104A s |- - N _
Input Offset Current for Differential Pair, (Q), Qp) |||°1-Il02| Veg =3V, Ig = ImA - R . . - 2 1A
VCE =3V, lC = ImA 0.7 | 0.6 0.4 | 1.0 |08} 0.70 v
Base-to-Emitter Voltage VBE
VCE =3V, IC = 10mA - - - - 1.0 - \
Input Offset Voltage for Differential Pair, (Q;, Qp) VBEI'VBEzl VCE =3V, Ig= ImA - - - - 5 - mv
Input Offset Voltage for Isolated Transistors VIO Veg * 3v, IC - 1mA . . . . 5 . mv
|93~ Q4|4 s |95 - Q3
Collector-to-Emitter Saturation Voltage VCES lB = 1ImA, 'C = 10mA - - - - 0.5 - 2
DYNAMIC
Gain-Bandwidth Product (Qa) I fr lVCE =3V, Ic =3mA, f = 100 MHzl - |300 ] - I - l - I - | MHz
Table 1V — Group C Ei I Cl istics Sampling Tests
(Ta=25°C, Voo =+6V, VEg=—6V)
. . Limits .
Characteristic Symbol Test Conditions N Units
Min. Max. ® o
itter-to- = L @
Emitter-to-Base V(BRYEBO Ig =10 A 5 . v @
Breakdown Voltage Ig =0 +ev
(Except Q5) ©
-to-Emi = ® Ta=+125°C
Collector-to-Emitter V(BR)CEO Ic =1mA 15 ; v
Breakdown Voltage Ig =0 ®@ 0%
Collector-Cutoff ICEO VCE =10V - 0.5 LA
Current Ig =0
= 50032608, 5200
Input Current af IVCE . 3AV 5 25 wA
c n = -6V
Base-to-Emitter VBE VCE =3V 0.6 0.8 v s2cs-15623
Voltage Ig =1 mA
Fig. 6 — Burn-in and operating life

test circuit.
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IR

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash(/) Series

CA3049/. ..

Features:

12-Lead TO-5 Style Package

RCA-CA3049 “Slash” (/) Series type is a high-reliability
linear integrated circuit dual high-frequency differential
amplifier intended for low-power applicationsat frequencies
up to 500 MHz in aerospace, military, and industrial
equipment. It is electrically and mechanically identical with
the standard type CA3049 described in Data Bulletin File
No. 611 but is specially processed and tested to meet the
electrical, mechanical and environmental test methods and
procedures established for microelectronic devices in
MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A “High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883."

The CA3049 Slash (/) Series type is supplied in the 12-lead
TO-5 style package (“T*’ suffix) or in chip form (“H"* suffix).

High-Reliability
Dual High-Frequency
Differential Amplifier

For Low-Power Applications at Frequencies up to 500 MHz in
Aerospace, Military and Critical Industrial Equipment

8 Power Gain 23 dB (typ.) at 200 MHz

@ Noise Figure 4.6 dB (typ.) at 200 MHz

8 Two differential amplifiers on a common substrate
w |ndependently accessible inputs and outputs

Applications

VHF amplifers
VHF mixers

Mo l4:f, . combinati -

RF/Mixer/Oscillator;

Converter/IF

IF amplifiers (differential and/or cascode)
Product detectors
Doubly bal. d lul
Balanced quadrature detectors

ors and d S

Cascade limiters

Synchronous detectors

Balanced mixers

Synthesizers

Balanced (push-pull) cascode amplifiers
Sense amplifiers

®© @ O O

SUBSTRATE (9)
AND CASE

92C5-15245

Fig. 1- Schematic Diagram

9-74
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MAXIMUM RATINGS, Absolute-Maximum Values at T =259C

POWER DISSIPATION, P:

Any one transistor . .. .. . 300

Totalpackage . . ................... 600

For Tp > 55°C Derate at: 5 mw/°c )
TEMPERATURE RANGE: i

Operating . ... —55 to +125°C

Storage . ..... —65 to +150°C
LEAD TEMPERATURE (During Soldering):
At distance 1/16 +1/32"
(1.59 mm £0.79 mm)

fromcasefor 10smax. .............. 265°C 275F
i 7 OUTPUT
The following ratings apply for each transistor in the devices
2 L

Collector-to-Emitter Voltage, VCEQ - - -+« + -« + 15 \ -
Collector-to-Base Voltage, Vcgo P 20 \2
Collector-to-Substrate Voltage, Vg10* . . . . . .20 A\
Emitter-to-Base Voltage, VERQ . - -+« « - o ... 5 \
CollectorCurrent, I . .. . . ..o i v i i i i v 50 mA 100 pF
*The collector of each transistor of the CA3049T s

isolated from the substrate Ly an integral diode. The substrate =

(terminal 9) must be connected to the most negative point in the
external circuit to il i and to NOT!
provide for normal transistor action.

ES:
1. NUMBERS IN PARENTHESES REFER TO OTHER
HALF OF THE CA3049T

92CS-20793
V*ev)
L4, L2 — Approx. 1/2 Turn #18 Tinned Copper Wire, 5/8" Dia.
C1, C2 — 15 pF Variable Capacitors (Hammarlund, MAC-15; or

Equivalent)

All Capacitors in uF Unless Otherwise Indicated
All Resistors in Ohms Unless Otherwise Indicated
Fig. 3 — 200 MHz cascode power gain and noise figure test circuit.

V=(-6v)

92CS-20795

Fig. 2 — Static characteristics test circuit

Table | — Pre Burn-In and Post Burn-In Electrical Tests and Delta Limits*

LIMITS
T UNIT!
CHARACTERISTIC SYMBOL TEST EONODITIONS MIN. MAX. MAX. & S
atT,=25"C
la=15=2mA
Input Bias Current Q1, Q2, Q5, Q6 I i 9= 4m - 25.2 +6 Iy
V =46V
[}
I3 = 'g =2mA '
input Bias Current Q3, Q4 W - 50.4 +12 BA
vt =46V
Emitter-to Base Breakdown I = 10pA
\ E -5. - 1.0
Voltage 03, Q4 EBO 1c=0 5.3 v
Veg=10V |
Collector Cutoff Current Q1 to Q6 ! - 95 150 nA
cBO IE =0

*Levels /1N, /1R, /1, and /2 require pre and post burn-in electrical tests and delta limits
Level /3 requires pre burn-in electrical test only. The burn-in circuit is shown in Fig. 9.
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CA3049 Slash (/) Series

ELECTRICAL CHARACTERISTICS at Tp = 25°C

LIMITS
CHARACTERISTICS SYMBOLS TEST CONDITIONS CA3049T UNITS
TYP.
STATIC CHARACTERISTICS
For Each Differential Amplifier
Input Offset Voltage Vio 0.25 mV
Input Offset Current o Ig=lg=2mA 0.3 uA
Input Bias Current hB 13.5 uA
Temperature Coefficlent Mag- | |AV ol 1.1 uv/oc
nitude of Input-Offset Voltage| AT .
For Each Transistor
DC Forward Base-to- Vce=6V
Emitter Voltage VBE lc=1mA 774 mv
Temperature Coefficient of AVgg °
Base-to-Emitter Voltage AT Vce=6V.lc=1mA -0.9 mv/°c
Collector-Cutoff Current lceBo Veg=10V,Ig=0 0.0013 nA
Collector-to-Emitter _ _
Breakdown Voltage V(BRICEO | lc=1mA, 1g =0 24 v
Collector-to-Base _ _
Breakdown Voltage V(sRIcBO | Ic=104kA Ig=0 60 v
Collector-to-Substrate _ _ -
Breakdown Voltage V(BR)CIO | !c=104kA,1g=01g=0 60 v
Emitter-to-Base Breakdown
Voltage VigR)EBO | lE=101A, Ic=0 7 \
DYNAMIC
CHARACTERISTICS
1/f Noiss Figure (For NF f=100KHz,Rs=5002 [ 5 a8
Single Transistor) Ilc=1mA
Gain-Bandwidth Product _ _
(For Single Transistor) fr Vce=6V.lc=5mA 1.35 GHz
- ~ — 0.28 pF
Collector-Base Capacitance Ccs Ic=0 Veg = 5V 0.28 oF
Collector-Substrate Capacitance| Cg) Ilc=0 Vgy =5V 1.65 pF
For Each Differential j
Amplifier
Common-Mode Rejection Ratio| CMR Ig=lg=2mA 100 dB.
AGC Range, One Stage AGC Bias Voltage = -6V 75 dB
Voltage Gain, Single-Ended Bias Voltage = -4.2V
Output A f=10MHz 22 dB
Insertion Power Gain Gp f =200 MHz Cascode 23 dB
Noise Figure NF Vee = 12V Cascode 4.6 dB
zm fa’wqe Cascode [1.5+j2.45
Input Admittance Yiq onfiguration - - mmho
I3=1g=2mA| Diff Amp. [0.878 +j 1.3
For Diff.
) Amplifier Cascode 0-j0.008
Reverse Transfer Admittance Yi2 Configuration mmho
I13=1g=4mA | Diff. Amp. 0-j0.013
i (each .
Forward Transfer Admittance Y2q collector Cascode [17.9-j30.7 mmho
Ic =~ 2mA) Diff. Amp.[- 10.5 +j 13
Output Admittance Y22 Cascode - 0.503 fj 15 mmho
Diff.Amp. [0.071 + j 0.62
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Table Il — Final Electrical Tests

File No. 707

TEST CONDITIONS

'LIMITS FOR |NDICATEDTEMPERATURES( C)

CHARACTERISTIC SYMBOL MINIMUM MAXIMUM UNITS
-55 | +25 Fﬂzs ~55 | +25 l +125
STATIC (Each Differ-
ential Amplifer)
Input Offset Voltage V|0 - - - 7 5 75 mV
Input Offset Current 'IO I3 = I9 =2mA V+ =+6V - - - 9 3 3 BA
Input Bias Current | 13=lg=2mA V' =46V - - - 4 252 | 18 uA
Collector Cutoff - -
Current 'cBo Veg=10V.lg=0 - - - - 100 - nA
Forward Base-to-
Vv Vae =6V, I,=1 - - - - -
Emitter Voltage BE ce =6V Ic=1mA 874 mv
Collector-to-E mitter
Breakdown V(BR)CEO Ic=1mA,ig=0 - 15 - - - - \%
Voltage
Collector-to-Base
Breakdown V(BR)CBO Ic=108A, 1 =0 - 20 - - - - v
Voltage
Collector-to-Sub-
strate Breakdown V(BH)ClO 'C = 10uA, 'B = IE =0 - 20 - - - - v
Voltage
Emitter-to-Base
Breakdown V(BR)EBO Ig = 10uA, 1o = 0 - 5 - - - - v
Voltage
Table 11 —Group A Electrical Sampling Inspection o
LIMITS FOR lNDIcATED TEMPERATURES (°C)
NS
CHARACTERISTIC SYMBOL TEST CONDITIO MINIMUM MAXIMUM UNITS
|+25 lnzs | —55 l 425 l +125
These tests are the same s the Final Electrical Tests except for the addition of the Dynamic test shown below
Dynamic
Voltage gain (Single- Bias Voltage = 4.2V, f= 10 MHz | — 18 - - - - dB
Ended Output)

Table IV — Group C Electrical Characteristics Sampling Tests (T4 = 25? c)

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS UNITS
MIN. MAX.

Input Offset Vio _ 5 mv
Voltage

Input Bias Current I 13=1g=2mA, V+=46V _ 25.2 LA
Q1, Q2, 05, Qs

Input Bias Current I =1g=2mA, V+= 46V _ 50.4 uA
Q3, 04

Power Gain PG 19 26 dB
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File No. 707 CA3049 Slash (/) Series
TYPICAL CHARACTERISTICS
O5] AMBIENT TEMPERATURE (Tp) = 25°C 100 1
: | 2
< oG
>
s e o
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o = ¢ 8% oG
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= \——/
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ol 4 | 0 ol 4 8 0
EMITTER CURRENT (I3,Ig)-mA 92C5-20796 EMITTER CURRENT(13,19)—mA s2¢5-20787
Fig. 4 — Input offset voltage vs. emitter current. Fig. 5 — Input bias current vs. emitter current.
AMBIENT TEMPERATURE (Ty) = 25°C
POSITIVE DC SUPPLY VOLTAGE (V*)= +6V
NEGATIVE DC SUPPLY VOLTAGE (V~)=-6V
FREQUENCY (f)=1KHz
prym AMBIENT TEMPERATURE (Tj) =25°C
@
T sobm "
L 7 £ !
£ ol b t
HTHR I
§ o : c
8 g s
<
g 10 g 14]
> T
-20 H 'g' 13|
-30 2 12 : :
g 3 1
-40 z = :
-50 3 2
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it
DC BIAS VOLTAGE ON TERMINALS 2 AND 10—V %CS-20801 09 e F 3
; 1
Fig. 6 — Valtage gain vs. dc bias voltage. o 4 0
COLLECTOR CURRENT (Ic)-mA 925~ 20803
Fig. 7 — Voltage gain vs. frequency.
AMBIENT TEMPERATURE (Ty)=25°C
vtz4+6v vitev
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Fig. 8 — Gain-bandwidth product vs.
collector current.

92C5-20802

92c5-22934
Vi=-6V

Fig. 9 — Burn-in and operating life test circuit.
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m@ﬂ_[_] Linear Integrated Circuits

Monolithic Silicon

Dolig State High-Reliability Slash(/) Series

CA3058/. . .

W ° fgﬁ Features:
P

= Differential input

14-Lead Dual-In-Line

RCA-CA3058 “Slash” (/) Series type is a high-reliability
linear integrated circuit Zero-Voltage Switch designed to
control a thyristor in a variety of ac power switching
applications for ac input voltages of 24 V, 120 V, 208/230
V, and 277 V at 50/60 and 400 Hz. It is intended for
applications ‘in aerospace, military, and industrial equipment.
It is electrically and mechanically identical with the standard
type CA3058 described in Data Bulletin File No. 490 but is
specially processed and tested to meet the electrical, mech-
anical and environmental test methods and procedures
established for microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels—

" /1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screéning levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A ‘High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883.”

The CA3058 Slash (/) Series type is supplied in the 14-Lead
dual-in-line ceramic package (“D” suffix), or in chip form
(“H" Suffix).

AC Input Voltage Input Series Dissipation Rating
(50/60 to 400 Hz) Resistor (Rg) for Rg
V AC kQ w
24 2 0.5
120 10 2
208/230 20 4
277 25 5

Low balance input current (max.)1uA
Built-in protection circuit

Ceramic Package for opened or shorted sensor (term. 14)
® Sensor range (RX) - 2to 100 k2

High-Reliability
Zero - Voltage Switch

For 50/60 and 400-Hz Thyristor Control Applications
In Aerospace, Military and Critical Industrial Equipment

? L = 24V, 120 V, 208/230 V, 277 V at
5 i3 50 60, or 400 Hz operation

DC mode (term 12)
External trigger (term. 6)
External inhibit (term. 1)
DC supply volts (max.) 14

Applications
= Relay control ® Heater control ® Photosensitive control

Ac e
INPUT
VOLTAGE 0

Valve control ® Lamp control ® Power one-shot control
Synchronous switching of flashing lights

On-off motor switching

Differential parator with self ined power supply
for industrial applications

For detailed application information, see application note
1CAN-6182 ““Applications of RCA Integrated Circuit
Zero-Votlage Switches (CA3058, CA3059, CA3079)"

EXTERNAL

Re:

5
Re,

PROTECTION
e |
CF (O e —
100uF|+ I R 1/OF
15V -

12

NTC SENSOR- T

®

.
NEGATIVE TEMPERATURE COEFFICIENT WSEE CHART

920525156

Fig. 1—Functional block diagram.
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MAXIMUM RATINGS, Absolute Maximum Values, at T4 = 25°C  Ambient Temperature Range:

CA3058 Slash (/) Series

R o
DC Supply Voltage (between Terms.2and 7} ... 14 Vv Operating  .............. -55 to *‘12500
Storage . ... i i e -65 to +150°C
DC Supply Voltage (between Terms.2and8) ... 14
Peak Supply Current (Terms.5and7) . ...... +50 mA T . .
emperature (During solderin
Output Pulse Current (Term.4) .. ......... 150 mA Lead P ( 9 a)

Power Dissipation:

At distance 1/16 £1/32 inch (1.59 £0.79 mm)

fi ds max. 2 o
UPtOTA=T75Cn v v e oo, L 700 mw rom case for 10 seconds 65 C
Above TA=75°C- - « - -+ ... Derate Linearly 8 mW/°C
MAXIMUM
CURRENT
MAXIMUM YOLTAGE RATINGS atTp = 25°C RATINGS
;‘ﬁ}_M 11203 4| 5| 6|78 9/|10|n12/13]14] Thischart gives the range of voltages lin | lout
NO. Ngw “1 “3 Ng!e Notef which can be applied to the terminals mA| mA
1 PN I IO RO R ISV RO O RO B R " listgd horizontally with respect to the o o
Note 3 0 |-2 terminals listed vertically. For example, :
the voltage range of horizontal Terminal 6
.
2 915 9]5 }14 ?M 914 _014 914 914 914 914 PM to vertical Terminal 4 is 2 to - 10 volts, 150 10
3 015 PPttt |t [t ] Note 1 - Resistance should be inserted 1t
between Term. 5 and external supply or
4 * 210 P Y| * | tine voltage for limiting current into 0.1 150
= Term, 5 to less than 50mA.
5 * 7 * * * * * * * 50 10
Note 1 . -1 Note 2 - Resistance should be inserted
6 |« *|*{*]|=*|* | between Term. 14 and external supply * *
Note 3 0 for limiting current into Term, 14 to
7 * {14 | * |20 {25(14 | 6 | lessthan 2mA. * *
0 0 250 |-6
8 0|« ] x| «]= |+« ]NOTE3: For the CA3079 indicated terminallg |
0 is internally connected and therefore,
. w =1 + |+ | & |should notbe used. T .
'o * L] * * * *
l I * * * * *
12 « | « | "Voltages are not normally applied between 500 50
Note 3 these termindls; however, voltages appear-
L between these terminals are safe, if the . .
13 specified voltage limits between all other
terminals are not exceeded.
14 2 2
Note 3
Table | — Pre Burn-In and Post Burn-In Electrical Tests and Delta Limits*
TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL atTp =25°C MIN. MAX. MAX. & UNITS
DC Supply Voltage Vs Rs=10kQ, 1 =0 6.0 7.0 0.2 \
Output Leakage Current _ 0.5 A
(Inhibit Mode) ‘4 10 * “
Peak Output Current (Pulsed) . - _
With Internal Power Supply lom(4) Terminal 3 Open, Vg1=0 50 +10 mA
Input Bias Current Iy - 1.0 $0.2 BA

*Levels /1N, /1R, /1, and /2 require pre and post burn-in electrical tests and delta limlts
Level /3 requires pre burn-Iin electrical test only. The burn-In circulit is shown In Fig. 8,
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352

ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise)
All voltages are measured with respect to Terminal 7.

TEST CONDITIONS

Ta = 250C

(Unless Indicated Otherwise) LIMITS| UNITS
CHARACTERISTIC SYMBOL
Typ.
For Operating at 120V rms, 50-60 Hz (AC Line Voltage)®
DC Supply Voltage:
Inhibit Mode
At 50/60 Hz Rg=10k Q,I_=0 6.5 )
At 400 Hz Rg=10k Q,1_=0 6.8 \
At 50/60 Hz Rg=5k Q, I =2mA 6.4 \
Pulse Mode
At 50/60 Hz Vs Rg=10k £, 1 =0 6.4 v
At 400 Hz Rg=10k Q, 1 =0 6.7 \Y
At 50/60 Hz Rg=5k £, I =2mA 6.3 \
Gate Trigger Current IGT(4) | Terms 3 and 2 connected, VGT=1V 105 mA
Peak Output Current (Pulsed):
With Internal Power Supply Term. 3 open, Gate Trigger Voltage
(VgT) =0 84 mA
1oM(4) [ Terms.3 and 2 connected, Gate Trigger
Voltage (VGT) =0 124 mA
With External Power Supply Term. 3 open, V¥ =12V, VGT =0 170 mA
10M(4) | Terms 3 and 2 connected V¥ = 12V,
VgT=0 240 mA
Inhibit Input Ratio: Vg/Vy | Voltage Ratio of Term. 9 to 2 0485
Total Gate Pulse Duration:
For positive dv/dt
50-60 Hz tp CExT =0 100 us
400 Hz tp CEXT =0, REXT = = 12 us
For negative dv/dt
50-60 Hz tN CexT=0 100 us
400 Hz tN CEXT=0,REXT = 10 us
Pulse Duration After Zero
Crossing (50-60Hz):
For positive dv/dt tpy CExT=0 50 us
For negative dv/dt N1 REXT == 60 us
Output Leakage Current 1
inhibit Mode: 4 0001| A
input Bias Current:
Iy 220 nA
Common-Mode {nput
Voltage Range VcMR | Terms. 9 and 13 connected 15t0 \%
5
Sensitivity #
(Pulse Mode) AV13 | Term. 12 open 6 mV

#Required voltage change at Term.13 to either turn OFF the triac when ON or turn ON the triac when OFF.

File No. 703

*The values given in the Electrical Characteristics Chart at 120V also apply for operation at input voltages of 24V, 208/230V, and 277V.
except for Pulse Duration. However, the series reistor (Rs) must have the indicated value, shown in the chart in Fig. 1, for

the specified input voltage.
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. Rp Rsensor
FOR DC MODE F
—— OR400-Hz 100uF_L+ COMMON
r 1 oPERATION 15V :[_
l | COMMON
Rs | =
ac N T
Like | Pl
INPUT o o
1 7 13 Re
l 27k
03 D¢
[N
3 4 Dg 0g
| [P
Ll Ll
|
0.
| 04 s Q
FOR
I (3)INCREASED
RI GATE DRIVE
| 40K
|
| Di2
i A 4
[
| s .
] THYRISTOR
1 ATE
| RCA CA3059 |
L _ __INTEGRATED CIRCUIT —
T T T pemrrer A T A T T T S AT T - FOR
INPUT_PROTECTION ({ ;o 18]
ALL RESISTANCE VALUES ARE IN OHMS CURRENT ® O comlon ol D ERIGoEH

92CM-25157

Fig. 2—Schematic diagram of CA3058 zero-voltage switch, For functional block diagram see Fig. 1.

Table Il — Final Electrical Tests and Group A Electrical Sampling Inspection

LIMITS FOR INDICATED TEMPERATURES (°C)
CHARACTERISTIC | SYMBOL TEST CONDITIONS MINIMUM MAXIMUM | UNITS
#=50/60 Hz 85 |+25 |+125 | —55 | +25 | +i25
DC Supply Voltage Vg Rg=10kQ, 1 =0 5.5 6.0 5.5 7.5 7.0 7.5 \
Output Leakage
Current (Inhibit 14 - - - 20 10 20 BA
Mode)
Input Bias Current I - - - 1.0 1.0 1.0 BA
Inhibit Input Ratio VG/Vz Y:"age.'a"; ofterminal 8 | 4 450 | 0.465 | 0.450 | 0.520 | 0.520 | 0520
Peak Output Current Terminal 3 open, VGgT =0 - 50 - - - - mA
(Pulsed) With Internal lom (4) Terminals 2 and 3 shorted, 50 A
Power Supply VGgT=0 - - - - - m
Table 11l — Group C Electrical Characteristics Sampling Tests (T = 25°C)
CHARACTERISTIC SYMBOL TEST CONDITIONS LIWITS UNITS
f=50/60 Hz MIN. MAX.

DC Supply Voltage Vg Rg=10k, 1) =0 5.9 7.1 v

Output Leakage Current (Inhibit

Mode) 14 - 1 kA

Peak Output Current (Pulsed) . -

With Internal Power Supply 'om {a) Terminal 3 Open, Vg = 0 - - mA

Input Bias Current 1] - 1.2 uA
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120-v RMS, 50/60-Hz OPERATION
PULSE 48k INPUT RESISTANCE (Rg) =10 k.
NO EXTERNAL LOAD
0.3k 5 3 - O
#7.00
INHIBIT >
4
4.6k ) S 675
CA3058 R S
Rs >
Vs Pes 1
AC LINE i 100-EL s
0
)
O 7 S 6.25)
~
te S ooty
EXTERNAL i 6.0
OmORORD LoAD {5 H
ALL RESISTANCE VALUES CURRENT = i
ARE IN OHMS 5.75) 1T
75 50 -25 O 25 S50 75 100 125
92Cs- 25159 AMBIENT TEMPERATURE (Tp)—°C 92CS-18065
Fig. 3a—DC supply voltage test circuit Fig. 3b—DC supply voltage vs. T4
120 V RWS, 50760-Hz OPERATION
120 ¥ RMS, 50/60-Hz OPERATION AMBIENT TEMPERATURE (Ta) - 25°.C
AMBIENT TEMPERATURE (Ty) = 25° C 1 HEHHET
6.5(7 TTT 13 pess 1
: = T
= g m i
> 6.0] — 1 1
28 PR g
z A : i
= ] w o
a | & 10 el
2 55 - E ; riin vl
<} } Jd % - Sy 3
: e R A
2 5. . 2 % & TS o
g8 Y\ s R 8 lgpisis
4 % ua ) T g 70 PENT :
g« '-% 3 Eoa i i
z % © :
4.0 E * :
£ ° i
3.5 11T T
0 3 g 0
EXTERNAL LOAD CURRENT (IL) - mA GATE TRIGGER VOLTS (VgT)
92554251 9255-4258
Fig. 3c—DC supply voltage vs. external load current Fig. 4—Gate trigger current vs. gate trigger voltage
3 | 120-V RMS, 50/60-Hz OPERATION
Z | GATE TRIGGER VOLTS (vgr) =0
[L-N)

AC LINE

0SCILLOSCOPE
WITH

o
o

HIGH-GAIN
INPUT

g

PEAK OUTPUT MILLIAMPERES (PULSED)
5

|
Tt
50 F PF
-5 -50 - [} 25 50 75 100 125
AMBIENT TEMPERATURE (Tp)—°C
T WO wF 92CS-18066

Fig. 5b—1opq vs.
ALL RESISTANCE VALUES ARE IN OHMS 925 -25160 9. Sb—lom vs. TA

Fig. 5a—Peak output (pulsed) and gate trigger current with
internal power supply test circuit
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Fig. 6b—Igp vs. external power supply voltage Fig. 6c—Igp with external power supply vs. TA
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Fig. 7—Operating regions for built-in protection circuit Fig. 8— Burn-in and operating life test circuit.
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NG

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash (/) Series

CA3078A/ . ..

Features:

8-LEAD TO5
with Dual-In-Line
Formed Leads
(8" Suffix)

8-LEAD TO5

Applications:
(“T* Suffix)

H-1787 H-1528

= [nstrumentation
® Telemetry

The CA3078A “Slash” (/) Series types are high-reliability
linear integrated circuit operational amplifiers intended for
applications in aerospace, military, and industrial equipment.
It is electrically and mechanically identical with the standard
type CA3078A described in Data Bulletin File No. 535 but
is specially processed and tested to meet the electrical,
mechanical and environmental test methods and procedures
established for microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels —
/AN, /1R, /1, /2, /3, and /4 — which correspond to
MIL-STD-883 Classes A, B, and C. The chip version can be
supplied to three screening levels — /M, /N, and /R. These
screening levels and detailed information on test methods,
procedures and test sequence are given in Reliability Report
RIC-202A ‘‘High-Reliability CA3000 Slash (/) Series Types
Screened to MIL-STD-883."”

The CA3078AS and CA3078AT can deliver milliamperes of
current yet only consume microwatts of standby power.
Their operating points are externally adjustable and fre-
quency compensation may be accomplished with one
external capacitor. The CA3078AS and CA3078AT provide
the designer with the opportunity to tailor the frequency
response and improve the slew rate without sacrificing
power. Operation with a single 1.5-volt battery is a practical
reality with these devices.

The CA3078A is 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 in chip form (“H"
suffix).

®u Portable electronics
® Medical electronics

High-Reliability
Micropower Operational Amplifier

For Applications in Aerospace, Military, and Critical Industrial Equipment

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

TOP VIEW v+
q, TAB"

NOTE:PIN 8 IS INDICATED BY THE CASE INDEX TAB
92CS-17552R1

Fig. 1—Functional diagram of the CA3078AS
and CA3078AT.

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

DC SUPPLY VOLTAGE
(Between V*and V= terminal) ........ 36V

DIFFERENTIAL INPUT VOLTAGE . BV
DC INPUT VOLTAGE ............ . Vtto v—
INPUT SIGNAL CURRENT ............. 0.1 mA

OUTPUT SHORT-CIRCUIT DURATION* No Limitation

DEVICE DISSIPATION ..........c.uu.. 250 mW (up to 125°C)
TEMPERATURE RANGE:
OPErating « «.vvvvunnernrannneennnns —55 to +125°C
StOTAge .« v v v vee e rrnenennanns —65 to +150°C
LEAD TEMPERATURE (During Soldering):
At distance 1/16 £1/32 in.
(1.59 £0.79 mm) from case
fOr10smMax. .....oevineeenneennnn +300°C

*Short circuit may be applied to ground or to either supply.
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ELECTRICAL CHARACTERISTICS, at T4 = 250C
Typical Values Intended Only for Design Guidance

CA3078A Slash (/) Series

TYPICAL VALUES
CA3078A
Vt=41.3V, Vt=+0.75V,
CHARACTERISTIC —=-13V —=-0.75V CHARACTERISTICS
SYMBOLS RSET = 2 MQ RSET = 10 MQ CURVES UNITS
lg=10uA la=1LA Fig.
Vio 0.7 0.9 - mv
o 0.3 0.054 - nA
I 37 0.45 4,10 nA
AoL 84 65 - dB
o 10 1 - HA
Pp 26 1.5 — W
voprp 1.4 0.3 - \
~0.8 -0.2
\") I to - \Y
ICR +a +0.5
CMRR 100 90 - dB
lom* 12 05 7 mA
avio/avE 20 50 - uviv
Typical Values Intended Only for Design Guidance, at T4 =25 °Cand Vt =46V, V—=—6V
CA3078A
TEST
CHARACTERISTIC SYMBOLS CONDITIONS RSET = 5.1 MQ RSET = 1 MQ UNITS
g =20 uA Ig = 100 uA
Input Offset Voltage Drift AV0/ATA Rg<10KQ 5 6 uv/oc
Input Offset Current Drift AV(Q/ATA Rs<10KQ 6.3 70 pA/oC
Open-Loop Bandwidth BWoL 3dB pt. 0.3 2 kHz
Slew Rate:
Unity Gain See Fig. 11 0.027 0.04 v
Comparator SR 0.5 1.5 s
10% to 90%
Transient Response - Rise Time 3 2.5 s
Input Resistance Ry 7.4 1.7 MQ
Output Resistance Ro 1 0.8 KQ
Equiv. Input Noise Voltage eN(10 Hz) Rg=0 40 - nVA/Hz
Equiv. Input Noise Current iN(10 Hz) Rg=1MQ 0.25 - pA/A/Hz
Table . Pre Burn-In Electrical and Post Burn-In Electrical Tests, and Delta Limits-
ELECTRICAL CHARACTERISTICS, at T4 = 250C, Vvt =16V, V= =—6V
TEST LIMITS
CHARACTERISTIC SYMBOL CONDITIONS MIN. MAX. MAX.A UNITS
Input Offset Voltage Vio Rg=<10K - 3.5 + mV
Input Offset Current o - 25 +0.4 nA
Input Bias Current 1] - 12 +1.5 nA
Maximum Output Current | Iom* or lom— 6.5 - +1 mA

* Levels /1 and /2 require pre burn-in electrical post burn-in electrical tests, and delta limits.
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 18.
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Table Il Final Electrical Tests and Group A Sampling Inspection

TEST LIMITS
CONDITIONS Rset = 5.1 MQ 15 =20 A
CHARACTERISTIC SYMBOL vt MINIMUM MAXIMUM UNITS
& Rs Rp
V- | KQ | KQ | 55 | +25 |+125 | -55 | +25 | +125

Input Offset Voltage Vio Al<o| - | - | - |- |45]|35|4a5| mv
Input Offset Current ho - - - - - 5 25 5 nA
Input Bias Current I} B - - - - - 50 12 50 nA
Open-Loop Diff. Voltage Gain AgL — | >10]| 90 | 92 | 90 - - - dB
Total Quiescent Current la - - - - - 45 | 25 | 45 uA
Device Dissipation Pp - - - - — | 540 [ 300 | 540 | uwW
Maximum Output Voltage Vom 6 — | >10| %5 |51 | 5 - - - v
Common-Mode Input Voltage -5 -5 -5

Range Vicr <10| - to to to - - - Vv

+6 | +6 | 45

Common-Mode Rejection Ratio CMRR <10| - - 80 - - - - dB
Maximum Output Current ‘OM+ origm - - (65|65 |65 (30 (30| 3 mA
Input Offset Voltage Sensitivity:

Positive AV /AVE — - |76 | - - - -

Negative AV, q/AV- ‘ <10 - - |76 | - - - A

Rgpr = 13ML, I = 20 A

Input Offset Voltage Vio <10| - - - - 45 |35 | 45 mV
Open-Loop Diff. Voltage Gain AoL * — | >10| 88 | 92 88 dB
Total Quiescent Current la 15 - - - - - 50 30 50 MA
Device Dissipation Po - - - - — 11350 [ 750 | 1350 | uW
Maximum Output Voltage ) VOM — | 210{+135|£14.1{£135| — - - \
Common-Mode Rejection Ratio CMRR <10| - - 80 - - - - dB
Input Bias Current hs - - - - - 55 14 55 nA
Input Offset Current IIO - - - - - 55 | 27 | 65 nA
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Fig. 2—Schematic diagram of the CA3078A.
Table 111, Group C Electrical Characteristics Sampling Tests at TA = +250C
TEST
CONDITIONS LIMITS
V+ RSeT =5.1 MQ
and lo =20 uA
CHARACTERISTIC SYMBOL v— Rg RL MIN. MAX. UNITS
Input Offset Voltage Vio <10KQ - 4.5 mV
Input Offset Current ho - 4 nA
Input Bias Current I 6 - 28 nA
Open-Loop Differential >
- dB
Voltage Gain AoL >10KQ 84
Maximum Output Voltage Vom = 10KQ +4.0 - \%
RSET =13 mQ2 lg=20uA
Input Offset Voltage Vio $ <10KQ - 4.5 mV
Large-Signal
Voltage Gain AoL 15 =10 KQ 84 - dB
Maximum Output Voltage Vom ' =>10KQ +10 - \Y%
TYPICAL CHARACTERISTICS
SUPPLY VOLTS Vt=+6,V™ -6 4I'SUPPLY VOLTS V*=+6,v= -6
AMBIENT TEMPERATURE (T, )=25°C 2FAMBIENT TEMPERATURE
SOURCE RESISTANCE (Rs) <10 KQ Joo} Tal=25 °C V]
g
2 9 Lcazo7ear
g §* i
E 20 A
2 3 8 y.
H
£ 24 2 2 b
@
c e 5! 4
2 g oz
Z 2 s .
| | lcasorear
06 2
0 o.1
;B4 el L PSS © 0% | 10 o0 oo © * Soo00
TOTAL QUIESCENT MICROAMPERES (Iq)  92C5-24745 TOTAL QUIESCENT MICROAMPERES (Iq) 92C5-24746

Fig. 3—Input offset voltage vs. total quiescent

current,

Fig. 4—Input bias current vs. total quiescent

current.
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TYPICAL CHARACTERISTICS (Cont'd)

AMBIENT TEMPERATURE (Tp)=25°C 1000]  AMBIENT TEMPERATURE(T5)=25 °C
o RseT CONNECTED BETWEEN TERMINAL 5AND v
- 2 +6,~
© = = 2
3 3 5 oo LI T 77 TP
- o —_ V=4l
5’. E ® ol SUPPLY VOLTS ¥ £+ = /:g v
< o © & 2 MY 4
z b p4).9 4P 4
S 126 126 8 104 A A%
w 5—5 a4 V1 A
g 108}~ LoAD RESISTANCE (R )=1 MQ l08 2 Py o4
5 ool PR % ¢ T /7T o
> e Z
z
& 72[%ke 72 £ LA A
1 54 754 8 2A
& [ Y/ d
W 36 o O 7
S ES
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o} 3 001
2 4 68 2 4 68 2 4 68 864 864 2 864 2 864 2 864 2 8
[ 100 1000 1000 100 0 [ ol 0.0l 0.001
TOTAL QUIESCENT MICROAMPERES (Ig)
Q o2cs-19626 TOTAL QUIESCENT MICROAMPERES (I o) 5205-19637
Fig. 5—0Open-loop voltage gain vs. total Fig. 6—Bias-setting resistance vs. total
quiescent current, quiescent current.
‘5100 SUPPLY VOLTS V*=46,V™==6 TO V*=+I5V~=-I5V HHH
K AMBIENT TEMPERATURE(Tp)=25 °C . T
o - -
= a 1250 KQ
$ g
o 2 ]
& o
< s Z by
2 El
= H
=
2 2 ]
1= <
3 5
z s g
2 & 05
X 4 a
e
2 5
i SUPPLY VOLTS V¥ = 41.3,v==-1.3
0.1 AMBIENT TEMPERATURE (Tp) = 25°C
2 4 6 2 4 6 2 4 68 2
! 10 100 1000 ¢ mn?faulzscsm ';zCROAMPEREIs'slI ) £
TOTAL QUIESCENT MICROAMPERES (Iq) a
92¢5-19630 92C$-19627
Fig. 7—Maximum output current vs. total Fig. 8—0utput voltage swing vs. total
quiescent current. quiescent current.
\ SUPPLY VOLTS : vVt =46,V== -6 5
g g
120 15
2 2
< o
T |
10 o | 125 -
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\ \ H (o =
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z N ~N 3 w ) Q+a78 100 W
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sl i \ 2 ) 435SO 2
S 20/ CA3078AT N 400 2 < 2o PR 5
z SUPPLY VOLTS =v*26,V"2-6 N M o 0o, 1 o
i QUIESCENT CURRENT (I )-zo,m\ ] 5 25 Hos o
& | LOAD RESISTANCE (R )10k < g ] g
AMBIENT TEMPERATURE (T3)=25°C T £ | H =
C|-BETWEEN TERMINALS | 6 8 1 =,
=200 ol ] N " L
of i o oo or o506 5 - -2 25 50 75 100 125
AMBIENT TEMPERATURE (Ty) —°C
FREQUENCY (f)—Hz 925-19593 20519623

Fig. 9—Open-loop voltage gain vs. frequency
for IQ = 20 uA — CA3078A.
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CA3078A Slash (/) Series

TYPICAL CHARACTERISTICS (Cont'd)

W 1000
06 |
3
w 05 o AN
3 2
>| RESISTOR-CAPACITOR] H S po CAPACITOR
1 oafCO 10N 3 g COMPENSATION
LRy -C) BETWEEN [ APACT g (BETWEEN S 188)
-~ TERMINALS 188)! COMPENSATION -
Vainn 8)
% 03 HH H(BETWEEN TERMINALS 188 ] N\ CeheonResisTor
3 <
: At SUPPLY VOLTS: V* =46, V"= 6 e \ (Ry - Cy BETWEEN [suppLy voLTs: v+ =+6,v- =6
o 1 QUIESCENT CURRENT (ig) = 204A | w TERMINALS | 8 8)| QUIESCENT CURRENT (1g) = 20 uA
302 AMBIENT TEMPERATURE (Ta) = 25°C < 1o \N AMBIENT TEMPERATURE (TA) = 25°C
« i RL =10 KQ, CL = 100 pF I} A\N LOAD IMPEDANCE: Ry = 10 KS2, C( = 100 pF
FEEDBACK (RE}=0.1 ML ‘I) ‘\\ FEEDBACK RESISTANCE (Rg) = 0.1 M2
OUTPUT VOLTAGE (Vopp) = 10V & QUTPUT VOLTAGE (Vopp) = 100 mV
(o2} "y FOR TRANSIENT a \ Ry DETERMINED FOR TRANSIENT
RESPONSE WITH 10% OVERSHOOT E 2 RESPONSE WITH 10% OVERSHOOT
- T ON A 100 mV OUTPUT SIGNAL ON A 100 mV OUTPUT SIGNAL
o 1 (Ry x Cy = 2% 106) | (Ry x Cy = 2% 106)
0 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
CLOSED-LOOP_NON-INVERTING VOLTAGE GAIN— dB CLOSED-LOOP NONINVERTING VOLTAGE GAIN —- dB
3 191 287 40 €0 70 80 90 — .
CLOSED-LOOP INVERTING VOLTAGE GAIN— dB 0 6 19l 297 40 50 60 70 80 90
92CS-19591

Fig. 11—-Slew rate vs. closed-loop gain for
1g=20pA — CA3078A.

OPERATING CONSIDERATIONS

C ion Techni

The CA3078A can be phase-compensated with one or two
external components depending upon the closed-loop gain,
power consumption, and speed desired. The recommended
compensation is a resistor in series with a capacitor
connected from terminal 1 to terminal 8. Values of the
resistor and capacitor required for compensation as a
function of closed loop gain are shown in Fig. 12. These
curves represent the compensation necessary at quiescent

NON-INVERTING

Value of Ry required 1o have a
null adjustment range of *7.5 mV

CLOSED-LOOP INVERTING VOLTAGE — dB 92519590

Fig. 12—Phase compensation capacitance vs.
closed-loop gain — CA3078AT.

currents of 20 pA and 100 uA, respectively, for a transient
response with 10% overshoot. Fig. 11 shows the slew rates
that can be obtained with the two different compensation
techniques. Higher speeds can be achieved with input
compensation, but this increases noise output.

Compensation can also be accomplished with a single
capacitor connected from terminal 1 to terminal 8, with
speed being sacrificed for simplicity. Table 4 gives an
indication of slew rates that can be obtained with various
compensation techniques at quiescent currents of 20 yA and
100 pA.

vRn < RIREVE
= R8* TRr+ RE17 5% 1073
Ry RE
Rg -
assoming Ry -l
92CS-25164

INVERTING

INPUT
O

Fig. 14—Inverting 20-dB amplifier circuit.

Value of Rg required to have a
null adjustment range of +7.5 mV

[ CAS—
8 * 75% 10-3

assuming Rg > > Ry

92CS-25165
Fig. 13—Offset voltage null circuits,

SRer30MR

1sv |
"AA" CELLT-

52c5- 25166 s2c5-23167

Fig. 15—Non inverting 20-dB amplifier circuit.
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100 k22

R OPTIONAL
Rp-C2 { COMP.

92CS-25168

92€$-25169

Fig. 16—Transi P and slew-rate, Fig. 17—Slew-rate, unity gain (non-inverting)
unity gain finverting) test circuit. test circuit.

Table 1V. Unity-gain slew rate vs. compensation — CA3078A

SUPPLY VOLTS: Vt=6,V—=—6 TRANSIENT RESPONSE: 10% OVERSHOOT FOR AN OUTPUT
VOLTAGE OF 100 mV
OUTPUT VOLTAGE (Vg) =5V AMBIENT TEMPERATURE (Tp) = 25°C
LOAD RESISTANCE (RL) = 10kQ2
UNITY GAIN (INVERTING) Fig. 16 UNITY GAIN (NON-INVERTING) Fig. 17
COMPENSATION
SLEW SLEW
TECHNIQUE R1 c1 R2 c2 RATE R1 c1 R2 c2 RATE
) CA3078AT ~1Q=20uA | kQ pF kQ uF V/us kS pF kQ uF V/us
Single Capacitor 0 300 L 0 | 0.0095 0 800 o 0 0.003
Resistor & Capacitor 14 100 © 0 0.027 34 125 °o 0 0.02
Input oo 0 0.644 | 0.156 0.29 o0 0 0.77 0.4 0.4

+5V
O

10k
70 OsC.
— AN\

CA3078A

6VP-p  =100Hz 30 _L
e 20
oV — —|

——————0-i5Vv

92C5-24747

Fig. 18—Burn-in and operating life test circuit.
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IR/

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash(/) Series

CA3080/. . ., CA3080A/. ..

Features:

High-Reliability Operational
Transconductance Amplifiers
Gateable-Gain Blocks

For Applications In Aerospace, Military and Critical Industrial Equipment

= Slew rate (unity gain, compensated): 50 V/us

ption: 10 uW to 30 mW

RCA-CA3080 and CA3080A “Slash” (/) Series types are
high-:reliability linear integrated circuit Operational
Transconductance Amplifiers. These gateable-gain blocks,
which utilize the same wunique OTA (Operational
Transconductance Amplifier) concept first introduced in the
RCA-CA3060, are intended for applications in aerospace,
military, and industrial equipment. They are electrically and
mechanically identical with the standard types CA3080 and
CA3080A described in Data Bulletin File No. 475 but are
specially processed and tested to meet the electrical,
mechanical and environmental test methods and procedures
established for microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test

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

DC Supply Voltage (between v*and V™ terminals) .. .... 36V
Differential Input Voltage . . ... ....... ..o, 5V
DClInputVoltage . .. .. .. ...oouueunennennns V' toV—
InputSignal Current . . . . . .. it h e 1mA
Amplifier BiasCurrent . . .. ................... 2mA
Output Short-Circuit Duration . . . .. .. ........ Indefinite
Device Dissipation . . . ... ................. 125 mW
Temperature Range:
Operating
CA3080 ..........nitiiienennnnnn 0t 70 °C
CA3080A .. .................. —55to+125°C
StOrage . ...t ihieie 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.

= Adj ble power
[
H-1787 H-1528
[ ]
8-LEAD TO-5 Style 8-LEAD
Package with Dual- TO-5 Style o
In-Line Formed Leads Package ]
-

Flexible supply voltage range: *2 V to £15 V
Fully adjustable gain: 0 to gy RL limit

Tight gy, spread: CA3080 (2:1), CA3080A (1.6:1)
Extended gy, linearity: 3 decades

Hermetic package: 8-lead TO-5 style

Applications: o Voltage follower
a Sample and hold a Multiplier
a Multiplex @ Comparator

sequence are given in Reliability Report RIC-202A ‘‘High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883."”

The CA3080 and CA3080A Slash (/) Series types are
supplied in the 8-lead TO-5 style package (“T* suffix), in the
8-lead TO-5 style package with dual-in-line formed leads,
DIL-CAN, (“S" suffix), or in chip form (“H" suffix).

®
o y
9
INVERTING
INPUT
» QUTPUT
NON-
INVERTING
INPUT
Q0
BiRa- IR
Q3 Q,
Dg
v-
-®
92C5-17587

Fig. 1 — Schematic diagram for CA3080 and CA3080A.
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ELECTRICAL CHARACTERISTICS
For Equipment Design CA3080
TEST CONDITIONS
v*=15v,v==_15v
CHARACTERISTICS symaoLs | 'agc = 5004 A LumiTs | units
Tp =25°C
(unless indicated
otherwise) TYP.
Input Offset Voltage \ 04
9 10 mv
Input Offset Current o 0.12 HA
Input Bias Current | 2
[} A
Forward Transconductance 9600
(large signal) 9m umho
R, =
Peak Output Current l 'OM' L=0 500 uA
Peak Output Voltage:
Positive vh
- oM R L= e 135 v
Negative VBM -14.4
Amplifier Supply Current IA 1 mA
Device Dissipation PD 30 mW
Common-Mode Rejection Ratio CMRR 110 d8
Common-Mode Input-Voltage Range | V 13.6to
P 9 9 CMR as v
Input Resistance R, 26 [3¢]
ELECTRICAL CHARACTERISTICS
Typical Values Intended Only For Design Guidance CA3080
Input Offset Voltage \ 0 lagc = S5uA 0.3 mV
Change in V| between
Input Offset Voltage Change | aviol  ['asc =500KA 0.2 mv
and | ABC = S5uA
Peak Output Current fom tagc = SMA 5 MA
Peak Output Voltage:
Positive VBM 13.8
9 lagc = 5HA v
Negative VOM —14.5
| =0,Vyp=0 0.08
Magnitude of Leakage Current ABC TP nA
1agc - 0, Vrp = 36V 03
Differential Input Current IagCc = 0, VoIefF = av 0.008 nA
Amplifier Bias Voltage VABC 0.71 \%
Slew Rate:
i 75
Maximum (uncompensated) . - Vius
Unity Gain (compensated) 50
Open-Loop Bandwidth BWOL - 2 MHz
Input Capacitance C f = 1MHz 3.6 pF
Output Capacitance Co f=1MHz 5.6 pF
Qutput Resistance Ro 15 MQ
Input-to-Output Capacitance Co =1MHz 0.024 pF
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ELECTRICAL CHARACTERISTICS
For Equipment Design CA3080A

TEST CONDITIONS
vt=15v,vT=_15V
| =500uA
CHARACTERISTICS sympoLs | ABC_TET LIMITS UNITS
Tp=25°C
(unless indicated
otherwise) Typ.
0.3
fnput Offset Voltage Vio lagc =BHA mV
0.4
Change in Vio
Input Offset Voltage Change lAVlOI between | agc =500pA| 0.1 mv
and lpgc =5u1A
Input Offset Current lIO 0.12 HA
. 2
Input Bias Current i HA
Forward Transconductance 9600 "
(large signal) 9m 61 umho
I =5uA,R; =0 5
Peak Output Current |'0M I ABC ~3H L uA
R =0 500
Peak Output Voltage:
Positive Vom Iagc = 5HA 138
Negative VEJM RL = oo —145
v
Positive Vim A - 135
Negative VE)M L —14.4
Amplifier Supply Current 'A 1 mA
Device Dissipation PD 30 mwW
Input Offset Voltage Sensitivity:
Positive AVo/avt -
- = HVIV
Negative AVlolAV —-
i =0,Vyp=0 0.08
Magnitude of Leakage Current ABC — TP . nA
lagc=0.Vyp=36V 03
Differential Input Current lagc = 0. Vpigg =4V | 0.008 nA
Common-Mode Rejection Ratio CMRR 110 dB
136t
Common-Mode Input-Voltage Range | Vg 146 Y
input Resistance R, 26 kQ

ELECTRICAL CHARACTERISTICS

Typical Values Intended Ony For Design Guidance CA3080A
Ampilifier Bias Voltage VaBsc 07 \2
Slew Rate:
Maximum (uncompensated) 75
SR Vi
Unity Gain (compensated) - 50
Open-Loop Bandwidth BWoL - 2 MHz
Input Capacitance Cl f=1MHz 36 pF
Output Capacitance Co f=1MHz 5.6 pF
Output Resistance Ro 15 MQ
Input-to-Output Capacitance Cno f=1MHz 0.024 pF
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Table |- Final Electrical Tests

File No. 709

TEST CONDITIONS

LIMITS FOR INDICATED TEMPERATURES (°C)

CHARACTERISTIC SYMBOL vt=+15V, 1aBc = 0.5 mA MINIMUM MAXIMUM UNITS
V—=—-15V —55 +25 +126 ~55 +25 +126
, CA3080 - - - 6 5 6
input Offset Voltage Vio CA3080A — — — 5 ) 3 mV
CA3080 - - - 1.2 0.6 0.7
Input Offset Current !|0 CA3080A — — — T3 06 % BA
. CA3080 — - - 8 5 8
frmee—
Input Bias Current ] CA3080A — — — 8 s g BA
Forward Transcon- CA3080 5400 | 6700 5400 13000 | 13000 20000 mh
ductance 9m CA30B0A | 4000 | 7700 | 4600 | 9000 | 12000 | 18000 | “™°
Peak Positive +Vom CASOB0 | 446 | 12 12 - - -
o CA3080A
utput Rp=o CA3080 v
i - 11.8 12 - - -
Voltage Negative Vom CA3080A 12
CA3080 350 350 320 750 650 750
P | -
eak Output Current | 'om| RL=0 I sA3080AT 350 350 320 750 | 650 750 uA
Amplifier Supply | CA3080 0.7 0.8 0.7 14 1.2 14 A
Current A CA3080A| 07 | 08 | 0.7 14 [ 12 14 m
Common-Mode c CA3080 80 80 80 - - - dB
Rejection Ratio MRR CA3080A 80 80 80 - - -
Supply Voltage CA3080 — — — 150 150 160
Rejection Ratio VRR CA3080A| — e = 150 | 150 w0 | HVIV
Table 11— Group A E| S: 17
TEST CONDITIONS LIMITS FOR INDICATED TEMPERATURES (°C)
CHARACTERISTIC SYMBOL VT=—15V,Vvt=+15V, MINIMUM MAXIMUM UNITS
laBc = 0.5mA -55 +25 +125 —55 | +25 +125
CA3080 - - - 6 5 6
Input Offset Voltage Vio CA3030A — — — 5 2 s mV
CA3080 - - — 1.2 0.6 0.7
Input Offset Current o CAI0G0A — — — T2 6 07 HA
. CA3080 - - - 8 5 8
Input Bias Current h CA3080A — — — 8 5 B BA
Forward Transcon- CA3080 5400 | 6700 5400 _EOOO 13000 20000 umho
ductance 9m CA3080A | 4000 | 7700 | 4000 | 9000 | 12000 | 18000
Peak Positive +Vom CA30B0 | 416 | 42 12 - - -
CA3080A | .
Output RL=* IcA3080 v
i — 1.8 _ — -
Voltage Negative Vom CA3080A 12 12
CA3080 350 350 320 750 650 750
[} =
Peak Output Current ['om| RL=0 ' TA30R0A| 350 | 350 | 320 | 750 | 650 750 BA
Amplifier Supply | CA3080 0.7 0.8 0.7 14 1.2 1.4 mA
Current A CA3080A |07 0.8 0.7 14 | 1.2 1.4
Common-Mode c CA3080 80 80 80 - - - d8
Rejection Ratio MRR CA3080A | 80 80 80 - - -
Supply Voltage CA3080 - - — 150 150 150
Rejection Ratio VAR CA3080A | — = = 750 | 150 N e
Differential Input iagc = 10 mA, CA3080 - et - I 7 = nA
Current VDIFE =4V CA3080A - - - - 5 -
- — | CA3080 = = = = 7 -
Magnitude of Leakage 'ABC = 0. VTP =0 CA3080A — - - = 3 - e
Current B _ ~d CA3080 - - - - 7 -
laBc=0.VTP =39 Ca5oh0a] = | - = — [ s - ™
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Table 111— Pre Burn-In and Post Burn-In Electrical Tests and Delta Limits*®

* TEST CONDITIONS
CHARACTERISTIC SYMBOL + ATTAC 2" C LIMITS UNITS
hARMAAL Siabihd MIN. MAX. MAX. A
. aBc = 0.5 mA
CA3080 - 5 +0.2
Input Offset Voltage Vio CA3080A — 2 2015 mV
CA3080 - 0.6 +0.05
Input Offset Current o CA3080A — 0.6 30.05 BA
. CA3080 = 5 +0.25
Input Bias Current Iy CA30B0A — 5 10.25 uA
Forward Transconductance 9, CA3080 6700 13000 3000 umho
m CA3080A 7700 12000 +3000
*Levels /1N, /1R, /1, and /2 require pre and post burn-in electrical tests and delta limits
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 12.
Table |V~ Group C Electrical Characteristics Sampling Tests (T4 = 25°C)
TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL V=415V, V—=—-15V MIN. MAX. UNITS
CA3080 - 6.5
Input Offset Voltage Vio CA3080A — 55 mVv
CA3080 — 1.2
I
Input Offset Current 10 CA3080A — T2 BA
. CA3080 - 10
Input Bias Current Iy CA3080A — 10 BA
Forward Transconductance to CA3080 6500 14000 umho
Terminal No. 1 9m CA3080A 7000 13000
CA3080 300 700
1
Peak Output Current Hom | CA3080A 300 =00 BA
e
Peak Output Voltage Y CA33:0A _: : — \%
oM CA3080A | 11 =

Typical Characteristics Curves for the CA3080 and CA3080A

5[ suPPLY VOLTS:V =415, V==-I5 I I
4
+125°C
TOP VIEW 3 I
-~ +90.
2 2
2 [pssec
o +70 - P
::'n o \ il 7 i
+25
R +90) —-55°C ;A
() outpur 2 25
INVERTING =z .2
I
-3
£ /
NON -INVERTING AMPLIIER c -4 F125°C
INPUT INPUT S
v >
a
Z 6
NOTE: PIN 8 1S INDICATED BY THE CASE INDEX TAB
92CS-17660 -7
-8
ol i 100 1000
. AMPLIFIER BIAS MICROAMPERES (Iagc)
Fig. 2 — Functional diagram of CA3080 9265-17588

and CA3080A. Fig. 3 — Input offset voltage vs. amplifier bias current.
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Typical Characteristics Curves for the CA3080 and CA3080A (Cont'd.)

10%[SUPPLY VOLTS: V¥=415,v==-15 H 104SUPPLY VOLTS: V*t=415,v==-15
3 A N #5
s 2 : A
& o i 5%
@ A A2 A - 4
g e v g ]
w x 2
a < w
Z 10 2 102
g 6 Z I 6
g . 2 ¢ A [ -
EJ A ) R P2 +izsec
o s LA « 10 = +25°¢
2 o - L
4 -55°¢C
5 r | 5 .
2 N =) 2
5 7 7 a v
g ol zZ
E 7 7 6
4
2 2
fo)e] ot
0.1 1000 0.1 1000

10 100 10 100
AMPLIFIER BIAS MICROAMPERES (Iapc! AMPLIFIER BIAS MICROAMPERES (Iapc)
92CS-17589 92CS-17590

Fig. 4 — Input offset current vs. amplifier bias current. Fig. 5 — Input bias current vs. amplifier bias current.

— I04[SUPPLY VOLTS! V¥+415,V==-15 - 15] SUPPLY VOLTS: V==+15,v==-15
= S os0
3 4|LOAD RESISTANCE (R,)=0 F125°C ] 14.5|AMBIENT TEMPERATURE (Ty)=26°C
3 N LOAD RESISTANCE (R} = ®
H o2 +25°C o
% 103 7 g = T Views [T
SV > £ T ~
g 4 <135 vt &
# ]_ gm oM
=5 2 -55°C ] ] 3
o
g 0% >
& 4 25
& 535 o
: e gt <
g - w-13
% 6l 2 8
= :l3‘~
[ ERALS
2 2 © Zz
o o
E X = _14 IR
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2
Al 10 100 1000 o.l ! 1o 100 1000
AMPLIFIER BIAS MICROAMPERES (Iapc) AMPLIFIER BIAS MICROAMPERES (Iagc)
92Cs-17591 92CS-17592
Fig. 6 — Peak output current vs. amplifier bias current. Fig. 7 — Peak output voltage vs. amplifier bias current.
10 4[SUPPLY VOLTS: V*¥=4i5,v==-15 ——F B
8 T— +25°¢ 10%]
_a ey 4[AMBIENT TEMPERATURE (Tp)=25°C
52 +125°C 77& 2 b
@ 103 S AT 104
g7 e % ~
w 4 A~ -58°C | e -
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2 a.
g 1021 = |03A
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> 2] [ 2|
a0 ] g 2
a & 10
=3 6| 1] 6l
@ H
[ 4
w 2 w s
& [resc ] A 2
3 w 10
o 6 o
g 3 6P
24 5o 24
0.1 [S5oc.aste -
2 4 68|
0.1 10 100 1000 [ I 10 100 1000
AMPLIFIER BIAS MICROAMPERES (Iapc) AMPLIFIER BIAS MICROAMPERES (Iapgc)
92CS-17593 92CS-17594
Fig. 8 — Amplifier supply current vs. amplifier bias current. Fig. 9 — Total power dissipation vs. amplifier bias current.
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Typical Characteristics Curves for CA3080 and CA3080A — Cont'd.

SUPPLY VOLTS : V¥=+I5,v7= =15 10%[SUPPLY VOLTS: V* =415, V== -15

2 4
« E 2
u ES -
§ 104 1'/ o ; 55°C
H ya & 2 +25°C
g / w e ' 74
e < +125°C
10 Z 103
5 ¢ +125°C — 5 6 -
2 4 3
z / z 2 7

2
2 102 / S0 z:
Eog v E
& / £ 7
© 2
u 2 2
w 10 e 10
S g +25°C — T s
= g 4,
L |
] 7
o 2 3 a 5 6 7
o.l | 10 100 1000
INPUT DIFFERENTIAL VOLTS AMPLIFIER BIAS MICROAMPERES (Iagc)
92CS-17598 92C€S-17599
Fig. 10 — Inputcurrent vs. input differential voltage. Fig. 11 — Transconductance vs. amplifier bias current.
V*te4isV
BURN IN
CIRCUIT NO. |
v*=415V
68k 180 k.
2'A'A%
v*=4i5v

TO TERMINAL
NO.3 OF NEXT
DEVICE UNDER
TEST

92CM-22842

Fig. 12 — Burn-in and operating life test circuit.
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File No. 708

m@m Linear Integrated Circuits

Monolithic Silicon

Solid State High-Reliability Slash(/) Series

Division CA3085/... CA3085A/ ..,
CA30858B!/...

High-Reliability

Positive Voltage Regulators
For Regulated Voltages from 1.7 V to 46 V at Currents up to 100 mA

For Application in Aerospace, Military and Critical Industrial Equipment

Features Applications
& Up to 100 mA output current ®  Shunt voltage regulator
LB Input and output short-circuit protection = Current regulator
Haszs ® Load and line regulation: 0.025% ® Switching voltage regul
8-Lead TO-5 Style Package ® Pin compatible with LM100 Series ®  High-current voltage regulator
= Adjustable output voltage ®  Combination positive and

negative voltage regulator
® Dual tracking regulator

RCA-CA3085, CA3085A, and CA3085B “Slash” (/) Series

types are high-reliability linear integrated circuits designed VIN VouT | Max. | Max. and
specifically for voltage service as voltage regulators at output Type Range Range | louT | Regulation
voltages ranging from 17 to 46 volts at currents up to 100 \Y \Y mA % VOoUT

milliamperes. They are intended for applications in
aerospace, military, and industrial equipment. They are CA3085 |75t030| 1.8t026] 12° 0.1
electrically and mechanically identical with the standard
types CA3085, CA3085A and CA3085B described in Data | CA3085A17.5t040| 1.7to 36| 100 0.15
Bulletin File No.491 but are specially processed and tested to cA30858| 751050 1.7t0 46| 100 0.15
meet the electrical, mechanical and environmental test L—
methods and procedures established for microelectronic - This value may be extended to 100mA; however,
devices in MIL-STD-883. regulation is not specified beyond 12mA.

COMPENSATION AND
EXTERNAL INHIBIT

UNREGULATED CURRENT (7)(7)
The packaged types can be supplied to six screening levels— INPUT (Y ____ _BOOSTER

/1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883 l—
Classes A, B, and C. The chip version can be supplied to three |
screening levels—/M, /N, and /R. These screening levels and l
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A ‘“‘High- |
l
|
|

Reliability CA3000 Slash (/) Series Types Screened to MiL-
STD-883.”

The CA3085, CA3085A, and CA3085B Slash (/) Series type
are supplied in the 8-lead TO-5 style package (T’ suffix) in
the 8-lead TO-5 style package with dual-in-line formed leads, —_—

N . . . STRATE f CURRENT
DIL-CAN, (“’S" suffix), or in chip form (“H" suffix). SUBSTRAT wee()(®) ot (8 CiiminG

92CS-18091

Fig.1—Block diagram of CA3085 Series. For schematic dia-
gram see Fig.2.
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File No. 708 CA3085, CA3085A, CA3085B Slash (/) Series

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES at Tp = 25°C

Power Dissipation: Without Heat Sink | With Heat Sink .
uptoTa= B5°C . .iiiiae 630 mW upto Tc=65°C.... 1.6W TEMPERATURE RANGE
above Tp = 55°C  derate linearly @6.67 mW/°C | above Tc =55°C. . . . derate Iim‘a’arlv at Operating . ..... —55 to +125°C
Unregulated Input Voltage: 16.7 mW/°C Storage - . . . .. .. —65 to +150°C
CA3085 ........ 30V LEAD TEMPERATURE (During Soldering):
CA3085A. . ...... 40V At distance 1/16" +1/32"
CA3085B........ 50V (1.59 mm £ 0.79 mm)

Maximum Voltage Ratings from case for 10smax. ... .265°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 No. 7 and horizontal Terminal No. 1 is +3 to —10 volts.

MAXIMUM
MAXIMUM VOLTAGE RATINGS CURRENT RATINGS
TERM- TERM
INAL | 5 |6 [ 7 |8 |1 2 |3 4 INAL | N | louT
No. No. mA mA
+5 . . . . . +10 *Voltages are not normally
5 - -5 0 applied between these 5 10 10
. . . R . . terminals; however, voltages
6 - - appearing between these 6 10 —0.1
+3 +3 . R +i terminals are safe, if the
7 - - 1 -10] -0 0 specified voltage limits 7 1.0 -1.0
45 N A R between all other terminals
8 I - R are not exceeded. 8 0.1 10
1 | R _ o] o] $30V for CA3085 1 20 150
-1 | -1 0 40V for CA3085A
2 _ _ _ _ _ _ 0 +g 50V for CA30858 2 150 60
3 -1 -]-1-1" 3 | 10| e0
0
4 - - - - - - — | Substrate 4 - —
Case
V+IN .
UNREGULATE( Rs
INPUT 500
COMPENSATION
Ry @ AND
40k EXTERNAL
INHIBIT

Q14 CURRENT
BOOSTER

VReF, V—? ®
ALL RESISTANCE VALUES = INV. CURRENT REGULATED
ARE N OHMS. sussTRATEPUT  LIMITING  ouTeuT

Fig.2—Schematic diagram of CA3085 Series.
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CA3085, CA3085A, CA3085B Slash (/) Series File No. 708
ELECTRICAL CHARACTERISTICS
TEST CONDITIONS LIMITS
Tp= 25°C CA3085 CA3085A CA3085B
CHARACTERISTICS | SYMBOL UNITS
[Unless indicated otherwise] TYP. TYP. TYP.
Reference Voltage VRee | Viin= 15V 1.6 1.6 16 v
vtin= 30V 3.3 - -
Quiescent Regulator ¥ = a0v
Current lquiescent | VIIN~ - .3.65 - mA
| vtin= s0v - - 4.05
Input Voltage Range V|N(rarige‘) - - - - A"
. + = 3 = .
Maximum Output Vo(max.) V7IN = 30,40,50V# R =365Q: | ,; 37 47 v
Voltage Term. No. 6 to Gnd.
Minimum Qutput Volmin) | VN = 30V 1.6 1.6 16 v
Voltage
Input-Output Voltage VIN-V. _ _ _ _ v
Differential INYOUT
¥ ¥ — i
Limiting Current LM VTIN = 16V, VioyT = 10V 96 96 96 mA
Rscp* = 69
IL= 1to 100mA, Rgcp= 0 - 0.025 | 0.025
IL= 110 100mA, R =0
Load Regulation® - L= Tto 100mA, RSCP - | o003 | 0035 [%vour
Ta = 0°Cto +70°C
IL= 1t012mA, Rgcp= 0 0.003 - -
IL=1mA, Rscp= 0 0.025 | 0.025 0.025
. . A
Line Regulation - IL= 1TmA, R =0 [
g LT Tser 004 | 004 | 004 | *V
Ta = 0°C to +70°C
. . CREF=10 0.5 0.5 0.5
Equivalent Noise VNOISE vhn= 25V | ‘ mV pp
Output Voltage CREF = 0.22uF 0.3 0.3 0.3
V*IN= 25V [CREF= 0O 50 50 50
Ripple Rejection - IN REF dB
f= 1kHz CREF = 2uF 56 56 56
Output Resistance fo V+|N = 25V, f= 1kHz 0.075 | 0.075 0.075 Q
Temperature Goef- AV
ficient of Reference REF- | -0, VREF = 1.6V 0.0035 | 0.0035| 0.0035 | %/°C
AV
and Output Voltages
Load Transient
Recovery Time:
Turn On tON V¥ iN = 25V, +50mA Step 1 1 1 us
Turn Off topr | VIIN= 25V, ~50mA Step 3 3 3 us
Line Transient
Recovery Time:
Turn On tON ¥ 0.8 0.8 0.8 us
V' IN= 25V, f= 1kHz 2V Step
Turn Off tOFF 0.4 0.4 0.4 us
#30 (CA3085), 40V(CA3085A), 50V(CA30858) L _OVour 4 Line R AVour!
. RSCP: Short-circuit protection resistance © Load Regulation Voyrlinitial) X 100% " [Vouf(;ni_ﬁanl @avyy) X1




File No. 708

Table | — Pre Burn-In and Post Burn-in Electrical Test and Delta Limits*

CA3085, CA3085A, CA3085B Slash (/) Series

TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL Ta=25°C MIN. MAX. | MAX. UNITS
Reference Voltage VRer CA3085A, B 15 1.7 +0.05 v
CA3085 1.4 1.8 +0.05 v
V| +7.5 V or +50 CA30858 - 1.7 +0.1 v
Output Voltage VO(min.) VN 7.5 V or +40 V CA3085A - 17 0.1 v
VN +7.5 Vor +30 V CA3085 - 1.8 0.1 v
V) =50 V CA3085/B 46 - 0.5 v
Vo(max.) VN = 40 V CA3085/A 36 - 0.5 v
Vi = 30 V CA3085 26 - +0.5 v
imiting Current ] ViN=T- = =
Limiting Curren LIM IN=7.5V Rgcp=7 2, R| =10 Q _ 115 10 mA

* Levels/1N,/1R,/1, and/2 require pre and post burn-in electrical tests and delta limits
Level/3 requires pre burn-in electrical test only. The burn-in circuit is shown in Fig. 7.

Table 1] — Final Electrical Tests and Group A Electrical Sampling Inspection

LIMITS FOR INDICATED TEMPERATURES (°C)
CHARACTERISTIC | SYMBOL | TEST CONDITIONS MINIMUM MAXIMUM UNITS
—55 +25 +125 | —55 +25 +125
Reference Voltage | VRgF 1.4 1.4 1.3 1.9 1.8 1.8 \Y
Output Voltage V|n = 7.5V or 50V CA3085/B| — - - 1.8 1.7 1.7 v
Minimum Value | VO(min.) | VIN = 7.6V or 40V CA3085/A| — - - 1.8 1.7 1.7 \
Vin =7.5 V or 30V CA3085 - - - 1.9 1.8 1.8 \
vt = 30V, CA3085 25 26 24 — — -
Maximum Value | Vo(max.) | V¥in =40V, CA3085A 35 36 34 - - - v
V¥ = 50V, CA3085B 45 46 44 - - -
IL=1t0100mA CA3085A( -— - - 0.75 | 0.15 0.75 {%/VoyT
Load Regulation Rgcp=0 CA3085B | — - - 0.75 | 0.15 | 0.75 |%/VouT
IL=1t012mA  CA3085 — - - 0.15 | 0.10 0.15 |%/VouT
. IL=1mA CA3085 - - - 0.2 0.1 0.2 |%/V
Line Rgulation
9 Rgcp=0 CA3085A | — - - 0.15 | 0.075| 0.15 |%/V
CA3085B | — - - 0.12 | 0.04 0.12 |%/V
Table 11l — Group C Electrical Characteristics Sampling Tests (T 4 = 25°C)
CHARACTERISTIC SYMBOL TEST CONDITIONS LIMITS UNITS
} MIN. MAX.
Reference Voltage VREE 1.4 1.8 \4
V) = 30 V, CA3085 - 1.9 v
Minimum Output Voltage Vo(min) v+ =40 V, CA3085A = 19 v
V¥ =50V, CA30858 - 2.0 \Y
=1t 100mA CA3085A — 0.3
'Rscp =0 CA3085B - 0.75
Load Regulation '-'L =1t012mA CA3085 — 0.15 %IVouT
IL=1mA CA3085 - 0.25
Line Regulation R -0 CA3085A - 0.1 %IV
scp CA30858 - 0.05
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CA3085, CA3085A, CA3085B Slash (/) Series File No. 708

T N T TNPUT VOLTS (V¥ |NF 15
TIINPUT vOLTS (vH ) =15 it OUTPUT VOLTS (V*ouT)=10
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Fig. 3— I mvs. Ta. Fig. 4— Load regulation characteristics.
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Fig. 5— Line lati P istics. Fig. 6— Temperature coefficient of VgeF and Voyr.
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Fig. 7— Burn-in and operating life test circuit.
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NG

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash (/) Series
CA3094/...

CA3094A/.. CA3094B/...

Features:

8-LEAD TO5-
with Dual-In-Line
Formed Leads
('™ Suffix)

H1787

8-LEAD TO-5
(“T" SUFFIX)

H1528

RCA-CA3094, CA3094A, and CA3094B “Slash” (/) Series are
high-reliability linear integrated circuit differential-input power-
control switch amplifiers with auxiliary circuit features for ease
of programmability. They are intended for use in a variety of
control and general-purpose applications for aerospace, mili-
tary and industrial equipment. These devices are electrically
and mechanically identical with standard types CA3094,
CA3094A and CA3094B described in Data Bulletin File
No. 598, but are specially processed and tested to meet the
electrical, mechanical, and environmental test methods and
procedures established for microelectronic devices in MIL-
STD-883. The CA3094 is intended for operation up to 24
volts. The CA3094A and CA3094B are like the CA3094
but are intended for operation up to 36 and 44 volts, re-
spectively (single or dual supply).

The packaged types can be supplied to six screening levels—
/1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A *High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883."”

The CA3094, CA3094A, and CA3094B “Slash’ (/) Series
types are supplied in the 8-lead TO-5 style ceramic package
(“T"" Suffix), in 8-lead TO-56 style ceramic package with;
dual-in-line formed leads — (S Suffix DIL-CAN) — or in
chip form (““H’ Suffix).

High-Reliability
Programmable Power Switch/Amplifiers

For Control & General-Purpose Applications
In Aerospace, Military, and Critical Industrial Equipment

m Designed for single or dual power supply

Programmable: strobing, gating, squeiching, AGC capabilities

Can deliver 3 watts (avg.) or 10 W (peak) to external load (in switching mode)
High-power, single-ended class A amplifier will deliver power output of 0.6
watt (1.6 W device dissipation)

Total harmonic distortion (THD) @ 0.6 W in class A operation — 1.4% typ.
High current-handling capability — 100 mA (avg.), 300 mA (peak)

@ Sensitivity controlled by varying bias current
@ Qutput: “sink’’ or ““drive’” capability

Applications:

a Error-signal detector: temperature control with thermistor
sensor; speed control for shunt wound dc motor
Over-current, over-voltage, over-temperature protectors
Dual-tracking power supply with RCA-CA3085
Wide-frequency-range oscillator ® Analog timer

Level detector @ Alarm systems 8 Voltage follower
Ramp-voltage generator = High-power comparator
Ground-fault interrupter (GF1) circuits

GROUND™

Iagc CURRENT
PROGRAMMABLE ]
)

INPUT
(STROBE OR AGC

VOLTAGE

INPUTS ORIVE OUTPUT

(EMITTER)

EXTERNAL

FREQUENCY

COMPENSATION —

OR INHIBIT SINK OUTPUT

INPUT (COLLECTOR)

92€5-20415

*GROUND; V™ IN
DUAL-SUPPLY
OPERATION

Terminal Connections (Bottom View, Terminal End)

9-74
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CA3094, CA3094A, CA3094B Slash (/) Series File No. 692

EXTERNAL FREQUENCY .
COMPENSATION OR INHIBIT INPUT (! ('Pv

OUTPUT

DIFFERENTIAL
VOLTAGE
INPUTS

AMPLIFIER
BIAS INPUT

(Tapd) "SOURCE"

(DRIVE)

®
ouTPUT

ol

OUTPUT |QUTPUT INPUTS

MODE TERM. [ |NV.]NON-INV.
"SOURCE"| 6 2 3 92C5-20294
"SINK" 8 3 2

Fig.1 — Schematic diagram of CA3094, CA3094A, and CA3094B
Slash (/) Series Types.

MAXIMUM RATINGS, Absolute-Maximum Values:

CA3094/Series  CA3094A/Series  CA3094B/Series
DC Supply Voltage:

Dual Supply . ............. et ea e +12V +18V +22V
Single Supply ... 24V 36V 44V
DC Differential Input Voltage :
(Terminals2and 3) ................c.ooienio... 5%
DC Common-Mode Input Voltage ................... Pin4 <Pins2&3<Pin7
Peak Input Signal Current
(Terminals2and 3) ........... ..., +1
Peak Amplifier Bias Current
(Terminal B) . ...ttt 2
Output Current:
Peak ... ... e 300
AVErage . .......iiiiii i e 100

Device Dissipation:
Up to T = 55°C:

Without heatsink ..................cooiivinnn 630
With heatsink  .......... ... ..o iiiiin... 1.6
Above Tp = 55°C:
Without heat sink derate linearly  .............. 6.67
With heat sink derate linearly — ................ 16.7
Thermal Resistance
(Junction to Air) ... i 140
Ambient Temperature Range:
Operating . ....ovtiiii i e ———— 55 t0 +125
StOragE ... vvvtiit i i e i —— —65to +150

Lead Temperature (During Soldering):
At distance 1/16 * 1/32 in. (1.59 £ 0.79 mm)

fromcase for T0smax.  ..........covunniiinnnnn +300

‘Exceeding this voltage rating will not damage the device unless the peak input signal current (1 mA) is also exceeded.
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File No. 692 CA3094, CA3094A, CA3094B Slash (/) Series

ELECTRICAL CHARACTERISTICS Tp = 25°C
Typical Values Intended Only for Design Guidance

TEST CONDITIONS | LIMITS
| Single Supply V* =30 V
Dual Supply V=15V,
CHARACTERISTIC symsoL | —=15V Typ. UNITS
Iagc = 100 uA
Unless Otherwise
Specified
INPUT PARAMETERS
0.4 mV
Input Offset Voltage Vio
Change in V|0
Input-Offset-Voltage Change I AV|0I Between Ipgc = 100 uA 1 mV
and IABC =5 MA
0.02 uA
Input Offset Current ho
0.2 UA
Input Bias Current I
Device Dissipation Pp lout=0 10 mW
Common-Mode Rejection Ratio CMRR 110 dB
;i 28.8 Vv
v+=3gy High |
Common-Mode Input— v Low 0.5 v
Voltage Range CMR vt=15V +13.8 \
V==15V —14.5 \
Ic=75mA
Unity Gain-Bandwidth VCg=15V 30 MHz
laBC = 500 uA
Ic=7.5mA
Open-Loop Bandwidth BW v . 4 KH
At ~3 dB Point oL CE= z
IABC = 500 nA
Total Harmonic Distortion Pp =220 mW 0.4
THD %
(Class A Operation) Pp = 600 mW 1.4
Amplifier Bias Voltage
VABC 0.68 \%
(Terminal (No.5 to Terminal No.4)
Input Offset Voltage
. AVI0/AT 4 uv/joc
Temperature Coefficient
Power-Supply Rejection AV]O/AV 15 /JV/V
f=10Hz
1/F Noise Voltage EN 18 | nV/Hz
IABC = 50 kA
f=10Hz
1/F Noise Current In 1.8 | pAMHZz
IABC = 50 A
Differential Input Resistance Ry IABC = 20 uA 1 mQ
Diffi ial | Capaci C f= 1 MH: 26 F
ifferential Input Capacitance K
P pactta ! - vt=30V . P
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CA3094, CA3094A, CA3094B Slash (/) Series File No. 692

ELECTRICAL CHARACTERISTICS Tp = 25°C
Typical Values intended Only for Design Guidance

TEST CONDITIONS LIMITS
Single Supply V¥ =30V
Dual Supply V¥=15V,
CHARACTERISTIC SYMBOL —=15V Typ. UNITS
1agc = 100 uA
Unless Otherwise
Specified
OUTPUT PARAMETERS (Differential Input Voltage = 1V)
Peak Output Voltage:
(Terminal No. 6) v+=30V
With Q13 “ON"’ +Vom RL = 2 kS to ground 27 A\
With Q13 “OFF" -Vom 0.01 \
Peak Output Voltage: _ -
{Terminal No. 6) VF=+I5V, V7= -5V
Positive VoM | R =2k2to 15V +12 v
Negative ~Vom —-14.99 \%
Peak Output Voltage:
(TermiOnaI No. 8) Wom vt=30V
With Q13 “ON" 29.99 \
With Q13 “OFF" ~Vom | RL=2k0 30V 0.040 v
Peak Output Voltage:
(Terminal No. 8) "y vt=15V,V-=~-15V
Positive OM | R =2kQto+15V | +14.99 v
Negative —Vom 14.96 Vv
Collector-to-Emitter Vt=30V
Saturation Voltage VCE(sat)| Ic =50 mA 0.17 vV
(Terminal No. 8) Terminal No.6 grounded
Output Leakage Current
(Terminal No. 6 to vVt=30V 2 uA
Terminal No. 4)
Composite Small-Signal vt=30V
Current Transfer Ratio (Beta) | hfe Vce=5V 100,000
(Q12 and Q13) ic = 50 mA
Output Capacitance: f=1MHz
Terminal No. 6 Co All Remaining 55 pF
Terminal No. 8 Terminals Tied to 17 pF
Terminal No. 4
TRANSFER PARAMETERS
¥
) :/ABC3=01\(/JO uA 100,000 ‘Y
Voltage Gain A
AVout =20V
R = 2kE2 100 dB
Forward Transconductance
To Terminal No. 1 9m 2200 | pmhos
Slew Rate:
Open Loop:
Positive Slope SR 1ABC = 500 uA 500 V/us
Negative Slope RL=2kQ 50 V/us
Unity Gain
(Non-Inverting, IABC = 500 A 0.7 V/us
Compensated) RL=2kQ




File No. 692

CA3094, CA3094A, CA3094B Slash (/) Series

Table I — Pre Burn-In Electrical and Post Burn-In Electrical Tests, and Delta Limits*

Test Conditions Limits
Characteristic Symbol V+=30V,lagc=100pA | Min. Max. | Max Units
Ta =25°C

Input Offset Voltage Vio — 5 +1 mV
Input Offset Current I1o - 0.2 +0.02 uA
Input Bias Current I 0.04 0.5 *0.1 HA
Forward Transconductance

To Terminal No.1 9m 1650 | 2750 | 660 | umho
CoIIector:to~Em|tter Ic = 50 mA

Saturation Voltage VcE(sat) - 0.8 +0.02 A"

. Terminal No.6 grounded
(Terminal No.8)

* Levels /IN, /IR, /1, and /2 require pre and post burn-in electrical tests and delta limits.
Level /3 requires pre-burn in electrical test only. The burn-in circuit is shown in Fig. 13.

Table Il — Final Electrical Tests

Test Conditions Limits For Indicated Temperatures (°C)
Characteristic Symbol | V+=30V, lagc = 100 uA Minimum Maximum Units
Unless Otherwise Specified —55 | +25 [+125 —55 | +25 | +125
Input Offset Voltage Vio - - — 7 5 7 mV
Input Offset Current lio - - - 0.85| 0.2 | 0.22 A
Input Bias Current I - - - 3.2 ] 05 1.1 MA
Forward Transconductance
To Terminal No. 1 9m 910 | 1650(1850 | 2100 | 2750| 4000 umho
Change in V|Q )
between IABC = 100 A - - - - 8 - mv
and IpoBc =5 A
o
Input Offset Voltage Change | V[ol Change in V10
between Iaogc = 100 uA - — — 3.2 - 3.2 mvV
and Iagc = 15 KA
Peak Output Voltage " B
(Terminal No.6) with Q13 “ON" Vtom RL =2 kS to ground 26 26 | 26 - - - v
Common Mode Rejection Ratio CMRR 70 70 70 - - - dB
Supply Current I*supply - - - 400 | 400 | 400 MA
Power Supply Rejection AVIQ/AV - - - 150 | 150 | 150 uV/V
Power Dissipation Pp lom=0 - 8 - - 12 - mW
Collector-to-Emitter
Saturation Voltage Vce(sat) Ic=560mA - - - 08 |08 | 1.0 Vv
(Terminal No. 8) Terminal No.6 Grounded

OPERATING CONSIDERATIONS

The 'Sink’* Output (terminal No. 8) and the “Drive” Output
(terminal No. 6) of the CA3094T are not inherently current
(or power) limited. Therefore, if a load is connected between
terminal No. 6 and terminal No. 4 (V= or ground), it is
important to connect a current-limiting resistor between
terminal 8 and terminal No. 7 (V*) to protect transistor Q13
under shorted load conditions. Similarly, if a load is

connected between terminal No. 8 and terminal No. 7, the
current-limiting resistor should be connected between ter-
minal 6 and terminal No. 4 or ground. In circuit applications
where the emitter of the output transistor is not connected
to the most negative potential in the system, it is recom-
mended that a 100-ohm current-limiting resistor be inserted
between terminal No. 7 and the V* supply.
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Table Il — Group A Electrical Sampling Inspection

Test Conditions Limits For Indicated Temperatures (°C)
Characteristic Symbol Vv+=30V, Iagc = 100 A Minimum Maximum Units
Unless Otherwise Specified —55 | +26 |+126 —55 | +25 | +125

Input Offset Voltage Vio - - - 7 5 7 mV
Input Offset Current lio - — - 085 0.2 | 0.22 MA
Input Bias Current I - - - 32|05 | 1.1 HA
Forward Transconductance

9m 910 | 1650 |1850 | 2100 | 2750{ 4000 umho

To Terminal No. 1

Change in V|0
between IABC = 100 uA - - - - 8 - mv
and IABC =5 MA

IS
Input Offset Voltage Change ' V]ol Change in Vio

between IaAgc = 100 A — - - 3.2 - 3.2 mV
and IaBC = 15 MA

Peak Output Voltage

(Terminal No.6) with Q3 “ON”| Viom RL = 2 k2 to ground 26 26 | 26 - - - \2
Common Mode Rejection Ratio CMRR: 70 70 70 - - - dB
Supply Current *supply — - - 400 | 400 | 400 HA
Power Supply Rejection AV]o/AV - - - 150 | 150 | 150 uv/v
Collector-to-Emitter

Saturation Voltage VcE(sat) Ic=50mA - - - 08|08} 10 \

(Terminal No. 8) Terminal No.6 Grounded
Output Leakage Current +_

Q13 “OFF" —loL VT=25V —-10| —10 | =10 0.1 0.1 0.1 MA
Max. Output Current

Q13 “ON” —Iom IaBC = 15 uA —140| —140{—-140 | —98 | —98 | —98 mA

Table IV — Group C Electrical Characteristics Sampling Tests (TA = 25°C)

TEST CONDITIONS LIMITS
Characteristic Symbol vt=30V, IApc =100 uA Min. Max. | Units
Unless Otherwise Specified
Input Offset Voltage Vio - 5 mV
Input Offset Current Iio - = 0.25 uA

Forward Transconductance

to Terminal No. 1 9m 1420 | 3350 | mmho
Peak Output Voltage _

(Terminal No.6) with Q13 “ON"’ +VoMm RL = 2 k&2 to ground 25 — \
Supply Current *Supply _ 400 uA
Output Leakage Current Q13 “OFF” —loL vt = 25 v -15 - uA
Max. Output Current Q13 “ON" —lom I1aBC = 3uA — —45 mA
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File No. 825

NG/

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash (/) Series

CA3100/ ...

The RCA-CA3100S, CA3100T Slash (/) Series types are
high-reliability large-signal wideband, high-speed operational
amplifiers intended for applications in aerospace, military,
and industrial equipment. They are electrically and mechan-
ically identical with the standard type CA3100 described in
Data Bulletin File No. 625 but are specially processed and
tested to meet the electrical, mechanical and environmental
test methods and procedures established for microelectronic
devices in MIL-STD-883.

The packaged type can be supplied to six screening levels —
1N, /1R, /1, /2, /3, and /4 — which correspond to
MIL-STD-883 Classes A, B, and C. The chip version can be
supplied to three screening levels — /M, /N, and /R. These
screening levels and detailed information on tests methods,
procedures and test sequence are given in Reliability Report
RIC-202A “‘High-Reliability CA3000 Slash (/) Series Types
Screened to MIL-STD-883"".

The CA3100S and CA3100T have a unity gain crossover
frequency (fT) of approximately 38 MHz and an open-loop,
3 dB corner frequency of approximately 110 kHz. They can
operate at a total supply voltage of from 14 to 36 volts (£7
to *18 volts when using split supplies) and can provide at
least 18 V p-p and 30 mA p-p at the output when operating
from %15 volt supplies. The CA3100 can be compensated
with a single external capacitor and has dc offset adjust
terminals for those applications requiring offset null.

The CA3100 circuit contains both bipolar and P-MOS
transistors on a single monolithic chip.

The CA3100 is supplied in either the standard 8-lead TO-5
package (T suffix), in the 8-lead TO-5 dual-in-line formed-
lead “‘DIL-CAN" package (S suffix), or in chip form (H
suffix).

LM118, 748/LM101 pin compatibility

Wideband Operational Amplifiers

For Applications in Aerospace, Military, and Critical

High unity-gain crossover frequency (f1) — 38 MHz typ.
Wide power Bandwidth — Vg =18 V p-p typ. at 1.2 MHz

70 V/us (typ.) in 20 dB amplifier
25 V/us (typ.) in unity-gain amplifier

High open-loop gain at video frequencies — 42 dB typ. at 1 MHz

B Single capacitor compensation
@ Offset null terminals

High-Reliability
(.. Industrial Equipment
| g 1 Features:
w\} .
' [
@ High slew rate —
it Dot 8-LEAD TO-5
ith Dual-In-Li - - R :
:;me;JaLa:ds e (“T* Suffix) B Fast settling time — 0.6 us typ.
(*'S” Suffix) o
@ High output current — £15 mA min.
H-1787 H-1528 a

Applications:

Video amplifiers

Fast peak detectors
Meter-driver amplifiers
Video pre-drivers
Oscillators
Multivibrators

Q
a
a
a
a
o
8 High-frequency feedback amplifiers

PHASE
COMPENSATION

PHASE
COMPENSATION
AND OFFSET NULL

@v*
INV,
INPUT (6) outPuT
NON- OFFSET
INVERTING NULL
INPUT

92Cs-23840

Fig. 1—Functional diagram of CA3100S, CA3100T.
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CA3100 Slash (/) Series File No. 825
Maximum Ratings, Absolute-Maximum Values at T4 = 25°C: Ambient Temperature Range:
OPErating. « et oo tvvvoneensnneanennennas —55 to +125°C
Supply Voltage (between V* and V= terminals) . 36 v SIOrage .. iiii i e e —65 to +150°C
Differential Input Voltage ...................... +12 v Lead Temperature (During Soldering):
Input Voltage to Ground® ...................... 15 \ At distance 1/16 *1/32 inch (1.59 0.79 mm)
Offset Terminal to V— Terminal Voltage ........... 105 ) from case for 10 s Max. .u..ovuuiuunnnnnn.. 300 °c
OUtPUt CUITBNT .+ v vvivvisieieenrnnnnnnnanenns. 50 mA® * If supply voltage is less than *15 volts, the maximum input voltage
Device Dissipation: to ground is equal to the supply voltage
Upto TA=55%C tvinniiieneeiianinnnnnn. 630 mwW ®CA3100S, CA3100T does not contain circuitry to protect against
667 mW/¢ short circuits in the output.

Above Tp = 55°C Derate Linearly at ...........

ELECTRICAL CHARACTERISTICS, At T4 = 25°C: For Design Guidance

TEST CONDITIONS
CHARACTERISTIC SYMBOL SUPPLY VOLTAGE (V+,V—)=15V TYP. | UNITS
UNLESS OTHERWISE SPECIFIED
STATIC
Input Offset Voltage Vio Vo=0%0.1V +1 mV
Input Bias Current 1B Va=0£1V 0.7 uA
Input Offset Current ho 0=0= +0.05 MA
Low-Frequency - Peak. f = dB
Open-Loop Voltage Gain® AoL VO =1V Peak, f=1kHz 61
Common-Mode Input > +14
Voltage Range VICR CMRR > 76 dB _13 v
Common-Mode
Rejection Ratio _ CMRR V| Common Mode = 12 V 20 dB
Maximum Output Voltage
Positive Vomt Differential Input Voltage = 0 £0.1 V +11 v
Negative Vom— RL=2K®Q -1
Maximum Output Current
Positive lom* Differential Input Voltage = 0 0.1 V +30 mA
Negative lom— RL=250Q -30
Supply Current I+ Vo =020.1V, R =10 KQ 8.5 mA
Power-Supply PSRR AVF=£1V,AV- =21V 70 | a8
Rejection Ratio
DYNAMIC
Unit-Gain
= =03V (P-P 3 MH
Crossover Frequency fr Cc=0.Vo =03V (PP) 8 z
1-MHz Open-Loop =1 Cc=0,Vo=10V (P-P 42 dB
Voltage Gain AoL f=1MHz,Cc=0,Vo =10V (PP)
Slew Rate:
20-dB Amplifier SR Ay =10,Cc =0, V| =1V (Pulse) 70 Vius
Follower Made Ay =1,Cc=10pF, V| =10V (Pulse) 25
Pdwer BandwidthA:
20-dB Amplifier PBW Ay =10,Cc=0,Vo =18V (P-P) 1.2 MHz
Follower Mode Ay =1,Cc=10pF, Vo =18V (P-P) 0.4
Open-Loop Differential z =1 MHz 30 K
Input Impedance
Open-Loop - 110 Q
Qutput Impedance 20 f=1MHz
Wideband Noise Voltage | =1MHz Re = 1K 8 v
Referred to Input en(Total) BwW zhs HVRMS
Settling Time
To Within 50 mV of 9 V
R =2KS, CL_ =20 pF 0.6 S
Output Swing ] ts L L P i
A Power Bandwidth =M ® Low-frequency dynamic characteristic
Vo (P-P)
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NON-INVERTING
lN:UT

CA3100 Slash (/) Series
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12K

R4
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92CM-21655R!
Fig. 2—Schematic diagram for CA3100.
Table 1. Pre Burn-in Electrical and Post Burn-in Electrical Tests, and Delta Limits.®
ELECTRICAL CHARACTERISTICS, at T4 = 25°C, V=15V, V— =—15V
CHARACTERISTIC SYMBOL TEST CONDITIONS LIMITS
MIN. MAX. MAX.A UNITS
Input Offset Voltage Vio Vo =001V - 5 1 mV
Input Offset Current ho Vo=0%1V - 400 +40 nA
Input Bias Current liB Vo=0#1V - 2 +0.5 uA
Supply Current I+ Vo =01V - 10.5 +1.5 mA

© Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests and delta limits.
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 9
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CA3100 Slash (/) Series

Table I1. Final Electrical Tests and Group A Sampling Inspection

File No. 825

TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL | SUPPLY VOLTAGE (V+,V—)=15V MINIMUM MAXIMUM __[UNITS
UNLESS OTHERWISE SPECIFIED | —55 |+25 l+1 25 | -55 |+25 I +125
STATIC
Input Offset Voltage Vio Vo=020.1V e B 6] 5 6 |mV
Input Bias Current [IT: Vo=0£1V - | =1 - 4] 2 2 [uA
Input Offset Current ho - - - 1000{400 [ 600 nA
Low-Frequency
Open-Loop Voltage Gain® AoL Vo =1 V Peak 50 | 566 | 50 - |- - |dB
Common-Mode Input
Voltage Range VICR CMRR >76 dB - [+x12} - -] = - |V
Common-Mode
Rejection Radio CMRR | V) Common Mode =+12 V - | 76| — - |- | - |dB
Maximum Output Voltage
Positive Vom* | Differential Input Voltage =0£0.1V | +9 | +9 | +9 — =1 = v
Negative VoM~ |RL=2KQ -9 -9| -9 -1-1-
Maximum Output Ci t
a;::itive put Lurren lom* | Differential Input Voltage=0+0.1V | +15 |+15 [+12 “ (=] = |na
Negative lom— RL=250Q —15 |-15 {-12 i et
Supply Current * Vo =020.1V, R >10 KQ - | -1 - 10.5(10.5{ 10.5 [mA
Power Supply
Rejection Ratio PSRR AVt =#1V,AV==%1V 60 | 60| 60 - |- - |dB
DYNAMIC
1-MHz Open-Loop
Voltage Gain AoL =1MHz,Cc=0,Vg=10V (P-P) — | 36| — - - - |dB
Slew Rate:
20-dB Amplifier SR Ay =10, Cc=0, V| =1V (Pulse) - 50| — -1 - = Vs
Power Bandwidth A:
20-dB Amplifier PBW Ay =10,Cc=0,Vgo=18V (P-P) - |08]| — -1 =1 = |vH:z
A Power Bandwidth = "S—I:'(VP—'::F ® {ow-frequency dynamic characteristic
Table 111. Group C Electrical Characteristics Sampling Tests
TA =+25°C V=415V —=-15V
SPECIAL LIMITS
CHARACTERISTIC SYMBOL UNITS
TEST CONDITIONS MIN. | MAX.
Input Offset Voltage Vio Vo=0%0.1V - 5 mV
Input Offset Current ho Vo =0%0.1V - 400 nA
Input Bias Current 1} Vo=0+0.1V - 2 uA
Large-Signal
Voltage Gain AoL VO = £1V Peak 56 - dB
Supply Current I+ Vo =001V - 10.5 mA
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TYPICAL CHARACTERISTICS CURVES
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92C5-24703

Fig. 9—~Life test and burn-in circuit.
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NG/

Solid State
Division

Linear Integrated Circuits

Monolithic Silicon

High-Reliability Slash (/) Series
CA3118/ ..., CA3118A/ ...

Applications:

Features:
12-Lead TO-5

Matehed

High-Reliability
High-Voltage Transistor Arrays

For Applications in Aerospace, Military, and Critical Industrial Equipment

= General use in signal processing systems in DC through VHF range
m  Custom designed differential amplifiers
™ Temperature compensated amplifiers

g I-purpose transistors

H-1463

The CA3118T and CA3118AT Slash (/) Series types are
high-reliability, general-purpose silicon n-p-n transistor arrays
on a common monolithic substrate. They are intended for
applications in aerospace, military and industrial equipment.
They are electrically and mechanically identical with the
standard type CA3118 described in Data Bulletin File No.
532 but are specially processed and tested to meet the
electrical, mechanical and environmental test methods and
procedures established for microelectronic devices in MIL-
STD-883.

The packaged type can be supplied to six screening levels —
/1IN, /1R, /M1, /2, /3, and /4 — which correspond to
MIL-STD-883 Classes A, B, and C. The chip version can be
supplied to three screening levels — /M, /N, and /R. These
screening levels and detailed information on test methods,
procedures and test sequence are given in Reliability Report
RIC-202A *‘High-Reliability CA3000 Slash (/) Series Types
Screened to MIL-STD-883".

VBE matched +5 mV max.
Operation from DC to 120 MHz (CA3118AT, T).
Low-noise figure: 3.2 dB typ. at 1 kHz (CA3118AT, T).

Types CA3118AT and CA3118T consist of four transistors
with two of the transistors connected in a Darlington
configuration. 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, (“T" suffix), and in chip form
("“H" suffix), and operate over the full military temperature
range. (CA3118AT and CA3118T are high-voltage versions of
the popular predecessor type CA3018.)

The types with an “A" suffix are premium versions of their
non-A’ counterparts and feature tighter control of break-
down valtages 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.”

1 12
9 Q3
Q4
2 |
e O
8 5
6 Ql Q2 3
SUBSTRATE
7 Oilo 4
92Cs-23843
CA3118AT, CA3118T

Fig. 1—Schematic diagram,
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CA3118, CA3118A Slash (/) Series File No. 830
MAXIMUM RATINGS, Absolute-Maximum Values at T4 = 25°C
POWER DISSIPATION:
Any one transistor —
L0778 A . b I - 300 mwW
Total package —
Up to 85°C (CA3118AT, CA3118T) 450 mw
Above 85°C (CA3118AT, CA3118T) derate linearly 5 mW/°C
AMBIENT TEMPERATURE RANGE:
Operating —
CABMMBAT, CABTIBT L. .ottt ettt ittt e i iie e —65 to +125 oc
Storage (@ YPES) . . . . vt e i —65 to +150 °c
THE FOLLOWING RATINGS APPLY FOR EACH TRANSISTOR IN THE DEVICE:
Collector-to-Emitter Voltage (Vceo):
CABTIBAT , | ittt e e e e 40 v
2 I 30 v
Collector-to-Base Voltage (Vcgo):
CABIIBAT | ittt i e e e s 50 v
CA318T . ........... 40 v
Collector-to-Substrate Voltage (V0!
CABIIBAT .ttt e e i e e e 50 v
L 40 v
EMITTER-TO-BASE VOLTAGE (VEBO) all tYPeS . . .. ... u\ e v teeineneeneenennnens 5 \
Collector Current —
CABMIBAT, CABTIBT | . . ittt ittt ettt 50 mA
=The coll of each i is isolated from the sub by an integral diode. The substrate must be connected to a voltage which is more
neganvs than any collector voltage in order to mamtam isolation between transistors and provide normal transistor action. To avoid undesired
i the sut inal should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can be

used to establish a signal ground.
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STATIC ELECTRICAL CHARACTERISTICS For Design Guidance Only

CA3118, CA3118A Slash (/) Series

TEST CONDITIONS
Typ.
o Char.
CHARACTERISTIC SYMBOL TA =25C Curve Typ. UNITS
Fig. No. Values
For Each Transistor:
Collector-to-Base

Breakdown Voltage V(BRICBO lc=10uA,1E=0 - 72 v
Collector-to-Emitter

Breakdown Voltage V(8R)CEO lc=1mA,1g=0 - 56 v
Collector-to-Substrate IcI=10uA, Ig=0 — 72 v

Breakdown Voltage VisRriCIO IE=0
Emitter-to-Base = -

Breakdown Voltage V{BRIEBO lE=10uA,Ic=0 - 7 v
Collector-Cutoff Current ICEO VCE=10V,Ig=0 2 curge | HA
Collector-Cutoff Current lceo Veg=10V,Ig=0 3 0.002 nA
DC Forward-Current _ ic=10mA 4 85

Transfer Ratio hFE Vee =5V Ic=1mA 4 100

Ic=10uA 4 90
Base-to-Emitter Voltage VBE Vee=3v.Ic=1mA - 0.73 v
Collector-to-Emitter _ _

Saturation Voltage VCEsat Ic=10mA, Ig = 1mA 5 0.33 Vv
For transistors Q3 and Q4 (Darlington Configuration):

Collector-Cutoff - -

Current ICEO VCE=10V,1g=0 LA
DC Forward-Current _ _

_Transfer Ratio hFE VCE=5V,Ic=1mA 6 9000
Base-to-Emitter _ Ig =10 mA 7 1.46

(03t Q4) VBE VCE=S Ne=TmaA 7 | Y
Magnitude of Base-to- lAVBEl _ _ _

Emitter Temperature AT VCe=5V,lIE=1mA 44 | mv/eC

Coefficient
For transistors Q1 and Q2 (As a Differential Amplifier):

Magnitude of Input
Offset Voltage IViol VCE=5V,IE=1mA - 0.48 mv
|VBE1 - VBE2|

Magnitude of Vce =5V, _ 1

hEg Ic1=Ic2=1mA
Magnitude of Base-to-

A =

Emitter Temprature l-—Av—_?E YCE I:X’ - 19 | mv/eC

Coefficient E
Magnitude of V|0 A

VvV VCE =5V,
(VBE1~ VBE2) Temp- l e el Ic2= ImA - 11| wviee
erature Coefficient ’ ¢ 2
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CA3118, CA3118A Slash (/) Series File No. 830
DYNAMIC ELECTRICAL CHARACTERISTICS For Design Guidance Only
TEST CONDITIONS
Typ. CA3118T CA3118AT
Char.
CHARACTERISTIC SYMBOL Ta =25°C Curve UNITS
Fig. No. Typ. Typ.
f=1kHz, V=5V,
Low Frequency Noise Figure NF Ic =100 uA, Source 3.25 3.25 dB
resistance = k)
Low-Frequency, Small-Signal
Equivalent-Circuit
Characteristics:
Forward-Current Transfer
Ratio hfe f=1kHz, VCE =5V, 8 100 100
Short-Circuit Input Ic=1mA
Impedance hie 8 3.5 2.7 kQ
Open-circuit Output
Impedance hoe 8 15.6 15.6 umho
Open-Circuit Reverse
Voltage Transfer Ratio hre 8 1.8x 104 1.8x 104
Admittance Characteristics:
Forward Transfer Admittance Yse 9 31-j1.6 31-j1.5 mmho
Input Admittance Yie f=1MHz, VCg =5V, 10 0.3 +j0.04 0.35 +j0.04 | mmho
Output Admittance Yoe Ic=1mA 1 0.001+j0.03 | 0.001+j0.03{ mmho
Reverse Transfer Admittance Yre 12 See curve See curve | mmho
Gain-Bandwidth Product T VCE =5V, Ic=3mA 13 500 500 MHz
Emitter-to-Base Capacitance CEB VEB=5V,IE=0 14 0.70 0.70 pF
Collector-to-Base Capacitance CcB Veg=5V,Ic=0 14 0.37 0.37 pF
Collector-to-Substrate
= = 14 22 2.2 F
Capacitance Cei Vei=5V.1c=0 P
Table 1. Pre Burn-in Electrical and Post Burn-in Electrical Tests and Delta Limits*
ELECTRICAL CHARACTERISTICS, at T4 = 25°C
LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. MAXA | UNITS
Emitter-to-Base Breakdown
Volts Q1, Q2 V(BR)EBO | E=10uA,Ic=0 5 - 0.5 \Y
Collector Cutoff Current
Q1, Q2 IcCEO Vce=10V,ig=0 - 5 +1 uA
Collector Cutoff Current
Q3, Q4 ICEO(D) VCcg=10V,Ig=0 - 5 ] MA
Input Current Q1, Q2 I Ic=1mA,VCg=5V - 33 +3 MA
Input Current Q3, Q4 11(D) Ic=1mA,VCg=5V - 0.66 +0.1 HA
Base to Emitter Voltage
Q1, Q2 VBE IE=1mA,Vcge=3V 0.63 0.83 +0.1 \

* Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits.
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 15.
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File No. 830 CA3118, CA3118A Slash (/) Series

Table 1l Final Electrical Tests and Group A Sampling Inspection

TEST CONDITIONS LIMITS
NOTE — Unless otherwise
CHARACTERISTIC SYMBOL | specified, limits apply MINIMUM MAXIMUM UNITS
to both CA3118 and
CA3118A 65 | +25 | +125 | 55 | +25 | +125
For Each Transistor:
Collector-to-Base V(BH)CBO 'C =10puA CA3118 — 40 - - - - \")
Breakdown Voltage lg= CA3118A | — 50 - - - —
Collector-to-Emitter V(BR)CEO Ic=1mA  CA3118 — 30 — = — — Y
Breakdown Voltage IB = CA3118A | — 40 - - - -
Collector-to-Substrate V(BR)CIO lcy=10pA  CA3118 - 40 - - - - \
Breakdown Voltage IB =
lg=0 CA3118A | — 50 - - - -
Emitter-to-Base Vv Ie=10puA,1~=0 - 5 - - - - v
BR)EBO| 'E ''C
Breakdown Voltage (BR)
Collector-Cutoff Current IceO Veg=10V,Ig=0 - - - - 5 100 uA
Collector-Cutoff Current ICBO VCB =10V, IE =0 - - - - 100 - mA
DC Forward-Current hep Veg=5V. Ilc=1mA 15 30 40 - - -
Transfer Ratio
Base-to-Emitter Voltage Vge Veg=3V, 'C =1mA 7 0.63 ] 043 | 1.3 | 0.83 | 0.73 v
For transistors Q3 and Q4 (Darlington Configuration):
Collector-Cutoff Current ICEO VCE =10V, lB =0 - - - - 5 2000 uA
DC Forward-Current heg Veg=5V.lg=1mA 750 | 1500 | 2000 | — - -
Transfer Ratio
For transistors Q1 and Q2 (As a Differential Amplifier):
Magnitude of Input
Offset Voltage |V|0[ Veg=5V.lIg=1mA - - - - 5 - mV
IVBE1~ VBE2]
Magnitude of heg Veg=5V, - 0.9 - 1.1 -
lg1=lgp=1mA

Dynamic Characteristics:

GainBandwidthProductl fr |VCE=5V,IC=3mA I-— |300l - | - l - J - l MHz
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Table 111, Group C Electrical Characteristics Sampling Tests (Tp = 259C)

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. MAX. UNITS
Emitter-to-Base Breakdown Volts,
Q1,0Q2,03, 04 V(BR)EBO IE=10pA,Ic=0 4 - v
Collector-to-Emitter Breakdown
Volts, Q1, Qg, Q3, Q4 V(BR)CEO Ic=1mA,lg=0 28 - \%
Input Current, Q1, Q2 N Ic=1mA, VCE =5V - 50 MA
Input Current, Darlington Pair,
Q3,04 1IN(D) Ic=1mA, VCE = 5V - 1 A
Base-to-Emitter Voltage, Q1, Q2 VBE Ige=1mA, VCcg =3V 0.63 0.83 \2
STATIC CHARACTERISTICS CURVES
10%8]- BASE_CURRENT (1g)+0] 1026 EMITTER CURRENT (Ig)=0
A
102 ) 0. /4
o > : 7
i /o & S
[ A a K 4
S o S N Qél 4 /
] a4 = g N7
5 7 A L & 77
g, /4 g RS
3 o // 3 o d“':/ {
w Yyyara e S
<] S S 277
% 2 9«;7 3 % /
Y/
5 10 OFA § 102
g ~ 2
3 3
g A g
102 // o2
1073 1 109
0 25 50 75 100 125 [s] 25 50 75 100 125
AMBIENT TEMPERATURE (TA)—°C cs—isi9a AMBIENT TEMPERATURE (Ta)—"C
Fig. 2—IcEgQ vs. T for any transistor. Fig. 3—Icgo vs. T for any transistor.
B 0 COLLECTOR-TO-EMITTER VOLTAGE (Vcg)=5V AMBIENT TEMPERATURE {T)+25°C
= AMBIENT TEMPERATURE (T ) = 126°C z s
o ey g
E " <
3 \\ g |
& 120 N\ | N/
2 \ ﬁ‘té y <4
g 100 25°C _— EE
E ~~ 83 ors
& 80 & 0
= wh
: it B2 os
5 ’—l\\\ E
?,: 40 ™~ 8 o025
L5 20l
20|
ool ol 1 ] o 10 20 30 40
COLLECTOR CURRENT (Ig)—mA COLLECTOR CURRENT (Ic)— mA
92CS-19648 92CS-19647
Fig. 4~h g vs. I for any transistor. Fig. 5—VE sat vs. I¢ for any transistor.
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STATIC CHARACTERISTICS CURVES (Cont'd)

CA3118, CA3118A Slash (/) Series

COLLECTOR-TO-EMITTER VOLTAGE (Vcgl 171 COLLECTOR-TO-EMITTER VOLTS (Vcg) =5V
AMBIENT TEMPERATURE (Tp)*25°C
2 4k AMBIENT TEMPERATURE (Tp)=125°C ,
< R
& -
a
&2k g g
G o2
25 = |5
& 10K Sz /
=34 25°C =
a -z
= ] —— =2 V]
wz 8K w o L
g2 L—1" 2 14
32— T
& 2 6K § g
1 '3
i 25 |
x4k 55 13 —
S =
8 ax || r‘_-—"{ 44 /
12
ool . [ * 10 o1 10
COLLECTOR CURRENT (Ic)—mA EMITTER MILLIAMPERES (Ig)
92CS-19645 92CS-15183RI
Fig. 6-hfgg vs. Ic for Darlington pair Fig. 7—-Vgg vs. I g for Darlington pair
(Q3 and Q4) for types CA3118AT (Q3and Q4).
and CA3118T.
TYPICAL DYNAMIC CHARACTERISTICS CURVES (For Any Transistor)
100 [COLLECTOR-TO-EMITTER VOLTS (Vog)5V: Aonsrgm—%ugggx%ﬁ\rﬁzxsa INPUT
e e (T 25°C COLLECTOR-TO-EMITTER VOLTS(Vcg)=5 v
4 A COLLECTOR MILLIAMPERES(IC)=1
[
2 —— hge =100 I -3 49 5
: 2 A
W e TN hie=27k o1 otima Moe 2% 30
5 o hre=1.88x10 — | S SN
= h“=l55,‘mho 7 zd
=4 2=
g / 5
g 4 Q| 20
z 2%
2 ¥y
5] o= 10
e N Gy
Z = 28
=3 <a = b,
s i< = —1
[ 1 (=54 \\
1 N S 3 -10 =
7 Za I~
x S —
ol 2 20|
(] ol 0 at I 10 100
COLLECTOR MILLIAMPERES (I¢) FREQUENCY (f)—MHz
. 92CS~15190R3 92CS—14257R1
Fig. 8=hfe, hjg, hoe, hpe vs. I Fig. 9- vea vs.
COMMON-EMITTER CIRCUIT, BASE INFUT T COMMON-EMITTER CIRCUIT, BASE WPUT
AMBIENT TEMPERATURE (Ta)=25 AMBIENT TEMPERATURE (TA)=2 3
COLLECTOR-TO-EMITTER VOLTS(VCE)=5V COLII:EE;(O)R-LOI-E A';;EFR* g?LTS (Vce
6|COLLECTOR MILLIAMPERES (Ic)=I oL a3 LLI
@ 123
Q o
s
o 5 I s
H 3
= 5 83
s ) =2
oF e IR Poe
| S
4 S /
e < 3
2a / S S [
2 52
35 / T
8¢ o /
S Qie ok
28 54
g9 B a0 V.
Y = 3
(2] 3 « [}
g Joe
o = 0 F
T
ol I 10 100 ol ! 10 100
FREQUENCY (f)—MHz FREQUENCY (f)—MHz
"92C$-14259R2 92CS—I4260R!I

Fig. 10~-yig vs. f.

Fig. 11—yge vs. f.
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TYPICAL DYNAMIC CHARACTERISTICS CURVES (Cont'd)

COMMON-EMIT TER CRCUIT,BASE INPUT

AMBIENT TEMPERA Tuns(f )=2! COLLECTOR-TO-EMITTER VOLTS (Vcg)=5V]
COLLECTOR-TO—EMITTER VOLTS (vcg)-sv 250

TR T T IER Y LTS AMBIENT TEMPERATURE (Ta)=25°C

S SN R T S ] =
E ore IS SMALL AT FREQUENCIES = :

H [ LESS THAN 500 MHz L JE2asEs:

EE = = goofH
23 T{bre g

) 3 700
BL o g EE e

ng'o & 600
) z :
o 5 s00 2

e H i
G 2 400 =
i I
23] ?
35 1 300 -
wa <
0 © 200

« i
wS
o 100
[ Saclabsase TR

3 HHEE HHH S i 4]
| 10 100
FREQUENCY (f)~MHz 0 1 2 34 56 78 900
92¢5-1258R2 COLLECTOR MILLIAMPERES (Ic)
92CS-15196R2
Fig. 12—~y vs. f. Fig. 13—fTvs. Ic.

AMBIENT TEMPERATURE (Tp)=25°C AR

I

o

o

[ -

8§

® Ccx

W

O a

ST

uw

o

E3

<

= N

s ! CEB

H PG

o 38 ce

o T iinuny

Hi i
0 5 5 10
BIAS VOLTAGE —V _£
92¢5-19639 ALL RESISTORS ARE 1/4W 5% "
Fig. 14—Cgp. Ccp. Ccy vs. bias voltage. 92Cs-24748

Fig. 15—Burn-in and operating life test circuit.
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m@[ﬂ__] Linear Integrated Circuits

Monolithic Silicon

Solid State High-Reliability Slash (/) Series
CA3130A/ ..., CA3130B/ ...

Division

Features:

The RCA-CA3130A and CA3130B “Slash’ (/) Series types are
integrated-circuit operational amplifiers that combine the
advantages of both COS/MOS and bipolar transistors on a
monolithic chip. Intended for applications in aerospace,
military, and critical industrial equipment, they are electrically
and mechanically identical with the standard types CA3130A
and CA3130B described in Data Bulletin File No. 817 but are
specially processed and tested to meet the electrical, mechanical
and environmental test methods and procedures established for
microelectronic devices in MIL-STD-883.

The packaged types can be supplied to six screening levels—
/1IN, /1R, /1,/2, /3, and /4—which correspond to MIL-STD-883
Classes A, B, and C. The chip version can be supplied to three
screening levels—/M, /N, and /R. These screening levels and
detailed information on test methods, procedures, and test
sequence are given in Reliability Report RIC-202A ‘‘High-
Reliability CA3000 Slash (/) Series Types Screened to MIL-
STD-883.""

The CA3130A and CA3130B Slash (/) Series types are
supplied in the 8-lead TO-5 style package (“T" suffix), in the
8-lead TO-5 style package with dual-in-line formed leads,
DIL-CAN, ("8" suffix), or in chip form (“H"’ suffix).

High-Reliability
COS/MOS Operational Amplifiers

With MOS/FET Input
For Aerospace, Military, and Critical Industrial Applications

u MOS/FET input stage provides:
very high 2, = 1.5 TQ (1.5 x 1012.Q) typ.
very low I} =5 pA typ. at 15 V operation
2 pA typ. at 5 V operation

ajLEAD T°'5, = Common-mode input-voltage range includes

with Dual-In-Line . . N

Formad Leads 8-LEAD TO-5 negative supply rail; input terminals can Ideal for

(S suffix) (T suffix) be swung 0.5 V below negative supply rail single-supply
H-1787 H-1528 a COS/MOS output stage permits signal swing applications

to either (or both) supply rails

® Low V)g: 2mV max. (CA3130B)
» Wide BW: 15 MHz typ. (unity-gain crossover)
® High SR: 10 V/us typ. (unity-gain follower)
® High output current (Ig): 20 mA typ.
= High Ag : 320,000 (110 dB) typ.
m Compensation with single external capacitor
Applications:
® Ground-referenced single-supply amplifiers
= Fast sample-hold amplifiers
® Longduration timers/monostables
u High-input-impedance comparators
(ideal interface with digital COS/MOS)
B High-input-impedance wideband amplifiers
B Voltage followers
(e.g., follower for single-supply D/A converter)
= Voltage regulators
(permits control of output voltage down to zero volts)
s Peak detectors
® Single-supply full-wave precision rectifiers
® Photo-diode sensor amplifiers

OFFSET
NULL (1)
INV.
INPUT (6) outPut
NON=INV. i
NSy (5) OFFsET

(4)v- anp case

92C5-24713
Fig. 1—Functional diagram of the CA3130 Series.
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CA3130A, CA3130B Slash (/) Series File No. 833
MAXIMUM RATINGS, Absolute-Maximum Values WITH HEAT SINK—
AT125%C ..ot 418 mwW
DC SUPPLY VOLTAGE o .

(BETWEEN V* AND V™ TERMINALS) ................ 6 e e manae Increase linearly at 16.7 mW/°C
DIFFERENTIAL-MODE INPUT VOLTAGE................ tgy TE pE " ‘{_UN E E: oc
COMMON-MODE DC INPUT VOLTAGE ........ V¥t (v--05v)  OFERA o G e oy ::g"c
INPUT-TERMIN, L T:T1Y) S 1ma  STORAGE....................... .
s cunRE ™ OUTPUT SHORT-CIRCUIT DURATION® .......... INDEFINITE

WITHOUT HEAT SINK— LEAD TEMPERATURE (DURING SOLDERING):

UPTOSEC . eneenasaeaninineanananns, 630 mW AT DISTANCE 1/16 £ 1/32 INCH {1.59 £0.79 MM}
ABOVESS9C .. ..o Derate linearly 6.67 mW/C FROM CASE FOR 10SECONDSMAX. .............. +265°C
*Short circuit may be applied to ground or to either supply.
— T T T T T T T L vt
BIAS CIRCUIT CURRENT SOURCE FOR Q6 AND 07 | | CJRRENTCSOURCE | ©
. . Ly . :
t R IER
al a2 a3' b—
- I 1 N |
Ly L nd e
Kosv 02 l [ ! | [ |
| | | a4 : | Q5 |
D3 [ { | | I
04 b
Rl I | |
40 kQ I | i |
R2 |
5 ko ] } : | |
L /] |
] i b
[ | M
| INPUT sTfGE | ' SECOND | | oureuT i
| D5 06 o7 b8 } } | } :
| |
L X & o
o | : : | Ll
mv.au}vuT | | | I | outpur
2
- L I |
| i Ly J |
! | ) m I
| — | l a2 | |
I I L l
N L |
[ ' !
I | |
| [ ] |
L] I N _
COMPENSATION ———————»{(®)¢- STROBING —(4) v~
NOTE:

DIODES D5 THROUGH D8 PROVIDE GATE-OXIDE PROTECTION

FOR MOS/FETS INPUT STAGE.

92CL-24714

Fig. 2—Schematic diagram of the CA3130 Series.
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ELECTRICAL CHARACTERISTICS
Typical Values Intended Only for Design Guidance

TEST
CONDITIONS
v*=15Vv
vV==0V
CHARACTERISTIC | SYMBOL o, CA3130A CA3130B UNITS
Tp=25°C
(Unless
Specified
Otherwise)
Input Offset Voltage| [V [ VE=t75V 2 0.8 mv
Input Offset Current [io| | vi=t75V 0.5 0.5 pA
Input Current 1y vi=t75Vv 5 5 pA
Large-Signal Voltage AoL Vo=10Vpp 320 k 320 k VIV
Gain RL=2 k&2 110 110 dB
Common-Mode
Rejection Ratio CMRR 90 100 d8
Common-Mode —0.5 —0.5
Input-Voltage Vicr to to \
Range 12 12
Power-Supply AV /vt 32 32
P . Ve=t75V V/V
Rejection Ratio AV 1o/BV 32 32 H
Vom? 13.3 13.3
v e B 0.002 0.002
Maximum Output om - d . Y]
Voltage IVom®| R == 15 15
Vom~l 0 0
Maximum Output
Current:
Sourc lom* | Vo0V
urce oM 0 22 22 mA
Sink lom™ Vo=15V 20 20
Vp=75V
RE=°° 10 10
Supply Current " . mA
Vo=0V
RL== 2 2
Input Offset Volt- Ta=—55
age Temperature | AV|q/AT mA1250c 10 5 uv/ec
Drift tor75VA
Large-Signal Volitage A Vo=10 Vp,p’ 320 k 320k VIV
Gain oL [ Ry =2k * 110 110 dB

. Applies only to A .
A Appliesonly to A V o/ AT.
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TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE

TEST
CONDITION
Vt=+75V
V—==-75V
CHARACTERISTIC SYMBOL TA=2500 CA3130A | CA3130B | UNITS
(Unless
Specified
Otherwise)
Input Offset Voltage 10 k2 across
Adjustment Range Terms. 4 and 5 +22 +22 mV
or4 and 1
Input Resistance Ry 1.5 1.5 TR
Input Capacitance C f=1MHz 4.3 4.3 pF
Equivalent Input Noise en BW=0.2 MHz 23 23 uv
Rg=1MQ*
Unity Gain Crossover Cc=0 15 15
Frequency fr MHz
Cc =47 pF 4 4
Slew Rate:
Open Loo Cc=0 30 30
pen ook SR c Vius
Closed Loop Cc =56 pF 10 10
Transient Response: Cc =56 pF
Rise Time te CL=25pF 0.09 0.09 s
Overshoot RL=2kQ 10 10 %
N " Voltage
Settling Time (4 Vp-p Input {
ettling Time (4 Vp-p Inpu Follower) 1.2 1.2 us

t0 <0.1%)

* Although a 1-M$2 source is used for tl

his test, the equivalent input noise remains constant for sources of Rg up to 10 M.

TEST
CONDITIONS
vt=5V
CHARACTERISTIC SYMBOL VT = OX CA3130A | CA3130B | UNITS
Ta=25°C
(Unless
Specified
Otherwise)
Input Offset Voltage Vio 2 1 mV
Input Offset Current lo 0.1 0.1 pA
Input Current h 2 2 pA
Common-Mode Rejection Ratio CMRR 90 100 dB
Large-Signal A Vg =4 Vpp 100 k 100 k VIV
Voltage Gain oL RL =5 kQ 100 100 dB
Common-Mode
Input Voltage Range Vicr Oto 238 0to 28 v
Vo =5V,R =0 300 300
Supply Current I+ 0 L HA
Vp=2.5 V,R = 500 500
Power Supply +
Rejection Ratio AVip/av 200 200 VIV




File No. 833 CA3130A, CA3130B Slash (/) Series

Table I. Pre Burn-In and Post Burn-In Electrical Tests and Delta Limits*

ELECTRICAL CHARACTERISTICS At Tp = 25°C, Vvt=475V,V-=-75V
LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS UNITS
MAX. | MAX.A

CA3130A 5 +1

Input Offset Voltage ————— Vio mV
CA3130B 2 +0.5
CA3130A 20 +2

Input Offset Current ~———— lio nA
CA3130B 10 1

X CA3130A 30 +3

Input Bias Current —_— h nA

CA31308 20 +2

* Levels /1 and /2 require pre burn-in electrical and post burn-in electrical tests, and delta limits.
Level /3 requires pre burn-in electrical test only. The burn-in and operating life test circuit is shown in Fig. 6.

Table Il. Final Electrical Tests and Group A Sampling Inspection

TEST CONDITIONS LIMITS
Vt=+15V,V™=0V
CHARACTERISTIC SYMBOL Unless Otherwise MINIMUM MAXIMUM  |UNITS
Specified -55 | +25 | +125 | -55( +25 | +125
CA3130A " - - - 7 5 7
Input Offset Voltage — Vio V==%75V mV
CA3130B — - - 35| 2 35
CA3130A " - - - 30 | 20 | 30
Input Offset Current —] ho V==175V pA
CA31308B - - - 20 | 10 20
CA3130A " - - - 15 10.03| 15
Input Current — h V==475V nA
CA3130B - - - 15 |0.03| 15
Large Signal CA3130A A Vo =10 Vp-p 88 94 88 - - | - &
Voltage Gain CA31308 OL IR, =2k 94 |00 [ 9a |- -1]-
Common-Mode CA3130A CMRR 80 80 80 - | - - &
Rejection Ratlo CA3130B 86 |86 | 8 | — | — | —
Common-Mode
1 10 10 \
Input Voltage Range Vicr 0 0 0 0
Power Supply CA3130A PSRR |Vi=175V 150 |[150 | 150 — - - AN
Rejection Ratio CA3130B o 100 100 100 | = | - [ -
Vom®t 10 |12 10-]-1|-
Maximum Output Voltage R =2kQ Vv
Vom™ - - - 0.05]0.010.05
Vom™* 14.95014.99114.95) — | — | —
Maximum Output Voltage Ry =0 \
Vom~ - |- — |o.05]|0.01]0.08
lom¥ |Vvo=0V - |12 - - |45 | -
Maximum Output Current OM__ 0 mA
lom Vo=15V - 12 - — | 45 -
Vo=25V,R == | — | = - [ =11 -
Supply Current 1t 0 L mA
Vo =0V,R =o° - |- - [ -137-
Input Offset Voltage 0
- - - 15 | 15 15 |uVv/°C
Temperature Coefficient AV|o/AT | CA31308 Only wv!

401



CA3130A, CA3130B Slash (/) Series File No. 833
Table lI1. Group C Electrical Characteristics Sampling Tests
TEST CONDITIONS LIMITS
= 250
CHARACTERISTIC SYMBOL AT Tp =259 UNITS
V=415V, V-=-15V MIN. | MAX.
g CA3130A - 5
Input Offset Voltage Vio mV
CA3130B - 2
CA3130A - 20
Input Offset Current Yo pA
CA3130B - 10
CA3130A - 30
Input Bias Current Iy pA
CA3130B - 20
CA3130A 91 -
Large Signal Voltage Gain AoL dB
CA31308B 97 -
+
fcazizo - -y
7
200 pA re mA*TO
oma* |
|
| N H' | SUPPLY VOLTAGE: V¥=15V; V== 0
| 0': S¥ Qo AMBIENT TEMPERATURE (Tp)=25°C|0 "
! NSRS i 3
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Fig. 3—Block diagram of the CA3130 Series.
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Fig. 5—Voltage transfer characteristics of COS/MOS

output stage.

Fig. 4—Open-loop voltage gain and phase shift vs. frequency
for various values of C;, Cc.and R .
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Fig. 6—Burn-in and life test circuit.
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IR/

Solid State
Division

MOS Field-Effect Transistors

N-Channel Depletion Types
High-Reliability Type
HR3N187

.nct

High-Reliability
Silicon Dual Insulated-Gate
Field-Effect Transistor

With Integrated Gate-Protection Circuits

Device Features:

JEDEC TO-72 H-1299

The RCA-HR3N187 is a high-reliability n-channel silicon,
depletion type, dual insulated-gate field-effect transistor. It is
intended for applications in aerospace, military, and indus-
trial equipment. It is electrically and mechanically identical
with the standard type 3N187 described in Data Bulletin File
No. 436 but is specially processed and tested to meet the
electrical, mechanical and environmental test methods and
procedures established for microelectronic devices in MIL-
STD-883.

The excellent over-all performance characteristics of
HR3N187 make it useful for a wide variety of rf-amplifier
applications at frequencies up to 300 MHz. The two
serially-connected channels with independent control gates
make possible a greater dynamic range and lower cross-
modulation than is normally achieved using devices having
only a single control element. The HR3N 187 is hermetically
sealed in the metal JEDEC TO-72 package.

LEAD 1-DRAIN

LEAD 2-GATE No. 2

LEAD 3-GATE No. 1

LEAD 4-SOURCE, SUBSTRATE
AND CASE

Fig. 1—Terminal diagram.

For Applications in Aerospace, Military, and Critical Industrial
Equipment up to 300 MHz

m Back-to-back diodes to protect each gate against handling and in-circuit transients
= High forward transconductance - ggs = 12,000 umho (typ.)

8 High unneutralized RF power gain - Gps = 18 dB(typ.) at 200 MHz

m | ow VHF noise figure - 3.5 dB(typ.) at 200 MHz

Applications

= RF amplifier amplifier, mixer, and IF amplifier in military,
and industrial icati ui|

Aircraft and marine vehicular receivers

CATV and MATV equipment

Telemetry and multiplex equipment

Performance Features

= Superior cross-modulation performance and greater
dynamic range than bipolar or single-gate FET's

= Wide dynamic range permits large-signal handling
before overload

= Virtually no agc power required

u Greatly red spurious resp in FMr

Maxi Rati Absolute-Maximum Values, at T4 = 25°C

DRAIN-TO-SOURCE VOLTAGE, Vps ... —0.2 to +20 \

GATE No. 1-TO-SOURCE VOLTAGE, VG1s:

Continuous (dc) —6 to +3 v
PeakaC ......oviiiiiiiiiiiiinannn —6 to +6 v
GATE No. 2-TO-SOURCE VOLTAGE, Vgas:

Continuous {de) . oeovvvnvunennnnns —61t030%of Vpg V

PeakaC ...vvvvniininnenninaanas —6 to +6 A\
*DRAIN-TO-GATE VOLTAGE,

VDG1ORVDG2 vvvrevrecnnnnnnns +20 v
*DRAIN CURRENT,Ip....coevvennnnnn 50 mA
*TRANSISTOR DISSIPATION Py:

At ambient } up to 25°C 330 mwW

temperatures above 25°C derate linearly at

2.2mw/oC
*AMBIENT TEMPERATURE RANGE:

Storage and Operating . . ...covuevenns —65 to +175 oc
*LEAD TEMPERATURE (During Soldering):

At distances 21/32 inch from

seating surface for 10 seconds max. .... 265 oc

*In accordance with JEDEC Registration Data Format
JS-9 RDF-19A

9-74
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t Capacitance between Gate No. 1 and all other terminals.
& Three-terminal measurement with Gate No. 2 and Source return to ground terminal.
* In accordance with JEDEC Registration Data Format JS-9 RDF-19A.
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HR3N187, File No. 823
Electrical Characteristics, at T4 = 250C Unless Otherwise Specified
LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN. TYP.[MAX.| UNITS
Gate No. 1-to-Source Cutoff Voltage VG 1S(off) Vps=+15V, Ip =50 uA —0512 |-4 \
VGas=+4V
Gate No. 2-to-Source Cutoff Voltage VGgasloff) |Vpg=+15V, Ip =50uA —05}-2 |-4 Y
VG1s=0
Gate No. 1-Terminal Forward Current 1G1SSF Vgis=+1V TA =25°C - | — [50 nA
VG2s=Vps=0 | Ta =1000C -1 —-15 HA
Gate No. 1-Terminal Reverse Current IG1SSR VGgis=—-6V TaA =250C - | - |50 nA
VG2s=Vps=0 | Ta=1000C| - | — [ 5 MA
Gate No. 2-Terminal Forward Current 1G2SSF VGas =+6 V TA = 250C - | — |50 nA
VG1s=Vps=0 | Ta=1000C - 1-15 HA
Gate No. 2-Terminal Reverse Current 1G2SSR VGas=—-6V TA = 25°C - | — |50 nA
VG1s=VDs=0 | Ta =100°C - |1-15 uA
Zero-Bias Drain Current IDs Vpg=+16V 5] 15 |30 mA
VGgas=+4V
VGi1s=0
Forward Transconductance ofs Vps=+15V, Ip=10mA 7000 [12,000{ 18,000 umho
(Gate No. 1-to-Drain) VG2s=+4V, f=1kHz
Small-Signal, Short-Circuit Input Capacitancet | Ciss 4.0 16.0 |85 pF
Small-Signal, Short-Circuit, Crss Vps=+15V,Ip =10mA 0.005{ 0.02]0.08 pF
Reverse Transfer Capacitance Vg2s=+4V,f=1MHz
(Drain-to-Gate No. 1)&
Small-Signal, Short-Circuit Output Capacitance | Coss - |20 - pF
Power Gain (see Fig. 1) Gps 15 18 |22 dB
Maximum Available Power Gain MAG - |20 - dB
Maximum Usable Power Gain (unneutralized) MUG — |20a]| - dB
Noise Figure (see Fig. 1) NF — |35 |45 dB
*Magnitude of Forward Transadmittance I Yis I Vps=+15V, Ip =10 mA — 12000 - umho
*|Phase Angle of Forward Transadmittance VG2s =+4V, f =200 MHz - |-35] - Degrees
Magnitude of Reverse Transadmittance | Yys | - 12| - umho
Angle of Reverse Transadmittance Ors - |25 - Degrees
*|input Resistance Fiss - o | = kQ
Output Resistance Toss - 28 | - k2
Gate-to-Source '
Forward Breakdown Voltage:
Gate No. 1 V(BR)G1SSF | IG1SSF = 1G2SSF = 100 uA - 65 | 10| — \
Gate No. 2 V(BR)G2SSF
Gate-to-Source
Reverse Breakdown Voltage:
Gate No. 1 V(BR)G1SSR|!G1SSR = IG2SSR = —100 pA —6.5|-10| — v
Gate No. 2 V(BR)G2SSR
A Limited only by practical design




File No. 823

Table I—Pre Burn-In and Post Burn-In Electrical Go/No-Go Tests, at Tp = 25°C

HR3N187

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS UNITS
Min. Max.
Gate No. 1-Terminal Forward Current IG1ssE VGg1s=*6V,Vgog=Vpg =0 - 50 nA
Gate No. 1-Terminal Reverse Current |G1SSR VG1S =-6V,Vgys= VDS =0 — 50 nA
Gate No. 2-Terminal Forward Current lG2ssF Vgas=16V.Vgis=Vps = 0 - 50 nA
Gate No. 2-Terminal Reverse Current lgassr Vgas=6V.Vgis=Vps= 0 - 50 nA
Zero-Bias Drain Current Ips Vps =+15V, Vgas =14V 5 30 mA
Vgis=0
Gate-to-Source
Forward Breakdown Voltage:
Gate No. 1 V(BR)G1SSF IG1ssk = lgossF = 100 LA 6.5 - Vv
Gate No. 2 V(BR)G2SSF
Gate-to-Source
Reverse Breakdown Voltage:
Gate No. 1 V(BR)GISSR IG1ssR = !G2ssg = 100 A -6.5 - Vv
Gate No. 2 V(BR)GZSSR
Table I1—Final Electrical Tests, at Tq= 5°C
LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS UNITS
Min. Max
Gate No. 1-to-Source Cutoff Voltage VG1S(off) VDS =+15V, 'D =50 uA -0.5 -4 \
Vgas=t+4V
Gate No. 2-to-Source Cutoff Voltage VG2S(off) Vps = +15V, Ip =50 A -0.5 -4 \
Vgis =0
Gate No. 1-Terminal Forward Current lG1ssF Vg1s=16V.Vgag=Vpg=0 - 50 nA
Gate No. 1-Terminal Reverse Current 1G1ssR VG1s=6V.Vgos=Vps=0 - 50 nA
Gate No. 2-Terminal Forward Current ‘GZSSF Vgas=*6V.Vgis= VDS =0 - 50 nA
Gate No. 2-Terminal Reverse Current lGassr Vgas=-6V.Vgi5= Vps= 0 - 50 nA
Zero-Bias Drain Current Ips Vpg=+15V,Vgyg=t+4V 5 30 mA
VGis=0
Gate-to-Source
Forward Breakdown Voltage:
Gate No. 1 V(BR)G1SSF |G1SSF = |G2$SF =100 A 6.5 - v
Gate No. 2 V(BR)G2SSF
Gate-to-Source
Reverse Breakdown Voltage:
Gate No. 1 V(BR)G1SSR 'G1SSR = 'GZSSR =100 uA -6.5 — \Y
Gate No. 2 V(BR)G2SSR
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HR3N187, File No. 823
Table 11— Group A Electrical Sampling Inspection
LIMITS
UNITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MINIMUM MAXIMUM
55 | +25 |+125| 65 | +25 | +125| oOC
Vpg=+15V, |5 =50 uA
Gate No. 1-to-Source Va1 S(off) Vgas=*4V 05| -05 - | 4 -4 - v
Cutoff Voltage Vpg=*15 V, 'D =100 uA
Vgog=+4V - - 105 | — - -4
Vpg=+15V, 5 =50 A
Gate No. 2-to-Source VGZS(off) Vgis= +4V 05| -05 - | 4 -4 - v
Cutoff Voltage VDS =+15V, 'D =100 uA
Vgig=+4V - - |05]| — - -4
Gate No. 1-Terminal lG1SSF VG1S =+6V - - - - 50 - nA
Forward Current Vgas=Vps=0
Gate No. 1-Terminal IG1ssSR VG1S =6V - - - - 50 - nA
Reverse Current Vgas=Vps =0
Gate No. 2-Terminal 'GZSSF Vgos =46V - - - - 50 - nA
Forward Current Vg1s=Vps=0
Gate No. 2-Terminal lG2ssr Vgas=-6V - — - 